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In recent years, significant progress has been made in reducing malaria morbidity and
mortality worldwide.1 In 2000, the Abuja Declaration and subsequent Millennium
Development Goals mobilized billions of dollars of international resources to face
an uncontrolled resurgence of malaria. Thanks to a significant investment in malaria
control efforts from 2000 to 2015, clinical malaria cases in sub-Saharan Africa due to
Plasmodium falciparum, the most common and severe form of malaria, were reduced
by 40%. Insecticide-treated nets (ITNs) have been recognized as the chief component
of this progress, comprising an estimated 68% of cases averted due to their effectiveness and prevalence.2
Indeed, ITNs are well established as one of the most cost-effective forms of malaria
prevention. Household use of an ITN leads to an 18%–23% reduction in child mortality.3,4 The World Health Organization (WHO) has called for universal access to ITNs,
at a ratio of one net per two people (population ratio of 1:1.8), for all 3.2 billion people
at risk of malaria worldwide.1 As a result, hundreds of millions of ITNs are distributed
in malaria-endemic regions through various mechanisms every year.
Despite the general consensus that ITNs are a crucial component of malaria control
strategies, there remain supply-side and demand-side barriers to meet the ambitious
coverage goals set by the WHO. This review highlights innovative ITN delivery strategies that are being used to surmount some of these existing barriers to deliver these
invaluable public health tools for every individual at risk of malaria.
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Abstract: The wide-scale adoption of insecticide-treated nets (ITNs) has led to significant
reductions in malaria morbidity and mortality worldwide. Delivery of ITNs to the 3.2 billion
people at risk of malaria requires multiple steps in diverse settings. The effectiveness of the
delivery of ITNs in order to prevent malaria relies on activities that include ITN manufacturing
and design, integration into national and international malaria prevention policies, supplying
and distributing ITNs to households and individuals, and, finally, programs focused on spurring
demand for and use of ITNs by individuals at risk. This paper reviews some recent innovative
strategies for ITN delivery across these four domains, places these innovations within the
context of the history of ITN deployment, and identifies opportunities to further improve the
effectiveness of this ubiquitous public health tool.
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Framework
Effective delivery of ITNs as part of a successful malaria control
strategy requires a variety of ITN-related activities encompassing the supply of and the demand for ITNs.5,6 A useful framework for conceptualizing this spectrum of activities is set out by
Kilian et al7 in 2009 and subsequently adapted by Augustincic
Polec et al6 in 2015. Figure 1 represents the author’s own adapted
framework. This framework provides four (occasionally overlapping) domains with a collection of related activities in which
innovative approaches could help overcome obstacles to the
ultimate goal of malaria prevention through the use of ITNs.
In this review, the supply-side activities include ITN-related
policy choices (eg, targeting of particular populations or
choosing a mix of public and private distribution venues) and
physical activities related to transporting and distributing ITNs
to individuals, and the demand-side activities include education
and behavior change campaigns to promote “net cultures” in
malaria susceptible regions, pricing schemes, and interventions
to assist in effective use of ITNs. Policy decision about who
should receive ITNs and how to ensure access to ITNs on a
population basis impact both the supply-side and demandside. Finally, successful ITN delivery requires effective ITNs;
therefore, there is an important role played by the “presupply”
activities that involve developing novel insecticides, netting,
and other innovations that improve ITNs themselves. The
important concept here is that successful delivery of ITNs for
malaria prevention involves both getting effective ITNs out
to prospective users (supply-side) and ensuring that ITNs are
used once they are available (demand-side).

Methods
In order to identify innovative ITN delivery strategies across
the spectrum of ITN delivery, this review systematically

explores the major domains set out in the aforementioned
framework by searching for recent advances in both the peerreviewed and gray literature. The primary source of studies
for this review was a (very general) search of PubMed and
EMBASE for articles related to ITNs*, use*, ownership*,
and malaria*. This database search involved screening of
over 1,000 titles and abstracts published since 2010 looking
for novel studies or approaches. The author subsequently
performed Google searches in the areas of interest and handsearched through reference lists for promising studies and
reports for additional studies of value. The gray literature (eg,
web publications, reports, and news postings) is a rich source
of cutting-edge activities in this area, as many innovative strategies arise from on-the-ground interventions by community-
based organizations or malaria-focused partnerships between
local Ministries of Health and aid organizations (eg, United
Kingdom-based Department for International Development, United States Agency for International Development
[USAID], and Bill & Melinda Gates Foundation), which may
not have yet made it into the peer-reviewed literature.
For each domain, innovations are identified, summarized,
and, where applicable, placed into the context of historical
approaches to ITN delivery. Clearly, neither the proffered
framework nor the list of included innovations is comprehensive; the author does not pretend to capture a universal map
of ITN delivery activities or a list of all “cutting-edge” ITN
delivery activities. This review is, rather, an attempt to highlight
general thematic areas where innovative strategies are currently
being employed and to call attention to outstanding areas of
uncertainty and opportunity for future efforts. Finally, and
importantly, the decision to include a study or report as “innovative” was based on a subjective synthesis of the literature
and 13 years of experience with malaria in sub-Saharan Africa.

ITN delivery leading to malaria prevention
International policy

Presupply
(ensuring
efficacy)
• WHOPES process
• Novel insecticides
• Novel materials

National policy
• Timing: limited (one-time or seasonal) vs continuous distribution
• Implementing actors: public, commercial, NGOs, community
• Population targets: pregnant women, children <5 years
Supply-side
(ensuring access)
• Financing
• Source of ITNs
• Procurement
• Stock maintenance
• Supply location/outlet

Demand-side
(ensuring use)
• “Net culture”
• Cultural models
• Pricing
• Behavior change
• Peer/community efforts

Figure 1 ITN delivery for malaria prevention.
Abbreviations: ITN, insecticide-treated net; NGOs, nongovernmental organizations; WHO, World Health Organization; WHOPES, WHO Pesticide Evaluation Scheme.
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Presupply innovations in ITN
delivery: ensuring effective ITNs
As mentioned earlier, the success of ITNs as a malaria
prevention tool is a direct function of their effectiveness
in the field. The WHO defines an ITN as a net that “repels,
disables, and/or kills mosquitoes coming into contact with
insecticide on the netting material”.8 While ITNs provide a
barrier between malaria-infected mosquitoes and susceptible
humans, the major mechanism of protection is through the
insecticide component. The netting of the prototypical ITN is
impregnated with insecticides that then provide a lethal dose
to mosquitoes when they come into contact with the net. The
insecticidal component of ITNs kills mosquitoes before they
can infect individuals and reduces transmission between individuals in a community by eliminating the mosquito vector.9
One area ripe for innovation in this realm is the development of long-lasting insecticide nets (LLINs), which are
subtypes of ITNs meant to last for longer time periods without
requiring retreatment with insecticides.9 In the last decade, the
WHO has made a concerted effort through recommendations
via its WHO Pesticide Evaluation Scheme (WHOPES) mechanism to evaluate and promote the distribution of LLINs, which
last for 3–5 years.10 Although there have been some studies
that question the effectiveness of these ITNs over such long
time periods, in terms of the long-term effectiveness of the
insecticide delivery and in the practicality of whether ITNs
can survive undamaged in households, LLINs are unquestionably the gold standard for ITNs.11 Evidence of innovation in
this arena is the fact that WHOPES continues to review and
recommend new commercial net products based on novel
studies examining the safety and efficacy of new ITNs.12
Previously, only pyrethroid insecticides were approved for
use in ITNs.8 An important area of recent innovation in the
presupply domain is the development of novel insecticides
for use in ITNs. This is a growing area of importance, as
reports of pyrethroid-resistant mosquitoes are growing in
Southeast Asia and sub-Saharan Africa13,14 as an extension
of a long-recognized risk of vector evolution in response
to widespread public health interventions.15 Although it is
not clear that growing pyrethroid resistance is currently
attenuating the effectiveness of ITNs,16 increased attention is
being paid to adjunctive and alternative insecticides such as
piperonylbutoxide and deltamethrin.17 Indeed, WHOPES has
recently augmented its list of recommended LLINs to include
multiple products using piperonylbutoxide and deltamethrin
either in isolation or in combination with pyrethroids.9
Important barriers remain in developing the novel insecticides that are required to counteract resistance. The cost of
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developing novel insecticides could reach US$200 million,
making competing for these innovations to be less attractive
to large commercial chemical companies.18 Recent innovative funding mechanisms are being employed by the Bill &
Melinda Gates Foundation and the Innovative Vector Control
Consortium out of the Liverpool School of Tropical Medicine
to spur commercial companies to explore their chemical
libraries in the hope of identifying existing compounds that
could be mobilized at cheaper costs for use in the public health
domain. In addition to this concept of “active ingredient”
screening of existing compounds, the Innovative Vector
Control Consortium and others seek to identify and promote
chemical engineering efforts focused on the molecular design
of novel compounds for use as anti-mosquito insecticides.19
Another promising innovation in this domain is the use
of new electrostatic coatings on the materials to increase
the bioavailability of insecticides.20 In a recent study in
Proceedings of the National Academy of Sciences of the
United States of America, an electrostatic coating applied
before insecticide impregnation led to increased mortality
compared with traditional ITNs, even among mosquitoes that
are resistant to the insecticide in the ITN. It is unclear how
this method would perform in bed net applications, given
the uncertainty of how the electrostatic polarity would hold
up to frequent handling in daily use, but it demonstrates an
example of innovation in material sciences as a new avenue
for effectively controlling mosquito vectors.

Policy innovations in ITN delivery:
planning ITN programs
As discussed, the WHO currently recommends that all individuals in malaria-endemic settings have access to ITNs
at night for protection against malaria. Before proceeding
to delivering ITNs for individual access, countries at risk
of malaria must define policies for how ITNs need to be
distributed. In this section, the author tries to highlight the
higher-level policy decisions that have a general impact on
both ensuring access to (supply-side) and ensuring use of
(demand-side) ITNs and discusses policy decisions that are
unique to those domains in the subsequent sections.
A significant change affecting individual countries’
malaria policy programs came with the launch of the President’s Malaria Initiative (PMI) in 2005. PMI, which is housed
within the USAID and implemented with the Centers for
Disease Control, represents a significant effort to coordinate
malaria strategy across the US government. PMI produces
global malaria prevention strategy documents, covering
2009–2014 and now 2015–2020,21 which closely mirror the
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WHO22 and Roll Back Malaria Partnership23 global strategy
documents.
In addition, PMI works with partner countries to develop
individualized annual Malaria Operational Plans (MOPs)
that cover all aspects of malaria control and treatment.24
As pertains to ITNs, these individualized operational plans
establish important policy choices by national malaria prevention programs and provide a common understanding of
ITN policies between national governments and bilateral
donors, such as USAID/PMI. For effective implementation
of prevention goals, nationwide policies are useful in harmonizing supply-side and demand-side considerations. Explicit
policy decisions must be made with regard to, among many
others, which entities, governmental or nongovernmental,
are charged with implementing ITN delivery strategies, the
methods for distributing ITNs, who will promote ITN use,
how ITNs will be promoted in at-risk communities, and how
to coordinate wide-scale campaigns for ITN distribution.
Although the formal policy setting exercise represented
by annual USAID/PMI Malaria Operational Plans appears
to be effective in coordinating improvements in malaria
control,25 there is also evidence that there can be advantages
in flexibility in policy decisions. There is an interesting recent
study of anti-larviciding policy in Nigeria26 that, while not
specific to ITN policy, suggests lessons applicable to other
aspects of malaria control programs such as ITNs. This
study discusses policy changes that were made outside of the
normative policy process in order to adapt to current needs
and opportunities. In this case, an extraordinary effort was
made to implement larvicide interventions even though such
interventions were outside the classic malaria control policy
framework. Some of the lessons from this case study were as
follows: 1) the value of high-level stakeholders who have the
bureaucratic power to chart paths outside of normative process and 2) the explicit connection between malaria control
objectives and government concerns external to the typical
public health arena (eg, economic development). Therefore,
although national and bilateral coordination through formal
policy setting appears valuable, there may be a role for ITN
policy innovations that work outside the existing frameworks
in situations that represent a need for an urgent response
(eg, malaria epidemics), changing conditions (eg, rise of
insecticide resistance), or new opportunities (eg, new and
more effective type of ITN available).
Important policy considerations include, among others, the choice of which populations to target with ITN
distribution programs, which organizations will implement
the programs, and whether programs will be continuous or
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consist of large-scale campaigns that are discrete in time. The
general consensus is that countries should use a wide variety
of mechanisms to tailor their malaria control programs to
that country’s particular mix of malaria risks and population
health concerns.19–21 The current understanding is that each
policy decision must be made in a coordinated manner that
takes into account potential unintended consequences due
to the interwoven nature of malaria control programs. Policy
decisions to use particular actors for malaria program implementation or to target particular groups for coverage run the
risk of crowding out other aspects of national programs. Plans
to use targeted subsidies to increase ITN access for women,
for example, have to be weighed against the potential for a
loss of legitimacy and engagement with men in preventing
malaria.27 As discussed earlier, the most successful malaria
control policy regimes are the ones that involve multiple
stakeholders who are required to implement, and are impacted
by, ITN delivery policies.

Supply-side innovations in ITN
delivery: ensuring ITN access
Ensuring that households and individuals have access to
ITNs is the next crucial component for effective ITN delivery. From a programmatic level, this involves multiple steps
required to maintain a ready supply of ITNs: 1) at various
outlets (where) and 2) according to the schedule chosen by
national policy-makers (when).

Financing
Most typically, national programs identify the funds for
ITNs by working with donors comprised of governmental
(eg, USAID and Department for International Development) or nongovernmental (eg, Gates Foundation) actors
or combinations of the two (government–nongovernmental
organization partnerships). These normative and deliberative
mechanisms for funding are less well suited to covering newly
identified gaps in ITN policy or adjusting to rapidly arising
needs, as in an epidemic setting.
In 2011, an impending malaria epidemic in Zambia
spurred the first use of the Pledge Guarantee for Health
to streamline the process for obtaining 800,000 ITNs for
delivery to Zambian households at a risk of malaria.28 This
process involves ad hoc creation of partnerships to address
urgent funding and procurement needs. In the Zambia case,
the United Nations Foundation brokered a deal between a
private bank and the World Bank to guarantee a loan to cover
the cost of the ITNs through the UN Children’s and Education
Fund. The entire financing and procurement process took only
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2 months, in contrast to the 5–6 months typically required.
Such innovative financing mechanisms can overcome the
barriers to the efficient procurement of ITNs for delivery to
at-risk populations.

Source
Another consideration in obtaining ITNs is the source from
which they are procured. With the development of a market
within Africa for quality ITNs, local companies have been
developed which can serve local demand for ITNs and act
as a foundation for local capacity building and technology
development through so-called south–south collaborations.29
An example of innovation in local ITN manufacturing is A
to Z textiles, a company based in Tanzania.30 A to Z creates
high-quality ITNs that are locally manufactured in Tanzania
and are the only African-produced ITNs with WHOPES
certification. The technological capacity to produce ITNs
within Africa creates a road map for alternative means of
streamlining the procurement process leveraging the local
manufacturing of ITNs.

Outlet
The location of delivery of ITNs ranges widely and should
likely involve a diverse mix of outlets in order to ensure
wide access to ITNs depending on the malaria-risk profile.8
Potential channels for ITN supply can range from commercial retailers to clinic visits to delivery of ITNs directly to
households or individuals in the community. Although WHO
recommends universal coverage, many countries in policy
or practice continue to target primarily pregnant women and
children <5 years of age.1 Since free distribution of ITNs is
capital intensive, such campaigns are typically heavily reliant on donor funds. Because donor funds can be episodic,
the commercial sector can provide a valuable continual
distribution mechanism through which at-risk individuals
and households can obtain ITNs, even if they are not a part
of the targeted populations or there are interruptions in the
mass distribution campaigns. In addition, the continuous
availability of ITNs at commercial suppliers contributes to
a “net culture” that helps to buoy demand for ITNs overall
and facilitate delivery31 (discussed more in “Demand-side
innovations in ITN delivery: ensuring ITN use” section).
Innovative partnerships between governments, donors,
and the commercial sector can lead to the provision of
ITNs that supplement coexistent government mechanisms.
In Uganda, for example, through the AFFORD project,31
commercial suppliers received price support for the sale of
higher-quality, WHOPES-approved ITNs to allow for their
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sale at the same price as that of low-quality untreated bed
nets. Retailers also received funding support for productspecific marketing, after they had committed some of their
own funds. These deliberate price and marketing supports
aided in shaping the market for high-quality ITNs. These
activities were a component of a successful increase in
access to ITNs, from 80,000 bed nets in 1999 to 3 million
in 2004. Although there were some issues, such as the full
price subsidies not always being passed on to the consumer,
public–private partnerships of this kind represent innovative
means of ensuring that households have continual access
to high-quality ITNs outside of dependence on the typical
episodic donor funding cycle.
Another important outlet for the supply of ITNs is in
the community. A study in Niger compared the communitybased supply of ITNs versus routine, facility-based, and
found higher ITN ownership, more equitable coverage, and
reduced ITN leakage in the community-based program.32
A systematic review and meta-analysis of malaria control
programs found that community-based interventions, including ITN supply, were as effective as facility-based care, with
suggestive evidence that community interventions result in
better malaria-relevant outcomes, such as reduced malaria
prevalence, anemia, and mortality.33
Community-based ITN supply programs, especially when
the interventions are implemented by community health
workers (CHWs), leverage local knowledge and the prestige
and influencing power of local agents. Population Services
International and others have championed a model of “social
marketing” which uses marketing concepts to address public
health concerns. In Madagascar, for example, Population Services International supplies subsidized ITNs to trained local
CHWs, who then resell the ITNs in their communities at a
small profit.34 These innovative mechanisms seek to combine
the power of markets to match supply and demand with the
community-based expertise of local actors. Even when community programs are not directly supplying the ITNs, they can
play important roles in ensuring ITN access through advocating for their community members, registering households/
individuals prior to ITN campaigns, providing surveillance
data about ITN ownership and use pre- and post-distribution
campaigns, and ensuring equitable coverage of ITNs.35

Stock management
Once the preferred outlet mechanism for ITNs is chosen, it
is important to maintain an adequate supply at those outlets.
Stock-outs of ITNs are a common cause of the failure of ITN
distribution mechanisms, especially those meant to provide
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a continuous supply (eg, provision of ITNs at antenatal
visits for pregnant women).36 Various innovative processes
have been developed to face the stock-out challenge that is
prevalent in poorly funded health systems.
A comparison of the costs and efficiency of various “last
mile” distribution systems by USAID in Nigeria suggests
that some methods of delivery and information capture outperform others.37 In a comparison of four methods of ITN
supply, USAID found that information gathering performed
at the time of ITN delivery by nonservice delivery personnel
(ie, those without clinic responsibilities) was the least costly
and most efficient. This method outperformed other methods
of maintaining existing stock supplies that might rely on busy
clinic staff to also maintain stock counts or regular inventory
counts. Evaluations such as this can provide best-of-practice
information for Nigeria and for other countries in designing
their ITN supply systems.
Mobile phone technologies have been used to improve
stock management efficiency. A study in Uganda suggests
that the use of short message service (SMS) systems reduces
stock-out rates of ITNs and rapid diagnostic tests (RDTs).38
Nigeria has also used SMS systems to facilitate the distribution of ITNs along the entire process: from central stocks to
holding warehouses to retailers, and eventually the CHWs
report their delivery directly to households in at-risk communities.39 The messages are sent using special “shortcodes” that
allow them to be put through free of charge and are donated
by the local telecoms in partnership with the UN Children’s
and Education Fund.
The USAID Deliver Project has published additional
guidance on supply chain planning and management for
ITNs.40 These suggestions take inspiration from lessons
learned from commercial supply chain management and
offer the opportunity for the use of modeling software to
analyze how supply chain management decisions interact.
Activities include basic supply chain system design and both
network and transportation optimization. Supply-side challenges are often predictable through an understanding of a
country’s prior experience or borrowing of lessons from other
countries with similar environments. Much as in the policy
arena, deliberate planning for how to tackle these challenges
can lead to innovative means of resolving them and should
include liberal borrowing of best practices from other locales.
Another interesting publication from USAID Deliver
Project explores the potential for supply chain mechanisms
that work outside the existing central medical stores model.41
It argues that supply chains, especially for vital commodities
such as ITNs, must be flexible and adaptable to local require-
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ments. This may involve, in some cases, a de-emphasis on
the traditional central medical stores, which is a centralized
model, to involve facilities having direct access to suppliers,
privatization of some central medical stores roles, and creation of competition between agencies responsible for ITN
supplies to incentivize efficiency and performance. Although
these mechanisms may challenge classical hierarchical supply regimes, and thus may face barriers to adoption, they
demonstrate that there remains room for open thinking and
innovative application of organizing principles and incentives
in order to improve the performance of ITN supply systems
and decrease stock-outs that interfere with ensuring ITN
access for those at risk of malaria.

Demand-side innovations in ITN
delivery: ensuring ITN use
Although the effectiveness of ITN materials; smart policies
for their financing, procurement, and distribution, and reliable
supply chains are all necessary for the realization of the potential for ITNs to prevent malaria, a crucial step in this cascade
is the consistent and effective use of ITNs by individuals at
risk of malaria. Without dependable and predictable use of
ITNs by at-risk individuals, the millions of dollars invested in
ITNs are, at best, inefficient or, at worst, misguided.
Demand for ITNs must be stimulated in a vast diversity of
environments. At its most disaggregated, demand for and use of
ITNs may be a unique characteristic at even the individual level.
While a complete discussion of the determinants of individual
use of ITNs is beyond the scope of this review, the diversity of
the prospective audience makes ensuring the use of ITNs one
of the most vibrant areas for innovation in delivering ITNs for
malaria prevention (see Pulford et al42 and Singh et al43).
A “net culture”, sustained demand for and use of ITNs,
has been identified as a critical component of a healthy
malaria prevention program.6 Creating a net culture involves
general malaria education, introduction and exposure to
ITNs, and the placement of ITNs into a cultural milieu that
is accessible to those at risk of malaria. PMI’s Malaria Communities Program, for example, seeks to innovate around
creating social pressures and altering social norms to promote
ITN use. Such activities must be different depending no the
community and cultural context: village chiefs in Malawi
were asked to speak out against the use of nets for fishing,
whereas in Mozambique ITN programs confronted a lack of
prioritization of women and children due to a cultural bias
toward ITN use by the men in the household.44
Another approach tailored to the local cultural context has
been used in Ethiopia where schoolchildren receive green,
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yellow or red cards designating whether their household uses
bed nets. The CHWs also mark the outside of the homes with
the color codes, ensuring consistent pressures in favor of ITN
use from both within and outside the household.45
The BOMA model in Kenya is an example of innovative
health education and provision. This program, among seminomadic Maasai peoples, focuses directly on accommodating
cultural barriers to understanding of Western illness concepts.46 Although such explicit cultural barriers may be less
apparent in more Westernized African contexts, it is likely
that ITN education and promotion campaigns that consider
local cultural contexts will be more effective in stimulating
a net culture than those which do not.
Behavior change campaigns are a traditional method
for attempting to boost demand for ITNs. Innovations are
allowing these campaigns to evaluate their effectiveness and
access new populations. A study in Cameroon, for example,
demonstrated that the KO Palu campaign, which used
television, radio, community theater, SMS, and celebrity
endorsements to increase awareness of malaria and ITNs,
led to a significant increase in household use of ITNs.47
Other mobile technologies are increasingly being used to
improve ITN use. TTC Mobile and various nongovernmental organization partners in Mali are using an SMS-based
malaria quiz, with prizes to incentivize participation, to
promote malaria awareness and to gather data about ITN
use among individuals.48
Access to affordable ITNs is a crucial component of
their delivery in impoverished households who may not be
able to afford them. Free delivery, either in mass community
campaigns or in targeted maternal or pediatric clinic visits, is
one mechanism for their delivery, but many households have a
need for ITNs outside these mechanisms either to cover other
household members or when free delivery is not available
(eg, stock-outs). Various programs for ITN subsidization have
been used to enhance their adoption. These programs typically provide vouchers to targeted individuals and households
in exchange for subsidized ITNs at distributors.49 Voucher
systems, such as the well-known Tanzania National Voucher
Scheme, have been found to be cost-effective.50
A similar program in Ghana uses an e-voucher system
whereby individuals are provided a paper coupon with a
special code entitling them to a subsidized ITN. On redeeming the coupon at a retail outlet, the retailer submits the code
using a mobile phone to be reimbursed for the difference
between the retailer’s costs and the subsidy. This system
allows for continuous monitoring of coupon redemption
via an online database and reduces fraud by ensuring that
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the code is used only once.51 Tanzania has also developed
an e-voucher/mobile phone system to make their voucher
scheme more efficient and found a 7.5% cost reduction
compared to the traditional scheme.52
Efforts to boost demand for ITNs and incentivize their use
are areas ripe for innovation. A randomized controlled trial
in Madagascar in 2007 demonstrated that providing small
“prizes” (household goods) in exchange for household ITN use
(assessed by visual observation) led to a 27% increase relative
to households who did not receive incentives after 1 month.
Although differences in ITN use between the two groups disappeared after 6 months with the removal of the incentive, this
study demonstrated a means of significantly boosting ITN use
in at-risk households with only small incentives.53
Another area of innovation for improving ITN adherence
involves novel tools for measuring ITN use. The Consortium
for Affordable Medical Technologies, affiliated with the
Massachusetts General Hospital Center for Global Health,
maintains an innovation laboratory in Uganda affiliated with
the Mbarara University of Science and Technology. The
Consortium for Affordable Medical Technologies uses the
concept of co-creation, which engages end users as partners
throughout product development.54 By engaging local students, engineers, and end users in Uganda, the Consortium
for Affordable Medical Technologies is spearheading a variety of ITN-related innovations, including a novel electronic
adherence monitor for ITN use called SmartNet and a flexible
frame concept called FlexNet for facilitating the use of ITNs
in locations outside the home. Combining end-user input
with local manufacturing allows for rapid incorporation of
design modifications and increases the likelihood that these
technology innovations are successful in the prototype-tofield technology transition. SmartNet and other novel tools
for researching ITN adherence55 represent valuable innovations in understanding the effectiveness of ITN delivery at
its terminal event: actual use by at-risk individuals. Objective
adherence monitoring tools such as SmartNet allow for a
more accurate and precise measurement of ITN use than what
is afforded by self-reports, the current standard.

Conclusion
ITNs are a ubiquitous health technology that is used in many
regions of the world susceptible to malaria infection. Across
the continuum of activities required to effectively deliver
ITNs to those in need of malaria prevention there, there are
many and diverse opportunities for innovation. This review
has provided an overview of some of these innovations with
the hope of spurring continuing experimentation with novel
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strategies for improving the ways that ITNs can best be
designed, distributed, and promoted to prevent malaria for
the billions of people at risk throughout the world.
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