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To eliminate malaria, malaria programmes need to develop new strategies for surveillance and response appropri-
ate for the changing epidemiology that accompanies transmission decline, in which transmission is increasingly
driven by population subgroups whose behaviours place them at increased exposure. Conventional tools of malaria
surveillance and response are likely not sufficient in many elimination settings for accessing high-risk population
subgroups, such as mobile and migrant populations (MMPs), given their greater likelihood of asymptomatic infec-
tions, illegal risk behaviours, limited access to public health facilities, and high mobility including extended periods
travelling away from home. More adaptive, targeted strategies are needed to monitor transmission and intervention
coverage effectively in these groups. Much can be learned from HIV programmes’ experience with “second generation
surveillance’, including how to rapidly adapt surveillance and response strategies to changing transmission patterns,
biological and behavioural surveys that utilize targeted sampling methods for specific behavioural subgroups, and
methods for population size estimation. This paper reviews the strategies employed effectively for HIV programmes
and offers considerations and recommendations for adapting them to the malaria elimination context.

Background

As malaria programmes move from control to elimi-
nation, they need to reorient their surveillance and
response systems to the changing epidemiology that
accompanies transmission decline. A key challenge for
reorienting surveillance and response systems is identi-
fying and eliminating remaining reservoirs of infection
that are increasingly geographically clustered [1, 2]. In
addition to identifying geographic foci, many eliminat-
ing countries have identified distinct subpopulations at
elevated risk of infection due to behaviours that increase
their exposure to Anopheline mosquitoes [1-4]. These
high-risk populations are thought to contribute dispro-
portionately to sustaining transmission in low trans-
mission areas and present challenges for reintroduction
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following elimination. They include groups that primar-
ily acquire and transmit infection locally [5-7] as well
as mobile and migrant populations (MMPs), which may
import infections acquired elsewhere [1, 8—10].

Malaria control programmes typically rely on passive
surveillance and national household surveys to monitor
malaria burden and intervention coverage in the general
population, with additional emphasis on young children
and pregnant women due to their higher risk of severe
disease. The establishment of a robust passive surveil-
lance system remains fundamental for any malaria pro-
gramme aiming for elimination, including a transition to
case-based reporting and case investigation. However,
as transmission becomes increasingly clustered in spe-
cific populations due to their behaviours, more targeted
active surveillance and interventions are often required.
These targeted surveillance strategies are needed in order
to effectively identify specific high-risk behaviours and
populations, determine their size, and track them over
time with sufficient representativeness to accurately
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assess rates of infection, knowledge, and use of preven-
tive measures, all of which are likely to evolve over time.

The passive surveillance systems that are currently the
backbone of malaria surveillance globally are in many
settings inadequate for the task of identifying and target-
ing high-risk populations for several reasons. First, indi-
viduals with the greatest exposure may be more likely to
develop partial immunity resulting in asymptomatic or
sub-clinical infection and, therefore, may be dispropor-
tionately less likely to present for care [11-15]. Second,
many high-risk populations identified to date have limited
access to public health facilities, which are central to pas-
sive surveillance [2, 10]. Third, even when high-risk indi-
viduals seek treatment, most passive surveillance systems
do not gather the data that would be necessary to identify
behavioural risk factors and effectively target behavioural
risk groups. Fourth, in many contexts undocumented
travel and illicit forest work are linked with increased risk;
individuals may be hesitant to report these illicit activities
without adequate confidentiality protections and appro-
priate questioning techniques. Finally, because MMPs
and forest workers are frequently away from their house-
holds, active and reactive surveillance conducted through
household visits may fail to capture them [10, 16].

While the context is distinct, HIV control programmes
have faced similar challenges for some time. HIV trans-
mission in most countries is focal or “concentrated” in
high-risk populations, which face barriers to testing due
to the illegality and stigma of the behaviours linked to
increased risk and are not efficiently or effectively identi-
fied through household surveys [17-19]. Malaria can be
characterized by acquired immunity or, like HIV, a long
asymptomatic and infectious period, particularly in the
case of Plasmodium vivax [20]. In HIV, these circum-
stances have led to distributions of reported cases that
often do not reflect the relative contribution of different
subpopulations to transmission or the current epidemio-
logical situation [21].

This paper reviews strategies and best practices devel-
oped in the context of HIV for surveillance and response
in high-risk populations and provides recommendations
for adapting them, where appropriate, to malaria elimina-
tion settings.

Search strategy and selection criteria

A literature review was conducted to identify evi-
dence of high-risk populations in malaria by
searching PubMed using the terms “malaria + elimina-
tion + high + risk 4+ populations” HIV literature was
selected by reviewing the series of guidelines published
by UNAIDS/WHO Working Group on Global HIV/AIDS
and STI Surveillance [22] as well as studies illustrating
approaches known to the authors.
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Populations at increased risk for malaria in elimination
settings

In all settings, individual risk of malaria infection is
determined by environmental factors that influence the
density of competent anopheline mosquitos, location-
specific vector behaviour, and human behavioural fac-
tors that increase an individual’s exposure to infectious
bites. In many elimination settings, residual transmis-
sion exists due to anopheline species that exhibit outdoor
feeding and resting behaviour (exophagy and exophily),
which often coincides with outdoor human behaviours
during biting hours [23, 24]. While long-lasting insecti-
cide-treated nets (LLINs) and indoor residual spraying
(IRS) are effective for more endophagic and endophilic
anopheline species, where high coverage of LLINs and
IRS has been achieved, programmes often observe behav-
ioural shifts towards increased outdoor feeding and rest-
ing [25-27], as well as increased proportional abundance
of more exophilic species such as Anopheles arabiensis
[28]. In much of Asia, and southeast Asia in particular,
malaria transmission persists due to forest-adapted vec-
tors, such as Anopheles dirus, which exhibit outdoor bit-
ing behaviour, transmit Plasmodium knowlesi between
macaque monkeys and humans, and are very difficult to
control [29, 30].

Economic forces are a major factor responsible for
human movement and bring people into closer contact
with vectors through migration, forest work or specific
livelihood activities. Table 1 summarizes some of the risk
factors identified in countries moving from controlled
low-endemic malaria to elimination (“malaria-elimi-
nating” countries) [31] (Table 1). Several occupational
groups have been identified as risk populations in dif-
ferent elimination settings, including laborers in fishing
and agriculture, military, mining, construction, oil and
gas, and general forest work. In southeast Asia, rubber
plantation workers are a specific risk group predicted to
increase in coming years, and are often highly mobile
[32]; these groups and other migrant forest workers often
have poor social integration due to language and cultural
differences and occasionally, illegal activity [33]. Importa-
tion of cases by migrant labourers moving between high
and low transmission settings, both within and between
countries, can challenge elimination efforts. For exam-
ple, seasonal farm work facilitates importation of cases
between regions of Ethiopia [34]. Following elimination
of local transmission in Sri Lanka, cases were imported
by fishermen returning from Sierra Leone and mili-
tary personnel returning from South Sudan and Haiti
[8]. Cases have been imported to China by gold miners
returning from Ghana [35]. Similarly, migrant laborers
have frequently been found to be a key driver of incipient
HIV epidemics [36].
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Much remains unknown regarding how to best access
the malaria risk populations identified to date for pur-
poses of surveillance and response: the extent to which
they may be captured by present surveillance and
response activities; how to disseminate interventions
with high coverage; and how to accurately track trans-
mission and monitor intervention coverage. Some risk
populations that have been more broadly defined—such
as “tourists’, “foreign travellers” and “migrants” [37],
“rural, indigenous populations” [1, 38, 39] and particular
ethnic groups [6, 40]—require sharper definition to allow
for meaningful targeting in specific elimination settings.
Malaria programmes have begun to experiment with
innovative strategies to access high-risk populations,
often drawing on tools developed in the context of HIV;
for example, screening at border crossings [41] and refu-
gee camps [42], venue-based surveys [34], respondent-
driven sampling (RDS) surveys [43, 44] and interviewing
the social contacts of recent cases to identify behavioural
risk factors [45]. Yet, such strategies have not yet solidi-
fied into routine practice. Improving surveillance and
response for high-risk populations is a high priority for
malaria eliminating countries, and is especially urgent in
southeast Asia where MMPs are thought to influence the
spread of artemisinin resistance [46].

While some similarities exist, HIV and malaria are
characterized by distinct transmission mechanisms
and risk factors that impact the effectiveness of poten-
tial surveillance and response approaches for high risk
populations: malaria risk is determined by human-vec-
tor contact at specific times in geographic areas where
specific vectors are endemic, while HIV is transmitted
person-to-person primarily through sexual intercourse,
drug injection, and blood transfusion. Nonetheless, both
HIV programmes and malaria elimination programmes
face the similar challenge of identifying and access-
ing relatively small high-risk populations that are key
to continued transmission, which are at increased risk
from specific behaviours or occupations, and yet which
may be systematically missed by passive surveillance
and household surveys. In the malaria context, these
populations are often difficult to access due to cross-
border mobility, high rates of asymptomatic infection,
frequently being away from their home due to forest or
other work, and poor social integration in the case of
migrant workers. These factors additionally make it dif-
ficult to achieve high coverage of interventions and to
accurately track trends in infection prevalence and pre-
vention coverage.

Learning from HIV “Second Generation Surveillance”
In HIV, guidelines for Second Generation Surveil-
lance (SGS) released in 2000 were a response to these
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challenges [47, 48]. Data from “first-generation” HIV sur-
veillance—case reporting and limited prevalence stud-
ies—were seen as inadequate to form a complete picture
of transmission in the presence of hard-to-reach, high-
risk populations.

The SGS guidelines included a series of key principles
to guide surveillance systems (Fig. 1). One change was
expanding the scope of surveillance, in part by encour-
aging HIV programmes to examine a range of “markers”
of potential risk, such as data on other sexually transmit-
ted infections and tuberculosis. More relevant to malaria
is the SGS principle that surveillance systems gather and
analyze behavioural data. This is primarily done in two
ways. First, passive surveillance expands to describe the
distribution of risk behaviours among passively detected
cases by recording whether they engage in known risk
behaviours (e.g., sex work or, in malaria, forest work) on
case report forms. Second, HIV programmes conduct
behavioural surveys (these surveys are called "behav-
ioural surveillance surveys" or BSS, because they are
used for tracking trends over time) [49]. Behavioural
surveys gather information on the target population’s
knowledge and understanding of risk, the specific prac-
tices that lead to risk, the use of preventive measures,
and treatment-seeking. Behavioural data thus allow for
better understanding of how transmission is occurring,
identify gaps in prevention coverage and treatment ser-
vices, and provide early warning of upticks in transmis-
sion (if risk behaviours increase or prevention coverage
declines). They can also help explain trends in case data
and prevalence.

Many countries routinely conduct integrated biologi-
cal and behavioural surveys (IBBS), which are similar to
malaria indicator surveys (MIS), yet generally target a
specific risk group, collect biological specimens to assess
prevalence (and often incidence) and include a linked
behavioural survey. SGS also includes studies to esti-
mate the size of high-risk populations, often conducted
together with BSS and IBBS to reduce costs [50]. BSS and
IBBS utilize sampling methods appropriate to the target
population, overcoming the chief limitation of passive
and household surveillance to provide unbiased esti-
mates among hard-to-reach, high-risk populations, for
example, by sampling sex workers at sex work locations
and through peer networks [51].

New tools have been introduced to assist countries syn-
thesize data from these multiple sources in order to prior-
itize populations and locations and to define surveillance
and intervention strategies; these include the pre-surveil-
lance assessment (PSA) [52], public health triangulation
[53], and integrated epidemiologic profile [54].

A key concept of SGS for HIV is that surveillance com-
ponents should be adaptive to changing transmission
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epidemic.

data source.

1. Surveillance systems should be flexible and adapt to evolving transmission dynamics.
2. They should systematically collect and analyze data on the risk behaviours driving the

3. They should regularly review diverse sources of information, to limit the bias of any one
4. Armed with these data, surveillance activities should focus where they would make the

most impact—on the groups driving the epidemic.
5. Surveillance should track trends in these groups over time.

Fig. 1 Principles of Second Generation Surveillance for HIV. Adapted from [48]

patterns (Fig. 2a). For example, in countries where HIV
transmission is primarily “concentrated” among high-risk
populations, it is recommended that HIV programmes
regularly conduct studies to estimate the size of these
groups and IBBS in order to track prevalence of infec-
tion, intervention coverage, and to gather additional
demographic and behavioural data to improve the tar-
geting of interventions. In addition, sentinel surveillance
is also recommended, typically at antenatal care (ANC)
facilities, to provide early warning of expansion of trans-
mission beyond high-risk groups. When HIV transmis-
sion has become widespread in the general population
(“generalized” epidemics), it is recommended that coun-
tries expand ANC sentinel surveillance nationally and
conduct IBBS in the general household population (i.e.,
by household surveys). Even in generalized epidemics,
targeted surveillance of high-risk populations continues
as targeted interventions can exert considerable impact
[55, 56]. Regardless of the transmission pattern, countries
should continually improve access to testing and passive
surveillance.

Tailoring malaria surveillance strategies for high-risk
populations as transmission declines

Similar to HIV, at higher levels of transmission, malaria
surveillance systems rely primarily on passive surveil-
lance supplemented by large cross-sectional surveys such
as an MIS. As transmission levels decline, the World
Health Organization (WHO) recommends a shift in the
scale of surveillance from reporting aggregate data on
malaria morbidity and mortality at the health facility or
district level to more rapid, finer scale case-based surveil-
lance, which requires rapid reporting and investigation of
individual cases and geographic foci. Detailed case and
foci investigation is important for classifying cases as
local or imported, determining the source of transmis-
sion, and planning responses. These changes are a nec-
essary response to the changing epidemiology of malaria

at low transmission, which is more likely to be imported,
and occur more focally, seasonally and in older demo-
graphic groups. However, targeted surveillance of highly
mobile high-risk populations continues to be limited
within this framework. While reactive case detection
(RCD) is frequently adopted to target active surveillance
and response to areas with higher local transmission [1],
other risk-based surveillance components to actively tar-
get high-risk populations are only rarely incorporated
into malaria surveillance.

What lessons for tailoring malaria surveillance can be
learned from SGS for HIV?

A potential adaption of HIV surveillance activities for
malaria high risk populations as transmission declines is
illustrated in Fig. 2b. In pre-elimination and elimination
areas where some of the previously described malaria
high-risk populations are present, targeted strategies are
needed. Where such high-risk groups have been identi-
fied and are accessible, malaria programmes should con-
sider conducting more targeted surveys in these groups
to assess parasite prevalence and malaria risk behaviours,
together with population size estimation. These sur-
veys should be conducted in conjunction with entomo-
logical surveys to assess vector-specific risk behaviours.
Additionally, targeted sentinel surveillance—i.e., data
collection at existing services or programmes where a
target population can be conveniently accessed—could
be implemented at locations that serve or employ high-
risk populations, such as clinics at military bases, logging
and mining camps, or by screening returning foreign
workers and migrant laborers at border checkpoints and
agricultural and other worksites, as has been piloted in
some settings [41, 57].

As countries move into the elimination phase, and
transmission becomes increasingly clustered, it becomes
less cost-effective to assess prevalence in the community
using household-level surveys. Particularly where there
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a HIV surveillance activities by epidemic state

Concentrated
High prevalence in risk groups
Low prevalence in gen. pop.

Generalized
High prevalence gen. pop.

Low-level
Low prevalence in all groups

High-risk population components

Size estimation of risk groups - every 2-3 years - » every 2-3 years - every 2-3 years
Sentinel surveillance of risk groups - every 2-3 years - P every 2-3 years - P every 2-3 years
q . . every 2 years in priorit every 2 years in priorit
Biobehavioral surveys of risk groups - P every 2-3 years - P TS, B G - P e, 505 Elsar e
General population components
of syphilis, every 1-2 of syphilis & HIV, every
| Antenatal surveillance | - years, where = 1-2 years, where - eipanC}]S
screening is routine size of risk groups is large nationa
| Biobehavioral surveys of gen. pop. | —_— e e e e e e e e e e e e e, —m—m———— every 5 years
Case reporting: . . X
HIV, STI, HIV mortality > ongoing b efgoli L OO

b Potential malaria surveillance activities for high risk populations by level of transmission
Elimination
Transmission primarily in risk groups
within geographic foci

Pre-Elimination
Widespread transmission
within geographic foci

Prevention of Reintroduction
Imported cases only

High-risk population components

every 2-3 years, -» every 2-3 years,
where present where present
every 2-3 years, - every 2-3 years, = only at borders and
where present where present other entry points
every 2-3 years, - every 2-3 years,
where present where present
General population components

Biobehavioral surveys of every 2 years,

household population -» in geographic foci

Biobehavioral surveys of “easy i PP every 2-3 years

access” populations

Case reporting: - ongoin - ongoing - ongoing

Malaria cases & mortality > goimng > >

Fig. 2 HIV and malaria surveillance activities for high-risk populations. Adapted from [49]; gen. pop., general population; ST, sexually transmitted
infections

evaluated. Targeted surveillance of high-risk populations
should be intensified, prioritizing areas where they exist
in large numbers such as worksites or known travel cor-
ridors. Following elimination, focus should shift to pre-
venting reintroduction by maintaining a strong passive

are high rates of asymptomatic infection and/or barriers
to testing, screening and surveys of “easy access” popu-
lations (i.e., at schools and ANC facilities) [58] may be
considered as a potential general population comparison
to high-risk groups, although potential biases should be
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surveillance system, including vigilance and training of
health workers to recognize symptoms of malaria, and
surveillance of high-risk groups at borders and other
entry points.

To rapidly adapt as transmission patterns evolve,
malaria programmes will need a mechanism to periodi-
cally reevaluate and reorient their high-risk population
surveillance systems. In HIV SGS, this is accomplished
through a four-step “surveillance cycle” [52]: (1) review
available evidence to update understanding of transmis-
sion patterns and surveillance gaps; (2) confirm which
populations are at risk through more rigorous studies;
(3) adapt surveillance strategies as necessary; (4) refine
interventions based on surveillance findings (Fig. 3).

Establishing surveillance priorities

through pre-surveillance assessment

The first step of the surveillance cycle is to assess the over-
all surveillance system’s strengths and weaknesses, based
on current understanding of how and where transmis-
sion is occurring, and reorient surveillance strategies as
needed. Key questions include: Which population sub-
groups, in which areas, are most affected?; Which are key
drivers of transmission?; Are these subgroups adequately
captured and characterized by existing surveillance
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activities (e.g., passive surveillance, prevalence and behav-
ioural surveys, sentinel surveillance)?; If not, what new
data and strategies are needed? In HIV this assessment
is called “pre-surveillance assessment” (PSA) because it
is generally undertaken prior to planning a new round of
targeted surveillance studies nationally [52]. PSA could
be a valuable tool for malaria elimination programmes as
they endeavor to identify and address high-risk popula-
tions. In malaria contexts, PSA could result in decisions
regarding how to strengthen passive surveillance (e.g.,
adding behaviourial data items to case reporting forms,
engaging more private sector providers in reporting),
identifying new high-risk populations where targeted
studies and/or size estimates are needed, and, overall,
determining which populations and areas should be pri-
oritized by surveillance to achieve greatest impact.

A coordinating body (often organized as a working or
advisory group) is often established to guide the PSA
process due to the many actors typically involved in sup-
porting prevention and surveillance activities in HIV
high-risk populations. Although surveillance decisions
are ultimately made by a unit in the health ministry, the
coordinating body helps to ensure the data collected by
the surveillance system meet the country’s needs, ensures
widespread use of data, and makes certain the system is

Review existing data

Case data

Death registries
Health surveys

Other quantative and
qualitative studies
Media reports, others
Entomological data

4. Improve & target interventions

based on surveillance data

Select appropriate dissemination
channels:

e Household

e Community organizations

e Locations/venues

e Peer-driven interventions

Serial surveys &
size estimates

Investigation and
mapping of cases & foci

Fig. 3 Surveillance cycle for targeting risk populations for malaria

1. Conduct pre-surveillance assessment

to identify potential populations at risk

Field assessment

e Interviews

Focus groups
Rapid surveys
Direct observation
Contact tracing

3. Implement ongoing surveillance

to track trends in risk populations identified

Improved
case finding

Modeling

2. Confirm risk factors

in suspected risk populations

Case-control Bio-behavioral

Size
studies surveys estimation
e At health Select appropriate e Household
facilities sampling methods: surveys
e Nested e Household e Employer
withinactive o [nstitutional data
surveillance e Time-location o Multiplier
sampling and capture-
o Respondent-driven récapture
sampling e Mapping
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adequately funded. Malaria programmes may find such
a structure helpful as they work increasingly with MMPs
and occupational groups at elevated risk. During PSA,
the coordinating body can help ensure the scope of the
assessment is sufficiently wide-reaching, improve access
to key informants and data sources, and help interpret
the data.

Formative assessment—a narrower process to gather
information needed to plan one particular study [59]—is
typically conducted as part of the PSA as it becomes clear
that targeted studies may be needed. PSA’s more high-
level questions about prioritizing populations and deter-
mining surveillance strategies, as well as the narrower
operational questions for study planning, are answered in
part by a rapid “on-the-ground” field assessment, which
includes key informant interviews, focus groups, map-
ping of risk contexts and other qualitative data collection
methods. Key questions for field assessment include: Is
the high-risk population large enough to warrant a tar-
geted study? How should the population be defined for
surveillance purposes? What sampling method is most
appropriate? Other themes appear in Fig. 4.

As in HIV, malaria programmes can benefit from a
wide-reaching PSA process. The data review should draw
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on all sources of information that could provide insight
on populations potentially at elevated malaria risk,
beginning from passive surveillance, but also consider-
ing health facility records, death registries, demographic
health surveys, entomological surveillance data, vector
control and other programme data from governmental
and non-governmental organizations (NGOs) (e.g., mili-
tary, agricultural, mining, logging) that work with the
potential high-risk groups, and available qualitative stud-
ies and media reports to build a more complete picture
of transmission and risk. A recent effort to characterize
risk among MMPs in Cambodia provides a good example
of data synthesis by drawing on diverse data sources [33,
60]. A recent WHO manual describes data sources and
data collection methods that may be relevant to MMPs
in the Greater Mekong Subregion [61]. Similarly, field
assessment should query a broad spectrum of actors,
such as community leaders, organizations with knowl-
edge of the populations of interest, health workers, and
members of the suspected risk populations, thus provid-
ing an opportunity to engage with affected communities.
Contact tracing of malaria cases who report recent local
travel or forest work can also help to develop hypotheses

potential for harm.

(see Figure 5).

e Incentive levels

1.Develop a rough estimate of the size of the population engaging in the suspected
high-risk behaviours (e.g., sleeping outdoors, forest work).

2.Determine the degree to which individuals engaging in these behaviours may be
missed by surveillance (due to asymptomatic infections or limited testing).

3.Explore the willingness of individuals to participate in surveillance studies and

4. Develop an operational definition of the population for purposes of surveillance,
which ideally references the specific behaviour leading to risk (e.g., individuals
who travel seasonally from Mozambique to work in gem mines in South Africa).

5.1dentify sampling methods that are likely to be feasible, efficient and representative

6. Gather additional operational information:
o Travel patterns that may influence study timing, particularly for MMPs
o QGatekeepers who may facilitate or impede access to the population
e Measures needed to provide adequate confidentiality, privacy, or legal
protections due to any illegal or stigmatized behaviours or mistrust.

e Local languages and terminology for survey instruments
o Preferences for survey office locations, hours, and profile of survey staff

Fig. 4 Aims for field assessment for planning targeted studies
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regarding behavioural risk factors and identify other indi-
viduals with whom they travelled or worked [45].

Confirming risk factors and characterizing high-risk groups
Following PSA, more rigorous studies to estimate the
prevalence of malaria parasite infection in suspected risk
populations will likely be needed because evidence from
PSA tends to be based on secondary analysis and qualita-
tive methods. Case—control studies can effectively iden-
tify risk factors and are recommended by the WHO for
malaria elimination settings with low case numbers [16,
62—-65]. However, because case—control studies typi-
cally include individuals diagnosed at health facilities or
sentinel sites, inference may be limited to symptomatic
malaria. Patterns in service utilization may also introduce
bias (e.g., if MMPs have limited access to public facili-
ties). To overcome these limitations, case—control studies
could be nested within active surveillance, such as RCD
or in the context of a targeted parasite survey.

In HIV, IBBS are the standard tool to assess infection
prevalence and behaviours in high-risk populations and
to track these over time given high rates of asymptomatic
infection barriers to testing [22]. Estimates of infection
prevalence from IBBS are compared to a general popula-
tion estimate to establish evidence of increased risk. For
malaria, this could be done by comparison to targeted
household surveys in potentially high-risk areas, poten-
tially reducing costs by using lot quality assurance sam-
pling, or by comparison to easy access groups [66].

Sampling methods for high-risk population surveys

Malaria programmes need to determine the most appro-
priate sampling method for each high-risk population
identified. Figure 5 presents a flow diagram for selecting
among sampling methods. Methods should be selected
to achieve high representativeness, be acceptable to the
affected population and feasible within a relatively short
time frame (e.g., in HIV 3—4 months) [22]. The limitation
of convenience sampling is that it produces findings that
do not reflect the larger population and limits the ability
to assess time trends.

Household-based sampling may be appropriate if
individuals engaged in risk behaviours comprise a large
fraction of the population and can be accessed at their
households, such as in villages where forest work is com-
mon and individuals engaging in forest work are home at
predictable days and times. Institutional sampling may
prove more efficient when risk derives from the activities
of a large organization, such as the military or a company.

When the risk population is “hidden” or “hard-to-reach’,
that is, where conventional sampling fails because the
population is relatively small, has privacy concerns, or
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a sampling frame of individuals cannot be constructed,
then time-location sampling (TLS) or RDS may be appro-
priate [18, 22]. TLS begins by constructing a sampling
frame of locations (“venues”) and times when the popula-
tion at risk tends to congregate. Such locations in malaria
might include work sites, mining and forest work camps,
military bases, markets, bars, truck stops, and border
crossings. To improve representativeness, TLS individu-
als meeting eligibility criteria are selected at random from
randomly selected venues at randomly selected time inter-
vals. Important considerations for TLS include whether a
reasonably complete (and unbiased) sampling frame can
be constructed, whether venues pose a safety risk to sur-
vey staff, and the extent to which venue-goers are repre-
sentative of the larger risk population. In HIV, an example
of bias is that TLS under-represents men who have sex
with men (MSM) who tend not to frequent gay-identified
locations, who often differ in their risk profile [67-69]. In
malaria, TLS has been used to identify greater incidence
of fever and reduced treatment-seeking among individu-
als who frequent bars and evening church services in
Namibia [70], and higher parasite prevalence among sea-
sonal migrant farm workers in Ethiopia recruited from
farms, roads and town locations where migrant workers
gather [34].

RDS samples individuals by chain referral and is most
effective when the individuals who engage in risk behav-
iours tend to know one another and are willing and able
to travel to one or more designated survey offices [59,
71-73]. Representativeness of estimates produced by
RDS can be compromised when the risk population does
not comprise one well-connected network but instead is
divided along characteristics that may be linked to risk;
for example, HIV surveys of MSM often end up recruit-
ing either high socioeconomic (SES) or low SES MSM,
but not both [74]. With regard to MMPs, some HIV
surveys using RDS have performed poorly due to social
divisions owing to language, ethnicity, generational gaps,
and other factors (Fig. 6) [75]. PSA or formative research
should aim to identify such divisions. Selecting diverse
“seeds” (first participants) can help to bridge the gaps
when ties among subgroups are weak. When fragmenta-
tion is severe, RDS surveys should be limited to the most
relevant well-connected subgroups [76]. In Thailand, two
separate RDS surveys were undertaken to characterize
migrant workers from Cambodia and Myanmar, respec-
tively [43, 44].

RDS and TLS surveys require larger sample size than
household surveys due to larger design effects [77, 78].
Analysis of RDS data requires specialized software
[79] and diagnostic tests to assess whether theoretical
assumptions were met during data collection [76].
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cost-effective?

accessed at their households?

to the risk behavior?

e s the risk population large enough to make household sampling
e Can individuals who engage in the risk behavior be located and

e  When approached at the household, are individuals likely to admit

Household

sampling

No

company)

be constructed?

e Can all or most individuals who engage in the risk behavior be
accessed through an organization (e.g., the military, a mining

e (Can a sampling frame of members of the organization or workers

e Can individuals be randomly selected from the organization?

Institutional

sampling

No

e Are there identifiable locations where all or most individuals who

impede recruitment)?

the survey office(s)?

e Are individuals generally willing to refer others and able travel to

engage in the risk behavior tend to congregate (e.g., work sites, Time-
markets) 3 location
e Can individuals at these locations be accessed for purposes of the Yes sampling
survey?
No
e Do individuals who engage in the risk behavior tend to know one
another by name and are they in sufficient contact to recruit one
another? Respondent-
—_— por
e s there a path through the network that would eventually connect driven
all individuals (i.e., social divisions are not strong enough to Yes sampling

No

Convenience

sampling

Fig.5 Flow diagram for selecting sampling methods for surveys in high-risk populations

e Nationality or place of origin e Education or class

e Language e Travel route and season
e Ethnicity e  Work sector

e Generation or age e Political or conflict

Fig. 6 Potential sources of social fragmentation among MMPs.
Adapted from [77]

Population size estimation
Estimates of the number of individuals with risk behav-
iours of interest are essential to advocate for resources,

prioritize among groups, predict the impact of trans-
mission via models, plan interventions, and assess pro-
gramme coverage [50]. Population size estimation (PSE)
is, therefore, integral to both surveillance and monitoring
and evaluation.

Size estimates derived from household surveys are
often viewed as under-estimates in HIV because stigma-
tized risk behaviours may be under-reported due to being
interviewed at the household, often together with other
householders. In malaria, household surveys can be used
to gauge the size of the population frequently outside
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during mosquito biting hours and of subgroups engaged
in different risk activities. To reduce bias due to high-
risk household members who tend to be absent from the
household, household surveys should query respondents
about all household members.

When behaviours of interest are illegal or stigmatized,
PSE methods appropriate for hidden populations are
necessary. The most common are mapping, capture-
recapture and multiplier methods [50, 80—-83]. Mapping
estimates are derived by enumerating locations where
the population congregates and recording the number of
individuals present at a census or sample of these loca-
tions; they are often conducted in conjunction with TLS
surveys. Mapping requires adjustments to account for
individuals absent during observation, attendance pat-
terns, and double-counting.

Capture-recapture and multiplier size estimates involve
comparison of multiple samples of the target population,
one of which must be random. Samples commonly derive
from IBBS surveys (as the random sample), records of
services or community groups (for “service multipliers”),
and distributing objects to accessible population mem-
bers (for “unique object multipliers”) [81, 82]. Samples
must be independent and the population must be stable
between captures, potentially limiting the utility of these
methods for mobile populations. Programmes should
aim to conduct and triangulate multiple size estimates
due to the potential for bias and low precision of available
methods [83].

Ongoing surveillance of high-risk populations

Serial surveys and size estimates

Once high-risk populations have been identified, HIV
programmes generally conduct targeted surveys and size
estimates every 2-5 years, depending on context [22,
49, 50], providing the strategic information necessary to
adapt interventions as conditions evolve. These activi-
ties should be repeated often enough to detect changes
relevant to the design of interventions in each high-risk
population. To enable assessment of trends, malaria
programmes should select methods that can be reliably
repeated over time. Once elimination is achieved, surveys
can be replaced as discussed earlier, by increased vigi-
lance and screening at borders and entry points.

Improving case finding

Case finding can also be improved to be made more sen-
sitive to high-risk populations. For example, case inves-
tigation forms should be updated to track any known
high-risk behaviours. Geographic mapping of cases,
high-risk locations, and remote transmission foci, if feasi-
ble, can help improve targeting of interventions [84].
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As part of routine surveillance, many malaria elimina-
tion programmes conduct household-based RCD, which
involves testing and treating individuals in close geo-
graphic proximity to an index case. However, there is
limited evidence to guide how household-based RCD is
conducted and whether it has any impact on transmis-
sion [85-87]. Where risk is driven more by behaviours
than by household location, malaria programmes could
adapt RCD to instead screen and treat social contacts
of the index case who engage in known risk behaviours,
such as forest work colleagues, as a form of “socio-
behavioural RCD”. For example, HIV programmes have
improved case detection by enlisting cases to refer poten-
tially high-risk peers to testing services [88, 89].

Transmission models

In HIV, standardized transmission models developed
by UNAIDS and WHO are applied biennially to update
national and global estimates and projections, drawing
on countries’ most recent surveys, size estimates and
other data [90-92]. These models are a central feature
of HIV surveillance systems that allow countries to esti-
mate the relative contribution of high-risk populations to
new infections, predict transmission patterns over time
and assess the potential impact of new interventions.
In settings where high-risk populations may contribute
disproportionately to transmission, adapting malaria
transmission models to account for them could provide
valuable insight on the potential impact of control strate-
gies that target individuals at greatest risk [93].

Targeting interventions

Achieving appropriate targeting and high levels of cov-
erage are often the key challenges of interventions in
high-risk populations [94]. To improve trust, acceptance
and effectiveness, engaging with communities is critical
to HIV interventions. Planning should include identify-
ing community organizations and leaders, which often
already have the know-how to access risk populations,
and may hold influence on the population’s receptiveness
to new initiatives. Including members of the target pop-
ulation as project coordinators, interviewers, trainers,
health or peer educators is a best practice in HIV. At the
same time, those planning interventions should be aware
of divisions when affiliating with any particular group or
individual.

Malaria programmes’ conventional approaches to dis-
seminating interventions—through household visits,
health facilities, and community health workers—may
be effective when risk and/or risk behaviours are wide-
spread, and high-risk individuals tend to develop symp-
tomatic infections, are accessible at their households and
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improves targeting and effectiveness.

intervention in the community.

sites.

e Initiating recruitment with individuals who are actively engaged in the target risk behaviour

e Educating and training all individuals who will be asked to refer others in recruitment techniques
and the intervention improves recruitment and dissemination of accurate information about the

e Incentives, monetary, and material, can promote recruitment and effective delivery of prevention
messaging; formative research is recommended to determine appropriate incentive levels.
o Pilot testing is essential to improve implementation and is often needed at multiple intervention

Fig. 7 Lessons learned for peer-driven interventions

have good access to health care. If instead risk clusters
within workers of an organization, then offering workers
regular access to prevention, screening, and treatment
may be more efficient. To extend reach beyond the often
small subset of individuals linked with community organ-
izations, HIV interventions have adopted approaches
that parallel sampling strategies. For example, venue-
based outreach often begins by mapping of risk locations
[95, 96]. As in RDS, peer-driven interventions (PDIs)
enlist high-risk individuals to provide prevention infor-
mation to their social contacts [97], thus harnessing trust
and peer pressure to expand reach, and often employing
incentives to improve participation and referral [98, 99].
Social network strategies have proven successful outside
of HIV; for example, exposing nominated friends of ran-
dom villagers to a nutritional programme increased com-
munities’ overall uptake compared to targeting random
villagers [100]. Venue-based and PDI approaches have
also been combined effectively, by initiating peer-referral
with individuals encountered at high-risk venues [101].
In malaria, peer educators could be enlisted to dissemi-
nate information and/or preventive items and refer peers
to testing and prevention programmes; dissemination of
larger commodities, such as LLINSs, poses logistical chal-
lenges but could be explored. Lessons learned regard-
ing PDIs in the context of HIV [97-99, 102-105] are
shown in Fig. 7.

Conclusion

Malaria programmes embarking upon elimination must
first draw on diverse sources of data to clearly define the
subgroups most likely to be at elevated risk through pre-
surveillance assessment, conduct serial targeted surveys,
case—control studies, and/or sentinel surveillance to con-
firm risk, determine the approximate size of risk groups
to guide prioritization and planning of interventions, and
adopt a surveillance cycle to ensure that surveillance and
response activities adapt as transmission patterns evolve.

There may be fewer challenges to conducting surveil-
lance of high-risk populations in the malaria context
relative to HIV. First, malaria and malaria risk groups,
perhaps with the exception of some MMPs, are gener-
ally not stigmatized. Second, in general, malaria infec-
tions are shorter in duration, so that behavioural data will
be more closely linked to infection risk in time, which
should facilitate the identification of risk factors. Third,
malaria is curable and treatment is both more brief and
less expensive than in HIV, providing greater motivation
to participate in surveys that provide free testing. Where
HIV and malaria populations coincide (e.g., some mobile
populations may be at risk for both), harmonizing sur-
veillance and response activities may provide a way to
reduce costs.
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