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Abstract

Background: Mobile and migrant populations (MMPs) pose a unique challenge to disease elimination campaigns
as they are often hard to survey and reach with treatment. While some elimination efforts have had success reach-
ing MMPs, other campaigns are struggling to do so, which may be affecting progress towards disease control and
elimination. Therefore, this paper reviews the literature on elimination campaigns targeting MMPs across a selection
of elimination diseases—neglected tropical diseases, malaria, trypanosomiasis, polio, smallpox, and rinderpest.

Methods: Through a systematic review process following Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines, a three-person review team identified papers from databases, conference records,
and citation searches using inclusion/exclusion criteria. Papers were divided into three key outcome domains during
the synthetization process: (1) MMP movement patterns in East Africa including reasons for movement and conse-
quences in terms of health outcomes and healthcare access; (2) MMP contribution to the transmission of disease
across all geographies; (3) surveillance methods and treatment interventions used to implement programming in
MMPs across all geographies. Experts in the field also provided supplemental information and gray literature to sup-
port this review.

Results: The review identified 103 records which were descriptively analyzed using the outcome domains. The
results indicate that in East Africa, there are various motivations for migration from economic opportunity to political
unrest to natural disasters. Regardless of motivation, mobile lifestyles affect health service access such that MMPs in
East Africa report barriers in accessing healthcare and have limited health knowledge. Often lower service delivery
to these populations has resulted in higher disease prevalence. A minority of articles suggest MMPs do not pose
challenges to reaching disease control and elimination thresholds. Finally, the literature highlighted surveillance
methods (e.g., using satellite imagery or mobile phone data to track movement, participatory mapping, snowball
sampling) and intervention strategies (e.g., integration with animal health campaigns, cross-border coordination,
alternative mass drug administration [MDA] methods) to implement health interventions in MMPs.

Conclusions: Ultimately, the literature reviewed here can inform programmatic decisions as the community
attempts to reach these never treated populations.
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Background

Neglected tropical diseases (NTDs) are a diverse group
of 20 major disabling conditions, mainly of parasitic
and bacterial etiology. They impact over 2.5 billion peo-
ple worldwide, primarily in rural and poor urban set-
tings, where access to clean water or safe disposal of
human waste are major drivers of exposure and risk
[1]. If left untreated, NTDs can cause great morbid-
ity, which often results in substantial disability affect-
ing quality of life and productivity of those affected [2].
Five major NTDs (i.e., trachoma, lymphatic filariasis
[LF], onchocerciasis, schistosomiasis [SCH], and soil-
transmitted helminths [STH]) can be controlled or
eliminated through mass drug administration (MDA)
of preventive chemotherapy (PC) [3]. Over the past
decade, there has been great progress in the control
and elimination of these PC-NTDs [4].

While this progress is positive, the NTD commu-
nity continues to face challenges in reaching control
and elimination targets. Population growth and mobil-
ity have increasingly been observed as a hindrance to
this progress [5]. First, if programmatic surveys include
randomly selected enumeration units with a high pro-
portion of mobile and migrant populations (MMPs)
affected by NTDs, such surveys may over-estimate the
intensity of autochthonous transmission (i.e., since
MMPs could have been infected outside of survey units,
and/or certain populations are historically known to be
at greater risk of NTD infection). Second, NTDs could
be re-established in areas where these have been elim-
inated (e.g., if MMPs affected by NTDs migrate to an
area where MDAs have stopped). Third, NTD interven-
tions often face challenges in targeting MMPs, due to
their limited geographic access to health facilities and
NTD testing, poor existing health service quality deliv-
ered to these populations, interruptions in treatment
supply, high out-of-pocket payment and travel costs,
and low awareness of and alternative beliefs on NTDs
and treatment [6, 7]. In other circumstances, MMPs
may be excluded from health programming due to cul-
tural and language barriers, as well as stigma, possible
illegal status, resulting in a fear of deportation [8].

The East African region is characterized by high
migration rates and has experienced various migration
flows and patterns [9]. MMPs in East Africa typically

include populations who (i) seek labor and follow
agropastoral traditions (e.g., livestock herders, seasonal
laborers, forest workers, miners); (ii) are involved in or
are the result of insecurity and conflict (i.e., military
personnel, armed militia, internally displaced people
[IDPs], and refugees); or (iii) are the result of humani-
tarian emergencies (i.e., IDPs, and refugees) [10, 11]. In
2019, East Africa alone hosted 7.7 million international
migrants along with 3.6 million refugees and asylum
seekers [12, 13].

We conducted a systematic review to better under-
stand the movement patterns of MMPs, their effect
on disease transmission dynamics, and the subse-
quent consequences on programmatic disease elimi-
nation efforts (such as NTD campaigns) in endemic
areas. The intended objectives of this review were
(1) to establish an understanding of motivation for
and consequences of MMP movement patterns; (2)
to understand how these MMPs affect the transmis-
sion of infectious diseases; (3) to identify tools being
employed to monitor MMP movement patterns and
to develop more effective approaches and strategies
to reach MMPs with health interventions. For the first
objective, we limited our search to East Africa as this
region is of specific interest to the global infectious
disease community: there is substantial known cross-
border movement, specifically of the Turkana and
Maasai, that impact disease control and elimination
efforts [14, 15]. For the second and third objectives,
we broadened our review to include other geogra-
phies. This broader scope was intentional to ensure
we captured the breadth of epidemiological informa-
tion on disease prevalence in MMPs and to include all
programmatic approaches and strategies used to reach
MMPs with health interventions.

To better understand lessons learned that are applica-
ble to NTDs, we also explored other formerly prevalent
and successfully eliminated—or nearly eliminated—viral
pathogens (i.e., rinderpest, smallpox, polio) as well as
current parasitic diseases (i.e., trypanosomiasis, malaria).
We examined the application of specific successful and
unsuccessful interventions used to reach MMPs with dis-
ease programming for continued progress towards dis-
ease elimination. Here forth all diseases included in the
review will be referred to as “focus diseases”
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Methods

Definition of MMPs

We define MMPs as groups of people who do not
reside in one location for long periods of time but
rather travel sporadically or seasonally due to their
occupation, lifestyle, political unrest, or environmental
hazards [11].

For the purpose of this review, we excluded station-
ary populations (such as refugees, migrants, or internally
displaced persons who reside in camps). This distinction
was made to focus on mobile populations (e.g., migrant
workers, nomadic pastoralists) who may be hard to cap-
ture in a census or other types of sampling frames.

Eligibility criteria

The descriptive systematic review included articles pub-
lished from 2000 to 2021 written in English, Spanish,
French, German, Portuguese, and Italian. We included
articles reporting on MMP movement patterns in East
Africa, epidemiology of focus diseases affecting MMPs,
and tools and strategies used to monitor MMP move-
ment and target MMPs affected by focus diseases with
programmatic interventions. We included both quan-
titative and qualitative studies; however, we did not
include other systematic reviews, literature reviews, and
meta-analyses.

We added Kenya, Tanzania, and Uganda as specific
search terms because that is where we see an immediate
programmatic need to address issues of persistent trans-
mission in a handful of districts that have embarked on
last mile efforts to eliminate PC-NTDs. We expect many
last mile issues related to PC-NTDs in these countries to
reflect other elimination challenges faced elsewhere due
to MMP movement.

We excluded papers reporting on general mHealth
approaches not tailored to MMPs. Additionally, we
excluded papers on travel medicine, disease serology and
diagnosis specificities, persons living settled lifestyles,
and papers reporting on MMP socio-demographics and
anthropology with no relevance to health or movement
patterns.

The included studies fell into three groups for synthe-
sis: (1) studies on movement patterns and healthcare
seeking practices of MMPs in East Africa; (2) studies
reporting on the prevalence of focus diseases in MMPs
and MMP impact on disease transmission globally; (3)
studies on methodologies used to enumerate MMPs,
track their movement, and reach them with treatment
and interventions.

The study protocol was registered through the Inter-
national Prospective Registry of Systematic Reviews
(PROSPERO) (No. CRD42021214743).
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Information sources

We developed the review process in alignment with the
Problem/Population, Intervention, Comparison, and
Outcome (PICO) framework [16]. Through this process,
we finalized the search terms and conducted a trial run to
ensure the results were as intended.

The systematic literature search utilized five databases:
AnthroSource, EBSCO, PubMed, OVID Medline, and
Web of Science. We also consulted with 12 experts in the
field (see Acknowledgements) to identify published and
gray literature that could have been missed through the
database search. Using a snowball method, we manually
examined the reference lists from systematic reviews and
included a subset of articles using the inclusion/exclusion
criteria.

Additionally, we carried out a manual systematic
search of conference abstracts dating back to 2010. For
this search, we reviewed the American Society of Tropi-
cal Medicine and Hygiene (ASTMH), Coalition for Oper-
ation Research on NTDs (COR-NTD) and the Neglected
Tropical Disease Non-Governmental Development
Organization Network (NNN) conference records and
selected abstracts using the above inclusion/exclusion
criteria.

Search strategy

We systematically searched the five databases using
specific search terms (see Table 1). We conducted two
searches based on the intended outcomes from the differ-
ent types of databases. First, we searched Anthrosource
and EBSCO for anthropological literature about MMPs
in East Africa, their movement patterns, and their cus-
toms as they relate to healthcare access and acceptance of
health services and interventions. We limited this search
to East Africa as we were interested in understanding the
movement patterns and healthcare-related practices of
MMPs in this area, such as the Turkana and Maasai peo-
ples, their high disease prevalence, frequent mobility, and
known challenges to accessing treatment faced by these
two groups and others [14, 15].

For the second search, we did not restrict the geo-
graphic focus because information on persistent trans-
mission due to MMPs and lessons learned from targeting
MMPs with MDA campaigns can be applied more uni-
versally. We harvested results from PubMed, Ovid MED-
LINE, and Web of Science on papers discussing disease
prevalence in MMPs, tools to monitor and enumer-
ate focus diseases in MMPs, and intervention methods
and strategies to provide focus disease programming to
MMPs.

From the initial database search using the terms in
Table 1, we pulled 13,163 articles. While this result was
much larger than originally anticipated, we concluded
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Table 1 Search terms
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Dimension Term

Connector

Problem

neglected tropical disease* OR “neglected tropical disease*"mp. OR exp Neglected Diseases/ ORTS= (“neglected tropical

AND

diseases”) OR trachoma [MeSH Terms] OR trachoma.mp. OR exp Trachoma/ OR TS= (trachoma*) OR lymphatic filariasis OR
elephantiasis OR “lymphatic filariasis"mp. OR Elephantiasis, Filarial/ OR TS= (lymphatic filariasis* OR elephantiasis) OR oncho-
ceriasis [MeSH Terms] OR onchocerciasis.mp. OR exp Onchocerciasis, Ocular/ OR Onchocerciasis OR TS= (onchoceriasis*)
OR schistosomiasis [MeSH] OR schistosomiasis.mp. OR Schistosomiasis/ OR TS= (schistosomiasis*) OR “soil transmitted hel-
minths" OR “soil transmitted helminths”mp. OR exp Helminthiasis/ OR TS= (“soil transmitted helminths”) OR malaria [MeSH]
OR malaria.mp. OR exp Malaria/ OR TS= (malaria) OR polio [MeSH] OR (acute poliomyelitis [Mesh Terms]) OR polio.mp. or
exp Poliomyelitis/ OR TS= (polio) OR smallpox [MeSH] OR exp Smallpox/ or smallpox.mp. OR TS= (smallpox) OR rinderpest
[MeSH] OR exp Rinderpest virus/ or exp Rinderpest/ or rinderpest.mp. OR TS= (rinderpest) OR trypanosomiasis [MeSH] OR
trypanosomiasis.mp. or exp Trypanosomiasis/ OR TS= (trypanosomiasis)

Population

migrat* OR migrant* OR (migrat* OR migrant*).mp. OR TS= (migrat* OR migrant*) OR "mobile populations” OR “‘mobile

AND

populations"mp. OR TS="mobile populations” OR transients and migrants [MeSH Term] OR “Transients and Migrants"mp.

OR exp “Transients and Migrants”/ OR TS= transient* OR mobile OR mobile.mp. OR TS= mobile OR pastoralis* OR pastora-
lis*.mp. OR TS= pastoralis* OR nomad* OR nomad* mp. OR TS= nomad* OR Turkana OR Turkana.mp. OR TS= Turkana OR

Maasai OR Masai OR (Maasai or Masai).mp. OR TS= (Maasai or Masai)

Geography specific terms used in Search 1 referenced above
“East Africa” OR Kenya OR Tanzania OR Uganda

Intervention

“Insect Control’[Mesh] OR “insect control’mp. OR TS = insect control OR "Mass Drug Administration"[Mesh] OR “Mass Drug

AND

AND

Administration”mp. ORTS = “mass drug administration” OR “Mass Vaccination’[Mesh] OR “mass vaccination"mp. or exp Mass
Vaccination/ ORTS = (“mass vaccination”) OR “Sanitation"[Mesh] OR “Hygiene’[Mesh] OR sanitation OR hygiene ORTS =

(sanitation OR hygiene)
Outcome

("public health surveillance” [Mesh]) OR (“sentinel surveillance” [Mesh]) OR exp public health surveillance/ or exp sentinel -

surveillance/ ORTS= (public health surveillance) OR (sentinel surveillance) OR “Epidemiological Monitoring"[Mesh:NoExp]
OR exp Epidemiological Monitoring/ OR TS = “epidemiological monitoring” OR “Geographic Mapping“[Mesh] OR exp geo-

graphic mapping/ OR TS= (geographic mapping)

that limiting the search terms or reducing the number of
databases searched could lead to missing relevant meth-
odological articles. Therefore, we conducted a pre-title
review phase during which we excluded any articles of
irrelevance based on title. This stage removed all articles
on animals or plants unrelated to MMPs, reports on dis-
eases not included in our focus diseases, papers on the
environment, papers on migration of larvae and migra-
tion of chemicals, and cellular-level biology reports. Fol-
lowing this step, 2848 articles moved forward to further
review. In this second step, another title review was con-
ducted, as well as a review of the abstract and lastly full
text. Applying this phased review process resulted in the
inclusion of a total of 39 articles in the review (Fig. 1).

We also systematically searched conference proceed-
ings for relevant conference abstracts. As advanced
search boxes were not available, we used the find (con-
trol “f”) feature to locate the following search terms in
the abstracts: “migrant ’ “nomad,” “pastoralist”

” o«
)

mobile;
“transient” From this search, we identified and reviewed
74 abstracts, of which 34 were ultimately included in the
review.

Selection process

We employed a two-person review team (MA, ES) to
engage in every step of the three-stage article review
process. The team read every title, abstract, or full text
and made an inclusion/exclusion decision based on the

criteria. If an article was excluded at the full text stage, we
coded it with a number corresponding to the criteria for
which it was excluded. Once we completed the reviews,
we analyzed the results for discrepancy. We sent any arti-
cles with conflicting inclusion/exclusion decisions to a
third reviewer (KS) to “tie break” We repeated this pro-
cess for the title, abstract, and full text review stages, as
well as for the conference abstracts.

Data collection process

EndNote (Clarivate Analytics, London, UK) was used
to organize records and share information among the
review team. Records were tagged with key words in
EndNote (Table 2) and findings from each paper were
synthesized in 3-5 sentence summaries on a shared
spreadsheet. As this review included mostly qualita-
tive articles on intervention methodology, we did not
find it necessary to confirm data and results from the
study authors. No automation tools were used in this
process.

Outcome domains

We analyzed the outcomes using three domains, which
were aligned with the review’s objectives. First, we
synthesized data on MMP movement patterns in East
Africa, motivation for moving, seasonal habits, and
cultural practices related to healthcare. This outcome
domain was descriptive in nature, providing detail on
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—
,5 Records removed before Records identified from:
E Records identified from: screening: Conference proceedings (n = 74)
= Databases (n = 13,163) Records removed for Expert consultations (n = 24)
§ > duplication and non- Citation searching (n = 9)
k-] relevance* (n = 10,315)
- l
—
Records screened » | Records excluded™
(n = 2,848) (n=2,770)
| !
Reports sought for retrieval | Reports not retrieved Records sought for retrieval .| Records not retrieved
2 (n=78) (n=3) (n=107) "l (n=0)
: | |
n
o Reports excluded** 36
Rei)orts assessed for eligibility > Reason 1 (n = 6) Records assessed for eligibility | Records excluded** 43
(n=75) Reason 2 (n = 3) (n=107) > Reason 1 (n = 1)
Reason 3 (n = 1) Reason 2 (n = 0)
Reason 4 (n = 9) Reason 3 (n = 0)
Reason 5 (n = 3) Reason 4 (n = 12)
Reason 6 (n = 6) Reason 5 (n = 3)
J Reason 7 (n = 5) Reason 6 (n = 11)
v Reason 8 (n = 3) Reason 7 (n = 13)
Reason 8 (n = 3)
Studies included from databases &
registers
(n=39) <
Studies included from other methods
(n=64)

* Non-relevance is defined here as completely unrelated to the study themes (e.g., migration of chemicals, ecological phenomena, diagnostic-specificity of animals, etc.)

**Exclusion reasons: Papers reporting on/in (1) languages other than English, Spanish, French, German, Portuguese, Italian or papers that are systematic reviews; (2) migration of larvae, bacteria, plants, chemicals or animals not related to

pastoralists; (3) mobile phones use not related to tracking migration, mHealth or other not

http://www.prisma-statement.org/

Fig. 1 PRISMA flow diagram

to human surveillance; (4) serology or other cellular/lab-based research; (5) travel medicine or specific case reports; (6) settled or long
term residents; (7) diseases other than NTDs, malaria, smallpox, polio, trypanosomiasis, or rinderpest; (8) solely migratory patterns of populations outside of East Africa.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. For more information, visit:

how these populations move, how accepting MMPs are
of health interventions, and consequences of move-
ment such as lack of access to treatment. Second, we
grouped data based on prevalence results of focus dis-
eases in MMPs and how MMPs contribute to persistent
transmission of focus diseases. Rather than focusing
on specific prevalence estimates, this outcome domain
was included to establish the effect of population move-
ment on disease transmission. For the third outcome
domain, we synthesized literature on population enu-
meration tools and intervention methods used to treat
MMPs with mass campaigns for focus diseases. We
aimed to collect data on a myriad of existing method-
ologies used to target these populations with treatment
interventions.

Study risk of bias assessment

Our central motive for engaging three individuals in the
review process was to reduce bias in the study selection
process. At least two, if not three, independent reviewers
assessed every article. The experts consulted came from
a variety of backgrounds and health-specific fields. Their
recommendations were diverse as a result, suggesting lit-
tle risk of bias.

Effect measures
This review was qualitative in nature and therefore
assessing effect measures of the outcomes did not apply.

Synthesis methods

We split final records—studies, gray literature, and con-
ference abstracts—evenly among the three reviewers to
determine grouping for synthesis. We tagged each record
with key words based on the outcome domains. The syn-
thesis key words can be seen in Table 2. We identified the
key words, or thematic codes, prior to the full text paper
review and included them in a coding dictionary. All
three reviewers used the coding dictionary to ensure con-
sistency in the use of key words and facilitate synthetiza-
tion. The key words describe geography, focus diseases,
methodological approaches, and the main elements of
the three study questions. Additionally, we included the
key word in the shared database of resources to stream-
line the thematic analysis process. The results of that the-
matic analysis are included in the “Results” section.

Reporting bias assessment
The review was exhaustive in scope as illustrated by the
size of the initial literature search pull, minimizing the
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risk of reporting bias and missing results. We conducted
the review systematically with three individuals review-
ing the articles and the results. We conducted a snowball
sample to ensure any relevant articles missed from the
first literature pull were included. Additionally, we con-
ducted another search 4 months after the first pull to
capture any articles published during that time period.
Therefore, we believe that it is unlikely that the review
team missed crucial articles.

Certainty assessment

We did not conduct a formal certainty assessment as it
was not applicable in this review. The objective of the
review was not to evaluate the results from quantitative
nor quasi-experimental literature. Instead, we aimed to
provide an overview of MMP movement patterns in East
Africa, the impact of MMPs on disease transmission, and
the methods used to enumerate and treat them. It is for
this reason we did not attempt to conduct a certainty
assessment nor a meta-analysis.

Results

General paper characteristics

In final, we identified 103 separate records: 39 articles
from the database search; 34 conference abstracts from
the conference record review; 22 records identified by
key experts, including gray literature, published material,
and meeting records; and, lastly, 8 articles from a snow-
ball review of all NTD-related articles’ reference lists and
reference lists from systematic reviews of relevance that
were captured in the database pull (Fig. 1).

Studies were mostly conducted in Africa (n = 45), fol-
lowed by Asia (n = 29) and South America (1 = 7); one
paper reported on MMPs and focus diseases in Australia
(n = 1). Records range in date from 2000 to 2021, with a
median value of 2016 (Table 3). The sample sizes ranged
from zero (in the case of editorials or topic reviews), to

Table 3 Results from systematic review search
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primary data collection with small numbers (i.e., 6 focus
group discussions), to large surveys of tens of thousands
of individuals.

Study designs and risk of bias
Most of the papers either described generally or pre-
sented experimental analysis from new methodologies
(n = 32) or reported on results from cross-sectional sur-
veys (n = 32). The review included studies using descrip-
tive analyses (n = 17), mixed method approaches (n =
13) and qualitative interventions (# = 6). Three papers
described longitudinal (# = 2) and case control studies (n
=1).

Given the descriptive nature of the systematic review,
we did not conduct a risk of bias assessment of the
included studies.

Outcome domains

We synthesized results based on the three outcome
domains. The first domain included epidemiologic and
anthropologic papers on MMP movement patters in
East Africa (n = 9). We identified two sub-domains: rea-
sons for MMP movement and consequences in terms of
health outcomes and health access of movement. The
second domain focused on how MMPs contribute to
the transmission of disease (n = 48). We synthesized
cross-sectional, mixed method, qualitative, and descrip-
tive articles to flesh out the literature pertaining to this
theme. For the third domain, we examined method stud-
ies to provide insight to the final theme discussing meth-
ods and interventions to monitor MMP movement and
target them with preventive treatment (n = 45). We fur-
ther divided this domain into two sub-domains: tools to
monitor and sample MMPs and their movement, and
intervention strategies to target MMPs with mass treat-
ment campaigns.

10, 113]

Theme Characteristics of MMP contribution to disease transmission Implementing mass treatment campaigns in
MMPs and their MMPs
movement
Total [14,15,17-23] [24-71] [8,72-115]
Location East Africa  [14,15,17,19-23] [27-32,34,35,67,68, 70] [76, 86]
Other Africa [33,37,45, 46,48, 56, 58, 63,69, 116, 117] [72,74,79,82,89,96,98, 100,101,107, 108, 111]
Asia [24,36,40,44,47,53,55,57,59,61,62,64-66] [81,83,84,87,88,91-94,99, 102-106, 110, 113]
Other (18] [26,41-43, 52, 54, 60] [95]
Disease  NTDs [15,23] [25-32,34-50] [72,81,89,90,97,101, 105, 109]
Malaria [14,18-22] [24,33,51-65,116,118] [8,73,74,77,83,84,87,91-94,99, 102-104, 106, 107,
1
[

Others [67-69]

79,82,96, 100, 108]
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Outcome domain 1: MMP movement in East Africa

Overall, the literature search identified nine articles
describing East African MMP motivations for moving,
attitudes towards healthcare, and access to health ser-
vices [14, 15, 17-23].

Motivation for movement Our search yielded studies
focusing on different types of MMPs—nomadic pasto-
ralists, migrant laborers, IDPs, and refugees—each with
various motivations for movement. Common migrant
population definitions specify whether movement is
cross-border or within single countries, being driven by
the demands of livestock (nomadic pastoralists), in pur-
suit of economic opportunities (migrant laborers), or in
response to natural disasters or conflict (IDPs and refu-
gees) [18]. For example, two specific groups of interest,
the Maasai and Turkana, move seasonally to access water
sources for their cattle [19]. The literature describes
their movement as independent of borders, contribut-
ing to persistent malaria transmission specifically [20,
22]. Of relevance for NTD epidemiology, motivation for
movement is often associated with demographic charac-
teristics that may also be associated with NTD risk. For
example, economic migrants are often young and/or sin-
gle adults, while IDPs or refugees moving in response to
conflict or natural disaster are often comprised of fam-
ily units that include women and children. Furthermore,
barriers that women face due to their MMP status can
also be exacerbated by their minority gender status [8].
Among pastoralist communities, movement patterns
may be different for women and children than for male
youth and adults who are moving livestock in certain sea-
sons. Where the demographics of MMP groups and risk
for NTDs overlap in endemic receiving or sending areas,
programs can identify priority populations for NTD
interventions.

Consequences of movement We found three studies dis-
cussing the difficulty of reaching MMPs with health ser-
vices in East Africa [17, 19, 23]. These papers described
the issue specifically in the Maasai people in Kenya and
Tanzania. Lawson et al. [19] found that the Maasai face
barriers to healthcare access due to inadequate service
provision in their remote areas. Therefore, when compar-
ing Maasai health to other nomadic groups, the authors
found that levels of child malnutrition and disease were
very high. Mtuy et al. [23] observed that Maasai seem-
ingly had limited health knowledge as interviews indi-
cated that there is an erroneous belief that trachoma is
caused by environmental allergens. An additional four
studies illustrated low levels of engagement in healthcare
services due to distrust of western medicine or misinfor-
mation about health service campaigns. Consequently,
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studies observed worse health outcomes in the MMPs,
such as increased burden of malaria and trachoma [15,
20-22]. In contrast, one study comparing health issues
of settled and nomadic Turkana in Kenya reported that
the settled Turkana suffered from higher rates of infec-
tions like eye infections, colds, coughs, and respiratory
infections than the nomadic Turkana [14]. The majority
of these studies’ findings were corroborated by our expert
consultations, specifically about the types of MMP move-
ment (e.g., cross border, seasonal, labor-specific travelers)
in East Africa and how this mobility has affected focus
disease service delivery like mass drug and vaccination
campaigns in the region.

The studies describing East African MMPs, as well as
additional records from domains two and three, also
highlighted variables of population movement—such as
timing, duration of movement, demographics of those
moving, and border crossing—that affect how MMPs
utilize healthcare services. Timing can affect health out-
comes by exposing MMPs to environmental risks or
impeding physical access to services (e.g., by increas-
ing remoteness or by the degradation in roads, tracks
or trails, or localized flooding in the wet season) [17, 23,
24, 119, 120]. Duration of migration can similarly affect
exposure, disease risk, or access to services that are only
available on a local or regional basis [20, 25-27, 72].
Demographics are important when considering diseases
that have outsize effects based on age or gender, and bor-
der crossing exposes migrants to the policies and prac-
tices of different government health care systems which
might require international coordination and collabo-
ration to prevent gaps in coverage [18, 28-32, 73, 121].
Demographics are also an important consideration when
migration flows are of large size and/or are unpredict-
able (such as when movement is dependent upon climate
conditions, conflict, or natural disaster) as this can lead
to situations where the health care infrastructure is not
prepared to absorb or respond to the numbers requiring
intervention [25, 33, 74, 75, 122].

Outcome domain 2: MMP contribution to disease
transmission

Altogether, 50 papers directly contributed to this out-
come domain. Of these, 25 discussed NTDs [25-32,
34-50] and 20 discussed malaria only [24, 33, 51-66, 116,
118]; five papers focused on a mix of health outcomes,
including trypanosomiasis and polio [67-71]. Many of
the variables affecting population movement identified
in the first theme carried over into this question as spe-
cific factors affecting the transmission of focus diseases
by and within MMP populations.
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Many reviewed studies reported MMPs being missing
or underrepresented in service delivery programs [28,
29, 31, 34, 35, 37-39, 41, 51, 54, 56, 57, 60, 67, 69-71].
This underserved status, it is argued, is important to
resolve to address both equity concerns and modeling
evidence indicating that focus disease control and elim-
ination efforts cannot be successful without adequate
intervention coverage among MMPs. One study com-
paring polio vaccination rates of settled and nomadic
populations in western Kenya found significantly dif-
ferent vaccination rates in settled versus nomadic chil-
dren under 5 years of age (i.e., 85% vs 28%) [67]. This
discrepancy in coverage is further concerning when
noting that mobility may increase transmission dynam-
ics and affect resource allocation at and between both
sending (the location of origin for migrant flows) and
receiving (destination locations) areas that may have
varying endemicity statuses. In a study on the poten-
tial risk of re-infection of LF in Togo, a country with
documented LF elimination, Dorenkoo et al. surveyed
multiple MMP groups from neighboring countries with
known travel routes through Togo [37]. They concluded
that the nomadic Peuhls, with an LF prevalence rate
of 11.9%, pose a risk of potentially reintroducing LF
into Togo. Furthermore, a study on imported malaria
cases in Suriname found that between 2006 and 2015,
imported cases of malaria increased from 6.8 to 79.5%
due to high migration rates of migrant laborers [54].
Most Surinamese cases (94%) remained within the
migrant community, but cross-border movement of
migrant laborers continued to pose risk of reintroduc-
tion to the local community. As highlighted in much
of the reviewed literature, reintroduction and contin-
ued transmission of focus diseases due to MMP move-
ment poses challenges to achieving their control and
elimination.

Some articles presented data that suggest MMPs are
not a barrier to control or elimination of focus diseases.
For example, in Senegal, there was a concern that migra-
tion during rainy season would increase malaria preva-
lence. However, a study by Thwing et al. [58] found that
parasite prevalence was low (0.5%) among the nomad
population, suggesting they posed very little risk of caus-
ing transmission during travel. Lindblade et al. [42] came
to a similar conclusion when determining the prevalence
of onchocerciasis in Guatemala and the risk that coffee
harvesting migrant workers pose to recurrent transmis-
sion. The authors tested migrant workers for the presence
of IgG4 antibodies to a recombinant Onchocerca vol-
vulus antigen and found a sero-prevalence rate of 0.6%,
concluding that these workers play an insignificant role
in onchocerciasis transmission. While it is important to
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note settings where MMPs seemingly do not contribute
majorly to disease transmission, such examples seem
to be rarer in the literature. The review did not identify
commonalities in disease type, geography, or epidemiol-
ogy between the studies that suggest MMPs are posing a
challenge to control and elimination of focus diseases.

If MMPs reside in areas that do receive services for
focus diseases, service and intervention coverage can still
be an issue. The literature documents known instances
of low coverage or inaccurate coverage reporting due to
MMPs’ mobility. In attempting to collect baseline tra-
choma prevalence in a nomadic community in Australia,
Lansingh et al. [41] conducted trachoma examinations
four times over the course of 13 months. They reported
an overall examination rate of 75%; however, the exami-
nation rate for any one visit was between 15 and 53%.
Additionally, only two of the 485 participants examined
were examined during all four examinations.

Lack of access to services can be mediated by differ-
ences in MMPs’ knowledge, attitudes, and practices
(KAP) that might place them at greater risk for infection
and disease (e.g., in terms of exposure, preventive behav-
iors) and/or affect health seeking behaviors in such a way
that treatment through the health system is less likely
[24, 36, 44, 58, 60-62, 64—68, 116, 118]. For example, in
many surveys, MMPs are less likely to recognize symp-
toms of disease, understand how diseases are spread,
and have access to safe water, adequate sanitation, and
proper hygiene education. In one study on the prevalence
of SCH in a migrant community in China, KAP survey
results suggested that only 43.9% of migrants sampled
had knowledge of SCH control measures [36]. Another
study compared polio vaccination knowledge of settled
persons and nomadic pastoralists in Kenya, with 15% of
nomadic mothers reportedly knowing when a child was
supposed to be receiving a vaccine compared to 67% of
settled mothers [67]. This discrepancy in KAP can affect
coverage among these populations; in addition, language
barriers may exacerbate access to and understanding of
health education and health services.

As noted for the first outcome domain, other charac-
teristics of MMPs also mediate their risks or affect access
to local health education or services. These include socio-
economic demographics (including age and gender),
duration of stay (e.g., overtime migrants may assimilate
with residential populations), and settlement patterns
(e.g., MMPs may be integrated in established communi-
ties vs transient camps) which all bring with them unique
risk factors as well as varying access to health educa-
tion and services. In short, it is impossible to think of
MMPs as a monolith with a single effect on transmission
dynamics.
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Outcome domain 3: Implementing mass treatment
campaigns in MMPs

Forty-four articles were identified that directly contrib-
uted to our understanding of this third study question [8,
72-114]. All articles were designing, describing, or test-
ing an approach to better monitor MMPs and describe
their contribution to ongoing disease transmission.

Tools to monitor, map, and sample MMPs One of the
major stumbling blocks to understanding disease dynam-
ics in MMPs is the difficulty in enumerating and survey-
ing these groups. Commonly used means of constructing
sampling frames, such as censuses or household enu-
meration, are not designed to capture and sample MMPs.
We found twelve articles describing alternative methods
to enumerating MMPs (see Table 4). Sampling strate-
gies include the use of geospatial data to identify move-
ments, tents, or settlements [86, 98, 101, 104, 111]. Study
results suggest these alternative sampling frames can be
comparable to standard methods. For example, a study
in Cameroon on mapping nomadic pastoralist move-
ment found that more than 75% of cattle camps identi-
fied as probable through satellite imagery were found
to be camps upon manual, on-the-ground confirmation
[101]. In addition to satellite imagery, tracking mobile
phones or use of mobile phone apps has also been used
to map the movement patterns of migrants and deter-
mine the length of stay and locations along a migration
route [72, 77, 95, 107]. For example, Tomkins et al. [107]
used mobile phone data to analyze Senegalese migration
patterns and how they may affect malaria transmission.
Their study found that 60% of people have recurring trips
to the same location and most visits include an over-
night stay which increases the risk of malaria infection.
Albeit cell phone data can provide accurate information
to determine travel routes, it is limited to those MMPs
with phones and areas with good cellular reception, pos-
sibly excluding low-income populations and those in very
rural settings. Additionally, cross-border migration may
not be tracked if MMPs do not access different cell phone
service providers networks operating on the other side
of the border. Snowball or respondent-driven sampling
has also been used to survey MMPs with success [102,
110]. Using focus group discussions and key informant
interviews, Smith et al. [102] found that 54% of Nepa-
lese malaria cases were imported from India due to work
travel. Imported malaria cases were observed more in
males (85%) than females and suggested that longer trips
were more predictive of malaria infections. This study
exemplifies that alternative sampling methods can be
successfully used to enumerate MMPs when traditional
methods cannot be applied.
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An alternative sampling approach that has been success-
fully implemented is the engagement with MMPs them-
selves, such as participatory mapping and microplanning.
This approach relies on local knowledge and local leaders
or champions to identify barriers to access and points for
intercepting target populations for services. In Nigeria,
Uzoma and colleagues engaged with MMPs and com-
pleted route mapping to determine migratory routes and
their potential contribution to polio transmission [108].
After successfully producing an accurate migratory map,
a vaccination campaign was conducted which increased
first dose vaccination coverage from 752 to 1155
nomadic children under 5 years of age over the 2-year
campaign.

Intervention strategies to treat MMPs We found 11
papers detailing methods used to implement mass health
programming in MMPs (see Table 5) [8, 38, 73, 76, 80,
82, 88, 92, 94, 96, 100]. Five of these detailed approaches
and successful engagement with members of the MMP
as community health workers to provide ongoing ser-
vice delivery, identify disease transmission hotspots, and
engage in ongoing health education in a community [8,
88, 92, 94, 96]. For example, Hu et al. [88] implemented
an expanded vaccine program in China—including more
frequent services, provided by migrant clinical attend-
ants; expanded social mobilization; and widened screen-
ing to identify migrant demands for vaccines—and
observed an increase (71.5 to 88.6%) in fully vaccinated
migrant children. These studies emphasize the need for
altering common implementation approaches to include
MMPs. Some of these include targeting interventions
to specific known MMP groups within target districts,
adjusting intervention coverage to include remote areas,
and offering interventions at multiple sites (often along
borders or at work sites with known migrant workers)
and times to account for seasonal movement [8.

Three articles highlighted One Health approaches that
identify multiple entry points (such as veterinary care,
agricultural extension, and other community points of
entry) as a platform to engage the community in discrete
health interventions [76, 80, 82]. For example, Bomoi
et al. [82] reported successful use of joint animal and
child vaccination, which improved childhood vaccination
rates from 22.7 to 80.1% in Nigerian Fulani nomadic pas-
toralists over the course of their study; concurrently, ani-
mal vaccination rates also rose from 41 to 61%.

Lastly, two studies illustrate cross-border collabora-
tion as another important strategy in engaging with
MMPs [73, 100]. While the studies noted and described
cross-border migration as a complicating factor that
influences MMPs’ access to health care and disease
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risk (see outcome domains 1 and 2), Kleinschmidt et al.
[73] and Haydarov et al. [100] suggest cross-border
coordination as an approach towards lessening trans-
mission risks and improving access to care. Means of
cross-border collaboration ranged from formal efforts
such as timing MDA on both sides of the border to
coincide with one another, to informal WhatsApp
groups that include communication between commu-
nity health workers or other health service providers on
both sides of the border. Informal communication chan-
nels have been used to communicate about movement,
any increases in numbers of cases to assist in deploy-
ing rapid responses to community movement and/or
increased morbidity.

A final observation that emerged under this out-
come domain is the importance of planning and logis-
tics. Emphasis is placed on the need to predict population
movement and procure enough commodities, and provid-
ing services to MMPs will require greater resources—in
time, human capital, and funding—than working with set-
tled populations [22, 80, 97, 114].

Discussion

To our awareness, this is the first attempt to systemati-
cally review the literature on motivation for and conse-
quences of MMP movement on disease control and
elimination progress at a large scale. A recent systematic
review by Gammino et al. [6] did review the uptake of
health services, including for NTDs, in nomadic popula-
tions; however, it did not include studies or data on the
role of MMP movement, approaches to enumeration, or
mass treatment and interventions.

We extensively reviewed the existing literature on
MMP movement patterns, how MMPs contribute
to the transmission of infectious diseases, and what
tools and approaches have been tested to moni-
tor MMP movement and target them with health
interventions—this resulted in a robust library
that describes the role of MMPs in the control and
elimination of PC-NTDs. The review’s findings will
be critical to inform operational research as NTD
programs shift focus to systematically missed per-
sons and other population groups that could be
contributing to continuing transmission of disease
[97]. Undertaking better NTD service provision for
MMPs is a critical issue in health equity as many
MMP groups have reduced access to healthcare,
even if NTDs are also common among those living in
poverty or with poor water, sanitation, and hygiene
(WASH) infrastructure, conditions which some
MMP groups are also at particular risk of enduring
(8, 123].
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Implication for programmatic research

The reviewed literature suggests that designing a uni-
versal approach to target MMPs with NTD mass treat-
ment—and more generally NTD interventions—is
difficult. MMPs travel for different reasons, have dif-
ferent movement patterns, and may engage differently
with their environment, leading to variable exposures
to infection and disease. East Africa was the focus of
this review, and the literature suggests there is high
mobility between Uganda and Tanzania along the
southeast and northwest borders. Additionally, the
northeast border of Tanzania experiences high flow of
MMPs with those coming from the southern border
of Kenya [23]. Reviewed literature suggests population
movement in East Africa, along with cultural practices,
impacts healthcare utilization and access [17, 23, 46].
Therefore, to target MMPs for NTD interventions, it is
crucial to understand the movement patterns, cultural
practices, and healthcare acceptance among the spe-
cific populations.

Movement patterns and healthcare service utiliza-
tion similarly affect how MMPs contribute to disease
transmission. This review provides foundational infor-
mation to the NTD community as programs investigate
whether MMPs do in fact contribute to and could be the
reason for persistent transmission of NTDs in certain
geographic areas. The published literature on NTDs
in MMPs suggests movement could possibly (re)estab-
lish foci of transmission in the destination upon arrival
or in place of origin upon return if population move-
ment is occurring in endemic areas [26, 27, 37, 38, 41,
43, 45, 47, 56]. Movement can also impact population’s
knowledge about disease risk [15, 44]. The overwhelm-
ing consensus that population movement contributes to
disease persistence is critical knowledge for NTD pro-
grams as they attempt to treat the most hard-to-reach
populations.

While the literature confirms MMPs do impact persis-
tent transmission of NTDs and that programs will need
methods and approaches to monitor and treat these pop-
ulations, no one single solution or approach to reach and
provide interventions to MMPs is apparent. Therefore,
programs will have to assess their context-specific situ-
ation, identify drivers of health care access, and choose
the most applicable solution and approach. The literature
suggests that the initial step of sampling MMPs can be
the most difficult, as these groups are often not captured
in central registries like population censuses [115]. Alter-
native programmatic options for sampling MMPs include
using geospatial data, mobile phone records, respondent-
driven sampling, and point intercept methods [72, 77,
86, 98, 101, 102, 107, 111]. Participatory mapping and
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micro-planning with the community themselves can also
be an effective alternative to census-based sampling. This
requires researchers to build trust with community lead-
ers and gain entrance into the community to accurately
sample them. It is important to note that MMPs believed
to be contributing to the persistent transmission must be
assessed in terms of their size, composition, and move-
ment history within the context of a specific and larger
socio-epidemiological context. Only then can barriers to
access, whether physical, language, financial, or other be
mitigated effectively.

This descriptive review also provides NTD programs
with guidance for administering interventions once
the population has been sampled. The literature illus-
trates three novel methods health programs have uti-
lized which could become common practice for NTD
programs if further refined and receiving appropri-
ate financial support. Creating mobile teams by train-
ing MMP group members as migrant health workers;
aligning with OneHealth principles by using platforms
such as agriculture, veterinary extension, or WASH to
also provide NTD-related activities; and improving
cross-border coordination are approaches that have
all been successfully piloted in the infectious disease
sphere [38, 73, 80, 82, 92, 94, 100]. Employing these
methods individually or in combination could support
NTD programs in reducing persistent transmission in
areas with known MMP contribution to residual NTD
transmission.

As NTD programs plan concerted efforts to target
MMPs for treatment, this review highlights important
findings from other health sectors, as well as initial guid-
ance for engaging with MMPs. The literature clearly
establishes the consequential impact of untreated MMPs
on persistent disease transmission. Implementation tools
and strategies highlighted in this review can aid pro-
grams to improve implementation plans to better reach
MMPs with treatment and improve disease surveillance.

Policy considerations

While the results from this review are perhaps more
applicable for operational research settings, there are
some relevant program implications that policy mak-
ers and public health practitioners should consider.
Based on the evidence reviewed, there are implications
for commodity procurement, cross-border policies,
and non-citizen healthcare access. First, the literature
suggests that governments should consider allocating
sufficient funds to procure commodities necessary to
implement mass treatment programs in MMPs, regard-
less of distance and difficulty of reach. Sufficient finan-
cial and physical resource procurement is vital to
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successfully treating last mile populations contributing
to NTD transmission. Second, studies and experts in the
field encourage national health ministries to engage with
neighboring health ministries to detail plans for cross-
border engagement. This has been shown to improve
programming in MMPs, including aligning the timing of
health education and MDA campaigns. Third, the review
highlights the epidemiologic importance of treating eve-
ryone regardless of legal or citizenship status. Treating
everyone is not only critical from a human rights per-
spective but also vital to the control and elimination
of diseases, as MMP movement—ijust like etiological
agents, their vectors, and/or reservoirs—is incognizant
of national boundaries.

Study limitations

There are limitations to the review related to both the
evidence pulled from the search and the analysis. We
purposefully confined the search to actively mobile per-
sons. Therefore, we intentionally excluded additional
literature on refugees in camps or other semi-settled
populations. Literature on refugees is quite vast and
could have provided additional contextual information
on knowledge, attitudes, and practices in that particular
MMP group. We also limited the search geographically.
East Africa was the focus of the review, and we searched
the literature on specific populations such as the Maasai
and Turkana. We acknowledge that these better-known
groups are more likely to be the subject of research, pos-
sibly yielding an over representation of these groups in
our review of the literature. Future research should focus
on MMDPs in other geographic regions in Africa and else-
where. It is for this reason that we do not assert that the
literature we found is exhaustive in addressing all MMP
populations.

The analysis of the studies itself was limited. The review
was qualitative in nature; therefore, quantitative analyses
of the efficacy of sampling methods or of the reliability
of prevalence results were not conducted. While the find-
ings are critical to inform program planning, subsequent
analyses will need to be conducted to address the validity
of the methods proposed in this review. Furthermore, the
inevitability of human error limited our refinement pro-
cess of the review. While the inclusion and exclusion cri-
teria were explicit and we engaged a review team of three
independent reviewers, there is still chance for difference
in subjective interpretation.

We also acknowledge that some studies used con-
venience or snowball samples which can lead to bias.
Therefore, while our analysis captures lessons from
extant literature, we cannot be sure that the studies
are wholly representative of the populations they are
describing.
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Conclusions

In summary, we identify many sampling and intervention
approaches that have been used to improve health out-
comes for MMPs across reviewed focus diseases. These
approaches, where successful, have been predicated on
a good understanding of the MMPs themselves, their
demographics, movement patterns, and the epidemio-
logical risk factors they experience in their places of ori-
gin and in destination geographies. In almost every case,
successful strategies we identified were rooted in active
effort to seek these populations out and to meet them
where they are, actively lowering the barriers to preven-
tion, diagnosis, and treatment services. Actively engag-
ing these populations is critical, firstly, from a health and
human rights perspective (as these groups are so often
vulnerable or otherwise marginalized). However, working
with, as opposed to around, MMP groups is also a socio-
epidemiological imperative in some geographies, if the
global health community is going to stop transmission
and achieve disease control and more importantly elimi-
nation goals.
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