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This is a well informed and clear opinion article about how to improve the utility and impact of DHS surveys
and, in particular, the MIS sub-surveys to improve Malaria modeling. The paper reads well and is clearly and
well written. There were a number of opportunities to inform potentially novice readers who are unfamiliar with
the MIS/DHS, however, and about the context in which these surveys operate that may help to clarify some
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points in the article. Notably, while it is clear for anyone using the MIS/DHS surveys that they provide a lot of
strengths, these strengths and structures are not well laid out. For example, on page 4 the authors make an
immediate shift from discussing "state and provincial" policy efforts to discussing modeling in "Admin-1 and
Admin-2" districts. I think the paper lacks a definition of Admin-2 districts: how are they created, what do they
mean, and how different they can be from state to state. You might, for example, also note that some states
prefer to make healthcare decisions at the Admin-2 level while others may make it at the Admin-1 level could
be useful to note. This is implied in the manuscript, but never clearly stated so this should not require large
shifts in the manuscript itself. Secondly, I think there is no clear statement of the influence of current data
cleaning standards, and how those may or may not affect Admin-2 modeling. If, for example, jittering the
geographic data results in attribution of some data from one Admin-2 district to another, it is possible that the
modeling enterprise at the Admin-2 level may be at increased risk of bias because of random effects from
jittering if those effects are not considered when data managers jitter the data. Other conclusions and
suggestions provided seem reasonable.
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Overall, this manuscript is professionally written and provides useful information to help better understand
Adapting the Demographic and Health Surveys program to inform sub-national malaria intervention policy
better in the area. However, before recommending for publication, a few comments that ought to be
considered. The paper needs minor revisions to improve scientific validity and/or clarity.
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1. In general, I gave rate the degree of "good" to which this paper is easy to follow and its logical flow
2. The title and abstract have covered the main aspects of the work?

Title

The title started with a catchy primary title, followed by a subtitle that provides data on the study's content
and method. It is a short, easy to understand, and conveys the essential aspects of the research. Indicate the
study's design with a commonly used term in the title or the abstract.

Consider adding the text: A cross-sectional study.

Beyond national indicators: Adapting the Demographic and Health Surveys program to inform the sub-national
malaria intervention policy better: A cross-sectional study.

In medical research, social science and biology, a cross-sectional study is a type of observational study that
analyzes data from a population, or a representative subset, at a specific point in time that is, cross-sectional
data.

Use the following as a guide for writing a competitive abstract:

Background:

Provide a brief context for the research

Indicate why it is important
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Study Design and Research Methods:

Specifically state what study design was used in the research
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the subnational malaria intervention policy. So, It is essential to write the results novel and the study provide

https://www.editorialmanager.com/malj/ReviewerComments.aspx?docid=6380&peopleid=6103&rev=0&unBlindReviewer=false 2/3



14/07/22 07.03 View Individual Reviewer Comments

an advance in the field

4. The authors should have sure that the methods are clear and replicable. This study uses examples from the
Nigeria DHS to highlight gaps in the current survey program design; however, it needs to write the methods
clear and replicable. Due to this, it is not clear who the target population of this study is and the criteria they
selected sample in the inclusion and exclusion criteria.

In epidemiological concepts, the source population is the population from which the study subjects are drawn.
Further, the target population is the population to which it might be possible to extrapolate results from a
study. Furthermore, the target population of a survey is the population authors wish to study. The sampled
population is the population which authors can observe in a sample. The target population is theoretical; The
sample population is practical, based on the frame you have access to or can construct. Besides, it is not clear
additional questions and expansions to the DHS sampling strategy that would advance the data analyses and
modelled estimates that inform national policy recommendations

Do authors have modified the questionnaire? If the survey changed by investigators, please explain how to
test the new instrument/tools' validity and reliability test. So, the study results are valid for the source
population, target population, and beyond.

5. The authors should have written that all the results presented to match the methods described, if relevant.

6. The authors should have written briefly that the statistical analysis is appropriate to the research question
and study design, if relevant.

7. The authors should have written that selecting the controls appropriate for the study design have attempts
been made to address potential bias through analytic methods, e.g., sensitivity analysis, if relevant.

8. The authors should have made the underlying data available to the readers

9. The authors should have written that the conclusions correlate to the results found

10. The authors should have made that the figures and tables are clear and legible

11. The authors should have made that the images clear and free from unnecessary modification

12. I have serious concerns about the validity of this manuscript. Seemingly this study has not Ethical

clearance. It is better to write in the text concerning the serial number of ethical approvals that was obtained
from the Research and Ethical Review Committee
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February 2, 2021
The Editor and Reviewers,
Malaria Journal.

Dear Editor and Reviewers:

Thank you once again for your time and effort in reviewing our opinion piece. We have revised the manuscript based on
your comments and feedback.

Please see our response to your comments in the adjourning pages.
We hope this updated manuscript remains of interest to you and worthwhile for the consumers of the journal.

Regards,
Ifeoma D. Ozodiegwu DrPH MPH on behalf of all the coauthors.

Response to Reviewers

Reviewer 1

1. This is a well informed and clear opinion article about how to improve the utility and impact of DHS surveys and, in
particular, the MIS sub-surveys to improve Malaria modeling. The paper reads well and is clearly and well written.
Response: We thank reviewer 1 for the time and efforts put into reviewing our piece

2. There were a number of opportunities to inform potentially novice readers who are unfamiliar with the MIS/DHS,
however, and about the context in which these surveys operate that may help to clarify some points in the article.
Notably, while it is clear for anyone using the MIS/DHS surveys that they provide a lot of strengths, these strengths and
structures are not well laid out. For example, on page 4 the authors make an immediate shift from discussing "state and
provincial" policy efforts to discussing modeling in "Admin-1 and Admin-2" districts

Response: We have included more information on the strengths and context of the DHS/MIS surveys in lines 82 — 105. It
now reads as follows:

“Initiated in 1984, the DHS was originally designed to collect comparable population-based data on indicators of sexual
and reproductive health, maternal and child health, and nutrition in low and middle-income countries (LMICs).9 As
funding for malaria programs increased, it became necessary to continue to make the investment case for additional
funding with local data, giving rise to the inclusion of a malaria module in the DHS in 1999 and the introduction of the
MIS in 2006.10 National health strategic planning in LMICs only considered aggregated indicator estimates at the admin-
1 level; as such, the sampling methodology of DHS and MIS were devised to capture health status, services and
interventions at that level. The shift towards accounting for district-level health and intervention indicators within
subnational malaria strategies calls for refreshing the DHS and MIS sampling strategy and questionnaires to meet the
needs of national programs.

In their current form, both the DHS and MIS have many strengths that support health decision making. The DHS and
MIS capture a wide range of health indicators allowing comprehensive assessment of a country’s health situation. As part
of their multistage design, survey participants are selected from clusters and households within a fully covered
geographic sampling frame, offering researchers the opportunity to examine how ecological and individual-level factors
relate to the distribution of health outcomes. Moreover, survey questionnaires are standardized to enhance the
comparability of indicators across populations and time. In malaria specific programs and research, analyses by NMCPs
and the research community generate insight into spatial and temporal differences in malaria indicators, which allow
data-driven prioritization of intervention deployment and serve as parameters for mathematical models. This makes the
DHS and MIS an important resource for NMCPs and the global health community.”
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3. I think the paper lacks a definition of Admin-2 districts: how are they created, what do they mean, and how different
they can be from state to state. You might, for example, also note that

some states prefer to make healthcare decisions at the Admin-2 level while others may make it at the Admin-1 level
could be useful to note. This is implied in the manuscript, but never clearly stated so this should not require large shifts
in the manuscript itself.

Response: We have included a definition/description of admin 2 in lines 62 — 67. It is rare that healthcare decisions are
made at the admin-2 level so we did not note this. In Nigeria, which we use as an example, healthcare decisions are
usually made at the admin-1 level with some input from local government focal persons at the state ministry of health.
But admin-2 units typically do not have much autonomy with regards to healthcare decisions. Lines 62 — 67 reads as
follows:

“Malaria endemic countries are typically federations comprised of varying numbers of admin-2 units or districts located
within a first administrative level (admin-1, also called states or provinces). While the seat of subnational government is
usually at the admin-1 level, admin-2 units are officially delineated geographical areas with some form of self-
government to decentralize the running of local affairs.”

4. Secondly, I think there is no clear statement of the influence of current data cleaning standards, and how those may
or may not affect Admin-2 modeling. If, for example, jittering the geographic data results in attribution of some data
from one Admin-2 district to another, it is possible that the modeling enterprise at the Admin-2 level may be at increased
risk of bias because of random effects from jittering if those effects are not considered when data managers jitter the
data. Other conclusions and suggestions provided seem reasonable.

Response: We have added more information on the impact of data collection and cleaning standards on admin-2
modeling predictions in lines 130 — 140. It reads as follows:

“Using the DHS to parameterize fine scale models introduces additional sources of uncertainty. To help NMCPs stratify
and plan operations, models must capture data at admin-2. However, estimates of malaria prevalence and intervention
coverage from the DHS are only meant to be representative at a state or provincial (admin-1) level (Figure 1 and 2) and
are underpowered to measure these indicators at the admin-2 level. Modeling predictions based on parameters from
DHS household cluster data would therefore be biased. Moreover, data collection and cleaning standards for
georeferenced DHS data also increase the risk of biased admin-2 projections. Sampling errors while using GPS receivers
to georeference cluster locations could lead to attribution of admin-2 data from one to another. Additionally, the
displacement of cluster locations to protect participants’ confidentialityl1l and any resultant random effects from data
jittering would further exacerbate the problem of misclassifying admin-2 data.”

Reviewer 2
1. In general, I gave rate the degree of "good" to which this paper is easy to follow and its logical flow
2. The title and abstract have covered the main aspects of the work?

Title

The title started with a catchy primary title, followed by a subtitle that provides data on the study's content and method.
It is a short, easy to understand, and conveys the essential aspects of the research. Indicate the study's design with a
commonly used term in the title or the abstract.

Consider adding the text: A cross-sectional study.

Beyond national indicators: Adapting the Demographic and Health Surveys program to inform the sub-national malaria
intervention policy better: A cross-sectional study.

In medical research, social science and biology, a cross-sectional study is a type of observational study that analyzes
data from a population, or a representative subset, at a specific point in time that is, cross-sectional data.

Use the following as a guide for writing a competitive abstract:
Background:

Provide a brief context for the research

Indicate why it is important

Hypothesis/Objective:

State the goal(s) of the research and the question(s) you are seeking to address with this research
Study Design and Research Methods:

Specifically state what study design was used in the research

If appropriate, state what population or group(s) were studied
Briefly describe the study procedures used to carry out the research
Indicate which measurement techniques were used in the research
Provide information on the analytic data technique(s) that were used
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Results:

Briefly describe the main findings or results of your research

Conclusions:

Concisely state what the results mean and their impact on the field of research

3. It is essential to write the results novel, and the study provides an advance in the field to the Introduction or in the
result section.

Many papers have shown that adopting the Demographic and Health Surveys (DHS) program will better inform the
subnational malaria intervention policy. So, It is essential to write the results novel and the study provide an advance in
the field

4. The authors should have sure that the methods are clear and replicable. This study uses examples from the Nigeria
DHS to highlight gaps in the current survey program design; however, it needs to write the methods clear and replicable.
Due to this, it is not clear who the target population of this study is and the criteria they selected sample in the inclusion
and exclusion criteria.

In epidemiological concepts, the source population is the population from which the study subjects are drawn. Further,
the target population is the population to which it might be possible to extrapolate results from a study. Furthermore, the
target population of a survey is the population authors wish to study. The sampled population is the population which
authors can observe in a sample. The target population is theoretical; The sample population is practical, based on the
frame you have access to or can construct. Besides, it is not clear additional questions and expansions to the DHS
sampling strategy that would advance the data analyses and modelled estimates that inform national policy
recommendations

Do authors have modified the questionnaire? If the survey changed by investigators, please explain how to test the new
instrument/tools' validity and reliability test. So, the study results are valid for the source population, target population,
and beyond.

5. The authors should have written that all the results presented to match the methods described, if relevant.

6. The authors should have written briefly that the statistical analysis is appropriate to the research question and study
design, if relevant.

7. The authors should have written that selecting the controls appropriate for the study design have attempts been made
to address potential bias through analytic methods, e.g., sensitivity analysis, if relevant.

8. The authors should have made the underlying data available to the readers

9. The authors should have written that the conclusions correlate to the results found

10. The authors should have made that the figures and tables are clear and legible

11. The authors should have made that the images clear and free from unnecessary modification

12. I have serious concerns about the validity of this manuscript. Seemingly this study has not Ethical clearance. It is

better to write in the text concerning the serial number of ethical approvals that was obtained from the Research and
Ethical Review Committee

Response: We want to thank reviewer two for taking the time to edit and comment on our manuscript. We have made
adjustments to long sentences to make it easier to read (see tracked changes in manuscript).
With respect to the comments on manuscript structure, since this is an opinion piece rather than a research article, we

followed the guidelines for opinions to be published in the Malaria Journal as described here >>
https://malariajournal.biomedcentral.com/submission-guidelines/preparing-your-manuscript/opinion
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Abstract

challenges.

In malaria-endemic countries, prioritizing intervention deployment to areas that need the most attention is crucial to
ensure continued progress. Global and national policy makers increasingly rely on epidemiological data and math-
ematical modelling to help optimize health decisions at the sub-national level. The Demographic and Health Surveys
(DHS) Program is a critical data source for understanding subnational malaria prevalence and intervention coverage,
which are used for parameterizing country-specific models of malaria transmission. However, data to estimate indica-
tors at finer resolutions are limited, and surveys questions have a narrow scope. Examples from the Nigeria DHS are
used to highlight gaps in the current survey design. Proposals are then made for additional questions and expan-
sions to the DHS and Malaria Indicator Survey sampling strategy that would advance the data analyses and modelled
estimates that inform national policy recommendations. Collaboration between the DHS Program, national malaria
control programmes, the malaria modelling community, and funders is needed to address the highlighted data

Background

The growing spatial and temporal variability in malaria
risk [1-3], increasing diversity in malaria control tools[4],
and limited funding availability is precipitating the need
for malaria-endemic countries to adopt intervention pol-
icies that move away from a one-size-fits-all approach to
one that is specifically tailored to their subnational con-
text. The Global Technical Strategy for malaria (GTS)
recommends that targeted strategies be country-led
[5]. The High Burden to High Impact (HBHI) initiative
further describes how each country can drive its strat-
egy with its own data, including routine health facility

*Correspondence: ifeoma.ozodiegwu@northwestern.edu

! Department of Preventive Medicine and Institute for Global Health,
Northwestern University, Chicago, IL, USA

Full list of author information is available at the end of the article

B BMC

reporting, national household surveys, and post-cam-
paign assessments that collect information on current
gaps in intervention coverage [6]. Mathematical model-
ling can be used to integrate these data sources together
to predict the impact of possible subnational interven-
tion strategies and explore whether achieving a strategic
malaria target is feasible.

Many National Malaria Control Programmes (NMCPs)
are now choosing to target interventions at the dis-
trict level (second administrative level, admin-2), given
that this is an operationally feasible unit at which intra-
provincial heterogeneity is captured. Malaria endemic
countries are typically federations comprised of varying
numbers of admin-2 units or districts located within a
first administrative level (admin-1, also called states or
provinces). While the seat of subnational government is
usually at the admin-1 level, admin-2 units are officially
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adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
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permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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delineated geographical areas with some form of self-
government to decentralize the running of local affairs.
Monthly reports from health facilities provide routine
surveillance data that can be aggregated up to admin-2
units. Routine data is used to identify malaria trends and
needs at the local level [7, 8], as recommended by the
GTS.

Challenges with data quality and completeness as well
as lack of sufficient historical data and delayed report-
ing hinder the use of routine data to form a rigorous
understanding of the country’s malaria past and present
situation and intervention needs. Because these datasets
only include individuals who seek treatment at reporting
health facilities, they provide no insight into individuals
who live in less-accessible areas or who seek treatment
from private and informal health care sectors. The
incomplete view of malaria incidence and treatment pro-
vided by routine reporting can result in biased estimates
of population burden and access to care.

National surveys, such as the Demographic and Health
Surveys (DHS) and the Malaria Indicator Surveys (MIS),
supplement routine surveillance by providing repre-
sentative estimates of malaria prevalence and interven-
tion coverage. Initiated in 1984, the DHS was originally
designed to collect comparable population-based data
on indicators of sexual and reproductive health, mater-
nal and child health, and nutrition in low and middle-
income countries (LMICs) [9]. As funding for malaria
programmes increased, it became necessary to continue
to make the investment case for additional funding
with local data, giving rise to the inclusion of a malaria
module in the DHS in 1999 and the introduction of the
MIS in 2006 [10]. National health strategic planning in
LMICs only considered aggregated indicator estimates
at the admin-1 level; as such, the sampling methodology
of DHS and MIS were devised to capture health status,
services and interventions at that level. The shift towards
accounting for district-level health and intervention
indicators within subnational malaria strategies calls for
refreshing the DHS and MIS sampling strategy and ques-
tionnaires to meet the needs of national programmes.

In their current form, both the DHS and MIS have
many strengths that support health decision making. The
DHS and MIS capture a wide range of health indicators
allowing comprehensive assessment of a country’s health
situation. As part of their multistage design, survey par-
ticipants are selected from clusters and households
within a fully covered geographic sampling frame, offer-
ing researchers the opportunity to examine how ecologi-
cal and individual-level factors relate to the distribution
of health outcomes. Moreover, survey questionnaires are
standardized to enhance the comparability of indicators
across populations and time. In malaria specific programs
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and research, analyses by NMCPs and the research com-
munity generate insight into spatial and temporal dif-
ferences in malaria indicators, which allow data-driven
prioritization of intervention deployment and serve as
parameters for mathematical models. This makes the
DHS and MIS an important resource for NMCPs and the
global health community.

Given the limitations of routine surveillance, NMCPs
and modellers use the DHS to understand the subna-
tional malaria context. NMCPs increasingly consider
outputs of mathematical models when planning sub-
national malaria strategy, including making decisions
about expansion of chemoprevention and choosing from
a set of vector control strategies. To address related ques-
tions, epidemiological models must capture historical
trends in transmission, current patterns of exposure, and
intervention coverage for each subnational area. This
piece highlights how DHS and MIS data are utilized by
mathematical models and suggest improvements that
would enhance both modelling and data analysis efforts
from NMCPs to facilitate informed decision-making. For
the sake of brevity, the term “DHS” is used to encompass
both DHS and MIS surveys.

DHS data is useful for national policy-making

but parameterizing subnational malaria
transmission models is challenging

Models of malaria transmission used for national stra-
tegic planning are informed by household survey data
on intervention coverage, transmission intensity, and
malaria burden. To set subnational intervention cover-
ages, models rely on DHS measures of treatment-seeking
rates for febrile illness among children under five, insec-
ticide-treated nets (ITN) usage at the household level
and for different age groups, and coverage of intermit-
tent preventive treatment in pregnancy (IPTp). Modelled
transmission intensity can then be calibrated to capture
DHS measures of the Plasmodium falciparum parasite
rate in children under the age of five (PfPR,_5).

Using the DHS to parameterize fine scale models intro-
duces additional sources of uncertainty. To help NMCPs
stratify and plan operations, models must capture data at
admin-2. However, estimates of malaria prevalence and
intervention coverage from the DHS are only meant to
be representative at a state or provincial (admin-1) level
(Figs. 1, 2) and are underpowered to measure these indi-
cators at the admin-2 level. Modelling predictions based
on parameters from DHS household cluster data would,
therefore, be biased. Moreover, data collection and clean-
ing standards for georeferenced DHS data also increase
the risk of biased admin-2 projections. Sampling errors
while using GPS receivers to georeference cluster loca-
tions could lead to attribution of admin-2 data from one
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Clusters where data was collected for the
2018 Nigeria DHS geolocated on a
map with the 774 LGA boundaries

Clusters where data was collected for the
2018 Nigeria DHS geolocated on a
map with the 37 State boundaries

Fig. 1 a State-level (admin-1) map of Nigeria with red dots representing clusters where DHS data collection was conducted in 2018. The number of
clusters in state boundaries range from 20 to 54 with a median of 36. b Local government area (LGA)-level (admin-2) map of Nigeria with red dots
representing clusters where DHS data collection was conducted in 2018. LGAs colored in yellow are areas where estimation of malaria indicators
will be challenging because they contain zero or one cluster. Number of clusters within LGA boundaries ranged from zero to 11 with a median of

two. 103 LGAs had no clusters

to another. Additionally, the displacement of cluster loca-
tions to protect participants’ confidentiality [11] and any
resultant random effects from data jittering would fur-
ther exacerbate the problem of misclassifying admin-2
data.

Malaria indicators captured by the DHS are subject to
seasonal variations in malaria transmission and human
behaviour, which limit understanding of malaria trans-
mission intensity, ITN use, and comparability of yearly
surveys. Parasite rate is typically at its maximum dur-
ing the rainy or peak mosquito-biting season and trends
downwards in the dry season. Individuals use ITNs dur-
ing the wetter months and reduce usage in the dryer
months when mosquito activity is diminished [12].
Treatment-seeking behaviour can be affected by sea-
sonal accessibility issues and seasonal demands on par-
ents’ time, for example, agricultural needs during the
wet season. Therefore, malaria indicators from DHS
surveys conducted during the dry season months do
not necessarily capture parasite rate, ITN use, and case
management coverage in the peak transmission season.
Surveys conducted in different seasons, even within the
same DHS year, are not directly comparable without
adjustment for the seasonality effect. NMCPs and mod-
ellers resort to other data sources with a narrower geo-
graphic scale to capture seasonal and temporal changes
in malaria transmission and accurately identify gaps in
intervention coverage and areas of high prevalence.

The restriction of current questions to select age groups
limit how informative the results are for driving country
strategy and parameterizing models. For example, the
DHS only tests children under the age of five for malaria
infection, which, although important, is of limited utility
for categorizing malaria transmission intensity in settings
where more of the burden is in older children or adults.
PfPR,,; measured during implementation of seasonal
malaria chemoprevention (SMC) may be particularly
uninformative as PfPR is suppressed in this population
and SMC coverage is not assessed in the DHS. Measure-
ments of PfPR in older children can be more informative
than PfPR, s even in high-transmission areas, as chil-
dren above age two will have some immunity to clinical
malaria, and hence less treatment with anti-malarials,
yet limited immunity to parasitaemia itself [13]. Some
models, therefore, apply standardization algorithms to
convert PfPR,, - to PfPR, ;, [14] While such algorithms
have been validated in prior work [13], the extent of bias
introduced by predicted PfPR,_;,, especially in fine-scale
models, is unknown.

A similar issue arises with using the DHS data to
evaluate case management and treatment coverage for
uncomplicated malaria, where questions are restricted to
children under the age of five. NMCPs, therefore, know
little about access to malaria treatment in older children,
where burden is increasingly shifting [15]. In the absence
of case management information for uncomplicated
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Fig. 2 a PfPR, according to 2010, 2015, and 2018 Nigeria DHS. The LGA prevalence values depicted are not representative for the population per
LGA, as DHS is not powered at the LGA level. b Number of clusters located within each LGA boundary used to estimate PPR,_s in each DHS year.
Many LGAs contain zero DHS clusters, although geographic coverage improved substantially in the most recent DHS. ¢ Number of LGAs with and

without PR data. LGAs without data were 558 in 2010, 510 in 2015 and 121 in 2018, out of 774 total LGAs

malaria in older children and adults, modellers either
assume homogeneous coverage by age or turn to site-
specific research studies on treatment-seeking behaviour.

Estimating case management rates from DHS data
requires analysing questions directed at a subset of DHS
participants, which reduces the sample size and may
introduce validity issues and inconsistencies. In the 2018
Nigeria DHS, effective case management coverage, that
is the proportion of children under the age of five that
received artemisinin-based combination therapy (ACT)
among those that had a fever within the 2 weeks prior to
the survey, was 22% at the national level. Disaggregated
at the state level, ACT-related case management was
remarkably low in many areas. For example, the 2018
DHS suggests that febrile children were not treated at all

with ACT in Nasarawa, and only about 3 to 4% in Zam-
fara and Yobe (Fig. 3a).

When these estimates were discussed with the Nige-
rian National Malaria Elimination Programme, they
indicated that the actual ACT use would likely be higher
than that seen in the 2018 DHS, and the state level DHS
estimates would not agree with their perceived ACT use
in many parts of the country. The 2015 ACT Watch sur-
vey [16, 17] supports this view, which indicated that most
outlets stocking any anti-malarials in individual states
had at least one type of ACT medicine for sale (Fig. 3b).
While the metrics are clearly different, the ACTWatch
data suggests intense penetration of ACT across both
the public and private health care sectors in Nigeria,
and, together with the Nigerian programme perspective,
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Fig. 3 a Nigeria's 2018 DHS shows the proportion of children with fever in the 2 weeks preceding the survey that were treated by with an ACT. b
Proportion of outlets stocking anti-malarials that had at least one type of ACT based on the 2015 ACTWatch survey [16, 17]. Maps share the same

calls into question the 2018 DHS results that suggested
extremely low rates of artemisinin-based combina-
tion therapy in some areas of Nigeria. This discrepancy
of trends between access (ACTWatch) and use (DHS)
metrics emphasizes the limitations of the current DHS
sampling strategy to capture case management coverage
among febrile children, who are few in number, and the
need for a strengthened DHS data collection system that
builds trust and meets NMCP needs.

The gaps that we have identified within the DHS sam-
pling strategy and questionnaires do not diminish the
immense contribution of the DHS Program to evidence-
based decision-making. However, when DHS measures
do not adequately capture malaria indicators, or DHS
data are out of concordance with institutional knowl-
edge and beliefs of intervention and treatment access and
malaria risk behaviour, deciding where to target inter-
ventions becomes more challenging and a data-driven
approach nearly impossible.

Recommendations

Having outlined the major barriers to using the DHS for
evidence-based subnational malaria strategic planning,
we propose changes to the DHS surveys and sampling
strategy to improve understanding of the malaria con-
text at the relevant spatial scale of programmatic deci-
sion-making and drive more accurate predictions of the
impact of targeted interventions.

1. Time DHS surveys to capture malaria indicators

during the high-transmission season. Carefully
timing the DHS survey to coincide with the high
malaria transmission season and collecting data at
the same time every year would improve estimation
of malaria indicators, and comparability of yearly
surveys, even at finer scales. Effective timing pro-
vides understanding of transmission intensity and
intervention coverage at its peak periods and implies
that a smaller sample size would be needed to accu-
rately estimate malaria indicators. Hence, if the DHS
retains a similar sampling strategy but conducts sur-
veys only in the wetter months, malaria indicators
will be more precisely estimated at both admin-1 and
admin-2-level, and NMCPs can more reliably track
indicator trends. Suppose accessibility issues pre-
clude peak-season surveys in some districts, a hybrid
approach where isolated districts are surveyed at a
different time of year may be necessary.

. Support malaria-endemic countries to conduct

admin-2-level and/or monthly surveys. We hope
to see the DHS support malaria-endemic countries
in conducting more frequent and granular surveys
at the admin-2 level. Increasing the spatial resolution
of the survey to the admin-2 level will enhance the
precision of survey estimates, and if these admin-2
surveys are done monthly, it would lead to excellent
understanding of seasonal and temporal changes in
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parasite rate and intervention coverage. At the outset,
priority could be given to districts in high-transmis-
sion areas where intervention targeting will be most
beneficial, or surveys could be conducted only during
high-transmission months. The survey’s frequency
and scale could be reduced if low spatial and tempo-
ral heterogeneity in malaria indicators are detected
within neighboring districts. While we acknowledge
that this comes with higher survey implementation
costs for the DHS, this will vary for individual coun-
tries depending on several factors including coverage
of the existing DHS survey, the number of admin-2
areas, and the target population sizes. The extra
implementation costs will be relatively lower for
some countries and possibly unfeasibly high in oth-
ers. However, the potential savings from allocating
resources to the most-at-risk population and thereby
additional lives saved could serve as a justification for
increased funding for the DHS to pursue a broader
sampling strategy.

. Extend blood smear or rapid diagnostic testing
(RDTs) to children up to the age of 10 years. As
prevalence in the youngest children declines, testing
of older children will be more informative for assess-
ing malaria transmission intensity. In lower-trans-
mission areas, collection of prevalence in adults will
become necessary to identify remaining areas of sus-
tained transmission for intervention targeting. Dep-
rioritizing blood smears in favour of RDTs can help
mitigate some of the added expense.

. Adapt the DHS sampling strategy and survey
questions to better capture data that inform
estimation of treatment coverage. To obtain an
improved estimate of treatment modalities, we rec-
ommend the DHS oversample children in selected
high transmission settings where case management
with ACT is particularly crucial to prevent death.
The current DHS sampling approach may not pro-
vide accurate estimates of artemisinin-based combi-
nation therapy rates for malarial fevers, which lessens
its utility in intervention planning. If recommenda-
tion #1 is adopted, the additional sample would not
be substantial since the sampling frame for febrile
children will be significantly enhanced. Qualitative
research is needed to better understand how to word
questions around care-seeking and access to effec-
tive treatment, as this could be a limiting factor in the
accuracy of participant responses, and understand-
ing where the cascade of care falls apart is neces-
sary for identifying solutions to low treatment rates.
Questions on case management urgently need to be
extended to older children and adults so that policy
makers understand how symptoms and treatment
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dynamics vary by age, time, and transmission inten-
sity in their country.

5. Add questions to the DHS to capture data on
SMC coverage. In many areas with highly seasonal
malaria transmission, SMC is a crucial intervention
to reduce malaria incidence and mortality during
the high-transmission season. DHS surveys imple-
mented during peak transmission months would be
well-positioned to measure SMC coverage, which is
often challenging for NMCPs to calculate from doses
distributed due to uncertain population denomina-
tors. Measuring SMC coverage will enable NMCPs to
better assess implementation quality and to identify
gaps and will allow models to generate more accu-
rate predictions of the impact of SMC expansion or
changes in scheduling.

6. Leverage the Service Provision Assessment (SPA)
surveys to monitor malaria incidence and case
management, even if at an aggregate level. The
SPA surveys, which are part of the DHS portfolio
of surveys, provide country-specific overviews of
health service delivery. SPA surveys can be leveraged
to obtain a snapshot of reported malaria incidence,
severity, and case management modalities at the
time of the DHS community surveys. This informa-
tion can be very powerful: NMCPs can contextualize
effective treatment results from the survey, and mod-
ellers can triangulate data from both surveys to cap-
ture and explain transmission dynamics.

7. Make the DHS dynamic and flexible to adapt to a
changing intervention landscape. The landscape
of malaria interventions is heterogeneous and can
change with new strategic plans and pilots of inter-
vention deployments. DHS design should be cogni-
zant of local interventions. In areas where new inter-
ventions are introduced, survey questions related to
the interventions can be asked only in those adminis-
trative units. Likewise, if interventions are discontin-
ued in a particular locality, survey questions can be
modified in response.

Conclusion

The DHS is already an invaluable tool for informing
malaria intervention strategies and could be an even
greater asset for subnational planning if the changes we
propose are made to augment the existing DHS platform.
We call for a dialogue between the DHS Program experts,
NMCPs, the malaria modelling community and funders
to discuss existing data challenges and design a practi-
cal path for overcoming them. As countries move toward
geographically tailored national strategies, the need for
high-quality information is paramount. The experience
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and technical expertise of the DHS Program is essential
to meet this need.
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