
 1Oyibo W, et al. BMJ Global Health 2021;6:e004250. doi:10.1136/bmjgh-2020-004250

Geographical and temporal variation in 
reduction of malaria infection among 
children under 5 years of age 
throughout Nigeria

Wellington Oyibo    ,1 Godwin Ntadom,2 Perpetua Uhomoibhi,2 Olusola Oresanya,3 
Nnenna Ogbulafor,2 Olufemi Ajumobi,2 Festus Okoh,2 Kolawole Maxwell,3 
Sonachi Ezeiru,4 Ernest Nwokolo,5 Chioma Amajoh,6 Nnenna Ezeigwe,2 
Mohammed Audu,2 David Conway    7

Original research

To cite: Oyibo W, Ntadom G, 
Uhomoibhi P, et al. Geographical 
and temporal variation in 
reduction of malaria infection 
among children under 5 
years of age throughout 
Nigeria. BMJ Global Health 
2021;6:e004250. doi:10.1136/
bmjgh-2020-004250

Handling editor Seye Abimbola

 ► Additional material is 
published online only. To view, 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
bmjgh- 2020- 004250).

Received 19 October 2020
Revised 9 January 2021
Accepted 29 January 2021

For numbered affiliations see 
end of article.

Correspondence to
Professor David Conway;  
 david. conway@ lshtm. ac. uk and 
Professor Wellington Oyibo;  
 wellao@ yahoo. com

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Introduction Global progress in reducing malaria has 
stalled since 2015. Analysis of the situation is particularly 
needed in Nigeria, the country with by far the largest share 
of the burden, where approximately a quarter of all cases 
in the world are estimated to occur.
Methods We analysed data from three nationwide 
surveys (Malaria Indicator Surveys in 2010 and 2015 and 
a National Demographic and Health Survey in 2018), with 
malaria parasite prevalence in children under 5 years 
of age determined by sampling from all 36 states of 
Nigeria, and blood slide microscopy performed in the 
same accredited laboratory for all samples. Changes over 
time were evaluated by calculating prevalence ratio (PR) 
values with 95% CIs for each state, together with Mantel- 
Haenszel- adjusted PRs (PR

adj) for each of the six major 
geopolitical zones of the country.
Results Between 2010 and 2018, there were significant 
reductions in parasite prevalence in 25 states, but not in 
the remaining 11 states. Prevalence decreased most in 
southern zones of the country (South West PR

adj=0.53; 
South East PRadj=0.59; South South PRadj=0.51) and the 
North Central zone (PRadj=0.36). Changes in the north were 
less marked, but were significant and indicated overall 
reductions by more than 20% (North- West PRadj=0.74; 
North East PRadj=0.70). Changes in the south occurred 
mostly between 2010 and 2015, whereas those in the 
north were more gradual and most continued after 2015. 
Recent changes were not correlated with survey- reported 
variation in use of preventive measures.
Conclusion Reductions in malaria infection in children 
under 5 have occurred in most individual states in Nigeria 
since 2010, but substantial geographical variation in the 
timing and extent indicate challenges to be overcome to 
enable global malaria reduction.

INTRODUCTION
Currently, half of the global malaria burden 
is caused by Plasmodium falciparum in West 
Africa, most substantially in Nigeria, which 
is estimated to have approximately a quarter 

Key questions

What is already known?
 ► Despite previous progress, global reduction in ma-
laria has stalled in recent years.

 ► Nigeria is the country with the greatest burden of 
malaria infection.

 ► Nationwide surveys have indicated some reductions 
since 2010 but more analysis is needed to under-
stand the changes in detail.

What are the new findings?
 ► Analysis of community parasite prevalence in chil-
dren under 5 years of age from 2010, 2015 and 
2018 show informative trends for each of the 36 
states throughout the country.

 ► Between 2010 and 2018, there were significant de-
clines in prevalence in 25 of the states, most pro-
nounced in the southern and north- central zones of 
the country, although slight reductions in the more 
northern zones were also significant.

 ► Most of the reductions of prevalence in southern 
states occurred before 2015 and stalled or were 
partly reversed by 2018, while reductions in the 
north were more gradual and continued in the later 
period.

What do the new findings imply?
 ► This analysis indicates substantial subnational vari-
ation in the extent and timing of reductions in ma-
laria infection in young children, with an apparent 
dichotomy before and after 2015. The causes of the 
varying trends over time and among different states 
and zones of this large country need to be under-
stood in order that global goals of malaria reduction 
may be more realistically formulated.

 ► More detailed research on epidemiological deter-
minants and malaria prevention is needed, as use 
of preventive methods according to questionnaire- 
based surveys of household heads did not explain 
variation among states in the recent infection  
trends.
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of all cases in the world and a similar proportion of the 
overall malaria mortality.1 2 Under a ‘High burden to high 
impact’ initiative, WHO has issued a ‘wake- up call’ noting 
the need for urgent targeted action,3 particularly rele-
vant to Nigeria where WHO- estimated numbers of cases 
are increasing rather than reducing annually.2 3 Knowing 
how to reduce malaria in the future clearly requires 
understanding of current epidemiology, and identifica-
tion of changes that have already occurred.4

Notable reductions in malaria burden have been seen 
in some areas of West Africa, especially near the North 
Western edge of the endemic distribution in Senegal and 
The Gambia,5–7 encouraging studies to evaluate whether 
local elimination might become feasible in future.8 
However, there is an even more pressing need to under-
stand why the malaria burden remains high in other parts 
of the region, particularly in Nigeria. This is a priority to 
reduce global mortality and morbidity, and to reduce the 
main reservoir which may prevent other countries from 
achieving elimination due to continued importation of 
infections.9

Malaria surveillance at community level is important, 
as this has the potential to give unbiased indication of 
geographical variation and trends over time, but such 
data are lacking from most areas so that trends are only 
estimated by modelling.10 Separate small- scale surveys 
conducted in some communities in Nigeria over the past 
decade have indicated continuing high levels of malaria 
parasite infection (almost all P. falciparum), particularly 
in areas of the north with prevalence still exceeding 
60%,11–13 almost as high as reported in similar areas half 
a century or longer ago.14 15 In contrast, surveys in some 
areas in the south of the country report much lower infec-
tion prevalence, although with considerable local vari-
ation as illustrated by surveys in different communities 
within Lagos state.16–18 National Malaria Indicator Survey 
(MIS) data from 2010 and 2015 included slide micros-
copy data from children under 5 years of age, and these 
also showed regional variation and confirmed that states 
in the north of the country generally had higher preva-
lence than in the south.19 20 The 2015 data showed lower 
prevalence overall than was seen in the 2010 survey,20 
although analysis within the earlier survey report was 
limited to broad geographical zones rather than for each 
of the individual states sampled.

Recent availability of results from a National Demo-
graphic and Health Survey (NDHS) based on sampling 
from all 36 Nigerian states in 2018,21 together with the 
previous MIS data from 2010 and 2015, means that for the 
first time there are data for Nigeria from three nationwide 
surveys in which malaria parasite slide prevalence in chil-
dren under the age of 5 years has been measured. There 
are two important features of each of these three national 
surveys, for the purpose of critically analysing trends in 
infection. First, they were conducted at a similar period in 
each year, which minimises confounding of comparisons 
due to seasonal variation: 2010 MIS survey (October to 
December),20 2015 MIS Survey (October to November),19 

2018 NDHS survey (August to December).21 Second, but 
equally importantly, slide microscopy for each of these 
surveys was conducted under quality- controlled condi-
tions in the same accredited laboratory.

Here, we analysed the microscopy data from these three 
nationwide surveys, and evaluated changes over time by 
calculating prevalence ratios (PRs) between the surveys 
for each of the different states, together with adjusted 
PRs for each of the major geographical zones of the 
country. Emerging from this analysis are details of trends 
in reduction of malaria prevalence that are informative 
for formulating future intervention strategies. This also 
highlights opportunities for additional measurements 
to be made as part of future nationwide surveys, to help 
identify means of effectively reducing the large malaria 
burden.

METHODS
Population under analysis
The population of Nigeria was estimated by the Nigerian 
Population Commission to have exceeded 182 million 
by late 2016, and is currently estimated by the United 
Nations (UN) as over 200 million, within a land area of 
9 23 768 km2. Malaria occurs throughout the country in 
highly diverse ecological zones existing in succession 
from south to north: Mangrove Swamp and Coastal Vege-
tation, Freshwater Swamp Forest, Lowland Rain Forest, 
Derived Savanna, Guinea Savannah, Sudan Savanna 
and Sahel Savanna. The country is divided into 36 states 
(figure 1) grouped into six geopolitical zones: North- 
East, North- Central, North- West, South- East, South- South 
and South- West, each of which contains between five and 
seven states (table 1), apart from the Federal Capital 
Territory incorporating Abuja. The National Malaria 
Elimination Programme of the Federal Ministry of 
Health provides policy and guidance for malaria control 
in Nigeria, while the implementation of interventions is 
done at the individual state level. The rate of implemen-
tation differs from one state to the other, influenced by 
factors including political will, resource mobilisation and 
partnership support, which are not easily quantifiable, 
although population- based surveys can provide some 
indices of reported coverage and use of implementations.

Data from nationwide population-based surveys
Three nationwide population- based surveys of malaria 
infection have been conducted in Nigeria, as part of 
two MIS and a recently published NDHS. Standardised 
methods of household cluster sampling were performed 
within the 2010 MIS survey (October to December),20 
2015 MIS Survey (October to November)19 and 2018 
NDHS survey (August to December).21 In the 2015 and 
2018 surveys random cluster sampling methodology 
was performed to select clusters of households within 
each of the separate states. In the 2010 survey, rando-
misation was performed within each of the six major 
geographical zones of the country, but there was a wide 
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dispersal of sampled clusters within each of the 36 sepa-
rate states and overall sample sizes were only slightly 
lower than in the later surveys, leading to no substantial 
bias and broadly similar accuracy for the purpose of the 
current retrospective analysis. All data were generated 
under the Demographic and Health Surveys (DHS) 
Programme (https:// dhsprogram. com/), and have 
been made available (http:// mics. unicef. org/ surveys) 
with permission granted by the UNICEF Multiple Indi-
cator Cluster Surveys (MICS) team.

Malaria parasite microscopy
In all surveys, finger prick samples of capillary blood from 
children under 5 years of age (6–59 months) were taken to 
prepare thick and thin peripheral blood films for micros-
copy, using barcoded slides that were dried and stored 
in labelled slide boxes, and transported to the African 
Network for Drugs and Diagnostics Network (ANDI) 
Centre of Excellence for Malaria Diagnosis, College of 
Medicine, University of Lagos (a well- recognised accredited 
reference centre for multicentre diagnostic research with 

microscopy gold- standard measurement).22 On reception, 
the barcoded slides were individually scanned for reading 
into an electronic database created for the survey, and 
stained with 3% Giemsa using the WHO- recommended 
standard operating procedure number MM- SOP-04. 
Microscopical slide reading according to the protocol 
recommended by WHO for detection of malaria parasites 
was done independently by two WHO- certified malaria 
grade level 1 microscopists. To monitor the independence 
of the slide reading, the process was managed by a slide 
coordinator who received the microscopy results from each 
microscopist, and reviewed results for concordance. Where 
there was discordance in slide positivity, a third certified 
grade level 1 microscopist performed an independent slide 
read to provide resolution. The malaria microscopy data 
were entered independently by two data entry clerks to the 
Census Survey Processing System (CSPro software data-
base,US Census Bureau, USA), within the original survey 
protocols.

Figure 1 Geographical and temporal heterogeneity of malaria parasite prevalence in children under 5 years old in Nigeria. 
Data are analysed for all 36 states (excluding Borno state in 2015); the central Federal Capital Territory incorporating Abuja 
is not analysed as it could not be representatively sampled. The names of individual states are shown in the top map, and 
the grouping into six geopolitical zones is given in table 1. Data are derived from three previous surveys, made available for 
analysis from http://mics.unicef.org/surveys with permission by the UNICEF Multiple Indicator Cluster Surveys (MICS) team. 
All numbers are given in table 1, online supplemental table 1. MIS, Malaria Indicator Survey; NDHS, National Demographic and 
Health Survey.
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Statistical analysis of slide microscopy data from each of the 
different surveys
Slide microscopy data from the ANDI laboratory gener-
ated for the three separate nationwide surveys are 
analysed for trends in each of the 36 states nationwide. 
From the 2010 MIS survey, slide microscopy results for 
5084 children in the 36 states were analysed, giving a 
mean sample size of 141 per state. From the 2015 MIS 
survey, slide microscopy results for 5678 children in 35 
states were analysed, a mean sample size of 162 per state 
(Borno state was omitted from analysis for 2015 as it was 
not possible to perform representative sampling due to 
security challenges). From the 2018 NDHS survey, slide 
microscopy results for 8240 children in the 36 states were 
analysed, giving a mean sample size of 229 per state. 
The analysis considers proportions of children positive 
for any malaria parasites, the vast majority of infections 
being of the predominant parasite species Plasmodium 
falciparum in all surveys. Changes over time were analysed 
by calculating prevalence ratio (PR) values with 95% cCI 
between each of the different surveys for each of the 
different states, together with Mantel- Haenszel- adjusted 
PRadj and CI for each of the six major geographical zones 
of the country. Testing for correlations between temporal 
PRs and reported use of insecticide- treated nets (ITNs) 
was performed using Spearman’s non- parametric rank 
correlation across all states. Analyses of the data here 
were performed using SPSS version 25.0 and EPI- INFO, 
with graphical presentations using PRISM software.

Patient and public involvement
This study is a comparative analysis of three nationwide 
surveys conducted from 2010 to 2018 with sampling 
under previous protocols, and all analyses are based on 
metapopulation comparisons of data from 36 states, so 
it was not appropriate to involve patients or particular 
public communities in the design, conduct, reporting or 
dissemination plans.

RESULTS
From the nationwide surveys in 2010, 2015 and 2018, 
blood slide microscopy results allow estimation of malaria 
parasite infection prevalence in children under 5 years 
of age. The original survey reports indicated the overall 
nationwide prevalence as declining from 42% in 2010 to 
27% in 2015,19 20 with only a modest subsequent decline 
to 23% in 2018.21 Data were here analysed in more detail 
for all 36 states of Nigeria in each of the survey years 
(figure 1 and table 1), excluding Borno state in 2015 for 
which there were insufficient data. We checked denom-
inators so that only individuals having slides with a valid 
read result were included (a few individuals without 
a clear slide result were previously included in some 
previous denominators in original survey reports but 
were not counted in analysis here).

The malaria parasite prevalence in children under 
5 years of age in each of the surveys shows marked G
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geographical patterns and temporal differences (figure 1 
and table 1). Focusing on areas with high prevalence, 
17 of the states had prevalence of above 40% in 2010, 
many in northern and western areas but also some in 
other areas of the country, whereas in 2018 only one state 
had prevalence of above 40% (Kebbi state in the North- 
Western part of the country). Conversely, focusing on 
areas with less malaria, in 2010 only five states had preva-
lence of less than 20%, all in southern and eastern areas, 
whereas by 2018 there were 14 states with prevalence of 
less than 20% (figure 1 and table 1).

Statistical analysis of the data from each of the surveys 
uncovers more details on the magnitude and timing of 
the changes, and enable these to be evaluated not only for 
the major geopolitical zones of the country, but also for 
the individual states. Between 2010 and 2018 there were 
statistically significant declines in prevalence in 25 out of 
36 states, and no significant change in prevalence in the 
remaining 11 states (table 1 and figure 2). The declines 
were greatest in the three major southern zones of the 
country and in the North Central zone, with Mantel- 
Haenszel- adjusted PRs (PRadj with 95% CIs) indicating 
overall relative reduction by more than 40% (South West 
PRadj=0.53, 95% CI 0.46 to 0.61; South East PRadj=0.59, 
95% CI 0.49 to 0.72; South South PRadj=0.51, 95% CI 0.43 
to 0.61; North Central PRadj=0.36, 95% CI 0.32 to 0.42). 
Although the declines in the northern zones were less 
marked and not significant in many states, they were still 
significant overall, indicating relative reduction by more 
than 20% (North- West PRadj=0.74, 95% CI 0.68 to 0.81; 
North East PRadj=0.70, 95% CI 0.61 to 0.81).

Analysis of the changes between each of the successive 
surveys showed significant variation in the trends over 
time (figure 3). Out of 35 states analysed (Borno was 
excluded for 2015), 20 states had statistically significantly 
lower prevalence in 2015 vs 2010 (figure 3), while only 
two states had significantly higher prevalence in 2015 
(Adamawa and Taraba, in the North East). The reduction 
in prevalence between 2010 and 2015 was significant in 
all of the major zones of the country, except for the North 
East (figure 3). There was a greater relative reduction in 
the south of the country, so that the overall heteroge-
neity among states nationwide was increased, as reflected 
by the coefficient of variation (SD divided by the mean, 
increasing from 0.411 in 2010 to 0.558 in 2015).

The comparison of subsequent differences between 
2015 and 2018 in these 35 states shows that 9 states had 
statistically significantly lower prevalence in 2018, while 4 
states had significantly higher prevalence in 2018 (figure 3 
and table 1). In contrast with the previous period, there 
was minimal reduction in prevalence in southern areas 
between 2015 and 2018, and a slight increase was seen 
in the South West zone (adjusted PR=1.21, 95% CI 1.01 
to 1.43), and in some other individual states. However, 
there were reductions in prevalence in many of the 
northern states between 2015 and 2018, and significant 
declines were seen overall in the North Central zone 
(PRadj=0.56, 95% CI 0.48 to 0.56) and North- West zone 

(PRadj=0.90, 95% CI 0.83 to 0.98), while the decline was 
of borderline significance in the North East (PRadj=0.85, 
95% CI 0.72 to 1.00). These modest but significant 
declines in prevalence in northern areas, where malaria 
burden has historically been highest, slightly reduced the 
overall heterogeneity across states nationwide (signified 
by a coefficient of variation of 0.558 in 2015 decreasing 
to 0.454 in 2018).

The heterogeneity in malaria trends in different parts 
of Nigeria should be considered in relation to changes 
in coverage and use of antimalarial prevention and treat-
ment. Although it is difficult to obtain accurate data 
on local variation at the population level, the MIS and 
NDHS surveys included relevant questionnaires that at 
least allow trends in the household respondent data to 
be investigated. Nationwide, there was a substantial and 
continued increase in the reported proportion of malaria 
cases that respondents claimed were treated with a recom-
mended artemisinin- based combination therapy (ACT), 
from only 6.0% (in 2010) to 37.6% (in 2015) and 52.0% 
(in 2018).19–21 As the proportions increased in parallel 
in all six major zones of the country, reported ACT use 
does not explain the observed variation in malaria trends 
nationwide including the recent reversals in parts of the 
country. Over the same period the proportions of house-
holds with respondents reporting ownership of ITNs 
increased nationwide from 42.0% (in 2010), to 69.0% 
(in 2015) but then declined to 60.6% (in 2018).19–21 As 
ownership does not equate to use, it is notable that the 
reported overall level of use by children under 5 years 
of age increased slightly from 37.3% in 2015 to 43.2% 
in 2018,21 so we investigated whether variation in levels 
of use in each state (tabulated in online supplemental 
table 1) correlated with recent changes in malaria prev-
alence. The PR in 2018 compared with 2015 across indi-
vidual states (as shown in figure 3 and tabulated in online 
supplemental table 1) did not correlate significantly with 
the reported ITN use by children under 5 years of age in 
these states in 2015 (Spearman’s r=−0.25, p=0.15), or in 
2018 (Spearman’s r=−0.09, p=0.61), or with the change 
in ITN use reported between the surveys (Spearman’s 
r=0.26, p=0.15).

DISCUSSION
Although Nigeria is the country with by far the largest 
burden of malaria globally,2 it is now clear that over the 
past decade there have been significant reductions in 
malaria infection prevalence in children under 5 years 
of age in all the major geopolitical zones of the country, 
and in most of the individual states. However, the rela-
tive reductions have been modest, and show substantial 
subnational variation in their timing and extent. This 
highlights major ongoing challenges to achieve and 
sustain reductions in malaria infection, vital for global 
targets.

Considering where malaria control is most needed, it 
is notable that six of the states in northern Nigeria with 
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malaria burdens that are among the highest globally 
had a similar prevalence in 2018 compared with 2010. 
It is of highest priority to understand reasons for the 
lack of decline in malaria infection in children under 
5 years of age in these states, and to identify whether 
targeted increases in coverage of existing interven-
tions will be effective, or whether new interventions are 
required. Conversely, many states in southern areas of 

the country had substantially reduced prevalence in 2015 
compared with 2010, but no further reduction was seen 
by 2018, which raises concerns on how to consolidate and 
continue to reduce malaria after some initial progress. It 
was previously shown that variation in prevalence among 
states in the 2015 survey was greater than the subnational 
variation seen in comparable DHS surveys of infection 
in young children in other highly endemic West African 

Figure 2 Prevalence ratios (with 95% CIs) comparing malaria parasite infection in under 5- year old children in 2018 with 2010 
in each state and geographical zone in Nigeria. Although there was marked variation, significant declines in prevalence were 
seen in many states, indicated by ratios with 95% CIs to the left of the line. For each of the six major geographical zones of 
the country, the overall Mantel- Haenszel- adjusted prevalence ratio (PRadj) is plotted with a purple diamond symbol (with 95% 
CIs), showing significant overall declines: North- West PRadj=0.74 (0.68–0.81); North East PRadj=0.70 (0.61–0.81); North central 
PRadj=0.36 (0.32–0.42); South West PRadj=0.53 (0.46–0.61); South East PRadj=0.59 (0.49–0.72); South South PRadj=0.51 (0.43–
0.61). All numbers and P values are given in table 1, and in online supplemental table 1.
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countries,23 emphasising the need to understand diver-
gent trends occurring within Nigeria.

It is important to highlight varying levels and timing 
of declines in malaria prevalence in young children, 
but also to acknowledge that there may be multiple 
causes. The NDHS survey- reported use of appropriate 
ACT therapy for malaria case management was higher 

in 2018 than in the previous MIS surveys, although 
the actual use may be lower than reported, and non- 
recommended or unofficial therapy is very common.21 
Although distribution and ownership of donated ITNs 
increased in most areas between 2010 and 2015, there 
was a slight decline in reported ownership of ITNs by 
2018, and levels of use remain low in many communities 

Figure 3 Decrease in malaria prevalence in under 5- year old children shows significant heterogeneity over time and 
geographical area. Prevalence ratios (with 95% CIs) compare the malaria parasite infection in under 5- year old children in 
individual states and geographical zones of Nigeria in the intervals between 2010 and 2015 (left hand panel), and between 
2015 and 2018 (right hand panel). For each of the six major geographical zones of the country, the overall Mantel- Haenszel- 
adjusted prevalence ratio (PRadj) is plotted with a purple diamond symbol with 95% CIs. Between 2010 and 2015, significant 
declines are seen in all zones, except the North East where the decline is borderline significant, and the declines are more 
marked in the South of the country. Between 2015 and 2018, significant declines were seen overall in North central zone and 
North- West zone, borderline significant in North East. (Data for Lagos state are not plotted as there was an indefinite PR due to 
zero positive slides in 2015, and Borno state is not included due to lack of data for 2015). All numbers and P values are given in 
online supplemental table 1.
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throughout the country. Although there was no signifi-
cant correlation between reported ITN use in children 
under 5 and the variable trends in malaria infection in 
this age group between 2015 and 2018, this does not indi-
cate that variation in ITN use is unimportant, as reported 
levels of use are often not reliable indicators of actual 
use. Overall, although improved tools will be needed 
in future, it is clear that substantive gains should still be 
achieved by more effective implementation of current 
policies on prevention and treatment, following WHO 
recommendations.

In addition to established methods, seasonal malaria 
chemoprevention (SMC) targeted to children under 
5 years of age became a policy from 2014 onwards in 
several of the northern states where malaria prevalence 
has remained high, but only very limited implemen-
tation occurred in a few states before the 2018 survey. 
Community- based trials in diverse areas of West Africa 
where malaria is highly seasonal have demonstrated that 
the effect of intensively- delivered SMC on clinical inci-
dence and parasite prevalence should be substantial.24–26 
Although there are many challenges to optimal imple-
mentation in northern Nigeria where malaria is most 
seasonal, it is notable that SMC has been safely and effec-
tively delivered to children up to the age of 10 years in 
trials in Senegal,27 so potential benefits of expanding 
the age coverage in Nigeria should be considered, 
while continuing efforts to establish effective delivery to 
younger children as currently intended.

Beyond disease- specific interventions, socioeconomic 
development is needed to sustainably reduce malaria. In 
previous analysis of data from the 2015 MIS survey, many 
correlating variables were associated with malaria preva-
lence, including limited education of household heads 
and mothers, and unimproved housing.12 Although 
confounding socioeconomic interactions prevent impu-
tation of causality of individual determinants in such a 
survey, data from multiple studies elsewhere provide a 
consensus that house quality is a major determinant of 
malaria infection risk,28 29 as prevention of mosquito 
entry is a major means to reduce exposure. This is 
worthy of attention for research in Nigeria, as improve-
ments in house design and construction are needed. 
Such improvements could bring the most substantive 
benefits to communities in rural areas, and it should be 
noted that they are separate to more general effects of 
urbanisation in locally reducing malaria.30 In addition, 
epidemiological differences among zones and states may 
require more tailored intervention approaches. Aside 
from known ecological variation, and potential impacts 
of ongoing climate change that need to be determined, 
some large areas of irrigation that support farming 
may extend seasonal breeding of vector mosquitoes . 
Uncovering the local determinants of varying malaria 
transmission in each area may guide more appropriate 
interventions, and requires more formative research 
going forward.

Unscheduled disruptions also contribute to the overall 
challenges of malaria control. Sustained interventions in 
some states of the North East are have been difficult due 
to security challenges which impede access of commodi-
ties and health personnel for implementation and moni-
toring. More recently, disruption due to the Coronavirus 
pandemic is likely to cause reversals to the moderate 
reductions in malaria described here,31 and has already 
caused plans for the next national MIS that was sched-
uled for 2020 to be postponed. Given this setback, it is 
important to plan for more informative surveillance of 
malaria in Nigeria in future. For example, to supplement 
slide microscopy, molecular detection assays on DNA 
from dried blood spots would offer more highly sensitive 
and specific detection of infection, and would improve 
detection of rarer malaria parasite species that tend to 
occur as coinfections along with P. falciparum. The same 
samples could be used for monitoring of antimalarial 
drug- resistance allele frequency changes, which will be a 
vital part of resistance management to direct policy on 
drugs to be used for antimalarial therapy32 33 as well as 
other drugs for targeted prevention by SMC for young 
children27 34 and intermittent preventive treatment 
for pregnant women34–36 and potentially for infants. 
The benefits of such additional survey measures would 
become increasingly apparent over time, given the incre-
mental value of repeated surveys that apply standardised 
laboratory methods as illustrated here.

Author affiliations
1ANDI Centre of Excellence for Malaria Diagnosis, College of Medicine, University of 
Lagos, Lagos, Nigeria
2National Malaria Elimination Programme (NMEP), Federal Ministry of Health, Abuja, 
Nigeria
3Malaria Consortium Nigeria, Abuja, Nigeria
4Catholic Relief Services (CRS), Federal Capital Territory, Abuja, Nigeria
5Society for Family Health, Abuja, Nigeria
6Community Vision Initiative (CVI), Abuja, Nigeria
7Department of Infection Biology, Faculty of Infectious and Tropical Diseases, 
London School of Hygiene and Tropical Medicine, London, UK

Contributors WO and DC planned and performed the analysis, and led the 
writing of the manuscript on behalf of all authors. OO contributed detailed input 
and suggestions on the interpretations and the presentation. WO supervised the 
laboratory microscopy and qualitative data checking. GN, PU, OO, NO, OA, FO, KM, 
SE, EN, CA, NE and MA gave input on the programmatic background to the surveys, 
and suggestions on interpretation of the findings in relation to malaria control.

Funding The authors contributed to this study with support from their institutions. 
Part of the research time of DC is supported by a grant from the UKMedical 
Research Council (MR/S009760/1).

Map disclaimer The depiction of boundaries on this map does not imply the expression 
of any opinion whatsoever on the part of BMJ (or any member of its group) concerning 
the legal status of any country, territory, jurisdiction or area or of its authorities. This map 
is provided without any warranty of any kind, either express or implied.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval The protocols for the surveys were approved by the National 
Health Research Ethics Committee of Nigeria and the Ethics Committee of ICF, 
USA. Permission was granted by the UNICEF MICS team to access the archived 
databases for this analysis, and the Ethics Committees of the particiating institutions 
do not consider this to require separate pproval, as it involves secondary analysis of 
anonymised data already in the public domain.

 on F
ebruary 28, 2022 by guest. P

rotected by copyright.
http://gh.bm

j.com
/

B
M

J G
lob H

ealth: first published as 10.1136/bm
jgh-2020-004250 on 25 F

ebruary 2021. D
ow

nloaded from
 

http://gh.bmj.com/


10 Oyibo W, et al. BMJ Global Health 2021;6:e004250. doi:10.1136/bmjgh-2020-004250

BMJ Global Health

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access 
repository. All data relevant to the study are included in the article or uploaded as 
online supplemental information. All numerical data and statistical results are given 
in full in online supplemental table 1 datasheet. All original data were generated 
under the DHS Programme (https:// dhsprogram. com/), and have been made 
available (http:// mics. unicef. org/ surveys) with permission granted by the UNICEF 
MICS team for this comparative analysis.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iDs
Wellington Oyibo http:// orcid. org/ 0000- 0002- 5730- 5396
David Conway http:// orcid. org/ 0000- 0002- 8711- 3037

REFERENCES
 1 Gething PW, Casey DC, Weiss DJ, et al. Mapping Plasmodium 

falciparum mortality in Africa between 1990 and 2015. N Engl J Med 
2016;375:2435–45.

 2 WHO. World malaria report 2020, 2020. Available: https://www. who. 
int/ publications/ i/ item/ 9789240015791

 3 WHO. High burden to high impact: a targeted malaria response. 
Geneva: World Health Organization, 2019. https://www. who. int/ 
malaria/ publications/ atoz/ high- impact- response/ en/

 4 Rosenthal PJ, John CC, Rabinovich NR. Malaria: how are we doing 
and how can we do better? Am J Trop Med Hyg 2019;100:239–41.

 5 Ceesay SJ, Casals- Pascual C, Erskine J, et al. Changes in malaria 
indices between 1999 and 2007 in the Gambia: a retrospective 
analysis. Lancet 2008;372:1545–54.

 6 Ceesay SJ, Casals- Pascual C, Nwakanma DC, et al. Continued 
decline of malaria in the Gambia with implications for elimination. 
PLoS One 2010;5:e12242.

 7 Trape J- F, Tall A, Sokhna C, et al. The rise and fall of malaria in a 
West African rural community, Dielmo, Senegal, from 1990 to 2012: 
a 22 year longitudinal study. Lancet Infect Dis 2014;14:476–88.

 8 Mwesigwa J, Achan J, Affara M, et al. Mass drug administration 
with dihydroartemisinin- piperaquine and malaria transmission 
dynamics in the Gambia: a prospective cohort study. Clin Infect Dis 
2019;69:278–86.

 9 Feachem RGA, Chen I, Akbari O, et al. Malaria eradication within 
a generation: ambitious, achievable, and necessary. Lancet 
2019;394:1056–112.

 10 Weiss DJ, Lucas TCD, Nguyen M, et al. Mapping the global 
prevalence, incidence, and mortality of Plasmodium falciparum, 
2000-17: a spatial and temporal modelling study. Lancet 
2019;394:322–31.

 11 Dawaki S, Al- Mekhlafi HM, Ithoi I, et al. Is Nigeria winning the battle 
against malaria? prevalence, risk factors and KAP assessment 
among Hausa communities in Kano state. Malar J 2016;15:351.

 12 Morakinyo OM, Balogun FM, Fagbamigbe AF. Housing type and risk 
of malaria among under- five children in Nigeria: evidence from the 
malaria indicator survey. Malar J 2018;17:311.

 13 Singh R, Godson II, Singh S, et al. High prevalence of asymptomatic 
malaria in apparently healthy schoolchildren in Aliero, Kebbi state, 
Nigeria. J Vector Borne Dis 2014;51:128–32.

 14 Archibald HM. Malaria in south- western and north- western Nigerian 
communities. Bull World Health Organ 1956;15:695–709.

 15 Molineaux L, Gramiccia G. The Garki project: research on the 
epidemiology and control of malaria in the Sudan Savanna of West 
Africa. Geneva: World Health organization, 1980.

 16 Odugbemi BA, Wright KO, Onajole AT, et al. A malariometric survey 
of under- fives residing in indoor residual spraying- implementing 
and non- implementing communities of Lagos, Nigeria. Malar J 
2016;15:458.

 17 Aina OO, Agomo CO, Olukosi YA, et al. Malariometric survey of 
Ibeshe community in Ikorodu, Lagos state: dry season. Malar Res 
Treat 2013;2013:1–7.

 18 Umunnakwe FA, Idowu ET, Ajibaye O, et al. High cases of 
submicroscopic Plasmodium falciparum infections in a suburban 
population of Lagos, Nigeria. Malar J 2019;18:433.

 19 National Malaria Elimination Programme (NMEP), National 
Population Commission (NPopC), National Bureau of Statistics 
(NBS), ICF international. Nigeria malaria indicator survey 2015. 
Abuja, Nigeria, and Rockville, Maryland, USA: NMEP, NPopC, and 
ICF International, 2016.

 20 National Population Commission (NPC), National Malaria Control 
Programme (NMCP), ICF International. Nigeria malaria indicator 
survey 2010. Abuja, Nigeria: NPC, NMCP, and ICF International, 
2012.

 21 National Population Commission (NPC), ICF International. Nigeria 
demographic and health survey 2018. Abuja, Nigeria, and Rockville, 
Maryland, USA: NPC and ICF, 2019.

 22 Oyibo WA, Ezeigwe N, Ntadom G, et al. Multicenter pivotal clinical 
trial of urine malaria test for rapid diagnosis of Plasmodium 
falciparum malaria. J Clin Microbiol 2017;55:253–63.

 23 Abeles J, Conway DJ. The Gini coefficient as a useful measure of 
malaria inequality among populations. Malar J 2020;19:444.

 24 Cairns M, Roca- Feltrer A, Garske T, et al. Estimating the potential 
public health impact of seasonal malaria chemoprevention in African 
children. Nat Commun 2012;3:881.

 25 Meremikwu MM, Donegan S, Sinclair D, et al. Intermittent preventive 
treatment for malaria in children living in areas with seasonal 
transmission. Cochrane Database Syst Rev 2012:CD003756.

 26 ACCESS- SMC Partnership. Effectiveness of seasonal malaria 
chemoprevention at scale in West and central Africa: an 
observational study. Lancet 2020;396:1829–40.

 27 Ndiaye JLA, Ndiaye Y, Ba MS, et al. Seasonal malaria 
chemoprevention combined with community case management 
of malaria in children under 10 years of age, over 5 months, 
in south- east Senegal: a cluster- randomised trial. PLoS Med 
2019;16:e1002762.

 28 Tusting LS, Bottomley C, Gibson H, et al. Housing improvements 
and malaria risk in sub- Saharan Africa: a multi- country analysis of 
survey data. PLoS Med 2017;14:e1002234.

 29 Tusting LS, Ippolito MM, Willey BA, et al. The evidence for improving 
housing to reduce malaria: a systematic review and meta- analysis. 
Malar J 2015;14:209.

 30 Pond BS. Malaria indicator surveys demonstrate a markedly lower 
prevalence of malaria in large cities of sub- Saharan Africa. Malar J 
2013;12:313.

 31 Hogan AB, Jewell BL, Sherrard- Smith E, et al. Potential impact of 
the COVID-19 pandemic on HIV, tuberculosis, and malaria in low- 
income and middle- income countries: a modelling study. Lancet 
Glob Health 2020;8:e1132–41.

 32 Sowunmi A, Ntadom G, Akano K, et al. Declining responsiveness of 
childhood Plasmodium falciparum infections to artemisinin- based 
combination treatments ten years following deployment as first- line 
antimalarials in Nigeria. Infect Dis Poverty 2019;8:69.

 33 Kayode AT, Akano K, Ajogbasile FV, et al. Polymorphisms in 
Plasmodium falciparum chloroquine resistance transporter (Pfcrt) 
and multidrug- resistant gene 1 (Pfmdr-1) in Nigerian children 
10 years post- adoption of artemisinin- based combination 
treatments. Int J Parasitol 2020. doi:10.1016/j.ijpara.2020.10.001. 
[Epub ahead of print: 24 Dec 2020].

 34 Oguike MC, Falade CO, Shu E, et al. Molecular determinants of 
sulfadoxine- pyrimethamine resistance in Plasmodium falciparum 
in Nigeria and the regional emergence of dhps 431V. Int J Parasitol 
Drugs Drug Resist 2016;6:220–9.

 35 Olaleye A, Okusanya BO, Oduwole O, et al. A systematic review 
and meta- analysis of dihydroartemisinin- piperaquine versus 
sulphadoxine- pyrimethamine for malaria prevention in pregnancy. Int 
J Gynaecol Obstet 2019;146:43–55.

 36 Agomo CO, Oyibo WA, Sutherland C, et al. Assessment of 
markers of antimalarial drug resistance in Plasmodium falciparum 
isolates from pregnant women in Lagos, Nigeria. PLoS One 
2016;11:e0146908.

 on F
ebruary 28, 2022 by guest. P

rotected by copyright.
http://gh.bm

j.com
/

B
M

J G
lob H

ealth: first published as 10.1136/bm
jgh-2020-004250 on 25 F

ebruary 2021. D
ow

nloaded from
 

https://dhsprogram.com/
http://mics.unicef.org/surveys
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-5730-5396
http://orcid.org/0000-0002-8711-3037
http://dx.doi.org/10.1056/NEJMoa1606701
https://www.who.int/publications/i/item/9789240015791
https://www.who.int/publications/i/item/9789240015791
https://www.who.int/malaria/publications/atoz/high-impact-response/en/
https://www.who.int/malaria/publications/atoz/high-impact-response/en/
http://dx.doi.org/10.4269/ajtmh.18-0997
http://dx.doi.org/10.1016/S0140-6736(08)61654-2
http://dx.doi.org/10.1371/journal.pone.0012242
http://dx.doi.org/10.1016/S1473-3099(14)70712-1
http://dx.doi.org/10.1093/cid/ciy870
http://dx.doi.org/10.1016/S0140-6736(19)31139-0
http://dx.doi.org/10.1016/S0140-6736(19)31097-9
http://dx.doi.org/10.1186/s12936-016-1394-3
http://dx.doi.org/10.1186/s12936-018-2463-6
http://www.ncbi.nlm.nih.gov/pubmed/24947220
http://www.ncbi.nlm.nih.gov/pubmed/13404444
http://dx.doi.org/10.1186/s12936-016-1507-z
http://dx.doi.org/10.1155/2013/487250
http://dx.doi.org/10.1155/2013/487250
http://dx.doi.org/10.1186/s12936-019-3073-7
http://dx.doi.org/10.1128/JCM.01431-16
http://dx.doi.org/10.1186/s12936-020-03489-x
http://dx.doi.org/10.1038/ncomms1879
http://dx.doi.org/10.1002/14651858.CD003756.pub4
http://dx.doi.org/10.1016/S0140-6736(20)32227-3
http://dx.doi.org/10.1371/journal.pmed.1002762
http://dx.doi.org/10.1371/journal.pmed.1002234
http://dx.doi.org/10.1186/s12936-015-0724-1
http://dx.doi.org/10.1186/1475-2875-12-313
http://dx.doi.org/10.1016/S2214-109X(20)30288-6
http://dx.doi.org/10.1016/S2214-109X(20)30288-6
http://dx.doi.org/10.1186/s40249-019-0577-x
http://dx.doi.org/10.1016/j.ijpara.2020.10.001
http://dx.doi.org/10.1016/j.ijpddr.2016.08.004
http://dx.doi.org/10.1016/j.ijpddr.2016.08.004
http://dx.doi.org/10.1002/ijgo.12835
http://dx.doi.org/10.1002/ijgo.12835
http://dx.doi.org/10.1371/journal.pone.0146908
http://gh.bmj.com/

	Geographical and temporal variation in reduction of malaria infection among children under 5 years of age throughout Nigeria
	Abstract
	Introduction﻿﻿
	Methods
	Population under analysis
	Data from nationwide population-based surveys
	Malaria parasite microscopy
	Statistical analysis of slide microscopy data from each of the different surveys
	Patient and public involvement

	Results
	Discussion
	References


