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This document contains technical guidance for PMI teams and can also serve as a resource for
implementing partners. It is updated at least annually to reflect the most recent global

policies and the state-of-the-art of malaria control.
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VECTOR MONITORING AND CONTROL

*New/Key Messages*

Resistance threatens the effectiveness of insecticide-based interventions and should be a primary
consideration in developing an integrated vector management strategy in which vector control tools
are selected and implemented to ensure maximum impact and cost effectiveness.

PMI supports evidence-based deployment of traditional and new vector control tools (e.g., new
insecticides for IRS and new types of ITNs) to ensure effective vector control, as well as OR/PE for new
tools and/or approaches (e.g, LSM, topical repellents).

Vector Control Coverage Goals: In line with a global guidance pivot away from universal coverage with
ITNs and a focus on universal coverage with the right vector control interventions in the right place, PMI
recommends appropriate coverage with at least one effective vector control tool (ITNs and/or IRS).

ITN Procurement: PMI focus countries should transition to new types of ITNs (e.g., PBO synergist or dual
insecticide ITNs) where supported by insecticide resistance monitoring data and as funding allows and in
coordination with other donors and national programs.

IRS Insecticide Procurement and Rotations: In areas where IRS is implemented, the insecticide used
should be preemptively rotated between classes about every two years to mitigate resistance. Of note,
SumiShield 50 WG and Fludora Fusion both belong to the neonicotinoid class of insecticides, and thus
switching between these two products does not constitute an insecticide rotation. When deploying a
neonicotinoid for IRS in a given year, both products should be used to promote competition and a
balanced market per PMI’s updated IRS Insecticide Procurement Policy.

ITN Durability Monitoring: PMI has supported development of streamlined durability monitoring tools
(e.g., protocols, questionnaires, etc.), with an emphasis on new types of nets, for use in countries that
already have considerable durability monitoring data.

Larval Source Management (LSM) implementation in low transmission settings: PMI funding may be
used to support LSM as a supplemental intervention in the context of elimination.

LSM OR/PE in higher transmission settings: To support focus countries that are moving forward with
large-scale or even nationwide implementation of LSM in accordance with specific national directives,
PMI funding may be used to support Operational Research (OR) or Program Evaluation (PE) to assess the
effectiveness of LSM in combination with other interventions, and to generate the evidence needed to
develop more comprehensive guidance on LSM.
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Two of PMI’s main interventions — insecticide-treated mosquito nets (ITNs) and indoor residual spraying
(IRS) — aim to reduce adult mosquito longevity and limit biting, thereby markedly reducing malaria
transmission by mosquitoes that at least occasionally seek blood meals indoors. These two interventions
rely on a limited number of insecticides, many of which have been compromised by resistance. PMI
supports deployment of traditional and new vector control tools (e.g., new insecticides for IRS and new
types of ITNs) through integrated vector management (IVM) strategies to provide effective vector
control in the face of emerging insecticide resistance. In some circumstances, supplemental
interventions that reduce adult mosquito abundance via destruction of larval habitat or application of
larvicides (collectively termed Larval Source Management, or LSM) may be indicated. Please see below
for further guidance on LSM. Entomological surveillance, including monitoring of insecticide resistance,
vector bionomics, IRS quality, and ITN durability, is critical to the selection, implementation, and
assessment of vector control interventions. It is important that National Malaria Control Programs
(NMCPs) develop IVM strategies that articulate how and where ITNs and IRS, and potentially LSM, will
be strategically deployed and monitored to provide the highest quality and greatest programmatic
impact and mitigate the threat of insecticide resistance. In some limited situations, deployment of
additional interventions such as topical repellents may be supported through OR or PE (Please see the
Elimination chapter for further guidance).

Vector Control Coverage Goals

As per the October 2019 WHO Malaria Policy Advisory Committee (MPAC) meeting report,® “Universal
coverage for malaria vector control is defined as universal access to and use of appropriate
interventions by populations at risk of malaria,” thus moving away from universal coverage with nets
and focusing on universal coverage with the right interventions in the right place. PMI fully embraces
this global guidance pivot and recommends appropriate coverage with at least one effective vector
control tool (ITNs and/or IRS). Further information about co-deployment of IRS and new types of nets
(e.g., PBO synergist and dual active ingredient ITNs) is available in the IRS chapter.

Evidence-Based Selection of Vector Control Interventions

Countries should ensure that high coverage and quality with one vector control intervention (e.g., ITNs
or IRS) is achieved in an area before deploying supplementary interventions. Selection of the primary
vector control intervention should be based on insecticide resistance and vector bionomics data as well
as other factors including community acceptance, cost, and national strategy/policies. This is in line with
the revised World Health Organization (WHQ) Guidelines for Malaria Vector Control (2019).

Insecticide resistance poses a major threat to gains made with core vector control interventions.

Standard pyrethroid ITNs may continue to provide personal protection as a physical barrier in areas with
pyrethroid resistance. In the context of intense pyrethroid resistance, PMI focus countries should

1 WHO, Statement by the Malaria Policy Advisory Committee on reconsidering the formulation of malaria policy guidance,
November 2019.
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transition to new types of ITNs (e.g., PBO synergist or dual insecticide ITNs) where supported by
insecticide resistance monitoring data, or consider the addition of IRS in these areas. ITN type and
insecticides for IRS should be selected according to entomological monitoring data and rotated as
outlined in the ITN and IRS chapters. Co-deployment of IRS with pirimiphos-methyl and PBO synergist
ITNs is not currently recommended, as further investigations are needed to determine if there is an
antagonistic effect between the two chemicals.? There is currently limited data on the impact of co-
deployment of IRS and dual insecticide ITNs (e.g., PBO nets, Interceptor G2s), and OR/PE in this area can
be supported.

Entomological Monitoring

Entomological monitoring is critical to inform and assess vector control interventions, and should be
supported in PMI countries to achieve the following:

e Monitoring vector bionomics to identify key vector mosquito species, seasonality (periods of
peak abundance), biting location (indoors vs. outdoors) and time to guide when and where to
deploy vector control interventions.

e Generating insecticide resistance profiles of relevant vector mosquito species to guide selection
and rotation of insecticides for IRS and/or ITNs.

e Monitoring entomological indicators to assess the quality and performance of IRS and ITNs (e.g.,
spray quality, residual efficacy, durability), and to guide selection and timing of vector control
interventions.

e Monitoring entomological indicators to evaluate the impact of vector control interventions (e.g.,
resting densities, biting rates, entomological inoculation rates).

Please see the Entomological Monitoring chapter for more information.

New ITN and IRS Products

The WHO Pre-Qualification Team (WHO PQ) leads evaluation of vector control products.® In 2018, two
new products with new classes of insecticide have received WHO PQ recommendation: Fludora Fusion
for IRS, and the Royal Guard ITN. With the addition of these new products, PMI now supports
deployment of three longer lasting products for IRS - Actellic. (organophosphate), SumiShield 50 WG
(neonicotinoid), and Fludora Fusion (neonicotinoid + pyrethroid) - and two new types of ITNs - PBO
synergist and dual insecticide (i.e., Interceptor G2 and Royal Guard) ITNs. Please see below and the IRS
and ITN chapters for further guidance on where and how to deploy these tools.

2 WHO 2017. Conditions for deployment of mosquito nets treated with a pyrethroid and piperonyl butoxide.
https://www.who.int/malaria/publications/atoz/use-of-pbo-treated-llins/en/

3 http://www.who.int/pg-vector-control/en/
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Larval Source Management (LSM)

LSM, which involves the destruction of larval habitats via draining or filling or through the application of
larvicides has been successful historically in Europe, Brazil, Africa, and Southeast Asia. Modern
randomized controlled trials are few, but those that exist indicate that LSM as a standalone intervention,
unless conducted with a high degree of rigor, is inadequate. Thus LSM is recommended by WHO as a
supplemental intervention to either ITNs or IRS in those settings where larval habitats are “few, fixed,
and findable”%. LSM is only indicated when coverage and quality of ITNs or IRS is high, but malaria
transmission remains®.

In low transmission areas, PMI historically has not prioritized resources to support LSM. However, PMI
funding may be used to support LSM in the context of elimination in areas where larval habitats can be
efficiently located and accessed, where good coverage and quality of either ITNs or IRS is in place, and it
is coupled with high quality case management and case investigation in transmission foci. For more
information see the Elimination chapter, ‘Entomological Monitoring and Vector Control’ section.

In areas with higher malaria transmission, including most areas of PMI focus countries, current evidence
is insufficient to support malaria vector control interventions other than by ITNs or IRS. However, PMI
recognizes that many PMI focus countries are moving forward with large-scale or even nationwide
implementation of LSM in accordance with specific national directives, even though this approach is not
in alignment with current WHO guidance. In these cases, PMI funding may be used to support OR or PE
to assess the effectiveness of LSM in combination with other interventions, and to generate the
evidence needed to develop more comprehensive guidance on LSM. Any OR/PE that includes a
larviciding component should include both a quality and effectiveness assessment of the larvicides
utilized if they are not WHO PQ listed products and should also consider an evaluation of SBC activities
and promoted behaviors when deploying LSM in the context of other interventions.

In summary, PMI support for LSM may be considered under the following two conditions:

(1) LSM implementation in low transmission settings: PMI funding may be used to support LSM in
the context of elimination in areas where larval habitats can be efficiently located, where high
coverage and quality of either ITNs or IRS (at least 85% coverage) is in place, and it is coupled
with high quality case management and case investigation in transmission foci.

(2) LSM OR/PE in higher transmission settings: To support focus countries that are moving
forward with non-PMI funded large-scale or even nationwide implementation of LSM in
accordance with specific national directives, PMI funding may be used to support HQ reviewed

4https://www.who.int/malaria/publications/atoz/interim_position_statement_larviciding_sub_saharan_africa.pdf
5 https://www.who.int/malaria/publications/atoz/9789241550499/en/

13


https://www.who.int/malaria/publications/atoz/interim_position_statement_larviciding_sub_saharan_africa.pdf

and approved Operational Research (OR) or Program Evaluation (PE) to assess the additive
effectiveness of LSM in combination with high quality coverage of ITNs or IRS, and/or other
malaria interventions ( not necessarily limited to vector control interventions; e.g., SMC), in
order to generate the evidence needed to develop more comprehensive guidance on LSM.

(3) LSM OR/PE in areas where Anopheles stephensi is present. As Anopheles stephensi uses larval
sites such as water storage containers or other containers, these may be efficiently targeted by
LSM. PMI funding may be used to assess the impact of LSM programs in urban or dual areas.

Please consult with your PMI HQ Operational and Entomology Leads for guidance on implementation of
LSM in elimination context or development of any LSM-related OR or PE in higher transmission settings.
See the SBC Section for guidance on OR/PE related to LSM messaging to communities.

Frequently Asked Questions for Vector Monitoring and Control

Q1. Are there any other vector control-based technologies on the horizon?

A. Other vector control technologies under development, but not yet deployed, include treated clothing
and shelter materials, attractive targeted sugar baits (ATSBs), eave tubes and ribbons, housing
improvements, population-wide deployment of ivermectin drug treatment, topical and spatial
repellents, and genetically modified mosquitoes.

Topical repellents may reduce mosquito biting and provide some level of personal protection, therefore
their deployment in elimination settings with difficult to reach populations exposed to outdoor biting
may be indicated. However, at this time, PMI support for topical repellents is limited to OR/PE. These
potential tools are being developed by a number of commercial groups as well as the U.S. Departments
of Agriculture and Defense: http://www.ars.usda.gov/research/projects programs.htm?modecode=60-
36-05-15.

As new tools become available and receive a WHO policy recommendation for malaria control, PMI will
develop policy and technical guidance for use within PMI supported program efforts. An overview of
new tools under review by the WHO Vector Control Advisory Group (VCAG) can be found at
https://www.who.int/vector-control/vcag/en/ and those in development through the Innovative Vector
Control Consortium can be found here: http://www.ivcc.com/creating-solutions/our-work/new-vector-
control-tools.

PMI will initiate an OR study in 2020 to investigate the effectiveness and potential to scale-up housing

modifications. The study will be conducted in Uganda and will include an evaluation of eave tubes, eaves
ribbons, and house screening in combination with PBO ITNs.
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Q2: What vector control strategies are not recommended for support with PMI funding?

A. Some mosquito control strategies are not recommended by PMI for programmatic implementation in
Africa, but may be appropriate for OR/PE. These include: (1) environmental manipulation and biocontrol
agents (it is the rare context where this can be effectively implemented); (2) attacking the adult stages
through aerial or space spraying of insecticides by ultra-low volume or fog applicators (except in the
most rare emergency settings, this is never recommended for malaria control); (3) personal protection
through topical and spatial repellents and coils, except under limited circumstances in malaria
elimination settings and (4) grass cutting (this has not been shown to have an impact on malaria and
should not appear in any control strategy).
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ENTOMOLOGICAL MONITORING

Introduction

Since 2000, the scale up of interventions for malaria control including vector control and improved case
management has led to dramatic reductions in the malaria burden in Africa with prevalence declining by
50% and the incidence of clinical disease by 40%. Much of the decline has been attributed to the scale
up of vector control, with insecticide treated nets (ITNs) and indoor residual spraying (IRS) estimated to
account for 68% and 10%, respectively, of the cases averted®. The contribution of vector control to the
reduction in malaria burden is a reflection of both their effectiveness as well as the substantial
investment in scaling up ITNs, in particular. Most countries now aim for universal coverage (see Vector
Control Coverage Goals, above) with at least one vector control tool and vector control accounts for a
major share of PMI’s budget.

To protect this investment and ensure maximum benefit from vector control efforts, PMI supports
entomological monitoring, which is the backbone of an IVM strategy, in all focus countries. As countries
scale up vector control interventions, insecticide selection pressure on vector mosquito populations is
likely to increase, and changes in vector susceptibility to insecticides, species composition and/or
behavior are expected. The large investments in ITNs and IRS made by the Global Fund, PMI, and other
donors, and our dependence on a limited number and classes of insecticides make it imperative that
national programs monitor and evaluate entomological parameters. As part of an IVM strategy,
entomological monitoring should include:

1. Insecticide susceptibility testing of relevant vector mosquito species to guide selection and
rotation of insecticides for IRS and/or ITNs.

2. Vector bionomics monitoring to inform selection and timing of vector control intervention as
well as to evaluate their quality and impact.

3. Quality and performance assessments of IRS and ITNs to determine insecticide residual efficacy
and ITN durability (see ITN chapter for guidance on durability monitoring).

4. Maintenance of well characterized mosquito colonies, including susceptible and possibly also
resistant strains, to enable insecticide susceptibility testing and quality/performance
assessments of vector control interventions.

The overall aim of entomological monitoring is to answer specific questions to inform programmatic
decision making. Longitudinal entomological monitoring is encouraged but it should not be a static
process. Each year programs should strive to answer certain questions and raise new ones, and this
should be done within a broader context, considering how best to complement collection of other types

6 Nature. 2015 Oct 8;526(7572):207-211.
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of malaria data. While it is expected that resistance monitoring will be conducted every year (or at least
every other year to ensure adequate geographic coverage), the insecticides used for testing will vary
depending on the insecticides currently being used or under consideration for vector control. Similarly,
while it is important to understand the biting times of mosquitoes, it could be a waste of resources to
continuously report on well-established outcomes with no new information, such as repeatedly
demonstrating that Anopheles gambiae s.l. primarily bites during the night. Rather, it would be more
useful to investigate specific behavioral anomalies (or changes in behaviors) in time, space or by species.
Alternatively, any risk between human behavior(s) and peak biting time could also be determined.
While this example is an oversimplification, the main point is that entomological monitoring should be
purposeful and answer key questions relevant to vector control operations.

Insecticide Resistance Monitoring

A key component of entomological monitoring includes testing wild populations of mosquitoes for
susceptibility to insecticides used for ITNs and IRS. The goals of insecticide resistance monitoring are to:

1. Generate data to support the selection of appropriate insecticide for use in ITNs or IRS.
2. Assess the distribution, frequency, and underlying mechanisms, and likely operational impact of
any resistance observed.

The concept is simple, though the details can be complex: match insecticides delivered (whether via
LLINs or IRS) to measured susceptibility patterns of target mosquito populations. This section provides
guidance for monitoring of insecticide resistance in PMI focus countries, including site selection,
prioritization of insecticides, testing methods, cut-off criteria and responses, as well as molecular
identification of resistance mechanisms.

Site selection and sampling frequency

At least two sites for insecticide resistance monitoring should be identified in each administrative
division where PMI supports monitoring. An administrative division is the smallest unit in which a
change in vector control policy can be applied. This is typically a state, province, region, or county for
ITNs and a district for IRS. A site may consist of several villages in close proximity. Insecticide resistance
testing need not be linked with longitudinal monitoring. While it is recommended that insecticide
resistance monitoring be conducted annually at each site, it may be desirable or necessary to rotate
between a set of sites each year to maximize geographic coverage and resources, though it will be
important to align the timing to ensure that data is available to inform insecticide and/or ITN
procurements. In countries with large numbers of such sites, regional sampling could be considered.
Countries should consult with the Entomology and Operational Leads to design a useful and cost-
effective sampling scheme that meets the needs and answers the questions of the national program.
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Once monitoring sites are established, baseline insecticide susceptibilities should be determined before
interventions are implemented.

Prioritization of insecticides for testing

Currently, there are seven classes of insecticides that have received WHO prequalification for use in
adult malaria vector control: organochlorines, organophosphates, pyrethroids, carbamates, pyrroles,
neonicotinoids, and insect growth regulators (IGRs).” Pyrethroids were the most widely used class of
insecticides until 2017 and these were the only insecticides recommended for use on ITNs. In 2017, the
Interceptor G2 was introduced as a long-lasting insecticidal net (LLIN). This product includes both a
pyrethroid (alphacypermethrin) and a pyrrole (chlorfenapyr) insecticide. Several products include a
pyrethroid and piperonyl butoxide (PBO), a synergist that may mitigate pyrethroid resistance that is due
to increased oxidase activity. A study in western Tanzania indicated substantial improvement in
effectiveness in context of oxidase based resistance while a more recent study in Uganda indicated a
smaller but still significant reduction in prevalence in clusters with PBO ITNs. Further, ITNs incorporating
the growth regulator pyriproxyfen (Royal Guard) showed promise in early studies. The range of
insecticides that can be delivered via ITNs is thus expanding.

For IRS, there are currently five classes of WHO-recommended insecticides: pyrethroids,
organochlorines, carbamates, organophosphates and neonicotinoids. Pyrethroids are less often used
due to widespread resistance to this class of insecticide. Organochlorines (DDT) are rarely deployed due
to resistance as well as environmental concerns, while carbamates are moderately expensive and have
limited residual efficacy on some wall surfaces. Therefore, most IRS programs are implemented with
organophosphate insecticides (Actellic) with many now also using clothianidin, a newly recommended
neonicotinoid insecticide that is available alone (SumiShield 50 WG) or as a mixture in combination with
deltamethrin (Fludora Fusion), as part of a rotational strategy to manage resistance.

Further background information on insecticides used in vector control for public health, including their
safety and efficacy, can be found at the WHO PQ Team website.®? An excellent resource for learning

more about the modes of action is the Insecticide Resistance Action Committee.®

Ideally, susceptibility testing should be done for the full range of insecticides. In practice, limitations on
the numbers of mosquitoes for testing preclude this. Therefore, insecticides for testing should be
prioritized based on the insecticides in use or under consideration for the vector control intervention(s)
being implemented (ITNs, IRS, or both), as this data can provide immediately actionable information, as
well as any historical insecticide resistance data. As new insecticides are recommended for IRS or use on

7 https://www.who.int/pg-vector-control/prequalified-lists/en/
8 https://www.who.int/pg-vector-control/en/
9 http://www.irac-online.org/
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ITNs, it is important to include these for baseline testing and to assess whether products with the new
insecticides should be considered for procurement.

PMI currently supports IRS with Actellic, SumiShield 50 WG, and Fludora Fusion, and therefore
recommends insecticide susceptibility testing with the active ingredients of these products:

1. Pirimiphos-methyl (organophosphate)
2. Clothianidin (neonicotinoid)
3. Deltamethrin (pyrethroid)

Testing for carbamates (bendiocarb) or DDT are only recommended if these insecticides are currently
being used. Resistance intensity testing for IRS insecticides should not be a priority, as an insecticide will
most likely not be used if resistance is detected at the diagnostic dose (see section on Testing Methods

for additional guidance). Guidance on how to use these results to inform IRS insecticide procurements
and development of rotation strategies is provided in the IRS chapter.

As new types of ITNs are now available, PMI recommends prioritizing insecticide susceptibility testing
with the active ingredients of these products, especially in sites with documented pyrethroid resistance,
as listed below:

Deltamethrin +/- PBO
Permethrin +/- PBO
Alphacypermethrin +/- PBO
Chlorfenapyr

PwnNPR

Pyrethroid susceptibility tests and PBO synergist assays should be conducted in parallel where possible
to maximize resources. Assays with PBO pre-exposure should be done starting with the lowest
insecticide dose as this often restores susceptibility. Resistance intensity testing for pyrethroid
insecticides should not be a priority, as PMI recommends transitioning to new types of nets (e.g., PBO
synergist of dural insecticide ITNs) if resistance is detected at the diagnostic dose (see section on
Insecticide resistance intensity testing for additional guidance).Guidance on how to use these results to
inform ITN procurements is provided in the ITN chapter. See the Supply Chain and Procurement
chapters for information about procurement timelines, which should guide the timing of susceptibility
testing for active ingredients.

Testing methods

Insecticide susceptibility tests should be conducted with 2 to 5 day old, non-blood fed, female
mosquitoes reared from larvae of the dominant local vector(s), or on F1 (first) generation mosquitoes
raised from the eggs of field-caught females. Larval collections should cover multiple sites, and eggs for
an F1 generation should be from a large number of field-caught females to ensure adequate

19



representation of resistance frequencies in the field populations. Where F1 mosquitoes cannot be
obtained and field-caught females themselves have to be used for testing, it is likely that resistance will
be underestimated, as metabolic resistance often declines dramatically with age of the mosquito.® In
contrast, if mosquitoes are collected resting indoors on sprayed surfaces, the F1 generation of these
mosquitoes may provide an overestimate of the frequency of resistance. If males are tested due to lack
of female samples, the data for each sex should be recorded separately since males are likely to show
somewhat more susceptibility in bioassays than females. All mosquitoes used in insecticide susceptibility
tests should be sorted by dead or alive following exposure and preserved for subsequent laboratory
analyses for confirmation of species identification and detection of molecular markers of resistance.

Sampling mosquitoes along transects may offer an advantage over isolated monitoring sites in order to
get a representative sample of mosquitoes for resistance testing. Mosquitoes should be morphologically
identified as vectors, to the best of the technician’s ability, prior to the resistance assay.For both larval
and adult collections, collection sites should be close together (e.g., within the same village) and
georeferenced. The nearest health facility should also be georeferenced to allow linkage of
epidemiological data (e.g., DHIS-2 data) trends with resistance monitoring.

Both the WHO tube test and the CDC bottle bioassay can be used for determining the frequency and
intensity of insecticide resistance.! It is recommended that one (not both) methods be used for any
given insecticide. As the bottle bioassay is readily available now, PMI encourages use of this method
particularly for resistance intensity and synergist testing. Clothianidin, chlorfenapyr, and pyriproxyfen do
not yet have WHO recommended susceptibility assays (although these may be available in the near
future). To ensure that susceptibility tests are done according to the most recent versions of testing
protocols, countries are encouraged to communicate with their Entomology and Operational Leads.

Interpreting results of insecticide susceptibility testing

According to the WHO guidelines®?, results from insecticide susceptibility tests conducted using the
diagnostic dose should be interpreted as follows:

e Susceptible: 98 - 100% mean mortality
® Possible resistance: 90% - 97% mean mortality
e Resistance: <90% mean mortality

10 Note, however, that if sufficient specimens are available, determining the susceptibility of wild-caught, adult mosquitoes
may provide additional supplementary information

M prior to 2017, only the CDC bottle bioassay could be used for determining the intensity of insecticide resistance. However,
WHO now produces papers at 1x, 5x, and 10x.

12 Test procedures for insecticide resistance monitoring in malaria vector mosquitoes, 2nd ed. Geneva: World Health
Organization; 2016
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For IRS programs, knockdown or mortality <90% at the diagnostic dose (1xX concentration) in either the
CDC bottle bioassay or the WHO assay indicates the need to switch to a different class of insecticide. For
ITNs, the relationship between insecticide resistance and reduced efficacy is less clear. While resistance
to a single insecticide within a class is often interpreted to indicate resistance to all insecticides within
that class, field data from multiple sites indicate variability in the frequency and intensity of resistance
among different pyrethroid insecticides. Molecular data also show that mechanisms of resistance may
be specific to certain insecticides within the pyrethroid class. Therefore, resistance intensity assays may
be conducted for pyrethroid insecticides used for the treatment of ITNs (permethrin,
alphacypermethrin, and deltamethrin), if resistance is detected, though resistance intensity assays
should not be prioritized over those described in the section above on “Prioritization of insecticides for
testing”. In areas where PBO ITNs have been distributed, it is recommended to continue pyrethroid
resistance intensity testing to monitor the impact of PBO on pyrethroid resistance profiles over time.

The operational significance of insecticide resistance may be further investigated using cone bioassays
conducted with locally collected mosquitoes (on treated walls or ITNs) to ensure that IRS and ITNs are
capable of killing local vector populations. Additionally, the concentration of insecticide in ITNs can be
tested.

Molecular markers of insecticide resistance

Current molecular markers of insecticide resistance are limited to target site mutations (e.g., kdr for
pyrethroids or ace-1 for organophosphates) and a number of genes related to metabolic resistance and
culticular thickening. Metabolic resistance can be detected by using CDC bottle assays with synergists.
Piperonyl butoxide will inhibit mixed function oxidases, s,s,s-tributyl, phosphorotrithioate will inhibit
non-specific esterases, and ethacrynic acid, diethyl maleate, or chlorfenethol will inhibit glutathione
transferase activity. By exposing mosquitoes for one hour in synergist-treated bottles prior to exposure
in insecticide-treated bottles, resistant mosquitoes will return to apparent susceptibility if the inhibited
enzyme is responsible for resistance. Alternatively, biochemical assays can be carried out to measure
enhanced levels of detoxification enzymes responsible for resistance. Target site resistance in An.
gambiae can be detected by polymerase chain reaction (PCR) for knockdown resistance (kdr) and
acetylcholinesterase (ace-1) resistance genes. There are also DNA-based PCR assays for detecting
metabolic resistance such as CYP6P9a (cytochrome oxidase P450)% and GSTe2 (glutathione-S-
transferase)* in An. funestus, and CYP4J5 (cytochrome oxidase P450) and Coeaedld (carboxylesterase)
in An. gambiae .

13 \Weedall et al. (2019) A cytochrome P450 allele confers pyrethroid resistance on a major African malaria vector, reducing
insecticide-treated bednet efficacy. Sci Transl Med.11(484):eaat7386. doi: 10.1126/scitransimed.aat7386.

14 Riveron et al. (2014) A single mutation in the GSTe2 gene allows tracking of metabolically based insecticide resistance in a
major malaria vector. Genome Biol 15, R27. https://doi.org/10.1186/gb-2014-15-2-r27

15 Weetman, et al. (2018) Candidate-gene based GWAS identifies reproducible DNA markers for metabolic pyrethroid
resistance from standing genetic variation in East African Anopheles gambiae. Sci Rep 8, 2920. https://doi.org/10.1038/s41598-
018-21265-5
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However, with the increasing implementation of modern genomics, it is likely that additional markers
will be identified in the future. It is therefore important to preserve specimens tested for insecticide
resistance for further analysis of current known markers and to potentially identify new markers and
molecular mechanisms of resistance. The changing frequency of these markers can help to measure the
rate of selection under different vector control regimens which may be useful to guide insecticide
resistance management strategies. While PMI will support monitoring the frequency of known
resistance mechanisms, the identification of new resistance markers requires significant investment in
molecular sequencing and bioinformatics and should be done through collaborations established with
academic research partners.

Standard operating procedures (SOPs) for all insecticide resistance monitoring methods are available

and can be obtained from the Entomology and Operational Leads.

Vector Bionomics Monitoring

Longitudinal vector bionomics monitoring is a key component of any IVM plan. Routine monitoring at
fixed sentinel sites allows for changes in vector bionomics to be detected over time, and is therefore
critical to inform selection and timing of vector control interventions and to evaluate their impact. This
will be particularly important as new vector control tools (e.g., new types of ITNs) are rolled out.

Site selection and sampling frequency

Selection of fixed, routine longitudinal vector bionomics monitoring sites should be made following
stratifications of the country based on 1) malaria transmission intensity, 2) ecology/ mosquito breeding
habitat types, and 3) location of vector control interventions. It is recommended that countries establish
at least one site per eco-epidemiological zone. Additional sites within each zone may be necessary to
monitor multiple vector control interventions (e.g., ITNs only, ITNs plus IRS, multiple types of ITNs). A
site may consist of several villages in close proximity. Data should be collected from each site monthly or
as close to monthly as possible, and sites should only be changed if there is strong programmatic
rationale (e.g., deployment of new types of nets, re-targeting of IRS) or if there are challenges collecting
mosquitoes during the peak rainy/transmission season. If mosquito seasonality in a given area is already
known, then collections may not need to be conducted during the dry season. Baseline data should be
collected prior to implementation of a new vector control intervention and/or collected simultaneously
from a comparative non-intervention site (e.g., a control village), in order to enable programs to
determine the entomological impact of the intervention.

16 https://pmivectorlink.org/resources/tools-and-innovations/
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Additional ad hoc sites may be established temporarily to investigate country/context-specific
questions. The number and location of sites and the type and frequency of collections would be based
on the question(s) being answered.

The number and location of both fixed and ad hoc sites should be discussed and determined in
consultation with the PMI CDC and USAID Entomology backstops, keeping in mind that PMI should
coordinate and harmonize efforts with the national program and other partners in-country.

Entomological indicators

Malaria mosquito vector species may differ in key characteristics that have important operational or
programmatic implications. The following indicators are useful in understanding the entomological
attributes of sites, but should be used with specific questions in mind. For example, if seasonality has
been monitored in an area for several years and a pattern has been shown, it may not be necessary to
continue this activity. On the other hand, if there is a suspicion that mosquito seasonality is changing, or
an intervention is being monitored, then this activity would make sense. The indicators that can be used
are:

1. Species composition, abundance, and seasonality. Vector species composition, abundance, and
seasonality should be monitored to determine which mosquito vectors are present in a given
area, their abundance, relative proportions, and distributions over time. The same basic
mosquito collection techniques are used to calculate abundance, proportions, and seasonality.
These include, where appropriate, human landing collections (HLCs), indoor (pyrethrum spray
collections, Prokopak aspirations) and outdoor resting (pit traps, clay pots) collections, and CDC
light traps. Larval collections may also be conducted, particularly in cases where there may be
significant outdoor feeding.

2. Indoor and outdoor human biting rates. Indoor and outdoor human biting rates, defined as the
number of mosquito bites per person per unit time, should be determined nightly and/or hourly
to understand where and when transmission is most likely occurring. HLCss are the preferred
method, and are typically conducted overnight from 6:00 pm to 6:00 am, but may be extended
depending on local vector behavior. If ethical approval cannot be obtained for HLCs, appropriate
alternatives should be discussed and identified in consultation with PMI Entomology backstops.
Additional information is provided below. CDC light traps hung next to a person sleeping under
an ITN may be used to provide some indication of the rates of indoor feeding, but not on the
relative importance of outdoor transmission.

3. Indoor and outdoor resting densities. Indoor and outdoor resting densities, defined as the

number of mosquitoes collected per house/shelter per day, should be determined to assess the
suitability or evaluate the impact of indoor interventions, particularly IRS. Resting collections
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should take place early in the morning (prior to 8 am) before mosquitoes exit houses or outdoor
resting locations. Indoor resting densities may be determined from pyrethrum spray collections
or Prokopak aspirations while outdoor resting densities may be determined using pit traps or
clay pots. It should be noted that in homes with complete ITN or IRS coverage, indoor resting
densities may be extremely low. In this case, PMI Entomology backstops should be consulted on
best actions to take.

Sporozoite rates. Mosquito infectivity is determined by measuring the sporozoite rate, which is
the proportion of mosquitoes in a population harboring infective sporozoites in their salivary
glands. The sporozoite rate is necessary to determine the entomological inoculation rate (EIR),
which is a measure of transmission intensity. It is also useful in detecting differences in
infectivity between insecticide susceptible and resistant vectors, which may be an indication of
control failure. In areas where species composition is changing, measuring sporozite rates may
be critical to determine vector status of new or secondary vectors. Sporozoite-positive
mosquitoes are identified by enzyme-linked immunosorbent assay (ELISA)Y, bead assays or
polymerase chain reaction (PCR), although it should be noted that PCR does not distinguish
sporozoite-stage parasites from other stages, so care should be taken in dissection of
mosquitoes. It should also be noted that as mosquito populations are reduced, it can become
increasingly difficult to collect sufficient mosquitoes to test and this small sample size may not
produce a reliable estimate of the sporozoite rate.

Entomological inoculation rate (EIR). The EIR is a measure of malaria transmission intensity that
describes the number of infectious bites an individual is exposed to in a given time period
(typically a year or transmission season). EIR estimates may differ widely depending on sampling
methods used and the amount of sampling error, which can be great in areas where mosquitoes
are rare and/or rarely infected (as in areas with low parasite prevalence and low transmission).
Therefore, EIRs should be interpreted with caution.

Human/animal blood indices. Analysis of mosquito blood meal sources enables one to
determine what portion of mosquito blood meals are taken on humans versus animals.
Repeated collections after the introduction of a vector control intervention may be used to
identify shifts in feeding behavior. Estimates of host feeding rates are strongly affected by host
availability and sampling strategy and should therefore be interpreted with caution. Blood-fed
mosquitoes can be collected by indoor or outdoor resting collections or CDC light traps. Blood
meal sources can be identified using ELISAs or PCRs.

Parity rates. Parity rates are monitored to determine the age structure of a vector population.
This manner of age grading can be a useful indicator as older vector populations are more likely

17 http://www.mr4.org/Portals/3/Pdfs/Anopheles/3.3%20Plasmodium%20Sporozoite%20ELISA%20v%201.pdf)
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to transmit malaria because they have survived long enough for the parasite to develop and
complete the sporogonic cycle within the mosquito. Since IRS and ITNs work by shortening the
lifespan of mosquitoes, the average age of the vector population will decrease if the
interventions are effective. In special circumstances, and depending on the capacity of the
entomological monitoring teams, age grading may be undertaken to monitor mosquito
survivorship in the presence of IRS or ITN interventions. The simplest method for age grading
involves the dissection of mosquito abdomens and the determination of the parity rate in the
mosquito population. By dissecting and microscopically observing mosquito ovaries, skilled
technicians can determine if a female mosquito has laid eggs at least one time in her life (i.e., if
she is parous). The proportion of parous individuals correlates to the average age of a
population. Because the “percent parous” indicator is a relative indicator of age, it is best used
as a comparison (e.g., before and after an intervention). However, age grading is fraught with
sampling issues and should be interpreted with caution. Technicians conducting parity
dissection and determination should undergo routine refresher training and assessment using
insectary reared mosquitoes of known parity status, to assure consistency and quality of parity
results.

For additional information on mosquito collection techniques, see WHQO’s comprehensive Manual on

Practical Entomology for Malaria Control*®

. Other WHO entomology training materials include, Training
module on malaria control: Entomology and vector control®® and Training Manual on Malaria
Entomology for Entomology and Vector Control Technicians?°. Training videos are also available for a

number of mosquito collection methods at https://vimeo.com/ivmproject.

Standard operating procedures (SOPs)?! for all vector bionomics monitoring methods are available and

can be obtained from the Entomology leads. Please consult with PMI USAID and CDC Entomology
backstops to 1) develop a field and laboratory entomological monitoring plan based on the questions
being asked and relevant indicators, 2) determine appropriate sample sizes and analysis plans, and 3) if
not available in country, identify suggested reference laboratories to which samples may be sent.

Alternatives to Human Landing Catches

In some countries, there are objections to the use of human collectors as is commonly done in Human
Landing Catches. These objections are usually based on the idea of increased exposure for collectors to
malaria and other vector-borne disease. Research shows that HLC collectors on chemoprophylaxis (as

18 http://whqlibdoc.who.int/offset/WHO OFFSET 13 (partl).pdf and
http://whglibdoc.who.int/offset/WHO OFFSET 13 (part2).pdf)

19 https://www.who.int/malaria/publications/atoz/9789241505819/en/

2Ohttps://www.paho.org/en/documents/training—manuaI—maIaria—entomology—entomology—a nd-vector-control-technicians-
basic-0

2 https://pmivectorlink.org/resources/tools-and-innovations/
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recommended) were at considerably less risk of malaria than the surrounding population??. However,
there are other vector-borne diseases that HLC collectors may be exposed to, including lymphatic
filariasis, leishmaniasis, o’nyong-nyong, etc. Additionally, if collections extend into the daylight hours,
there may be increased risk of Aedes-borne viruses (dengue, chikungunya, and yellow fever). Whether
there is additional risk for these diseases is not known. At present, guidance from PMl is that HLCs may
continue, if supported by national ethics committees and National Malaria Control Programs. Should
evidence emerge that collectors are at increased risk compared to non-collectors, this guidance will be
revised.

Alternative trapping methods that could be used in place of HLCs depend on the aim of the research. If
the aim is merely to collect mosquitoes that are attracted to humans, methods that use a human bait
that is not exposed to bites can be used, such as a CDC light trap next to a bednet, a Furvela trap, or a
miniaturized double-net trap. These methods may also be used to determine the biting times of
mosquitoes if mosquitoes are collected hourly throughout the night. If EIRs are to be determined
(usually in assessing the impact of an intervention), a calibration may need to be done, but it should be
noted that this calibration may vary from place-to-place.

For additional information on alternative collection methods, please contact your respective PMI HQ
Operational and Entomology Leads.

Mosquito identification

Accurate mosquito identification underpins all entomological indicators for malaria. As the major
vectors of malaria in Africa are species complexes, whereby different species are morphologically
identical (e.g., Anopheles gambiae, An. arabiensis, and An. coluzzii) but genetically distinct, a subsample
of specimens identified to the species complex level should be sent to a laboratory for molecular
identification of species by PCR. Special care should be taken as most PCR-based assays only distinguish
between members of a complex, and may result in spurious results if mosquitoes from outside the
complex are tested. If PCRs routinely fail to amplify DNA, this may be a sign of incorrect initial
morphological identification. DNA sequencing of cytochrome c oxidase subunit 1 gene from the
mitochondrial genome (CO1) or the internal transcribed spacer 2 region from the nuclear ribosomal
DNA (ITS2) targets may help resolve the questions surrounding the identity of the species, but it should
be noted that there is not yet a complete understanding of how existing species and DNA sequences
correspond. The number of specimens in this subsample will be determined by the relative abundance
of the sibling species, the capacity of the reference laboratory, and the purpose of the molecular
identification tests. It should be noted that as vector control efforts have progressed, formerly minor
vectors of malaria may become predominant. Molecular identification is a useful adjunct to
morphological identification and should be carried out on a sample of specimens where changes in

22 Gimnig et al. (2013) Incidence of Malaria among Mosquito Collectors Conducting Human Landing Catches in
Western Kenya Am. J. Trop. Med. Hyg., 88(2), pp. 301-308
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species composition have occurred. Similarly, to parity dissections, programs should maintain a
reference collection of different species of mosquitoes, and those identifying mosquitoes should be
tested frequently.

Quality Assurance and Residual Efficacy Monitoring of IRS

Ensuring the quality of IRS is a critical component of IVM. Haphazard, under-dosed spraying is a waste of
resources and, like sub-lethal dosing of medications, may select for insecticide resistance in the
mosquito population. IRS programs operating under PMI’s central mechanism implement clear
protocols to ensure the quality of IRS, including robust training of spray operators, supervisors, and all
relevant spray personnel and “directly observed spraying” whereby supervisors are required to observe
spray operators’ technique while spraying houses and to provide on-the-spot correction as needed.
Guidelines for IRS management and supervision checklists are available on the PMI website.

Quality assurance and residual efficacy monitoring are conducted using cone bioassays to determine the
quality of IRS (e.g., assays conducted shortly after spraying can be used as a proxy to assess spray
performance) and the residual efficacy of the intervention (e.g., to determine how long insecticides last
in killing or knocking down vectors).

Test methods

Cone bioassays are currently the only way to measure insecticide decay on sprayed surfaces. Baseline
assays should be conducted within a week of spraying to determine initial spray quality. Subsequently,
decay rates should be measured monthly to determine the residual efficacy of the insecticide.

To perform cone bioassays, known susceptible laboratory-reared mosquitoes (e.g., An. gambiae Kisumu
strain) should be used. If these are not available, wild-caught, unfed, female mosquitoes can be used as
long as there is no demonstrated resistance in the population. The process for IRS testing is as follows:
(1) attach bioassay cones to walls at three different heights (0.5 meter, 1.0 meter and 1.5 meters above
the floor) using tape; (2) introduce batches of 10 female mosquitoes into the cones and expose to the
wall surface for 30 minutes; and (3) after exposure, transfer the mosquitoes to paper cups, provide
them with a sugar solution, and record mortality 24 hours after exposure for pirimiphos-methyl or every
24 hours for up to seven days for clothianidin. Tests should be conducted in enough houses to be
representative of different wall surfaces and different groups of spray operators. Control assays should
also be conducted — either select houses of similar construction that have not been sprayed or cover
sprayed wall with two layers of paper before attaching the cones. Introduce 10 mosquitoes per cone as
above. Bioassays should be repeated if mortality is >20% on a given day. However, this requirement
may be relaxed for mortality assessments that continue beyond 5 days after exposure, as may be the
case for clothianidin assays.
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It should be noted that pirimiphos-methyl has an airborne effect when initially sprayed. Therefore, any
mosquitoes brought into houses freshly sprayed with pirimiphos-methyl will die, even if they are not
placed directly on a sprayed surface. Therefore, results from monitoring at one-month post-IRS should
be used as a baseline for residual efficacy monitoring, and alternative methods for determining spray
quality may need to be employed (e.g., examining the visual pattern of insecticide residue on walls after

spraying).

Standard operating procedures (SOPs)? for IRS quality assurance and residual efficacy monitoring

methods are available and can be obtained from the Entomology and Operational Leads.

Initial spray quality and monthly residual efficacy data should be shared with the NMCP, implementing
partners, and PMI as soon as results are available in order to initiate immediate corrective action, if
necessary. Monthly decay rate results will be used to determine the residual life of the insecticide under
local conditions. For longer-acting formulations, at least the baseline testing and monthly testing
beginning in the 4™ or 5™ month after spraying should be attempted.

Bioefficacy Monitoring and Chemical Analysis of ITNs

Monitoring the insecticidal activity and insecticide content of ITNs is a critical component of ITN
durability monitoring and may also be important in identifying ITN quality assurance issues. Insecticidal
activity of ITNs is measured by exposing susceptible mosquitoes to ITNs in WHO cones. Because the
purpose of the activity is to measure insecticidal activity, in general any susceptible species of mosquito
may generally be used, though resistant strains are needed to evaluate PBO synergist and dual
insecticide ITNs (see following section on Monitoring PBO synergist and dual insecticide ITNs for more
information). This activity requires specialized facilities and staff, in particular an insectary with a
susceptible colony of mosquitoes and lab staff with the ability to consistently generate large numbers of
mosquitoes of uniform quality required for bioassays. If an insectary is not available, net samples may
be sent to an outside laboratory for analysis.

Previously, PMI did not routinely support measurement of insecticidal content at all data collection
timepoints via durability monitoring, given that ITNs undergo pre-shipment testing. However, based on
recent experience, PMI now recommends bioassay and chemical content testing at all

time points, particularly where there are no existing data or where new compounds or new net
technologies are in use. Furthermore, it is recommended to retain 30 nets prior to distribution for
confirmation in the event that unexpected results are obtained at any point during durability
monitoring.

Measurement of insecticidal content requires highly specialized capacity that is likely limited or absent
in nearly all PMI-supported countries. Therefore, this must be done either at CDC or at a WHO

23 https://pmivectorlink.org/resources/tools-and-innovations/
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collaborating center where the cost of analysis is approximately $150-$350 per sample. Furthermore, in
some cases, there is a poor correlation between insecticidal content and insecticidal activity, particularly
for some ITNs made of polyethylene with insecticide directly incorporated into the fiber.

Further guidance on durability monitoring is available in the ITN chapter.

Monitoring PBO synergist and dual insecticide ITNs

Some of the vector control tools now available combine multiple active ingredients, including both
synergists and insecticides. Some products contain a combination of synergists (i.e., PBO) and
insecticides with relatively well-understood properties (ie., deltamethrin), and/or new insecticides for
adult mosquito vector control, which may have different modes of action (i.e., clothianidin,
chlorfenapyr, pyriproxyfen). The combination of these active ingredients on the same ITN provides a
challenge for evaluation of the efficacy of these products, as one efficacious treatment may “mask” the
inefficacy of the other. Ideally, bioassays should be done with both a susceptible strain and a resistant
strain derived from local mosquito populations. However, given that most countries do not have access
to pyrethroid resistant colonies, bioassays should be conducted with a susceptible colony and wild
mosquitoes. If net failures are detected, samples could be outsourced to a lab with a resistant colony for
confirmation.

PMI encourages countries to develop colonies of local strains that are resistant to pyrethroids,
maintained under selection, and routinely characterized so tests can be performed locally. Strains of
resistant mosquitoes must be kept separately from susceptible strains, preferably in separate buildings,
but at least in separate rooms, with measures to prevent escape of these strains (e.g., double doors) and
clear SOPs and access restricted to those trained on SOPs. Furthermore, PMI encourages countries to
build capacity in countries to conduct tunnel tests, recognizing that there may be some initial hurdles
around training, animal ethics approval, etc.

For specific guidance on monitoring new types of nets, please contact your respective PMI HQ
Operational and Entomology Leads.

Maintenance and Characterization of Mosquito Colonies

Susceptible colonies of mosquitoes are used for the assessment of ITNs, quality control of IRS, and
verification of treated papers for WHO susceptibility tests and CDC bottle bioassays. Susceptible
colonies should be tested quarterly in order to ensure that these established colonies have not been
contaminated by resistant colonies kept in the insectary, or wild mosquitoes entering the insectary. The
tests should include a bioassay with the insecticides for which the susceptible strain is used (i.e., if the
strain is being used for monitoring Actellic IRS, then the strain should be bioassayed with pirimiphos-
methyl; if it is being used for testing standard ITNs, a pyrethroid insecticide should be used). Additional
molecular confirmation of the strain can be done by testing the strain for common resistance
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mechanisms (i.e., kdr, related to DDT and pyrethroid resistance, or ace1f, related to organophosphate
and carbamate resistance). Alternative bioassays may be useful for other strains, such as the CYP6p9a_R
mutation in Anopheles funestus. However, the key characterization that should be done is a phenotypic
resistance test (WHO susceptibility test or CDC bottle bioassay), and these should be done quarterly.

As countries are encouraged to keep pyrethroid-resistant strains of Anopheles for testing the efficacy of
PBO or bi-treated nets, these must also be regularly selected with a pyrethroid and characterized to
ensure they maintain their resistant status. The characterization of these strains should also be done
quarterly. As noted elsewhere, it is essential to keep any pyrethroid-resistant strain in a secure
insectary, to prevent mosquitoes from entering rooms where susceptible mosquitoes are kept as well as
preventing them from escaping into the wild.

While it is less common for a colony to change species, there have been incidences where a colony of
An. gambiae s.s. has later been found to be a colony of An. coluzzii. Verification of the species using PCR
should therefore also be done quarterly.

The PMI Vector Monitoring and Control Team (VMCT) advises that testing be conducted quarterly as
described above to confirm insecticide susceptibility/resistance status and species identification. For
those PMI focus countries with insufficient laboratory capacity to characterize mosquito colonies, teams
should work with their entomology backstop to find an alternative.

Entomological Monitoring in Elimination Settings

As areas approach elimination, vector numbers may decline markedly and be characterized by strong
geographic heterogeneity. In these settings, standard entomological monitoring is likely to provide
limited information to guide programs and therefore should be adapted to the local epidemiological
situation. Specific recommendations for entomological monitoring in elimination areas are provided in
the chapter on Elimination.

Entomological Monitoring Supplies

Supplies for entomological monitoring are to be procured via the current central mechanism or a
bilateral implementing partner. No entomological monitoring supplies should be budgeted for using the
CDC mechanism in FY 2022 malaria operational plans (MOPs), though certain supplies may be provided
by CDC (via CDC country entomologists and funded through PMI core funds to the CDC Interagency
Agreement (IAA)). Such supplies may include insecticides for susceptibility testing or reagents for
molecular analyses (e.g., ELISA or PCR).

Data Collection and Reporting

All countries with PMI-supported IRS programs and most countries with PMI-supported entomological
monitoring programs will begin using a new centralized database developed on the DHIS-2 platform,
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known as VectorLink Collect. The DHIS-2 platform allows for near real-time data reporting and enhanced
data visualization and analytic opportunities which were not previously available under the legacy
database system. NMCPs and government counterparts will also have access to this system to allow for
country ownership of vector control data. Currently, the Entomology instance consists of data collection
programs focusing on insecticide resistance, insecticide residual life and vector abundance and behavior
data. A laboratory instance is under development and expected to be rolled out over the next 12
months. Pre-programmed analytic objects and dashboards will allow for near-real time analysis and
reporting to PMI HQ and country governments of key entomological data as it is directly entered into
the system.

All insecticide susceptibility data will be available to NMCPs and district and regional malaria control
staff in near real-time in VectorLink Collect, but data collected by other sources should also promptly be
made available. At minimum, current susceptibility data should be submitted to PMI 6 months prior to
the next spray campaign to allow for evaluation and timely insecticide procurement, and as soon as
possible to inform ITN procurement decisions, given lead times for nets can be more than 12 months.

To complement the new VectorLink Collect system, the Vector Monitoring and Control Team has
completed an analysis of available mobile data collection systems for entomology (e.g., Epilnfo Vector,
etc.) and plans to develop and pilot top candidates in 2021 to determine if there is an optimal
compatible system that could directly feed into the VectorLink Collect database. If countries are
planning on using an already existing system, then please consult with your Operational and
Entomology Leads to ensure that the system can integrate with the database.

The PMI VMCT will work with centrally-managed implementing partners to develop a standard format
and recommend frequency of reports, and will publish all final annual entomology reports online for
public access once approved by the Mission Activity Manager and PMI HQ COR and made 508
compliant. At minimum, the following should be reported: (1) a report on spray quality, as measured by
cone bioassays, within the first few weeks of spraying for quality assurance purposes (i.e., if issues with
quality are identified re-spraying may be needed), and (2) semiannual reports highlighting vector
bionomics and insecticide susceptibility data to date and results for all basic entomological indicators.
Reports should be provided to Missions, PMI headquarters (including Entomology and Operational
Leads), and NMCPs. The VMCT recommends that bilateral projects follow similar reporting guidelines
PMI country teams should ensure that the PMI Headquarters Entomology and Operational Leads receive
all relevant reports from bilateral vector control partners.

Entomological and epidemiological reports (the latter from local health facilities) should be compared
and shared by health officials. Some countries have a national Technical Advisory Committee that
includes PMI, which can review entomological monitoring data and make recommendations. PMI
country teams should ensure that the PMI Headquarters Entomology and Operational Leads receive all
relevant entomological information and are involved with these discussions.
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INSECTICIDE-TREATED NETS

*New/Key Messages*

Procurement of new types of ITNs: PMI focus countries should transition to new types of ITNs (e.g., PBO
synergist or dual insecticide ITNs) where supported by insecticide resistance monitoring data and as
funding allows and in coordination with other donors and national programs.

Net Transition Initiative (NTI): The Global Fund’s Net Transition Initiative (NTI) will run from 2021 —
2023 and support transition from the UNITAID-Global Fund New Nets Project (NNP) to Global Fund
internal procurement and financing of dual active ingredient nets, spanning the period when WHO
policy is expected (mid 2022) and immediately after. The Global Fund will continue to provide some top
up funding to some of their grants to support deployment of these more expensive tools, as well as
continued evidence building.

ITN Durability Monitoring: PMI has supported development of streamlined durability monitoring tools
(e.g., protocols, questionnaires, etc.), with an emphasis on new types of nets, for use in countries that
already have considerable durability monitoring data. Please contact the PMI Headquarters Vector
Monitoring and Control Technical team for details.

Introduction

Insecticide-treated nets are a core intervention for malaria control and have contributed greatly to the
dramatic decline in disease incidence and malaria-related deaths seen since 2000. They are proven to be
effective at reducing child mortality, parasite prevalence, and uncomplicated and severe malaria
episodes.?* More than 2 billion ITNs have been delivered since 2004 in malaria endemic countries. The
estimated percentage of the at-risk population sleeping under an ITN rose from 30% to 53% between
2010 and 2016. During this time, disease incidence and malaria-related deaths have fallen by 21% and
29%, respectively.?® Additionally, parasite prevalence in endemic sub-Saharan Africa decreased by 50%
between 2001 and 2015, with 68% of this decline attributed to the use of ITNs.%®

To achieve and maintain ITN coverage, countries should apply a combination of mass net distribution
through campaigns and continuous distribution through multiple channels, in particular through
antenatal care (ANC) clinics and the expanded programme on immunization (EPI), as well as school-

24 pryce J, Richardson M, Lengeler C. Insecticide-treated nets for preventing malaria. Cochrane Database of Systematic Reviews
2018, Issue 11. https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD000363.pub3/epdf/full

25 World Health Organization. Global Technical Strategy for Malaria 2016—-2030. Geneva: World Health Organization, 2016.

26 Bhatt S, Weiss DJ, Cameron E, Bisanzio D, Mappin B, Dalrymple U, et al. The effect of malaria control on Plasmodium
falciparum in Africa between 2000 and 2015. Nature 2015;526(7572):207-11.
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based and community distribution. Mass campaigns can rapidly achieve high and equitable coverage.
Complementary continuous distribution channels are also required because coverage gaps can start to
appear almost immediately post-campaign due to net deterioration, loss of nets, and population
growth.?” See ITN Distribution below.

PMI ITN Procurement Policy

Current PMI policy requires that ITN products, at minimum, be on the WHO Prequalification (PQ) list of
Prequalified Vector Control Products (see full list below) to be eligible for PMI procurements. PMI also
reserves the right to apply additional criteria related to label claims, past performance, financial viability
and programmatic consistency to qualify ITN products for PMI procurements.

In 2019, WHO released and updated (May 2019) its “Data requirements and protocol for determining
non-inferiority of insecticide-treated net and indoor residual spraying products within an established
WHO policy class.”? The aim of this protocol is to support the generation of entomological data to
inform a decision as to whether a candidate insecticide-treated net product should become part of an
existing WHO policy class based on equivalency to the innovator net product. These “comparator”
products are granted WHO interim or full recommendation status based only on results from WHO
chemical laboratory testing. In contrast, to achieve interim recommendation status, an innovator long-
lasting ITN must have appropriate lab and field data.

After a technical review, PMI has determined that the equivalency status based only on laboratory
studies is insufficient to determine eligibility for PMI procurement because these studies do not
determine how the long-lasting ITN product functions in the field where other factors come into play,
particularly mosquito behavior around nets. Thus, for those ITN products that have been deemed to be
“equivalent” through the PQ conversion process, PMlI specifically requires that they have a PQ listing
and have demonstrated field effectiveness according to label claims (e.g., against resistant mosquitoes).
PMI policy does not currently allow for procurement of the comparator nets unless field testing has
been completed. The VMCT will review evidence pertaining to non-inferiority (blood-feeding and
mortality indicator) to inform PMI procurement policies.

As of August 2020, WHO has provided a list of current prequalified long-lasting ITN products:2°

Pyrethroid Only
e AtoZTextile Mills Limited: Miranet’[Alpha-cypermethrin]
e BASF SE: Interceptor’ [Alpha-cypermethrin]
e Disease Control Technologies: Royal Sentry®, Royal Sentry 2.0° [Alpha-cypermethrin]
e Fujian Yamei Industry: Yahe’[Deltamethrin]

27 1bid.
28 https://www.who.int/malaria/publications/atoz/non-inferiority-protocol/en/
29 WHo Prequalified Products, Vector Control (26 August 2020). https://www.who.int/pg-vector-control/prequalified-lists/en/
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Life Ideas Textiles: PandaNet 2.0® [Deltamethrin]

*Mainpol GmbH: SafeNet® [Alpha-cypermethrin]

Shobikaa Impex Private Limited: Duranet® [Alpha-cypermethrin]
Sumitomo Chemical Co. Ltd.: Olyset® [Permethrin]

*V.K.A Polymers Pvt. Ltd.: MAGNet [Alpha-cypermethrin]
Vestergaard Frandsen S.A.: PermaNet 2.0° [Deltamethrin]
*Yorkool: Yorkool® [Deltamethrin]

*NRS Moon Netting FZE: Tsara’ [Deltamethrin]

*NRS Moon Netting FZE: Tsara Soft”

PBO

Sumitomo Chemical Co. Ltd.: Olyset Plus’ [Permethrin; Piperonyl Butoxide]

Vestergaard Frandsen S.A.: PermaNet 3.0°[Deltamethrin; Piperonyl Butoxide]

Shobikaa Impex Private Limited: Duranet Plus’ [Alpha-cypermethrin; Piperonyl Butoxide]
*V.K.A Polymers Pvt. Ltd.: Veeralin® [Alpha-cypermethrin; Piperonyl butoxide]

*NRS Moon Netting FZE: Tsara Boost” [Deltamethrin, Piperonyl butoxide]

*NRS Moon Netting FZE: Tsara Plus’ [Deltamethrin, Piperonyl butoxide]

Dual Al
e BASF SE: Interceptor G2° [Alpha-cypermethrin; chlorfenapyr]
e Disease Control Technologies: Royal Guard® [Alpha-cypermethrin; Pyriproxyfen)

* Denotes an ITN product not procured by PMI

While these products employ different technical processes for polyester or polyethylene materials, each
has been certified by the WHO as being capable of maintaining the full protective effects of an
insecticide treated net through a minimum of 20 washes. Furthermore, PMI also supports procurement
of long-lasting insecticide-treated hammocks (LLIHNs) for distribution to reach and protect migrant
mobile populations (see Elimination chapter for more information).

Selection of ITNs in the Context of Pyrethroid Resistance

Emerging insecticide resistance poses a challenge to current malaria vector control methods, as until
recently, there were only four classes of insecticide in use for adult malaria vector control (pyrethroids,
organochlorines, organophosphates and carbamates). Pyrethroids are the primary insecticides used on
ITNs. Resistance to all four classes has been detected in malaria vectors with widespread resistance to
pyrethroid insecticides. Based on current entomological data, resistance had been reported in all of the
PMI focus countries in sub-Saharan Africa. If the trend of increasing frequency of resistance continues, it
may result in a reduction of the effectiveness of pyrethroid-based interventions.3° Because of this
threat, resistance monitoring should be an essential part of every PMI focus country’s vector control

30 Implications of insecticide resistance for malaria vector control with long-lasting insecticidal nets: trends in pyrethroid
resistance during a WHO-coordinated multi-country prospective study. Parasites & Vectors, 2018.
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-018-3101-4
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strategy. This information will be crucial to better targeting and evaluation of these products in the
future. PMI is committed to addressing insecticide resistance by rolling out and rotating new types of
nets as they become available. Guidance for entomological and insecticide resistance monitoring are
detailed in the Entomological Monitoring chapter.

In response to increasing pyrethroid resistance, manufacturers have developed new ITNs with additional
active ingredients to combat pyrethroid resistance. There are two new types of ITNs that are on the list
of WHO Prequalified Vector Control Products: piperonyl butoxide (PBO) synergist nets and dual-
insecticide nets. Two trials have demonstrated improved efficacy of pyrethroid-PBO treated ITNs3!32
and one trial demonstrated improved efficacy of a dual-insecticide (pyriproxyfen and permethrin)® ITN.
Two dual-insecticide ITNs, the Interceptor G23* and Royal Guard®®, have received WHO PQ approval,
though neither has yet received a WHO policy recommendation. The UNITAID New Nets Project (see
below) is currently generating additional evidence on the efficacy of these nets to support a WHO policy
recommendation. Although WHO has issued interim policy guidance for PBO nets, it has not issued
guidance on when to deploy dual-insecticide nets, therefore PMI has separate guidance for each (see

below).

PBO Synergist ITNs

Piperonyl butoxide (PBO) is a synergist that, despite having no insecticidal activity on its own, enhances
the potency of certain insecticides. PBO inhibits the natural defense mechanisms of the insect, the most
important being the mixed function oxidase system (MFOs), also known as cytochrome P450 mono-
oxidases. The MFO system is the primary route of detoxification in insects, causing the oxidative
breakdown of insecticides like pyrethroids. Most pyrethroid-resistant populations of mosquitoes have
elevated levels of MFOs. There is some evidence to indicate that mosquito populations with high
pyrethroid resistance have multiple resistance mechanisms, making PBO less useful against these
populations.

81 Protopopoff N, Mosha JF, Lukole E, Charlwood JD, Wright A, Mwalimu CD, et al. Effectiveness of a long-lasting piperonyl
butoxide-treated insecticidal net and indoor residual spray interventions, separately and together, against malaria transmitted
by pyrethroid-resistant mosquitoes: a cluster, randomised controlled, two-by-two factorial design trial. Lancet. 2018;391:1577—-
88.

32 staedke SG, Gonahasa S, Dorsey G, Kamya MR, Maiteki-Sebuguzi C, Lynd A, Katureebe A, Kyohere M, Mutungi P, Kigozi SP,
Opigo J, Hemingway J, Donnelly MJ. Effect of long-lasting insecticidal nets with and without piperonyl butoxide on malaria
indicators in Uganda (LLINEUP): a pragmatic, cluster-randomised trial embedded in a national LLIN distribution campaign.
Lancet. 2020: 395:1292-1303.

33 Tiono AB, Ouedraogo A, Ouattara D, Bougouma EC, Coulibaly S, Diarra A, et al. Efficacy of Olyset Duo, a bednet containing
pyriproxyfen and permethrin, versus a permethrin-only net against clinical malaria in an area with highly pyrethroid-resistant
vectors in rural Burkina Faso: a cluster-randomised controlled trial. Lancet. 2018. https://doi.org/10.1016/S0140-
6736(18)31711-2

34 N’Guessan R, Odjo A, Ngufor C, Malone D, Rowland M. A Chlorfenapyr Mixture Net Interceptor(R) G2 shows high efficacy and
wash durability against resistant mosquitoes in West Africa. PLoS One. 2016;11:e0165925.

35 Efficacy of Three Novel Bi-treated Long Lasting Insecticidal Nets. https://clinicaltrials.gov/ct2/show/NCT03554616
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In 2015, the WHO Global Malaria Program convened an Evidence Review Group on PBO ITNs to review
data from numerous laboratory studies, nine experimental hut trials, and six village-level trials with
entomological endpoints. The studies provided mixed results, and the Evidence Review Group
concluded that the limited evidence did not justify a switch to PBO nets, but was sufficient to justify
limited, pilot “exploratory” implementation of PBO nets accompanied by robust evaluation of impact
with both entomological and epidemiological indicators. This evidence was recently supplemented by a
cluster-randomized trial in Tanzania with epidemiological endpoints. Based on the positive results of this
trial, in September 2017 (and updated December 2017) WHO/Global Malaria Programme provided PBO
ITNs an interim endorsement as a new class of vector control products.3® Data from a recently
completed trial in Uganda also demonstrated reductions in parasite prevalence among users of PBO
ITNs although WHO has yet to update their recommendations for these products.?” Meanwhile, as
stated by WHO's policy guidance, “all pyrethroid-PBO nets that have a WHO prequalification listing
(Permanet 3.0, Olyset Plus, Dawa 3.0, Dawa 4.0, and Veeralin) will be considered to be at least as
effective at preventing malaria infections as pyrethroid-only ITNs, and possibly more effective in areas of
low-to-moderate pyrethroid resistance.” WHQO’s policy recommendation does not consider PBO ITNs to
be a tool to effectively manage insecticide resistance in malaria vectors.

PMI will procure PBO ITNs following the data requirements outlined in the December 2017 WHO policy.
The following data should be collected at the district or regional level where PBO ITNs are being
considered:

e Current insecticide resistance data (collected within the past two years) confirming moderate to
high pyrethroid resistance in the main malaria vector(s).

e Evidence that PBO increases pyrethroid susceptibility by at least 10% by assessing mortality rate
differences (i.e., in absolute terms) from susceptibility assays comparing pyrethroid + PBO
exposure groups with pyrethroid only exposure groups

e Documented moderate to high malaria prevalence (>20%) in children 2 — 10 years old using
existing data sources.

Dual-Insecticide ITNs

Dual-insecticide nets are ITNs that have two active ingredients. While the only dual-insecticide nets
currently available still contain a pyrethroid, it is expected that soon this class will include nets with two
different Als, neither of which is a pyrethroid. Unlike PBO, which is only a synergist, both active
ingredients in dual-insecticide nets are insecticides that can individually kill or inhibit reproduction of
mosquitoes. The combination of two insecticides can potentially decrease the emergence of resistance,

36 Conditions for deployment of mosquito nets treated with a pyrethroid and piperonyl butoxide, September 2017. Geneva:
World Health Organization; 2017. http://apps.who.int/iris/bitstream/10665/258939/1/WHO-HTM-GMP-2017.17-eng.pdf

37 staedke SG, Gonahasa S, Dorsey G, Kamya MR, Maiteki-Sebuguzi C, Lynd A, Katureebe A, Kyohere M, Mutungi P, Kigozi SP,
Opigo J, Hemingway J, Donnelly MJ. Effect of long-lasting insecticidal nets with and without piperonyl butoxide on malaria
indicators in Uganda (LLINEUP): a pragmatic, cluster-randomised trial embedded in a national LLIN distribution campaign.
Lancet. 2020: 395:1292-1303.
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as mosquitoes resistant to one insecticide may still be susceptible to the other. There are currently two
dual-insecticide ITNs that have received WHO PQ approval, though neither has received a WHO policy
recommendation: the Interceptor G2 and Royal Guard. The Interceptor G2 has a combination of
alphacypermethrin, a pyrethroid, and chlorfenapyr, a slower-acting insecticide that targets energy
production in the mitochondria. The Royal Guard has a combination of alphacypermethrin and
pyriproxyfen, an insect growth regulator that reduces fecundity of female mosquitoes and may also
reduce their blood feeding and longevity.

The New Nets Project (NNP) was launched in 2018, jointly funded by Unitaid and Global Fund with
additional support from the Bill and Melinda Gates Foundation and the President’s Malaria Initiative.
NNP, which runs through 2022, has the goal of increasing access to newly developed dual-Al ITNs (i.e.,
Interceptor® G2 and Royal Guard®). IVCC created a consortium of partners to ensure the rapid
deployment of new dual-Al nets to a limited number of partner countries where a combination of
randomized controlled trials in Benin and Tanzania, and effectiveness pilots in Burkina Faso, Rwanda,
Mozambique, Nigeria, and Mali, seek to establish the impact and cost-effectiveness data needed for a
World Health Organization (WHO) policy recommendation that would be required for scale-up. In
addition, the Bill & Melinda Gates Foundation, in collaboration with MedAccess, entered into a volume
guarantee agreement with BASF to offer reduced Interceptor® G2 pricing for the effectiveness, as well
as operational pilots. The volume guarantee combined with a co-payment from NNP will enable
countries to procure Interceptor® G2 for pilot deployments within their current net budgets through
2022, at which point pricing will drop to levels no longer requiring co-payment. Current operational pilot
countries include Cameroon, Cote d’lvoire, DRC, Ghana, Liberia, Malawi, and Niger. The Global Fund’s
Net Transition Initiative (NTI) will run from 2021 - 2023 and support transition from the NNP to Global
Fund internal procurement and financing of dual active ingredient nets.

Considerations for Selection and Deployment of New Types of ITNs

PMI focus countries that are planning to deploy new types of nets should consider the following:
e Ability to collect entomological data and routine health facility data in the geographic areas of
deployment.
e Current evidence does not indicate added benefit of co-deployment of new types of ITNs with
IRS and is currently not recommended by PMI except in the context of OR/PE.
e Asnew types of ITNs are currently more expensive than pyrethroid-only ITNs, the benefit of
these ITNs must be weighed against a potential decrease of overall ITN coverage.

Insecticide resistance data and these criteria should be discussed with PMI HQ Entomology and
Operational Leads in conjunction with country stakeholders (i.e., NMCPs, other donors, implementing
partners, entomology institutions) to select the most appropriate type of net using the decision tree
below. If NMCPs or malaria partners are procuring PBO or dual-insecticide nets with non-PMI funding,
please contact the PMI VMCT team to identify the appropriate partnership role PMI may play.
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Decision Tree for Selection of ITNs Based on Insecticide Resistance Monitoring Data

Test Use pyrethroid
pyrethroid ITN
Test alternate Use alternate
pyrethroid(s) pyrethroid(s) ITN
Test with PBO Use PBO ITN
PBOITN

unavailable

Test chlorfenapyr Use dual Al ITN

Dual Al ITN
unavailable

Pyrethroid resistance
intensity testing

A4

1. Use pyrethroid ITN with highest mortality/lowest
resistance intensity; and
. Potentially add IRS?; or
3. Use PBOITN

1See IRS chapter for guidance on IRS insecticide selection

Cost of ITNs

Cost assumptions for FY 2021 ITN procurements are provided in the Commodity Procurement chapter.

The costs provided there include the purchase price of the net itself, freight (which includes insurance
and may include in-country delivery beyond the port of entry from port to destination), and quality
assurance. However, the related procurement costs do not include warehousing. There is great
variability across countries as to what the government can provide as opposed to what PMI supports via
partners (e.g., in some countries warehousing is provided by the government and the partner is only
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responsible for distribution costs, whereas in others the partner is responsible for both warehousing and
in-country distribution). Therefore, warehousing -- whether temporary for mass campaigns or long-term
for routine distribution -- needs to be factored into the “additional costs.”

Furthermore, there are additional costs related to the type of distribution channel used. For mass
distribution campaigns, it is also important to budget for specific logistical support to transport the ITNs
to the district level and from the district level to the distribution points, post-campaign support
activities, targeted SBC efforts, household registrations, etc. The distribution costs for ITN mass
campaigns in sub-Saharan African countries ranged from $0.38 to $7.91 (median $2.27) per net, but the
lowest costs were for integrated campaigns (e.g. immunization, SMC) where logistics costs were shared
with other interventions. Median financial costs for a free-standing ITN distribution (of any kind) of
more than 5 million ITNs were about $2.00.

For continuous distribution efforts, countries should budget adequate funds to support logistics of
distributing the nets to the districts and points of service on an ongoing/periodic basis, appropriate
communication efforts, and appropriate supervision and monitoring efforts. The costs for delivery of
ITNs provided free of charge through continuous distribution through schools, communities, or health
facilities ranged from $0.77 to $9.94 (median about $2.72).38

ITN Ownership: Key Distribution Channels

Mass distribution campaigns

To rapidly and equitably achieve coverage with ITNs, PMI and many other donors support free-standing,
mass distribution campaigns designed to reach every household in malarious areas.

In line with current Global Fund guidance that a net life-span of three years should be assumed, PMI will
only support campaigns more or less frequently if local evidence exists and the country demonstrates
commitment to more frequent ITN campaigns through its resource prioritization. While data in some
places may demonstrate that ITNs are lasting less than three years, in general, it is likely not feasible
from a resource perspective alone to shorten the cadence of mass distribution campaigns. Data should
be used to bolster support for increased continuous distribution to complement mass distributions (e.g.,
bolstered ANC/EPI, introducing or expanding, school-based or community distribution, etc.). Countries
interested in piloting new channels of distribution should contact the PMI VMCT.

Consistent with Global Fund’s operational considerations, PMI continues to recommend calculating the
total amount of ITNs needed for a mass campaign distribution by dividing the total target population by
1.8. This macro-quantification calculation will estimate the minimum number of ITNs needed to provide
an ITN- to-person ratio of 1:2. In places where the most recent population census was conducted more

38 \Wisniewski et al. Systematic review and meta-analysis of the cost and cost-effectiveness of distributing insecticide-treated
nets for the prevention of malaria. Acta Tropica February 2020. https://pubmed.ncbi.nlm.nih.gov/31669182/
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than five years prior, countries can consider including a buffer (e.g., adding 10% after the 1.8 ratio has

been applied) or using data from previous mass campaigns to justify an alternative total amount.3°

As per WHO recommendations and in line with Global Fund operational recommendations, PMI
generally does not support:
e Storage (more than two weeks) of ITNs in containers®
e Mop up campaigns
® Hang up campaigns
o Non-essential data collection (e.g. post-distribution monitoring or “check-ups” sometimes
required by other partners)

PMI builds capacity in countries to manage and implement ITN mass distribution campaigns. Thus, in
PMI focus countries where in-country capacity exists, teams should look first to local partners to lead
implementation of mass campaigns. If technical assistance is not available at the country level for
campaigns, PMI works with the RBM Partnership to End Malaria Country/Regional Support Partner
Committee (CRSPC) to ensure that external technical assistance can be supported. If an NMCP would
like to request external TA for an upcoming mass campaign, they should follow the process outlined on
the CRSPC website:

Further information on mass campaigns, including a comprehensive toolkit are available through the
Alliance for Malaria Prevention (AMP) website at: http://allianceformalariaprevention.com/amp-

tools/amp-toolkit/.

Continuous distribution channels

Continuous supply of nets is needed to address: (a) those missed by a mass campaign; (b) new entries to
the population by birth or immigration; and (c) the physical deterioration of existing nets. A mix of
channels may be necessary to maintain a sufficiently high coverage over time. Not all channels are
appropriate in all country contexts, and careful planning is needed to identify the optimal combination
of continuous channels that will be most effective.

The ITN continuous distribution eToolkit helps planners review delivery options and needs for their
setting. It can be accessed at the following website: https://continuousdistribution.org/. Along with

documents to guide planning and implementation, the website also includes case studies of various
delivery models in different settings, and access to many implementation materials used in these case
studies.

39 Global Fund, Malaria Information Note, 25 July, 2019.
https://www.theglobalfund.org/media/4768/core_malaria_infonote_en.pdf?u=637066545970000000

40 see: Alliance for Malaria Prevention. Use of containers to store insecticide-treated nets: operational concerns and
considerations. https://allianceformalariaprevention.com/wp-content/uploads/2020/03/Use-of-containers-to-store-
insecticide-treated-nets-operational-concerns-and-considerations.pdf
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Results from an analysis of costs of ANC, EPI, school, community, and mass distributions suggest that
continuous distribution strategies can continue to deliver nets at a comparable cost to mass
distributions, especially from the perspective of the donor.*

Routine distribution of ITNs through public-sector antenatal care (ANC) and expanded program on

immunization (EPI) vaccination clinics

Routine distribution of ITNs through public-sector*? ANC and EPI vaccination clinics targets the most
vulnerable groups in the population: pregnant women and children less than five years of age. There is
some evidence that these channels also serve as an incentive and thereby increase clinic attendance. In
most countries the nets are given free-of-charge, but may also be sold at highly subsidized prices.
However, distribution of ITNs through these two channels is not sufficient alone to maintain ownership
levels achieved through mass distribution campaigns.

School-based distribution channels

A number of countries now use schools as a channel for delivery of ITNs, as this channel can inject large
numbers of ITNs into communities throughout the country on an annual basis. Ghana, Nigeria, Tanzania,
and Senegal have carried out school-based ITN deliveries at scale. In Tanzania, the school net program
(SNP) has proven to be a feasible and effective strategy for maintaining consistently high coverage..*?
Some smaller school-based distribution pilots have also been conducted (e.g., Guinea, Mozambique).
School-based distribution should be considered a viable channel in certain circumstances (including high
gross school attendance rate and strong commitment of local health and education officials). A school-
based channel requires a large amount of coordination between the ministries of health and education
(among others) and may not be appropriate or feasible in some countries or sub-regions. In addition,
PMI does not recommend conducting both school and community-based distribution due to potential
oversupply (see below).

Community-based distribution channels

Community-based distribution makes ITNs available on a continuous basis to community members who
meet certain established criteria. Eligible people may approach community agents who distribute

41 scates et al. Costs of insecticide-treated bed net distribution systems in sub-Saharan Africa. Malaria Journal 2020.
https://malariajournal.biomedcentral.com/articles/10.1186/s12936-020-03164-1

42 The range of facilities considered to be part of the public sector will differ by country, but includes government-managed
facilities that provide public health services specifically for the general population, as well as public health organizations
(typically non-government and faith-based) that provide public health services for the general population on behalf of the
government. In some countries, partnerships with private sector facilities may also be considered part of the public health
sector, if they provide specific services in accordance with public sector policies (e.g., malaria prevention and curative services
for free) and on behalf of the government.

43 yukich et al. Sustaining LLIN coverage with continuous distribution: the school net programme in Tanzania. Malaria Journal.
April 2020. https://malariajournal.biomedcentral.com/articles/10.1186/s12936-020-03222-8
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coupons that can be redeemed for an ITN at a nearby redemption point (e.g., health facility or other

|II

designated storage facility). This channel is most commonly used as a “pull” channel (i.e., a request by a
household for a new ITN or additional nets initiates the process). As such, it can help expand the pull
component of an overall ITN strategy, which often is largely made up of “push” models (such as ANC

clinics) where distribution is driven by attendance of a specific service.

Other continuous distribution channels

Other potential continuous channels include:

e Social marketing
e Commercial sales
e Child Health Days
A private-sector E-coupon program.

ITN Indicators

In 2018, the RBM Monitoring and Evaluation Reference Group updated the guidance on standard
indicators from household surveys to measure ITN ownership, access, and use. The following indicators
are currently included in all household surveys in endemic countries (MIS, DHS, and MICS):%

Proportion of households with at least one ITN

Proportion of households with at least one ITN for every two people
Proportion of population with access to an ITN within their household
Proportion of individuals who slept under an ITN the previous night

Proportion of existing ITNs used the previous night

These indicators enable countries to measure household ownership of ITNs, full coverage of ITNs within
households, access to ITNs at the population level, and use of ITNs at the population level. The
persistent and widespread gap between ownership and use has been a major concern in the malaria
community for several years. However, studies as early as 2009*° demonstrated that the greatest
determinant of use of an ITN was ownership. More recent studies supported by PMI have refined that
finding and more clearly demonstrated that the persistent and often large gap between ownership and
use is frequently due to too few ITNs in the households rather than individual choice to not use an

44 MEASURE Evaluation, MEASURE DHS, President’s Malaria Initiative, RBM Partnership to End Malaria, UNICEF, World Health
Organization. Household survey indicators for malaria control. 2018.
https://www.malariasurveys.org/documents/Household%20Survey%?20Indicators%20for%20Malaria%20Control_FINAL.pdf

45 Assessment of insecticide-treated bednet use among children and pregnant women across 15 countries using standardized
national surveys. Eisele TP, et al., 2009. Am Journal Trop Med Hyg, 80:209-214
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ITN.%,% The ITN access indicator measures the proportion of the population that could sleep under an
ITN if every ITN available in the household were used by two people. (For more information on
calculation of this indicator, see the indicator snapshot video at:
https://www.youtube.com/watch?v=YfTXcc13GOIl. Understood together, The population access and use
indicators allow data users to distinguish non-use related to access to an ITN from that linked to
behavior.

PMI funds secondary analysis of DHS and MIS data from all focus countries to calculate the ratio of use
to access, to provide teams with insight into whether there is a behavioral gap for net use that requires
shifts in behavioral factors rather than a gap because not enough nets are available. This analysis, which
looks at trends in ITN access and use over time and by various sociodemographic characteristics within
countries can be found at https://breakthroughactionandresearch.org/resources/itn-use-and-access-
report/

Care of ITNs

Social and behavior change (SBC) for increased net usage and good net care is critical. Studies confirm
that SBC interventions are effective at increasing use of ITNs among targeted populations. The Malaria
SBCC Indicator Reference Guide: Second Edition (2017)* is a resource to strengthen the evaluation of
the effectiveness of malaria SBC interventions and to measure levels of behavior change for malaria
prevention and case management at the country level. Another standardized tool to measure malaria-
related behaviors and associated behavioral factors is the Malaria Behavior Survey (MBS)*. This is a

cross-sectional household survey that provides critical data to inform the design, implementation, and
evaluation of SBC interventions and can play a role in guiding decisions about the behaviors and
behavioral factors programs should prioritize, such as net care (See SBC Chapter for additional
information).

Net care should continue to be a priority component of SBC activities; having very positive attitudes
toward net care has been shown to have a protective effect on ITN durability.>® Results from durability
monitoring studies show that differences in median survival could be attributed at least in part to
household environment and net care behaviors, so targeted social and behaviour change activities to
encourage net care and retention should be considered.>?

46 Universal coverage with insecticide-treated nets-applying the revised indicators for ownership and use to the Nigeria 2010
malaria indicator survey data. 2013. Kilian A, et al., Malaria Jour, 12:314.

47 Recalculating the net use gap: a multi-country comparison of ITN use versus ITN access. 2014. Koenker,H and Kilian, A, PLoS
ONE, 21;9(5):e97496.

48http://www.rolIbackmaIaria.org/ﬁles/files/resources/MaIaria-BCC-Indicators-Reference-Guide.pdf

49 http://malariabehaviorsurvey.org/

50 Impact of a behaviour change intervention on long-lasting insecticidal net care and repair behaviour and net condition in
Nasarawa State, Nigeria and Impact of a behaviour change communication programme on net durability in eastern Uganda

51 Abilio et al. Monitoring the durability of the long-lasting insecticidal nets MAGNet and Royal Sentry in three ecological zones
of Mozambique. Malaria Journal 2020. https://pubmed.ncbi.nim.nih.gov/32552819/
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PMI continues to promote guidance on net care and use (including reference to misuse and outdoor
sleeping); see: Social and Behavior Change for Insecticide-Treated Nets (2019) document. PMI has
funded an operational research study in Nigeria and Uganda to understand the knowledge, attitudes,
beliefs, and practices that motivate or impede net care and repair behaviors used findings to test the
effectiveness of a behavior change communication intervention. Based on these results,>>>3 PMI will not
support repair activities (e.g., distribution of ITN repair kits, social mobilization promoting ITN repair
efforts, etc.).

SBC activities focused on comprehensive ITN care should emphasize preventive behaviors, such as:
e Tie up the net every day to keep it away from foot traffic and dirt.
e Keep children away from the net.
e Avoid storing food or crops in the same room.
e Fold and store the net safely when not in use.

SBC should promote improving overall care of ITNs at the household level and delaying the development
of holes for as long as possible. Incorporating Net Care into Malaria SBCC Strategies: A Step-by-step
Guide describes how to integrate activities to promote net care behaviors into existing ITN social and
behavior change communication (SBCC) strategies or other platforms.>

Reinforcing ITN care behavior should not be a separate activity, as it is easily integrated into existing
malaria-related SBC efforts. Messages about ITN care can be included simply by adding a radio spot,
updating content within job aids, and including the messages during trainings with community health
workers already working on malaria. Messages should be included at the time of ITN distribution and
communicated continuously to net users. The cost of integrating care messages into larger malaria SBC
efforts is minimal: these are simple, inexpensive, and feasible actions that can be added into existing
platforms and do not require new, stand-alone communication efforts. The Nigeria and Uganda studies
showed that these simple messages are very likely to result in longer life of nets and better protection of
families.

Furthermore, SBC is particularly important for countries that are implementing multi-product
campaigns. It should be emphasized that all nets being distributed are effective. Maps or other visual
communication materials can facilitate understanding by non-technical audiences. Do not refer to

52 koenker H, Kilian A, Hunter G. Impact of a Behaviour Change Intervention on Long-Lasting Insecticidal Net Care and Repair
Behaviour and Net Condition in Nasarawa State, Nigeria. Malaria J, 2015, 14:18. Accessed at:
http://www.malariajournal.com/content/14/1/18

53 Helinski M, Namaral G, Koenker H, et al. Impact of a Behaviour Change Communication Programme on Net Durability in
Eastern Uganda, Malaria J, 2015, 14:366. Accessed at: http://www.malariajournal.com/content/14/1/366

54 Gabrielle C. Hunter, Angela Acosta and Hannah Koenker. Incorporating Net Care into Malaria SBCC Strategies: A Step-by-
step Guide. VectorWorks Project, Johns Hopkins Bloomberg School of Public Health Center for Communication Programs. 2016.
https://www.pmi.gov/docs/default-source/default-document-library/tools-curricula/incorporating-net-care-into-malaria-
social-and-behavior-change-communication-strategies-a-step-by-step-guide.pdf?sfvrsn=7
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certain nets as “better” or “next generation” which infers inferiority of other nets. For more detail, refer
to Planning and Operational Recommendations for Multi-Product ITN Campaigns.

Environment Risks of ITN Disposal, Misuse, and Repurposing

Disposal

Noting the potential environmental impact related to the disposal of nets, in n 2019, WHO released
Guidelines for Malaria Vector Control which recommends the following:

e Residents should be advised to continue using nets beyond the three-year anticipated lifespan
of the net, irrespective of the condition of the net, until a replacement net is available.

e Residents should be advised not to dispose of ITNs in any water body, or use ITNs for fishing.

® In general, retrieval of old nets from households is not recommended. Old ITNs should only be
collected where there is assurance that: i) new ITNs are distributed to replace old ones; and ii)
there is a suitable plan in place for safe disposal of the collected material.

e Collecting old ITNs should not divert effort from core duties. If ITNs and packaging are collected,
the best option is high-temperature incineration, not burning in open air. In the absence of
appropriate facilities, they should be buried away from water sources and preferably in non-
permeable soil.

WHO found that recycling and incineration were not practical or cost-effective in most settings at this
time, confirming the results from PMI’s experience in piloting a recycling effort in Madagascar in 2010.°°

Two important and potentially hazardous practices are: i) routinely removing ITNs from bags at the
point of distribution and burning discarded bags and old nets, which can produce highly toxic fumes
including dioxins, and ii) discarding old ITNs and their packaging in water, as they may contain high
concentrations of residual insecticides that are toxic to aquatic organisms, particularly fish.

It is important to determine whether the environmental benefits outweigh the costs when identifying
the best disposal option for old ITNs and their packaging. For malaria programs in most endemic
countries, there are limited options for dealing with the collection. In most malaria-endemic countries,

5 n 2010, USAID sponsored a recycling pilot in Madagascar. This looked at several key factors including recovery, transporting,
and parameters for converting expired ITNs into a viable alternative product. It was determined that the technology required
for this process was not available in Madagascar, and that the cost to ship ITNs back to the US for processing was prohibitively
high. Outside of this one recycling pilot, there is no evidence that large quantities of ITNs have ever been collected for disposal,
nor has evidence been presented that there is a positive outcome in collecting ITNs for disposal. Most expired ITNs remain at
the site and are either repurposed or disposed of at a household level. Please see: Nelson, Michelle, Ralph Rack, Chris Warren,
Gilles Rebour, Zachary Clarke, and Avotiana Rakotomanga. 2011. LLIN Recycling Pilot project, Report on Phase Il in Madagascar.
Arlington, Va.: USAID | DELIVER PROJECT, Task Order 3. AND Nelson, Michelle, and Ralph Rack. 2012. Madagascar: LLIN
Recycling Pilot Project, Report on Phase Ill. Arlington, Va.: USAID | DELIVER PROJECT, Task Order 7. Both reports can be
downloaded at: http://deliver.jsi.com/dhome/search?p search tok=madagascar+recycling&btnG=search
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recycling is not currently a practical option and high-temperature incineration is difficult and expensive.
If plastic material is left in the community, it is likely to be re-used in a variety of ways. While the
insecticide-exposure entailed by this kind of re-use has not yet been fully studied, the expected negative
health and environmental impacts of leaving it in the community are considered less than amassing the
waste in one location and/or burning it in the open air. Since the material from nets represents only a
small proportion of total plastic consumption, it will often be more efficient for old ITNs to be dealt with
as part of more general solid-waste programmes. National environment management authorities have
an obligation to plan for what happens to old ITNs and packing materials in the environment in
collaboration with other relevant partners.

Misuse

Misuse is defined as the use of a viable ITN for purposes other than its intended use as a bednet. Misuse
of ITNs is not acceptable under any circumstances and not only defeats the public health purpose of
providing protection from malaria, but can also have negative environmental outcomes. The most
ecologically damaging use of ITNs is for fishing. Pyrethroids can kill fish, especially young fish, aquatic
crustaceans, and insects when leached from a viable ITN being used for fishing. The fine mesh of treated
or untreated mosquito nets may also cause ecological damage by physically removing many small
aquatic animals from an area. This is less of an issue in larger bodies of water but can be a significant
problem in small streams and ponds. There are no other known misuses of viable ITNs that pose serious
environmental risks. Evidence in the literature indicates that misuse of ITNs can be a problem, usually in
fishing communities, and multi-sectoral efforts should be made to address these situations. However,
there is “very little evidence to support claims of widespread misuse across Africa.”*®>” A 2017
qualitative study in Malawi showed that the drivers of mosquito net fishing are a combination of a
struggling economy and food insecurity, as people are forced to sell their belongings for money and/or
food.*® Other studies, such as those from lakeside communities in Lake Tanganyika and a refugee camp
in the DRC reinforce the drivers identified in Malawi; ITNs are being sold to generate income to support
immediate food needs.>® % 61 While anecdotal reports of mosquito net fishing are growing, the
magnitude of the problem remains unclear.

56 Eisele TP, Thwing J, Keating J. Claims about the Misuse of Insecticide-Treated Mosquito Nets: Are These Evidenced Based?
2011, Plos Med 8(4): E1001019.D0I1:10.1371/journal.pmed.1001019

57 Koenker, H, et al, “What happens to lost nets: a multi-country analysis of reasons for LLIN attrition using 14 household
surveys in four countries” 2014, Malaria Journal 13(464) DOI: 10.1186/1475-2875-13-464

58 Berthe S, Jumbe V, Harvey S, Kaunda-Khangamwa B, and Mathanga D. 2017. Climate change, poverty and hunger: Drivers
behind the misuse of ITNs for fishing in Malawi. Poster presented at ASTMH.

59 Brooks HM, Jean Paul MK, Claude KM, Mocanu V, Hawkes MT. 2017. “Use and disuse of malaria bed nets in an internally
displaced persons camp in the Democratic Republic of the Congo: A mixed-methods study.” PLoS ONE, 12(9):e0185290. doi:
10.1371/journal.pone.0185290.

50 McLean KA, Byanaku A, Kubikonse A, Tshowe V, Katensi S, Lehman AG. 2014. “Fishing with bed nets on Lake Tanganyika: A
randomized survey.” Malaria Journal, 13(1):395. doi: 10.1186/1475-2875- 13-395.

61 Short R, Gurung R, Rowcliffe M, Hill N, Milner-Gulland EJ. 2018. “The use of mosquito nets in fisheries: A global perspective.”
PLoS One, 13(1):e0191519. doi: 10.1371/journal.pone.0191519
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SBC interventions can address ITN misuse by expanding traditional messages about correct and
consistent net use to show the shrinking sizes of fish species that may result from fishing with small
mesh ITNs. However, opportunities also exist through collaboration with other entities (e.g., fishery
conservation programs), as they can help enforce laws against illegal fishing gear, work to educate the
fishing community about the threats to fisheries caused by small mesh nets and promote other
strategies to support immediate food needs.

PMI has supported the development of a toolkit, Identifying and Mitigating Misuse of Insecticide-
Treated Nets for Fishing. The purpose of this toolkit is to assist USAID Missions, donors, or implementing
partners to conduct a rapid assessment in areas where potential ITN misuse for fishing has been
observed.

Repurposing

Repurposing is defined as the use of expired, non-viable ITNs for purposes other than as a bednet.
Because expired ITNs likely have minimal ability to protect against malaria, repurposing is generally not
an environmental hazard. There are numerous anecdotal reports on innovative and acceptable uses for
expired ITNs. The only alternative use that is never acceptable is fishing. Although old nets likely have
lower doses of insecticide, it is still recommended that care be taken in repurposing of nets. Old nets
should not be used around food storage or in ways that would result in excessive contact with human
skin such as bridal veils or for swaddling young infants.

In 2018, RBM issued a Consensus Statement on Repurposing ITNs: Applications for BCC Messaging and
Actions at the Country Level®® to provide National Malaria Control/Elimination Programs (NMCPs) and
implementing partners with clear recommendations and key messages on three categories of
repurposing: beneficial repurposing, neutral repurposing, and misuse:

e Beneficial repurposing is the use of inactive ITNs for purposes other than for sleeping under
to protect against malaria infection. It is considered beneficial because the ITN material
continues to act as a barrier against mosquitos. Examples of beneficial repurposing include
using old or inactive ITNs as curtains, patches for holes in viable nets, stuffing eaves, and
constructing window or door screening.

e Neutral repurposing is the use of inactive ITNs for household uses that do not prevent
mosquito bites. Examples include covering latrines, protecting seedlings, fencing,
transporting and storing crops, screening of poultry or animal enclosures, soccer goals,
tearing into strips for tying objects, and other household uses.

e Misuse is the use of an active ITN for purposes other than its intended use as a bed net to
protect against malaria infection, with added environmental harm. Using a new or old ITN—

62 https://endmalaria.org/sites/default/files/Consensus%20Statement%200n%20Repurposing%20ITNs.pdf
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one that is still useful for sleeping under—for another purpose is misuse. Using any ITN,
whether new, old, or inactive, for fishing, is the prime example of misuse.

Durability Monitoring

Introduction

ITN durability monitoring aims to provide programs with information needed to optimize their
procurement, delivery, and effectiveness. Monitoring allows programs to identify products that perform
below expectations; it also provides useful feedback to manufacturers in their efforts to improve their
products. While a rule of thumb that nets should be replaced every three years is commonly followed,
field studies have shown that the durability of ITNs varies within and among countries, and that the
durability of different types of nets may also vary. This variation is attributed to various behavioral,
mechanical, and chemical elements so country-specific information is thus useful for guiding
procurement and programmatic decisions made by NMCPs and PMI.

Similar to monitoring of drug efficacy and insecticide sensitivity, ITN monitoring must compromise
between cost and optimal sampling. The diversity of ITN types, environmental circumstances, and
cultural practices make exhaustive sampling impractical; however, it is possible and cost-effective to
obtain representative data on the major types of ITN distributed.

ITN durability monitoring measures the effect of normal daily use on: attrition [as measured by the loss
of nets for any reason as well as due to wear and tear from households]; physical durability [as
measured by the number and size of holes in the net]; and insecticide effectiveness, [as measured by
cone bioassays, tunnel tests, and chemical content analysis, depending on type of net]. These are best
monitored in a prospective design linked to a mass ITN distribution campaign. Final results of durability
monitoring (upon completion of 36-month report) are made publicly available via pmi.gov and
https://www.durabilitymonitoring.org/ . All PMI-funded durability monitoring activities should follow

the study protocols, questionnaires, and other tools available via https://www.durabilitymonitoring.org/

Should ITN durability monitoring be carried out?
PMI funding may be used to support DM in the following circumstances:

® In countries that have never implemented durability monitoring (and large countries with
expected differences due to ecological, social, etc.).

e In countries that have implemented durability monitoring and where significant issues with ITN
durability have been identified.

e To monitor new types of nets (e.g., PBO synergist or dual insecticide ITNs). While there is little
reason to believe that the physical durability of nets with new active ingredients will be different
than that of standard nets in the same context, understanding how long the active ingredients
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are effective on these nets is important. For these new types of nets, it will most likely suffice to
monitor chemical and bioassay aspects (see below).

In general, PMI will not support durability monitoring of products for which data have already been
collected in-country. If a country has carried out multiple rounds of durability monitoring in the past, the
country team should engage the NMCP and other stakeholders to determine what questions remain for
the country and to justify additional investment of resources. PMI recommends either monitoring one
type of net in two locations or two different nets in similar settings. It is not recommended to
concurrently monitor more than two net types nor undertake monitoring at more than two sites.

Standard Durability Monitoring (“Tier 1”)

ITN durability monitoring consists of four outcomes: attrition, physical integrity, insecticidal activity and
insecticide content. Each outcome should be measured at baseline (within six months of distribution)
and then annually for three years. Attrition and physical durability can be reasonably measured in a
cohort sample of 250 marked nets. With this sample size, using 15 clusters of 10 households each where
all nets are marked in selected households, countries will be able to detect approximately 20% variation
in performance among products over a three year period, equivalent to approximately plus/minus 6-7
months of median net lifespan.

Measurement of insecticidal activity (both bioassays and chemical content testing) at baseline, 12 and
24 months should be done on nets from outside the main cohort of ITNs being monitored and at 36
months from the main cohort, whereby 30 nets are taken from the field for laboratory testing each year
for three years. Nets collected at the baseline, 12 and 24 months may be identified through one of two
methodologies, either: a) random selection from outside the study cohort; or b) tagging a separate
bioassay net cohort at baseline. Each methodology has pros and cons and should be selected based on
what is most appropriate within the country specific context. The nets taken from the field will need to
be replaced by new nets. See Entomological Monitoring chapter for more information on bioefficacy

monitoring of ITNs.

Streamlined Durability Monitoring (“Tier 2”)

In countries that have previously conducted durability monitoring on pyrethroid-only nets and are
deploying new types of nets, PMI does not recommend another round of full durability monitoring, but
rather monitoring focused on insecticide effectiveness (i.e., bioassays and chemical testing). This
streamlined monitoring is expected to have a lower budget than the full durability monitoring package
as the cost would be driven primarily by bioassay and chemical testing costs, plus the cost of net storage
(for analysis in future rounds) and net replacement. Training could be targeted and remote, focused on
a small core country study team. Fieldwork could be undertaken more quickly and with fewer personnel.
Analysis would be led by in- country teams with remote support, if required. Note that a cohort would
still be established at baseline to ensure that appropriate nets are sampled.
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The activity should include, at a minimum:
- Data collection at two sites
- Collection of 45 nets per site, per time point (baseline, 12, 24, 36 months) for bioassays and
chemical testing
- Physical integrity assessment conducted in a lab setting on frame (rather than hole counting in
the field) before destructive sampling for bioassays and chemical testing
- Streamlined questionnaire [template forthcoming]

Chemical testing should be conducted at CDC or another qualified laboratory. If analysis of insecticidal
content is to be done at CDC, engage your respective country entomology backstop to coordinate.
Please consult with the PMI VMCT for further details.

If your country team has identified specific issues with ITN quality, please contact your PMI HQ
Operational and Entomology Leads and Supply Chain Team backstops, who can help determine
whether post-market surveillance may be most appropropriate for the country context and concerns.

Interpretation and use of the results of ITN monitoring

WHO has provided clear cut-off points for WHO cone tests. Nets are considered effective if they cause
>80% mortality or >95% knockdown in the WHO cone test. For nets that fall below these criteria, WHO
recommends the use of the tunnel test to assess feeding inhibition caused by sub-lethal doses of
insecticide. Nets are considered effective if they cause >80% mortality or >90% blood-feeding inhibition
in the tunnel test. However, capacity to conduct the tunnel test is not currently present in most PMI
countries. Therefore, as an alternative, nets are considered minimally effective if they cause >50%
mortality or >75% knockdown in the cone test. If less than 80% of nets are minimally effective at any
given time point, the ITN product should be replaced. Note that these alternative criteria may not be
adequate for novel insecticides such as chlorfenapyr and PMI now recommends that countries develop
capacity for the tunnel test.

Criteria for attrition and physical durability are less established but recent guidelines have been
presented by the WHO Vector Control Advisory Group and the WHO Malaria Policy Advisory Committee.
Nets should be considered in need of replacement if they have at least 1000cm? of damage (i.e., 642
pHI) (regardless of assumptions of shape of the hole). Population level survivorship curves can then be
fitted to estimate an optimal replacement cycle.

Results of ITN monitoring can be used:

e To determine the median ITN life in a country and understand factors affecting attrition and ITN
performance

e To inform improved procurement practices to ensure that ITNs bought provide as optimal
performance as can be expected
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e Toinform countries to develop effective SBC to promote net care behaviors
e To provide information to WHO/PQ and manufacturers on the durability of different ITNs under
different conditions to improve products and their specifications

Durability monitoring results can help PMI identify when an ITN product does not meet acceptable
standards for integrity and insecticidal effectiveness. However, durability monitoring studies are not
powered to determine if one product is significantly superior in quality to another and thus results
should not be used to justify preference for procurement. PMI teams should explain this carefully to
NMCP and malaria partners when results are presented. Guidance documents on what levels of ITN
attrition, physical damage, and bioefficacy would constitute poor performance, and actions to be taken
in response are posted on www.durabilitymonitoring.org.

Frequently Asked Questions for ITNs

Q1. What are the side effects of insecticides used on ITNs?

A. The insecticides currently available for use on mosquito nets have low human toxicity (i.e., they are
safe enough that a baby sucking on a net would not be harmed). That said, the ‘alpha-cyano’ pyrethroids
such as deltamethrin or alphacypermethrin, can cause some irritancy on the skin or mucosal
membranes when nets are first removed from their protective packaging. Workers assisting with mass
campaigns who open and distribute many nets in a short timeframe report skin, eye, and nose irritation.
Although this is temporary, they should not continue working directly with the ITNs. Countries may also
choose to advise recipients of new ITNs to let the net air out for a day before using. Permethrin does not
have the problem of potential irritancy and is therefore the active ingredient in shampoos marketed for
lice and flea control, and the pyrethroid used for treating clothes, blankets etc.

Q2. What are the environmental procedures and assessments that need to take place in order for ITNs
to be procured and distributed with PMI support?

A. Insecticides used in ITN products are thoroughly evaluated in USAID’s Integrated Vector Management

Programs for Malaria Vector Control: Programmatic Environmental Assessment (PEA)®3; the PEA is

routinely updated and the 2017 version is available on pmi.gov. The PEA found that ITNs show a low risk
for negatively impacting human and environmental health. The PEA recommends the use of appropriate
best management practices to avoid potential human contamination, and SBC on appropriate use during
distribution efforts.

Q3. Can PMI support ITN distribution in emergencies and other special circumstances?

63https://www.pmi.gov/docs/defauIt-sou rce/default-document-library/tools-curricula/integrated-vector-management-
programs-for-malaria-vector-control-programmatic-environmental-assessment-2017.pdf?sfvrsn=5
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A. Perhaps. From time to time, PMI teams may be approached to support procurement of ITNs for
separate, targeted distribution rather than as part of mass campaigns or routine distributions as
programmed in the MOPs, or that are scheduled in national ITN strategic plans. Examples include
distribution to refugees, communities affected by outbreaks such as Ebola or by flooding, and other
special populations. In the context of a humanitarian emergency or other urgent public health situation -
including a global pandemic - combining ITN distribution to a targeted population with other planned
public health campaigns (i.e., IRS or immunization campaigns) may be a feasible distribution strategy.
See the new section on Malaria in Humanitarian Settings. In addition, NMCPs and partners may express

interest in geographically-focused campaigns that integrate ITN distribution with those of vaccinations
and other services. All have substantial logistical, funding, policy and strategic implications that could
impact — positively or adversely — attaining both NMCP and PMI objectives. Please consult with the PMI
VMCT team if a special circumstance should arise.
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INDOOR RESIDUAL SPRAYING

*New/Key Messages*

Selection and Rotation of Insecticides: Insecticides used for IRS should be preemptively rotated
between classes about every two years. SumiShield 50 WG and Fludora Fusion both belong to the
neonicotinoid class of insecticides, and thus switching between these two products does not constitute
an insecticide rotation.

Special Considerations for Deployment of Fludora Fusion: While the use of Fludora Fusion does not
need to be restricted in areas with deltamethrin resistance, it is not recommended for co-deployment in
areas where deltamethrin-containing (standard or PBO synergist) ITNs have recently been or will be
distributed.

New IRS Insecticide Procurement Policy: With two clothianidin-based products now WHO PQ-approved
and available for PMI procurement (FludoraFusion and SumiShield 50 WG) PMI seeks to promote
competition and a balanced market. To that end, no more than 66% of a procurement with a minimum
volume threshold of 10,000 units, should go to one manufacturer, assuming two manufacturers are in
the market. Exceptions may be made, in consultation with the HQ VMCT, based on country level data
and context, such as resistance and efficacy data, product registration, co-deployment with new nets,
etc.

Introduction

Indoor residual spraying (IRS) involves the spraying of residual insecticide on the inside walls of houses
prior to peak malaria transmission. It is designed to interrupt malaria transmission by either killing adult
female mosquitoes when they enter houses and rest on the walls after feeding or by repelling
mosquitoes from entering houses. IRS has helped to greatly reduce or eliminate malaria from many
areas of the world, particularly where the mosquito vectors feed and rest indoors and where malaria is
seasonally transmitted. As a best practice, PMI recommends that IRS campaigns should occur just before
the peak of the transmission season, in order to provide the highest impact.

Successful IRS depends on the use of an insecticide that kills the local malaria vector(s) and the quality of
spraying. Unfortunately, IRS successes are now being jeopardized by the spread and intensification of
insecticide resistance. According to WHO, mosquito resistance to at least one class of insecticides has
been reported from 68 countries with ongoing malaria transmission. PMI’s own entomological data
shows evidence of insecticide resistance to one or more classes of insecticides in all PMI-supported
countries in Africa. While the majority of PMI-supported countries relied on pyrethroids for IRS in the
early years of PMI, because of documented pyrethroid resistance, no PMI-supported IRS programs have
used pyrethroids since 2015.
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Insecticide Selection

The choice of which insecticide class (or compound) to use in a particular setting should be made with

expert consultation, including PMI HQ Operational and Entomology Leads, implementing partners, and

in-country technical working groups during the planning period for spraying at least eight months

before the spray campaign to allow adequate time for procurement, delivery, and receipt of insecticide.

All decisions about the choice of insecticide should be done in consultation with the NMCP. PMI has

specified the following factors that should be considered in the choice of insecticide class: vector

resistance, duration of efficacy, and cost. The choice of insecticides that can be used for IRS is limited.

Each has its own advantages and disadvantages as outlined in the following table.

Table. Advantages and Disadvantages of IRS-Recommended Chemical Classes

Chemical class Advantages Disadvantages Cost/sachet or sachet
equivalent
Pyrethroids ® Low toxicity ® Resistance $2-3
® Low cost ® Used in majority of ITNs
® >7 months duration for longer-
lasting formulations
Carbamates ®  Medium toxicity ®  Higher cost $11*
® Lessresistance ® <4 month duration****
Organophosphates** ® Less resistance ® Higher relative toxicity $16
® CSformulation >6 months ® Higher cost
duration****
Organochlorines (DDT)*** |@  Low cost ® Management costs $4-56.70
® >7 months duration ® Resistance
® Supply
Neonicotinoids** ® Less resistance e Higher cost $14.50
® Residual efficacy up to 10
months

*The number of structures sprayed per bottle/sachet is approximately equivalent for all insecticides, however, the short
residual life of current WHO-recommended carbamate formulations means that in areas of year-round transmission, two
rounds of spraying are required, effectively doubling the price of carbamates.
**Currently all PMI-supported spray programs utilize the organophosphate and/or neonicotinoid classes of insecticide.
*** DDT does not currently have a WHO PQ recommendation
**x*Residual duration depends highly on the surface type.

It should be noted that not all the chemicals listed in the table above are currently being produced by
WHO pre-qualified manufacturers. In fact, only one each of the carbamate and organophosphate classes

are produced by WHO pre-qualified manufacturers (bendiocarb and pirimiphos-methyl, respectively).

There are no organochlorines produced by WHO pre-qualified manufacturers. PMI can only procure
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insecticides from WHO pre-qualified manufacturers. The updated PQ list can be found at:
http://www.who.int/pg-vector-control/prequalified-lists/en/.

The five classes of insecticides for IRS in the table are neurotoxins that paralyze and subsequently kill the
insect. The oldest of these, the organochlorine class to which DDT belongs, came into widespread use in
the 1940s. The mode of action of the organochlorines, like that of the pyrethroid class developed in the
1970s and 80s, is on the insect neuron sodium channel, keeping it open and therefore preventing the
nerve impulse to recharge. Carbamates and organophosphates inhibit acetylcholinesterase, an enzyme
in insects and humans that terminates the action of the excitatory neurotransmitter (acetylcholine) at
nerve synapses. Carbamates bind loosely and reversibly to acetylcholinesterase, whereas the
organophosphates bind more strongly. The most recent class to receive a recommendation by WHO PQ
for IRS are neonicotinoids. These nicotine-like compounds mimic acetylcholine, tightly binding the
acetylcholine receptor to cause high levels of activation and overstimulation. Neonicotinoids are slow-
acting insecticides that cause mosquito mortality at 72 hours, rather than the typical 24 hours observed
for other classes. This delayed mortality requires extended residual efficacy monitoring, which can be a
challenge in some countries. Another potential new class (making it the sixth class) of public health
pesticide, the pyrroles, is currently registered by the U.S. Environmental Protection Agency for some
indoor uses (e.g., commercial kitchens). Pyrroles are not neurotoxins, but act by disrupting
mitochondrial ATP production, leading to cellular death and eventual insect mortality. One member of
this class, chlorfenapyr, has been evaluated by the WHO for use on ITNs, and may be evaluated for use
in IRS in the future.

The newest IRS insecticide on the market is Fludora Fusion, a combination insecticide containing
clothianidin + deltamethrin. Data from Bayer, the manufacturer of Fludora Fusion, show that there is a
complementary effect between the two insecticides and the formulation is designed so the mosquito
comes into contact with both insecticides at the same time. Results from 19 field trials, including six
WHO trials, indicate the product is expected to have a long residual life, similar to SumiShield 50 WG 50
WG and Actellic CS. Fludora Fusion trial data also indicates it to be effective in areas with deltamethrin
resistance; as such, the PMI VMCT does not believe it is necessary to restrict the use of Fludora Fusion in
areas with deltamethrin resistance. However, it is not recommended that Fludora Fusion be co-
deployed in areas where deltamethrin-containing (standard or PBO synergist) ITNs have recently been
or will be distributed.

The WHO-specified duration of effective action in Table 1 largely corresponds to results from WHO
supported trials. However, PMI’s operational experience has generally demonstrated effective action for
the longer-lasting OP (pirimiphos-methyl CS) of at least six months on cement, mud, and wood surfaces
in most countries. Operational experience to date with bendiocarb in most cases has not demonstrated
effective action beyond 3-4 months, with residual activity of only 2-3 months on mud surfaces reported
in five countries. However, a number of PMI focus countries in Southern Africa, West Africa and Ethiopia
have shown significantly shorter residual life for several insecticides, with approximately 1-2 months
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residual efficacy for bendiocarb and 2-3 months for pirimiphos-methyl CS. PMI began rolling out
SumiShield 50 WG 50 WG in 2018 and to date it has been used for IRS in 13 countries, with. current data
indicating a long residual life, ranging from 6 to 9 months. PMI began deploying Fludora Fusion for IRS
in 2019 and to date it has been used for IRS in 14 countries.

Rationale for introducing an insecticide rotation

There are now sufficient data from control programs in both public health and agriculture to state that
using carefully chosen rotations of insecticides (switching classes each round), mosaics (the spraying of
one compound on some surfaces and another compound on other surfaces), or mixtures of insecticides
(analogous to combination therapy for drugs, using two insecticides on the same surface) work well in
slowing down the rate at which operationally significant levels of insecticide resistance will be selected.

t® recommends rotations, mosaics, and

The WHO Global Plan for Insecticide Resistance Managemen
mixtures to slow selection of resistant vectors. As there are now multiple, similarly-priced insecticide
formulations available for IRS, PMI supports subnational rotation between insecticides with
susceptibility, to the greatest extent possible. As a practical option to manage buffer stocks, it may be

possible to spray some districts with insecticide A, and others with insecticide B, and switch.

PMI strongly supports the phased implementation of insecticide rotations. The WHQO’s Global Plan for

t® recommends that in areas where IRS is the primary form of vector

Insecticide Resistance Managemen
control, the insecticide used should be preemptively rotated between classes annually. Cross-resistance
patterns between insecticides can be complex, but as a general rule, insecticides that share a common
target site should not be rotated back-to-back. An ideal rotation would deploy insecticides with different
modes of action rotated annually, however for practical purposes, rotating about every 2 years should
suffice. Preemptive rotations are likely the best way to prolong susceptibility and maximize the long-
term cost effectiveness of insecticides. However, there are operational challenges to fully implementing
the recommendations of the Global Plan for Insecticide Resistance Management. In particular, there are
limited, albeit a growing number, of options for non-pyrethroid, long-lasting insecticides. In addition,
guestions remain regarding how successful rotations will be in mitigating the development of resistance,
or promoting the return of susceptibility in resistant populations. Therefore, as countries conduct
preemptive rotations, the effects of insecticide rotation on insecticide resistance profiles should be
closely monitored and evaluated. Country teams should engage the PMI VMCT Operational and
Entomology Leads to discuss insecticide resistance management plans, including pre-emptive rotation
of insecticide, to appropriately consider needed monitoring and support.

64 http://apps.who.int/iris/bitstream/10665/44846/1/9789241564472_eng.pdf
65 http://www.who.int/malaria/publications/atoz/gpirm/en/
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It should be noted that SumiShield 50 WG and Fludora Fusion both belong to the neonicotinoid class of
insecticides, and thus switching between these two products does not constitute an insecticide rotation
as described above. Please note the following guidance on the selection and rotation of clothianidin
insecticides for IRS:

e If neonicotinoids are selected for deployment in a country’s spray campaign, then Fludora
Fusion and SumiShield 50 WG should both be deployed in a country’s IRS campaign each year to
maintain market stability unless local data shows clear differences in either 1) residual efficacy,
or 2) other factors that have the potential to reduce the relative impact of one of the
insecticides .

e If country-specific data are currently available for only one or neither product, it is
recommended that both Fludora Fusion and SumiShield 50 WG be procured and evaluated in a
single spray campaign to determine any local differences in residual efficacy, acceptance, or
other relevant factor, which are critical to inform future procurements.

New IRS Insecticide Procurement Policy

With two clothianidin-based products now WHO PQ-approved and available for PMI procurement
(FludoraFusion and SumiShield 50 WG) PMI seeks to promote competition and a balanced market. To
that end, no more than 66% [within a class, assuming] of a procurement with a minimum volume
threshold of 10,000 units, should go to one manufacturer, assuming two manufacturers are in the
market. Exceptions may be made, in consultation with the PMI VMCT Operational and Entomological
Leads, based on country level data and context, such as resistance and efficacy data, product
registration, co-deployment with new nets, etc. Currently, the price for both clothianidin-based
products is identical, thanks to the agreement negotiated at the end of the UNITAID funded NgenlIRS
Project. However teams should note that freight costs are not identical and will vary due to the location
of the manufacturing facility and the product weight (Fludora Fusion is a 100 gram sachet and
SumiShield 50 WG is a 150 gram sachet). Also note that there may be slightly higher logistics costs for
the implementing partner, in order to administratively process, clear, and transport multiple shipments.

Key Issues

The IRS technical guidance below is organized by key issues, and addresses how best to implement IRS in
the most cost-effective manner in different epidemiological settings. These issues are intertwined and
should be considered together. Additional technical and programmatic resources regarding IRS can be
found on the PMI website. For additional information on the combination of IRS and ITNs, please see the
Vector Monitoring and Control chapter of the PMI Guidance. Another excellent source of information
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on IRS strategy, management, and operational issues such as the safe use of insecticides and spray
application guidelines, is the June 2015 WHO Manual on Indoor Residual Spraying.®®

Key issue 1: IRS in various epidemiological settings

e Historically, PMI prioritized support for IRS in areas with seasonal malaria, but with longer
lasting insecticides available, PMI also supports IRS in perennial transmission settings as a means
to rapidly reduce malaria transmission.

e PMl does not support IRS as an epidemic prevention measure in areas that may experience a
malaria outbreak, followed by long periods without transmission. PMI also does not support IRS
as an epidemic response measure. In most cases, the logistics and lead time for IRS is too
lengthy to allow for rapid response, and often epidemics are over before IRS can be
implemented.

e PMI does not typically support IRS in urban settings. However, IRS may be justified once local
transmission is confirmed with entomological data, if there are unique circumstances (e.g.,
delayed LLIN distribution, sudden population shift, or hotspot identified) that can justify IRS, and
if urban housing conditions allow for anticipated access with high levels of acceptance among
urban community dwellers. When country teams are selecting new spray areas, for example
because a decision has been made to expand or retarget the program, epidemiological data
should be taken into consideration and the PMI VMCT Operational and Entomological Leads
should be consulted.

Key issue 2: Targeting IRS and blanket versus focal application of IRS

IRS programs should aim for 100% coverage of all eligible structures in the area (sub-district, district,
region, or other administrative unit) to be sprayed, although WHO guidelines state that coverage above
85% is sufficient to produce a community effect. After an area is selected for spraying, there are two
ways to implement IRS: blanket spraying and focal spraying. Whereas blanket spraying is defined as the
spraying of all houses within a targeted area (e.g., entire provinces or districts), focal spraying is defined
as the spraying of living structures within selected, discrete geographic areas within an area targeted for
IRS activities, based on epidemiologic or ecological parameters. Focal IRS requires precise
epidemiological, environmental, and entomological information on households within an area. The goal
of focal IRS is typically to cover epidemiological “hotspots,” which can be defined as a town, village, or
geographic area that experiences regular seasonal increases (and thus not defined as an outbreak) in
confirmed malaria cases or transmission activity in comparison to surrounding areas. This could be due
to the proximity of mosquito breeding sites, variations in housing structure, particular resident
behaviors, etc. Therefore, the scale of selection is much finer than that determined by an administrative
or political boundary, while also being independent of such boundaries.

66 http://www.who.int/malaria/publications/atoz/9789241508940/en/
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IRS should be targeted based on malaria disease burden and/or community parasite prevalence,
malaria seasonality/epidemiological setting, population density, vector behavior and resistance
status, and the presence of other interventions, particularly ITNs, and the presence of
ecologically sensitive areas (i.e. organic farming or rivers, streams or wetlands). Stratification of
the country can facilitate the decision-making process and assist countries in determining areas
most suitable for spraying.

Although focal IRS should theoretically decrease cost while maintaining impact, implementing it
requires significantly more data collection, analysis, planning, and logistics than blanket
spraying. Focal spraying would only be appropriate in countries where epidemiological data are
sufficiently granular to accurately target sub-district areas for spraying. Inaccurate targeting of
focal IRS can waste significant resources and leave high-transmission areas unprotected.

If a country has already decided to re-evaluate the scope of its IRS program (i.e., shift from
blanket spraying to focal spraying), care must be taken to ensure that newly targeted spray
locations are selected in an evidence-based manner and that the localities targeted for IRS with
focal spraying are large enough to achieve some level of public health impact. The PMI VMCT
Operational and Entomological Leads should be consulted to help with these decisions.

From 2015-2018, PMI conducted operational research in Zambia to assess the effectiveness and
cost implications of focal spraying using three different targeting strategies: 1) Geographic
concentration (i.e. density of structures), 2) Health facility-based (i.e highest burden areas based
on HMIS), and 3) Ecological (i.e. breeding sites identified by entomological studies). Study results
found that ecological targeting was associated with a 13% reduction in malaria incidence
compared to geographic targeting, while health facility targeting was associated with a 35%
increase in malaria incidence compared to geographic targeting. Given these results and the
further study that’s needed, countries that have not already initiated focal spraying should
not plan to do so given the uncertainties.

Key issue 3: How long to spray and withdrawal of IRS

IRS should only be implemented as part of a long-term vector control or malaria elimination
strategy.

When new spray areas are being considered, areas of high transmission that require only one
spray round per year to cover the majority of the transmission season, should be prioritized.
While some countries use IRS-withdrawal thresholds of “after 3 years of implementation or
reduction in burden by a certain level”, there is no universally accepted threshold that can be
used to determine if a country can withdraw IRS. IRS withdrawal is often influenced by political
or financial decisions, or the introduction of new interventions (i.e. PBO synergist and dual
active ITNs); both the epidemiological and entomological context should be factored in when
considering IRS withdrawal.
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Since IRS is typically implemented in the highest burden areas, we expect to see malaria
transmission reduction in these areas, while other areas that previously had less transmission
will now appear to have higher transmission relative to the initial area that is now protected
with IRS. Thus, these expected changes should not automatically lead to discussions on how to
move the IRS from one area to another.

If IRS is withdrawn, it should be in the context of a malaria elimination plan or as part of a
malaria control program using a “knock-down/keep-down” strategy (i.e. IRS is used to reduce or
“knock-down” the malaria burden, and then effective ITNs (based on insecticide resistance data)
are used to maintain or “keep-down” the burden), ensuring universal high ITN coverage.
Ensuring the population is covered with an effective ITN, which in many cases may require next-
generation ITNs, is a critical component of any IRS withdrawal strategy, as an increase in malaria
burden when withdrawing IRS is expected. In addition, IRS should only be withdrawn if adequate
access to malaria case management has been achieved in that area.

To date, all PMI countries with IRS programs have withdrawn IRS from one area (i.e. district),
and moved to another area, with varying levels of entomological or epidemiological rebound. If
IRS will be withdrawn from an area, PMI recommends developing an IRS Exit Strategy with the
NMCP, to document various considerations for removing IRS from an area, and incorporating
recommendations and suggested partners for implementation. Considerations include: timing of
a mass ITN distribution campaign, and the possibility of utilizing continuous distribution
channels or new types of ITNs, if appropriate in the former IRS area.

If IRS is to be withdrawn because of resource constraints or a shift in a country’s IRS targeting
strategy, countries should ensure clear SBC messaging, high ITN coverage and use, strengthen
malaria case detection and response systems, and closely monitor ACT and RDT stocks. It is
prudent to expect and plan for an increase in malaria cases following the withdrawal of IRS.
Additional commodities may be needed in the former IRS targeted areas, and entomological
monitoring should be continued to monitor the impact of withdrawal on the vector population.
If IRS is the main form of vector control in an area, it should continue to be implemented even
as transmission drops.

The country team should consult with the PMI VMCT Operational and Entomological Leads when

making changes to the country’s vector control/IRS strategy, and collaborate to submit adequate

documentation to PMI leadership to justify the change in strategy, as needed.

Key issue 4: Costs of IRS implementation

According to the PMI VectorLink Project cost analysis of IRS programs in 2019, in the majority of PMI-

supported countries, insecticide costs average 26% of the IRS budget, depending on the insecticide class

used. The three largest cost categories were spray operations (38% of all costs), insecticide (26% of all

costs), and local labor (22% percent of all costs), constituting an average of 86% of all costs. Based on

results from 2019 PMI-funded spray campaigns, the average cost per person protected was $6.19 (range
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from $3.35 to $15.56) and the average cost per structure sprayed was $21.86 (range $10.78 to $45.43).
There is considerable variation in the cost of IRS in PMI-supported countries based on factors such as

program scale, cost of local labor, etc.

For FY 2022 MOP planning and beyond, PMI country teams, together with NMCPs, should

consider IRS programs in the context of the current resource allocations for vector control
interventions from all sources, given the malaria burden, insecticide resistance profile, and
actual program expenditures in each country, and make changes in upcoming years where
necessary.

Key Issue 5: Monitoring and Evaluation of IRS

All PMI-supported vector control programs should collect entomological data for data-based
decision making, and for inclusion in the PMI/headquarters entomology database. See the
Entomological Monitoring chapter for suggested indicators.

PMI country teams are encouraged to support routine epidemiologic monitoring, including
some measure of disease burden, in areas with PMI-supported IRS activities as a means of
tracking malaria trends that will help guide policy decisions (e.g., scaling down, suspending
spraying, or moving from blanket to targeted spraying).

PMI recommends the use of existing routine health facility data for epidemiologic surveillance in
IRS areas. Questions about the timing of spraying, whether a single round of spraying per year is
sufficient to cover the entire transmission season, and/or the need to change from one
insecticide or formulation to another are probably best answered by a review of routine
entomological data from the area being sprayed.

PMI supports the spraying of sleeping structures, and generally does not support IRS in non-
sleeping spaces, such as latrines, fowl runs, grain storage, or animal shelters. If a country’s
national policy is to spray non-sleeping spaces in their IRS program, and the country would like
PMI to support this, sufficient entomological evidence, including molecular identification of
malaria vectors in these non-sleeping structures, must be documented in order to justify the
added cost of extending spraying to these additional structures with PMI resources. Please
engage the PMI VMCT Operational and Entomological Leads for further clarification.

Key issue: New types of nets and IRS

There is little information on the use of new types of nets in areas where IRS is being conducted.
In Tanzania, there was limited benefit found from the combination of Olyset Plus (PBO net) and
annual Actellic IRS treatments.

Additionally, some IRS insecticides, such as pirimiphos-methyl, are pro-insecticides, meaning
they require a transformation of the product to become insecticidal. This occurs in the
mosquito, usually an effect of oxidases. If PBOs inhibit oxidases, they may result in a decrease of
the effectiveness of pro-insecticides. While further work is needed to understand whether this
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effect results in challenges for co-implementation, this should be considered when choosing
interventions.

e Generally, co-deployment of new types of nets (PBO synergist and dual insecticide ITNs) and IRS
should be considered for use in the same areas only if there is unequivocal evidence of
increased vector and disease suppression, and sufficient vector control is in place in the rest of
the malarious areas in the country. In most instances, OR/PE will be required to generate this
evidence. Country teams that plan to support co-deployment of IRS and new-types of nets
should engage the PMI VMCT for further guidance.

Frequently Asked Questions for IRS

Q1. What is PMI's role in ensuring the quality of insecticides used in IRS?

A. As noted earlier, PMI procures insecticides from manufacturers who are pre-qualified by WHO.
Typically, insecticides will arrive in-country with quality assurance documents from the manufacturer.
However, to ensure due diligence, PMlI requires its IRS partner to conduct independent, pre-shipment
quality control evaluations. In countries where PMI conducts IRS but the insecticide was not procured by
PMI, quality assurance testing must still be undertaken by PMI prior to use. Quality control testing of
insecticide can be conducted at a number of qualified laboratories; please discuss with the PMI
Headquarters IRS Technical Team for more information.

Q2. Is there any level of resistance that would cause us to stop IRS?

A. Yes. If confirmed resistance, as defined by the WHO guidelines, were detected to all available IRS
insecticides, we would discontinue IRS. At present, there are only a few reports from West Africa where
the vectors are resistant to four of five classes of insecticide (but not necessarily all active ingredients in
each class). Therefore, we should choose an insecticide that works, not just for transmission reduction,
but also as a strategy to help manage resistance, remembering that the ITNs themselves can select for
resistance.

Q3. Does PMI use DDT in its spray programs?

A. No, not currently. In select countries, PMI has supported IRS with DDT starting first in 2006, but the
emergence of high levels of DDT resistance has limited its use, and no PMI-supported IRS program has
used DDT since 2012. Furthermore, there are issues regarding the supply of quality DDT. PMI will
continue to provide technical assistance on the use of DDT where there is an approved supplemental
environmental assessment (SEA) in place and when appropriate given susceptibility profiles, ensuring
always that appropriate safeguards are in place to prevent leakage into the agricultural sector and
mechanisms for safe disposal of unused DDT and DDT-contaminated materials exist. These additional
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safeguards are costly, and the supplemental environmental assessments for DDT should be initiated
at least one year prior to use and require yearly revisions. Any country using DDT for IRS should have
signed and be in compliance with the Stockholm Convention for use of DDT®’, including the requirement
of prior notification of intent to use. For more information on the use of DDT in IRS programs, refer to
the WHO position statement revised in 2011.%®

Q4. Who is responsible for monitoring human and environmental safety measures for IRS?

A. It is the shared responsibility of in-country PMI team members (particularly the Activity Manager of

the Vector Control partner), the Mission Environmental Officer, and the IRS Contracting Officer’s
Representative (COR) team to monitor environmental compliance and human safety. An independent
environmental assessment should be conducted every three years through the Environmental
Compliance Support (ECOS) mechanism. Countries should allocate ~$45,000 for this assessment. If a
country has documented repeated significant environmental deficiencies through the IRS implementing
partner’s internal systems, an external monitoring visit may need to be conducted sooner than every
three years. This determination should be made in consultation with your VMCT Operational Lead.

Attention should be directed to ensuring that:

e Mitigation measures listed in the Safer Use Action Plan of the environmental assessment are
being addressed

e Strict insecticide unit accounting methods are in place to prevent leakage

e RS contractor(s) complete environmental compliance visits, and include findings in End of Spray
Reports

The PMI Best Management Practices for IRS®® manual was revised in 2020 and contains checklists for
field evaluations to assist PMI managers and IRS implementing partners in monitoring compliance
efforts. In addition, PMI through the PMI AIRS project has developed several supervisory tools and
checklists.”®

Q5. How do | comply with USG Regulation 216 if asked to support non-PMI financed IRS operations?
A. USAID has historically interpreted “the procurement or use of pesticides” clause under Reg. 216 to

mean both direct and indirect forms of support (e.g., disposal of pesticides, provision of fuel to transport
pesticides, technical assistance to pesticide management, etc.). This clause is of particular importance

67 http://chm.pops.int/Home/tabid/2121/mctl/ViewDetails/EventModID/7595/EventID/447/xmid/7598/Default.aspx
68 http://www.who.int/malaria/publications/atoz/who_htm_gmp_2011/en/

69https://www.pmi.gov/docs/defauIt-sou rce/default-document-library/tools-curricula/2020-bmp-manual-revision-final-3-16-
20-sxf-(2).pdf?sfvrsn=2
70 http://www.africairs.net/wp-content/uploads/2012/08/AIRS-Supervisory-Toolkit.pdf

63


http://chm.pops.int/Home/tabid/2121/mctl/ViewDetails/EventModID/7595/EventID/447/xmid/7598/Default.aspx
http://www.who.int/malaria/publications/atoz/who_htm_gmp_2011/en/
https://www.pmi.gov/docs/default-source/default-document-library/tools-curricula/2020-bmp-manual-revision-final-3-16-20-sxf-(2).pdf?sfvrsn=2
https://www.pmi.gov/docs/default-source/default-document-library/tools-curricula/2020-bmp-manual-revision-final-3-16-20-sxf-(2).pdf?sfvrsn=2
http://www.africairs.net/wp-content/uploads/2012/08/AIRS-Supervisory-Toolkit.pdf

for PMI because (1) as host-country capacity grows for IRS, PMI’s role will likely shrink, and (2) as more
countries prioritize IRS as a key component of malaria control, funds from other donors, the private
sector, and NGOs will be used for IRS, and PMI may be called upon to play a more limited role, such as
provision of technical assistance and supervision, etc.

In all cases, PMI-supported countries must document the specific actions a USAID Mission/PMI program
is proposing to support in the form of a new SEA or an amendment to the existing SEA. The SEA or SEA
amendment should be shared with the IRS COR team, Mission Environmental Officer, and Global Health
Bureau Environmental Officer, who will collectively review and provide required clearances. Because
countries need to allow time for completion and approval of the more time-consuming SEAs, below are
illustrative lists of actions that must be included in a SEA or SEA amendment:

e Procurement, transport, storage, loaning, direct application, or disposal of insecticide

e Loaning of spray pumps or IRS related equipment (i.e., progressive rinse barrels)

e Provision of direct supervision

e Providing payment for spray personnel or fuel to transport insecticide

e Procurement of personal protective equipment

e Hosting/co-hosting training for spray operators, trainers, supervisors, environmental compliance
inspectors, IEC mobilizers, and other technicians

Please contact the IRS COR Team for country-specific scenarios.

Q6. Can PMI support IRS operations in refugee and internally displaced persons (IDP)
camps/settlements?

A. Yes. PMI can support the direct implementation of IRS and/or provide technical assistance to other
entities conducting IRS in refugee and IDP camps/settlements, as long as the NMCP is supportive. Note
that not all refugee and IDP camp structures may be considered eligible for IRS, as non-permeable
tenting material may not absorb insecticide (see new guidance on Malaria in Humanitarian Settings).
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MALARIA IN PREGNANCY

*Key Messages*

With the release of the 2016 WHO ANC Guidelines, PMI country teams should work with NMCP
counterparts to revise national ANC policies to ensure the timing of ANC visits promotes optimal dosing
of IPTp, including an additional ANC contact at 13-16 weeks to ensure timely access to the first dose of
IPTp-SP. See below for further details and clarification.

IPTp3+ is now the primary indicator recommended by the RBM MERG. PMI recommends tracking both
IPTp3+ and IPTp2+ for MIP programming results. Additionally, PMI recommends collecting ANC4+ so
that IPTp “missed opportunities” can be tracked using IPTp3 and ANC4 indicators.

SP resistance monitoring should be included in all PARMA countries with no information on molecular
markers of SP resistance in the previous two years. In countries where TES is performed annually in
different sites, and depending on baseline levels of SP resistance, consideration should be given to
annual monitoring, as resistance markers can be quite focal. We encourage teams to discuss with the
MIP Working Group as needed for questions.

Please ensure sufficient support for functioning national MIP working groups including tracking capacity
and frequency of meetings.

Introduction

Each year, approximately 125.2 million women living in malaria-endemic countries, including 30 million
in Africa, become pregnant. For these women, malaria is a threat to both themselves and to their
babies, with an estimated 10,000 maternal and up to 200,000 newborn deaths each year as a result of
malaria in pregnancy. Pregnant women, particularly those in their first or second pregnancies, are
particularly vulnerable to malaria as pregnancy reduces a woman’s immunity to malaria, making her
more susceptible to malaria infection and increasing the risk of illness, severe anemia, and death. For
the unborn child, maternal malaria increases the risk of miscarriage, stillbirth, premature delivery, and
low birth weight - a leading cause of child mortality.

The impact of malaria infection on the health of the pregnant woman and her developing fetus depends
to a large extent on the level of malaria transmission in the region where she lives. In low-transmission
areas, women usually present with symptomatic malaria, which can result in severe illness for the
mother as well as the potential for premature delivery or miscarriage. In these areas, WHO recommends
the use of ITN by all pregnant women and prompt diagnosis and treatment with an effective
antimalarial. Intermittent preventive treatment in pregnancy (IPTp) is not recommended for pregnant
women living in areas with low levels of malaria transmission, such as in Asia or selected areas of Africa
(e.g., Ethiopia).

In contrast, women living in areas of sub-Saharan Africa with moderate to high levels of malaria
transmission may have asymptomatic infections during pregnancy, resulting in maternal anemia, which
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can have severe consequences for the fetus and newborn. Maternal anemia and the presence of
parasites in the placenta impair fetal nutrition, contributing to a range of negative pregnancy outcomes
including low-birth weight.

In areas with moderate to high levels of malaria transmission, WHO recommends a three-pronged
approach to reduce the burden of malaria infection among pregnant women:

e Intermittent preventive treatment of malaria during pregnancy
e Insecticide-treated nets
e Effective case management of malarial illnesses and anemia

PMI supports malaria in pregnancy activities through the antenatal care service delivery platform in
collaboration with NMCPs and Reproductive/Maternal Health Programs.

To facilitate this collaboration and to ensure improvements in delivery and uptake of IPTp, PMI
encourages countries to establish a national technical advisory body, such as MIP or ANC working
groups. Coordination with other infectious disease programs (including HIV) are also important
considerations for MIP services provided to pregnant women. For example, HIV infection lessens a
pregnant woman'’s ability to control malaria infections and placental infection with malaria parasites
doubles the risk of vertical transmission of HIV.:

Intermittent Preventive Treatment in Pregnancy

IPTp is the periodic dosing of a pregnant woman with a curative treatment of an antimalarial, regardless
of the presence of parasitemia, since placental infections may not be detected through standard
methods. Currently, the only WHO-recommended regimen is sulfadoxine-pyrimethamine (SP), which has
been shown to be safe and effective for use in pregnancy. The purpose is to clear (or substantially lower)
the parasites from the placenta and to provide protection against new infections during the course of
the pregnancy. This strategy has proven to be effective in preventing parasitemia and anemia in the
mother, and in increasing the birth weight, and thus the chances of survival, for the newborn.

Since more than 70% of pregnant women in Africa attend ANC at least once during their pregnancy, and
the vast majority of these women attend three visits, the provision of IPTp during ANC visits is an
effective way to ensure that a majority of pregnant women receive a minimum of three doses of IPTp
during pregnancy, provided that SP is given at each visit. PMI country teams should consider all possible
efforts to increase uptake of IPTp with SP at ANC after the first trimester in areas with moderate to high
transmission in Africa. IPTp should be incorporated into the routine ANC visit, and by definition, should
be provided to asymptomatic women without testing for malaria.

In October 2012, WHO revised its policy recommendations on IPTp-SP to call for administration of IPTp-
SP at each scheduled antenatal care visit starting as early as possible in the second trimester (13
weeks), provided that there has been an interval of approximately one month since the last dose of
SP.7%72 This change was made as a result of research demonstrating that providing IPTp at least three

"L WHO Malaria Policy Advisory Committee and Secretariat (2012). "Malaria Policy Advisory Committee to the WHO:
conclusions and recommendations of September 2012 meeting." Malaria Journal 11(1): 424.
72 http://www.who.int/entity/malaria/iptp_sp_updated policy recommendation en 102012.pdf
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times during the course of pregnancy is more effective at preventing the adverse effects of malaria in
pregnancy than providing only two doses of IPTp (absolute risk reduction for LBW was 33 per 1000 [95%
Cl, 10-52] for women receiving three or more versus 2 or less than two doses).”>747>

Current WHO IPTp Policy Recommendations

e In areas of moderate-to-high malaria transmission, IPTp with SP is recommended for all pregnant women at each
scheduled antenatal care visit starting as early as possible during the second trimester of gestation, provided these
visits are at least one month apart. Ideally, IPTp should be administered as directly observed therapy (DOT).

e SPcan be given either on an empty stomach or with food.

e  Folic acid at a daily dose equal or above 5 mg should not be given together with SP as this counteracts its efficacy as
an antimalarial.

e SPshould not be administered to women receiving cotrimoxazole prophylaxis.

WHO ANC Guidelines

The WHO ANC Guidelines, released in late 2016, call for a minimum of 8 contacts with a health
provider, with one contact during the first 12 weeks gestation, and subsequent contacts at 20, 26, 30,
34, 36, 38 and 40 weeks gestation. The ANC guidance also notes that “frequency and exact timing of
some of these ANC practices and interventions — especially related to malaria, tuberculosis and HIV —
may need to be adapted, based on the local context, population and health system.” As highlighted in
the RBM ANC brief, developed in close collaboration with WHO Reproductive Health and Global Malaria
colleagues, in malaria endemic areas, an additional visit at 13-16 weeks is recommended to allow for
early provision of IPTp. Ideally, this would mean that women would be given IPTp at each visit starting
from 13-16 weeks, provided that the last dose of IPTp-SP was at least 4 weeks prior, as follows:

Table. Adaptation of WHO Recommended ANC Contact Schedule to Include IPTp

Timing of Contact Dose #
1: Up to 12 weeks ITN provided
1a: 13-16 weeks IPTp-SP dose 1 (additional contact)
2: 20 weeks IPTp-SP dose 2
3: 26 weeks IPTp-SP dose 3
4: 30 weeks IPTp-SP dose 4

& Filler, S. J., P. Kazembe, et al. (2006). "Randomized Trial of 2-Dose versus Monthly Sulfadoxine-Pyrimethamine Intermittent
Preventive Treatment for Malaria in HIV-Positive and HIV-Negative Pregnant Women in Malawi." J Infect Dis 194(3): 286-293.
& Kayentao K, et al, 2013. Intermittent preventive therapy for malaria during pregnancy using 2 vs 3 or more doses of
sulfadoxine-pyrimethamine and risk of low birth weight in Africa: Systematic review and meta-analysis. JAMA 309: 594-604.

7% Diakite, O. S. M., K. Kayentao, et al. (2011). "Superiority of 3 Over 2 Doses of Intermittent Preventive Treatment With
Sulfadoxine-Pyrimethamine for the Prevention of Malaria During Pregnancy in Mali: A Randomized Controlled Trial." Clin Infect
Dis 53(3): 215-223.
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5: 34 weeks IPTp-SP dose 5

6: 36 weeks No SP, if last dose received <1 month ago
7: 38 weeks IPTp-SP dose 6 (if no dose in past month)
8: 40 weeks

When implementing these recommendations, care should be taken to preserve flexibility- i.e., it should
be made clear to providers that the 20-week visit can be conducted over a range of weeks, and not only
at exactly 20 weeks, and that IPTp can be given at each visit, provided that the woman is at least 13
weeks pregnant, and at least 4 weeks have elapsed since the prior dose was administered. In training
documents, one could consider highlighting that the visits should occur approximately monthly starting
at 26 weeks, with biweekly visits starting at week 34 until the end of pregnancy.

Due to the revised WHO policy of giving IPTp at every ANC visit starting early in 2~ trimester, the RBM
MERG has recommended tracking the percentage of women receiving the 3« dose (IPTp3). While PMI
has historically tracked the 2~ dose and will continue to do so to continue monitoring trends over time,
PMI will also track the 3« dose of IPTp (and potentially additional doses as well) as countries start
implementing the new policy.

Each dose of IPTp consists of three tablets of 500 mg sulfadoxine/25 mg pyrimethamine for a total dose
of 1500 mg sulfadoxine and 75 mg pyrimethamine. All three tablets should be provided together,
preferably under DOT at ANC, and may be given on an empty stomach. Co-administration of SP with
other sulfa drugs, such as cotrimoxazole (Bactrim), is contra-indicated, as this will increase the risk of
severe adverse events.

Women should receive IPTp each month starting in the 2~ trimester; there is no evidence of a negative
health impact for either the woman or baby associated with receiving more than three doses of IPTp
when doses are administered at monthly intervals. WHO recommends giving IPTp up to the time of
delivery; there is no need to withhold SP in the month prior to delivery.

In all cases where PMl is procuring SP, only those drug products that are either produced in facilities in
compliance with current Good Manufacturing Practices (GMP) as evaluated using International
Conference on Harmonization, WHO, or stringent regulatory authority (SRA) guidelines, or approved for
marketing by an SRA can be procured. In cases where countries are procuring SP themselves (i.e., not
PMI procured), either from a local manufacturing facility or internationally but from a source where the
quality standards and certification are unknown, teams should consider periodic testing of drug quality
to ensure that high quality drugs are being used.

In the case, however, where PMI funds will be used to support the storage, distribution and/or usage of
locally-sourced SP that has not been procured through PMI directly, the full consignment will be subject
to 100% batch testing before release. In a drug quality survey conducted by WHO, 33 out of 127 (26%)
samples of SP (from 25 batches, produced by 18 different manufacturers) were found non-compliant in
tests of the content of active ingredients, and in one study in Kenya, 45% of SP was found to be
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substandard. Depending on the manufacturer, SP has a reported shelf life of between 36 and 48
months.

Due to consistent demand and long lead times, PMI continues to look at options to improve
procurement processes for SP. Importation issues and registration policies continue to be key challenges
to ensuring access to SP in sub-Saharan African countries. The variety of SP presentations available for
procurement (i.e., numerous different-sized unit bottles and various blisters pack options) has added an
additional obstacle to the in-country registration processes, providing little incentive for manufacturers
to register any one product over another. PMI-supported countries should plan on longer lead times (8-
12 months) for SP commodity orders from quality-assured manufacturers and work with their in-country
supply chain technical assistance partners to obtain importation waivers, if necessary. Currently, there
are no WHO prequalified single-unit dose presentations of SP indicated for IPTp; PMI procures non-pre-
qualified SP from wholesalers. To ensure only good quality products are sourced from reliable vendors,
PMI continues to apply a robust QA/QC policy to every consignment of SP. Please refer to the
Sulfadoxine-Pyrimethamine and Lot Quality Assurance/Quality Control subsections within the
Commodity Procurement and Supply Chain Management chapters for more information.

In areas where IPTp-SP is currently being implemented, and transmission of malaria has been reduced
substantially, IPTp should be continued; at this time, it is not clear at what level of transmission
reduction IPTp should be abandoned as a strategy, and no alternate strategy has been demonstrated to
be more effective or more cost-effective. Caution should be exercised in recommending the cessation
of IPTp as a strategy, as there is not yet sufficient data from countries where transmission has fallen to
show that such gains are long-standing rather than transient.

Although in some areas, particularly in East Africa, high levels of SP resistance have been documented,
rendering SP ineffective as therapy for acute malaria infection, the available data suggest that there is
still a benefit of giving IPTp-SP, and WHO continues to recommend its use, irrespective of SP resistance.
Currently, there are no approved preventative treatment alternatives to IPTp-SP. WHO recommends
continuing with the existing platform using SP rather than stopping and restarting with a different

drug. At the present time, there is not enough evidence to recommend a wide scale policy change in
favor of IPTp with dihydroartemisinin-piperaquine (DP), and WHO has recommended additional
research to better understand the impact, safety, and operational feasibility associated with IPTp-DP,
which would need to be delivered as a treatment course over three days rather than as a single dose at
each ANC visit. PMI is supporting a study to further assess IPTp with DP in Malawi which has been
completed and data analysis is ongoing. In addition, a multi-country study (Tanzania, Kenya, Malawi)
funded by the European and Developing Countries Clinical Trials Partnership is expected to complete
participant follow-up at the end of 2020 and provide results in 2021 to definitively address this question.

Intermittent screening and treatment in pregnancy (ISTp), which involves screening with an RDT at
each ANC visit and treating only women who test positive, has been evaluated in East and West Africa,
and ISTp was not found to be superior to IPTp-SP even in areas with significant SP resistance. ISTp has
also been evaluated against IPTp in Indonesia, where IPTp was more effective, except in the lower
transmission setting, where IPTp was not significantly different from ISTp. In Africa, ISTp was associated
with more maternal clinical malaria episodes, and was more costly than IPTp-SP, and therefore is not
being recommended by WHO for use in any settings.
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Opportunities for Community-Based Programming

Although community-based delivery of IPTp with SP (c-IPTp) has not been approved by WHO, and WHO
recommends that IPTp be delivered at routine ANC visits, WHO does support exploring partnerships to
deliver some components of the proposed malaria prevention and control package to pregnant women
at the community level. As such, “...community health workers may be effective at promoting the use of
ANC services and ITNs and, with appropriate training and logistic support, could deliver IPT.”7®

Community MIP interventions appear to work best if community health workers/volunteers are
specifically taught to focus on both ANC and IPTp-SP. One option that has been shown to be effective in
improving IPTp uptake and ANC coverage is to promote IPTp and ANC attendance at community-level to
ensure that women visit the ANC to receive their IPTp doses. Few studies have assessed the effects of
community level delivery of IPTp-SP. These studies have shown mixed results with regard to ANC
attendance. As we do not want to promote a policy to improve IPTp at the expense of ANC attendance,
additional research is needed to assess whether delivery of IPTp-SP at the community level is cost-
effective and can be achieved without compromising ANC attendance. A PMI funded study in Burkina
Faso of community distribution of IPTp showed a significant improvement in the delivery of IPTp3 and
IPTp4, as well as improved retention in ANC. A second study in Malawi was recently completed and the
results will be available in 2021. Also, UNITAID has launched a new 4-country study to pilot community-
delivery of IPTp with SP in DRC, Nigeria, Madagascar, and Mozambique. These studies will generate
evidence for updating WHQO'’s policy on community-based distribution of IPTp (c-IPTp). If countries wish
to consider this option, PMI recommends that the approach be assessed with an operational research
study before moving to wide scale implementation. Countries interested in exploring c-IPTp should
discuss this with the PMI Headquarters MIP Team. An alternate implementation approach to increase
uptake of IPTp for countries to consider would be to expand their facility-based ANC outreach services
to include IPTp (along with delivery and promotion of the full ANC package) as a means of reaching
pregnant women in remote, rural areas.

Insecticide-Treated Mosquito Nets in Pregnancy

Use of ITNs during pregnancy is a key component of PMI’s malaria in pregnancy strategy. In areas with
moderate to high levels of transmission, the use of ITNs during pregnancy provides significant protection
against malarial infection, illness, maternal anemia, and low birth weight. The provision of ITNs to
pregnant women is part of the essential package of ANC services. ITNs should be provided to pregnant
women as early as possible in pregnancy and their use should be encouraged for women throughout
pregnancy and during the postpartum period. ITNs and indoor residual spraying (IRS) are the only
interventions that protect women, during the first trimester. Ideally, all women of childbearing age
should sleep under an ITN, as this will ensure protection even before the woman realizes that she is
pregnant. PMI supports universal coverage of ITNs to ensure women of reproductive age sleep under
ITNs early in their pregnancy; PMI teams are encouraged to identify additional novel distribution
channels to ensure high coverage of nets to women of reproductive age, particularly adolescent girls.
With continuing support for universal ITN coverage campaigns and maintaining high ITN ownership,
countries should not lose sight of the importance of providing ITNs to pregnant women at first ANC

76 WHO Regional Office for Africa: A Strategic Framework for Malaria Prevention and Control During Pregnancy in the African
Region (2004).
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visit as part of the routine health services. Although mass distribution campaigns are critical to ensure
universal coverage is achieved, when planning a campaign, ensure that sufficient ITNs are available so
that ITNs are not removed from the ANC clinics resulting in a prolonged period of unavailability
following the campaign. The RBM Malaria in Pregnancy and Vector Control Working Groups and the
Alliance for Malaria Prevention published a joint statement detailing the importance of maintaining LLIN
coverage of vulnerable populations via ANC and EPI distribution.

Case Management of Malaria in Pregnancy

Prompt diagnostic confirmation and treatment with a safe and effective antimalarial drug is a
fundamental component of the WHO-RBM'’s strategy to control malaria. Antimalarial treatment
shortens the duration of illness, and reduces the frequency of complications and the risk of death for the
mother and fetus. This is particularly important in pregnant women, due to their increased risk of
developing severe disease. Essential elements of the ANC package in malaria endemic regions should,
therefore, include malaria diagnosis and treatment with antimalarial drugs that have an adequate safety
and efficacy profile for use in pregnancy.

Women who present at routine ANC with fever, malaise, or other symptoms consistent with malaria
should be tested by microscopy or rapid diagnostic test (RDT) whenever possible. If a pregnant woman is
found to have malaria, she should be treated as outlined below. There is no contra-indication to the co-
administration of SP with either quinine or artemisinin-based combination therapies (ACTs), thus IPTp
may be administered or not. In all instances, she should be instructed to return for IPTp in one month. If
a woman is tested and found to be negative, then she should be given IPTp as usual and followed-up as
per country protocol.

For uncomplicated malaria, WHO continues to recommend that women in the first trimester should be
treated with oral quinine for seven days (with or without clindamycin), however, the Technical Expert
Group on Malaria Chemotherapy is expected to review the safety data and make a recommendation on
whether ACTs can be considered equivalent to quinine for treatment of acute malaria in the 1« trimester
of pregnancy in 2021. Until the recommendation is changed, however, ACTs should be used for treating
uncomplicated first trimester malaria infections only if no other efficacious antimalarial treatments are
available. In the second and third trimesters, ACTs are the preferred therapy. Quinine is associated with
an increased risk of hypoglycemia in late pregnancy, and it should be used only if efficacious alternatives
are not available. Primaquine and tetracycline should not be used in pregnancy.

For treatment of severe malaria in pregnancy, parenteral antimalarials should be given without delay;
maternal mortality in severe malaria is approximately 50%, which is higher than in non-pregnant adults.
Parenteral artesunate is preferred in the second and third trimesters while either parenteral quinine or
parenteral artesunate are acceptable choices in the first trimester (the increased risk of death outweighs
the uncertainties over safety).
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Table. Treatment of Malaria in Pregnancy

Malaria Severity 1+ trimester 2~ or 3« trimester

Oral quinine for seven days (with or without

. .. . . ACT*
clindamycin) or, if quinine is unavailable, ACT**

Uncomplicated malaria

IV/IM artesunate (preferred) or IV/IM

Severe malaria IV/IM artesunate or IV/IM quinine L .
quinine if artesunate not available

* HIV infected individuals on zidovudine or efavirenz should avoid ACT regimens that contain amodiaquine.
** Nearly all of the data on safety of first trimester ACT use is for artemether-lumefantrine, so this should be considered as the

preferred option

HIV-Infected Women

HIV infection reduces a pregnant woman’s ability to control P. falciparum infections. The risk and
intensity of malaria infection during pregnancy is higher in women who are HIV-infected. Such women
are also more likely to have symptomatic infections, respond less well to antimalarial treatment, and
have an increased risk for malaria-associated adverse birth outcomes. While the risk of malaria in HIV-
negative women is greatest during first and second pregnancies, in the presence of HIV infection, the
risk associated with placental malaria is independent of the number of pregnancies. Given this increased
risk, emphasis should be placed on ensuring that HIV-infected women sleep under ITNs every night.

Intermittent preventive treatment is recommended for HIV-infected pregnant women living in areas
with high levels of transmission only when they are not receiving daily trimethoprim-
sulfamethoxazole (cotrimoxazole) prophylaxis, because co-administration of these drugs increases the
risk of sulfa-related adverse effects, including Stevens-Johnson Syndrome (a severe skin reaction). In
addition, daily cotrimoxazole provides a similar protective effect to IPTp if doses are not missed. HIV-
infected women who are not taking cotrimoxazole prophylaxis should receive a minimum of three doses
of IPTp with SP during pregnancy to obtain protection similar to that received with two doses in women
not infected with HIV.

Given that many HIV-positive women will not be eligible for IPTp due to concurrent cotrimoxazole
prophylaxis, it is imperative that HIV-positive women receive an ITN and are encouraged to sleep under
the net throughout their pregnancy.

Case management of malaria in pregnancy in HIV-positive individuals is the same as in uninfected
individuals, with the exception that amodiaquine-containing ACT regimens should be avoided in patients
on zidovudine or efavirenz.

Prevention of Anemia in Pregnancy

Folic acid supplementation in pregnancy is important to prevent neural tube defects in the developing
fetus as well as to prevent megaloblastic anemia in the mother. The recommended dose of folic acid for
use in pregnancy is 0.4 mg/day or 400 micrograms per day, which is adequate to prevent neural tube
defects in the infant. In many African countries, the higher (5 mg) dosage, which is used to treat
megaloblastic anemia (anemia resulting from folic acid deficiency, which is rare in pregnancy), is
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predominantly available. However, this higher dose should not be used in conjunction with IPTp, as it
has been shown to decrease the efficacy of SP. In contrast, the 0.4 mg/day dose does not interfere with
SP efficacy. In countries where doses of folic acid greater than 1 mg/day are used for supplementation
in pregnancy (notably Niger and Nigeria), PMI teams should work with the MOH to procure (or
consider procuring) low-dose folic acid (or iron and folate combination tablets, with 60 mg/day iron
and 0.4 mg/day of folate), which is recommended by WHO for use in pregnancy.

Improving Program Implementation for IPTp

A number of challenges to IPTp scale up have been observed in PMI-supported countries. These include
issues concerning central and peripheral level stock-outs of SP, inconsistent malaria and maternal health
guidance on IPTp administration, confusion among providers about timing and dosages, and lack of
coordination between Reproductive/Maternal Health and NMCPs of their responsibilities for program
implementation.

PMI country teams are encouraged to:

Identify and assess potential issues and challenges to IPTp scale-up
Foster coordination between Maternal Health Programs and NMCPs, with establishment of a
national MIP working group or task force

e Review the current policy in country and work with the MOH, Reproductive Health, and NMCP
to update the policy to conform to the revised WHO guidelines

e Update the HMIS and ANC registers to facilitate collection of data regarding the additional doses
of SP (i.e., IPTp3, IPTp4, etc.)

e Disseminate revised guidelines widely, and ensure that they are available to health providers at
the facility level (e.g., a simple memo from District Medical Officer followed by a supervisory
visit may be an effective means to improve IPTp uptake)

e Develop an action plan for IPTp training and supervision of health providers
Support SP supply chain and stock management, training, and logistics and procure SP in case of
gaps

e Explore innovative means to reach out to CHWs, including the use of cell phone messaging to
promote ANC attendance and IPTp awareness.

e Consider support for electronic based supervision and reporting forms to assess health worker
performance

e Work toward ensuring proper folic acid doses are being administered

In addition, PMI teams are encouraged to reach out to other donors and partners, such as the U.S.
Peace Corps, to help facilitate MIP activities including IPTp. For example, Peace Corps Volunteers can
assist facility based health workers and community health workers to increase IPTp uptake through
targeted SBC strategies including mobilizing community members through household visits, organizing
women’s and other community group discussions, engaging men, focus group discussions, etc. Peace
Corps Volunteers could also be trained to do rapid MIP/IPTp assessments in communities where IPTp
uptake is particularly low to identify some of the major bottlenecks. Please see the SBC chapter for
additional guidance.
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Additional Resources

WHO-Roll Back Malaria website: http://mosquito.who.int
The updated WHO IPTp-SP policy and full meeting report (July 2012):
http://www.who.int/malaria/mpac/sep2012/iptp sp erg meeting report july2012.pdf.

e The full report from the Malaria Policy Action Committee meeting:
http://www.malariajournal.com/content/11/1/424

e WHO updated policy brief published in April 2013:
http://www.who.int/malaria/publications/atoz/policy brief iptp sp policy recommendation/e
n/.

e The report from the Expert Review Group meeting:
http://www.who.int/malaria/mpac/mpac_sepl3 erg ipt malaria_pregnancy report.pdf

e The epidemiology of malaria in pregnancy (by Desai M, ter Kuile FO, et al) and other articles in
the Lancet supplement (volume 7), February 2007.

e A broad range of useful documents is also available as part of the “Malaria during Pregnancy
Resource Package” produced by the Maternal and Neonatal Health Project. This can be found on
their website (www.jhpiego.org) and is also available on compact disk. Updated ANC guidance:
www.who.int/reproductivehealth/publications/maternal perinatal health/anc-positive-
pregnancy-experience/en/

e ANC guidance executive summary, including the list of the
recommendations: http://apps.who.int/iris/bitstream/10665/250800/1/WHO-RHR-16.12-

eng.pdf?ua=1

Frequently Asked Questions for MIP
Q1. If SP is no longer effective in children, why are we giving it to pregnant women?

A. The spread of resistance of P. falciparum to SP in eastern and southern Africa has raised concerns
about the efficacy of SP for IPTp. However, even in areas where SP is not an effective therapy in children
for treating uncomplicated malaria, it remains effective for IPTp. It is thought that a pregnant woman'’s
pre-existing immunity amplifies the effectiveness of SP in IPTp, whereas young children have no such
immunity. IPTp is thought to work both by clearing existing asymptomatic placental malaria infections as
well as preventing new infections for several weeks (due to the long half-life of SP). Even in areas of high
level resistance to SP, this combination has been shown to provide a benefit against the adverse effects
of malaria.

Q2. What are the key findings from recent efficacy studies of IPTp with SP?
A. Some recent studies present mixed findings on the efficacy of IPTp with SP, however WHO
recommends continuing IPTp with SP until such time as there is clear evidence that it is no longer

effective or an effective alternative is recommended. There is evidence of decreasing efficacy of SP in
Eastern Africa, specifically in studies from Tanzania and Malawi, suggesting that SP may be of reduced
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benefit in specific regions of the respective countries.”””’® Of particular concern are several studies in
areas where the dihydropteroate synthase (dhps) A581G mutation has been identified on a background
of the dihydrofolate reductase (dhfr) /dhps quintuple mutant, resulting in a “sextuple mutant.”
However, the extent of this mutant remains limited, and data from areas without the sextuple mutant
(even with high prevalence of the quintuple mutant) suggest that IPTp continues to provide benefit. In a
study in Mozambique, Menendez et al. found a protective effect of SP against neonatal death despite a
lack of protection from low birth weight or placental infection by histology, suggesting that there may
be additional mechanisms through which SP provides protection.” Studies in areas with lower levels of
SP resistance (West Africa) have found that IPTp with SP remains effective.®" In addition, a recent meta-
analysis of national survey data has shown that SP provides protection in a programmatic context (e.g.,
non-study setting). Similarly, a meta-analysis of data from eight delivery cross-sectional studies in six
countries with varying degrees of resistance found no correlation between the effect of IPTp-SP and
resistance strata. Consequently, WHO recommends continuing IPTp with SP until there is clear evidence
that it is no longer effective or an alternative is recommended. Updated WHO policy recommendations
are based on recent evidence and seek to reinforce the importance and appropriateness of SP for IPTp.
PMI encourages routine monitoring of molecular markers of SP resistance.

Q3. How can one be assured that a woman is in the second trimester?

A. The second trimester starts at the beginning of the 13+ week of pregnancy. This can be determined by
one or more of the following:

e Counting weeks from the first day of the last menstrual period
e Palpation of the uterine fundus: once the fundus can be palpated, the woman is definitely in the
2~ trimester, although an unskilled provider may not be able to palpate as early as 13 weeks

Quickening, which is defined as when the mother first feels fetal movements, and usually occurs at
approximately 20 weeks gestation in the first pregnancy, and earlier (between 15-20 weeks) in
subsequent pregnancies (given that this is well into the 2~ trimester, it is preferred that other methods
be used to determine gestational age/ whether the woman is in the 2~ trimester).

w Harrington WE, et al: Intermittent Treatment to Prevent Pregnancy Malaria Does Not Confer Benefit in an Area of
Widespread Drug Resistance. Clin Infect Dis 2011, 53:224-230.

8 Feng G, et al: Decreasing burden of malaria in pregnancy in Malawian women and its relationship to use of intermittent
preventive therapy or bed nets. PLoS ONE 2010, 5:e12012.

& Menendez, C., A. Bardaji, et al. (2010). "Malaria Prevention with IPTp during Pregnancy Reduces Neonatal Mortality." PLoS
ONE 5(2): €9438.

80 Maiga OM, et al: Superiority of 3 Over 2 Doses of Intermittent Preventive Treatment With Sulfadoxine-Pyrimethamine for
the Prevention of Malaria During Pregnancy in Mali: A Randomized Controlled Trial. Clin Infect Dis 2011, 53:215-223
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SEASONAL MALARIA CHEMOPREVENTION

*New/Key Messages*

Seasonal malaria chemoprevention has been shown to be an effective strategy in reducing malaria
morbidity in eligible countries of the Sahel and feasible to implement on existing platforms.

Planning for procurement of commodities should be done at least a year in advance given long lead
times for delivery.

Without issuing new or updated guidance, the WHO-GMP has clarified to countries its support of a less
restrictive approach to SMC implementation, especially regarding the addition of a fifth round of SMC
where epidemiologically appropriate.

Introduction

WHO issued a recommendation for the implementation of seasonal malaria chemoprevention (SMC) in
March, 2012.8! Seasonal malaria chemoprevention, formerly known as intermittent preventive
treatment for children, is the administration of treatment doses of longer-acting antimalarial
medications at monthly intervals in areas of exclusively seasonal transmission with the aim of
maintaining protective drug concentrations in the blood throughout a complete transmission season.
The current WHO recommendations consist of a treatment dose of amodiaquine plus sulfadoxine-
pyrimethamine (AQ+SP) given to children between 3 and 59 months of age at monthly intervals during
the period of peak malaria transmission. While historically implemented over a period of 3-4 months,
recent models showing benefit of additional coverage in certain settings have led a few countries to plan
for a fifth round of SMC in targeted geographies.

This approach is only recommended for geographic regions in which 60% of malaria cases occur within a
short period of about four months. Seasonal malaria chemoprevention is not recommended for areas
where high levels of resistance to either SP or AQ have been demonstrated. Based on these criteria,
implementation of this strategy has only been recommended in countries or portions of countries in the
Sahel region of West Africa, to date. WHO recommends that countries implementing SMC should not
concurrently implement intermittent preventive treatment in infants (IPTi, which is the administration
of a full treatment dose of SP to infants less than one year of age) in the same areas. PMI currently
supports SMC activities in Benin, Burkina Faso, Cameroon, Ghana, Guinea, Mali, Niger, Nigeria and
Senegal. Seasonal malaria chemoprevention with SPAQ is not currently being used in the seasonal

81wHo Policy Recommendation: Seasonal Malaria Chemoprevention (SMC) for Plasmodium falciparum malaria control in
highly seasonal transmission areas of the Sahel sub-region in Africa. March 2012
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transmission belt in Southern Africa, because intense SP resistance has been well documented in the
area, and sufficient data on the safety, feasibility, and efficacy of alternative drugs for SMC programs are
not yet available.

Seasonal malaria chemoprevention programs require a community-based structure to deliver this
intervention. Many successful programs are built on existing CHW or iCCM programs, where available.
Community health workers are often best placed to identify the children who qualify for SMC, distribute
the medications, and follow-up to ensure adherence to dosing regimens throughout the rainy season.
Results from the PMI-funded pilot implementation and evaluation of SMC in Mali and Senegal showed a
66% drop in parasite prevalence and a 50% drop in cases of uncomplicated malaria among children <5
following four rounds of SMC. The studies also demonstrated the feasibility of implementing through
existing community-based platforms. Teams in relevant countries are encouraged to consult with the
PMI Headquarters SMC POCs to determine whether and how to support country-level SMC strategies.

. PMI focus countries with planned support for
SMC implementation within the eligibility zone

. PMI focus country

non-PMI focus country

. SMC Efigible Zone

Considerations

A number of technical and logistical considerations exist when supporting an SMC program. These are
outlined below.
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Implementation issues

Current WHO guidance does not provide details on the best strategies for delivery of SMC in the field. In
many countries, the first dose of SMC is delivered door-to-door by community health workers, and the
doses for the second and third day are left with the child’s caregiver, along with instructions for
administration. In other countries, a fixed-point approach is used for the first dose, with caregivers
taking the additional doses for home administration. In fixed-point sites, there may also be community
level ‘mop-up’ to reach children not seen at the distribution points. Some programs couple other
interventions, such as nutritional supplementation, to SMC delivery. In most programs, SMC is given to
all children who are present, but there are exceptions. For example, in Mali, malaria screening and
testing is done prior to SMC delivery and children who test positive are treated with ACTs and do not
receive SMC drugs. Countries have adopted different delivery approaches that are adapted to the
specific country context. While no official guidance exists, the individual experiences of different
countries have been documented in the scientific literature. For example, a PEER study funded by PMI
documented that door-to-door distribution achieved higher coverage levels, but also increased costs for
the program. Some countries, such as Senegal, are addressing concerns about adherence to day 2 and
day 3 of SMC drug regimens by providing directly observed therapy (DOT) as part of the campaign. This
comes with significant costs and is not recommended by PMI without clear evidence of low adherence
for second and third doses. In most SMC campaigns, impl