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Abstract

Point-of-care testing (POCT) allows researchers and health-care providers to bring

the lab bench to the field, providing essential health information that can be lever-

aged to improve health care, accessibility, and understanding across clinical and

research settings. Gaps in health service access are most pronounced in what we

term RIR settings—rural/remote regions, involving Indigenous peoples, and/or

within resource-limited settings. In these contexts, morbidity and mortality from

infectious and non-communicable diseases are disproportionately higher due to

numerous geographic, economic, political, and sociohistorical factors. Human biol-

ogists and global health scholars are well-positioned to contribute on-the-ground-

level insights that can serve to minimize global health inequities and POCT has

the potential to augment such approaches. While the clinical benefits of POCT

include increasing health service access by bringing testing, rapid diagnosis, and

treatment to underserved communities with limited pathways to centralized labo-

ratory testing, POCT also provides added benefits to both health-focused

researchers and their participants. Through portable, minimally invasive devices,

researchers can provide actionable health data to participants by coupling POCT

with population-specific health education, discussing results and their implications,

creating space for participants to voice concerns, and facilitating linkages to treat-

ment. POCT can also strengthen human biology research by shedding light on

questions of evolutionary and biocultural importance. Here, we expand on the epi-

demiological and research value, as well as practical and ethical challenges of

POCT across stakeholders (i.e., participant, community, health researcher, and

trainee). Finally, we emphasize the immense opportunities of POCT for fostering

collaborative research and enhancing access to health delivery and information

and, by extension, helping to mitigate persistent global health inequities.

1 | INTRODUCTION

According to a 2018 joint report by the World Bank and
World Health Organization (WHO), at least half of the

world's population still lacks access to essential health
services; unsurprisingly, the most pronounced gaps in
access are among the world's poorest and in the most
remote regions (Kieny et al., 2018). Point-of-care testing
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(POCT) has been increasingly proposed as one solution
for improving health-care provision in these locales
(e.g., Katoba et al., 2019). “Point-of-care” refers to testing
that occurs in close proximity to the patient rather than
in a central laboratory, usually on portable medical
devices that require a smaller biosample volume than
standard lab tests, with results generated within seconds
or minutes (Gildner et al., 2022; Shaw, 2016). POCT may
also be broadened to include other types of devices that
do not require biosamples, but that provide immediate,
potentially actionable results for patients or research par-
ticipants, such as ultrasonometers, pulse oximeters, and
accelerometers.

Potential clinical advantages of these devices and
their features are immense. For example, with central
laboratory testing patients usually must wait days to
receive test results which can create psychological stress
as well as delay the initiation of necessary treatment. By
eliminating the need to ship biological samples and expe-
diting delivery of patient results, POCT can improve
patient compliance during treatment and enhance their
sense of health ownership (e.g., Gialamas et al., 2009). In
this way, POCT can be viewed as “patient-centered”
(in clinical settings), or “participant-centered”
(in research settings),i prioritizing the individual's experi-
ence (rather than centering on the health care provider
or organization) while improving overall health-care
delivery.

For health-focused researchers working with under-
served groups in rural/remote (R), Indigenous (I) peoples
and/or resource-limited (R)-settings—referred to here as
RIR settings—POCT is currently available for an array of
health measures relevant to biocultural and evolutionary
research (e.g., see review in Gildner et al., 2022); such
devices offer enormous research value, including
enhanced participant and community engagement and
opportunities for health education, in addition to logisti-
cal benefits such as reduced equipment and travel infra-
structural costs (Shephard, 2017).

The current article synthesizes information on the
epidemiological and research value of POCT and
describes its challenges, aiming primarily at human biol-
ogy and global health researchers working on-the-ground
in RIR contexts. We also detail the broad range of impact
that POCT can have on participant, community, and stu-
dent/trainee engagement, while considering the potential
for such tools to help mitigate long-standing and well-
documented inequities in health-care delivery
(e.g., access and information). Importantly, we approach
this manuscript while implicitly recognizing the wide
array of contexts in which researchers work, including
variation in local health-care infrastructure
(e.g., resources and capabilities) and consistency of access

to health care information and providers
(e.g., physicians, nurse practitioners, etc.) (e.g., Urdea
et al., 2006), vast range of funding opportunities across
disciplines, culturally sensitive levels of engagement and
collaboration with RIR populations (e.g., Tsosie
et al., 2021), and variation in feasibility of regional,
national, or international collaborations.

2 | ADDRESSING A NEED: HUMAN
BIOLOGISTS IN RIR SETTINGS

Human biologists and other global health-focused
researchers are poised to contribute population-level
insights that can serve to minimize global health ineq-
uities. Many human biologists have documented the
changing epidemiological landscape among global rural/
remote and Indigenous populations, who, due to histori-
cal and contemporary discriminatory practices, are often
situated in resource-limited settings (such as those in
low- and middle-income countries [LMICs])
(e.g., Gurven et al., 2021; Liebert et al., 2013; Schulz
et al., 2006; Snodgrass, 2013; Valeggia et al., 2015;
Valeggia & Snodgrass, 2015; Zienczuk et al., 2012). Even
when human biologists working in RIR contexts are not
directly involved with the health delivery systems avail-
able to participants, they often have anthropological
understanding of how local beliefs, norms, and values
operate on diseases and their treatment, maintain close
long-term relationships with community members, and
can document important barriers to healthcare access,
such as economic or cultural barriers (e.g., Farmer, 2003;
Farmer, 2020; Ji & Cheng, 2021). This local knowledge
may allow human biologists to either formally or infor-
mally facilitate health service access and bridges to treat-
ment across multiple levels. These pathways include at
the participant (e.g., providing direct POCT results and
health education; connecting participants to local health
resources), local governance (e.g., via summaries to rele-
vant Indigenous organizations and/or health authorities
detailing community-specific issues), and regional,
national, and international levels (e.g., via reports that
support local requests for medical outreach or programs
in underserved communities).

Research in RIR contexts is also critical for illuminat-
ing numerous broader issues of biocultural and evolu-
tionary importance. For one, human biologists continue
to unravel the complex relationships between social,
political, and economic inequities that historically and
continuously contribute to health disparities. These
insights have shed light on the link between historical
inequities and contemporary bodies (such as the effects
of intergenerational trauma on health and well-being),
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particularly among historically subjugated populations,
and have underscored that health may be shaped across
generations of experience (e.g., Conching &
Thayer, 2019). Secondly, casting a lens onto health in
RIR contexts has allowed human biologists to address
ultimate questions, including why certain physiological
responses evolved and how these evolved responses
might become maladaptive within the context of novel
environments (e.g., those characterized by overnutrition,
sedentary behavior, chronic psychosocial stressors, and
environmental pollutants, among others) (e.g., Gurven &
Lieberman, 2020; Pollard, 2008; Schell, 2014; Trevathan
et al., 2008).

Finally, human biologists working in global health
generally focus on underserved populations whose bio-
marker and anthropometric values are typically com-
pared to references derived from wealthy, affluent and
often homogeneous populations. Such references range
across health-related measures, from reproductive hor-
mones and immune biomarker levels to growth trajecto-
ries in children. These references are defined by the
biomedical establishment as “normal” or “typical” and,
consequently, impose a narrow, likely evolutionarily
novel range of values onto phenotypic variation, from
which to interpret “atypical” or “abnormal” levels
(Wiley, 2021). Epidemiological insights from heteroge-
neous populations have the potential to help dispel nor-
mative judgments about what human biology “should”
look like, while simultaneously promoting a more inclu-
sive approach to understanding human biological varia-
tion and its varied determinants (e.g., genetic,
epidemiological, and epigenetic) (Wiley, 2021).

In these ways, human biologists who work with
diverse peoples can address immediate and practical
needs (e.g., health-specific) within RIR contexts, while
simultaneously addressing larger, ongoing theoretical dis-
cussions within anthropology and evolutionary biology.

2.1 | Defining RIR

Rural/remote regions, involving Indigenous peoples
and/or within resource-limited (RIR) settings, are often
underserved and/or socioeconomically marginalized.
Whether situated in LMICs or high-income countries, a
common theme persists—health and well-being are com-
paratively worse than in non-RIR contexts.

2.1.1 | Rural and remote

While both “rural” and “remote” refer to locations out-
side major metropolitan and urban areas, rural regions

have lower population densities than urban locales,
whereas remote areas typically have lower density across
a more dispersed population (Dijkstra & Poelma, 2008;
Wakerman et al., 2017). Rural and remote areas are gen-
erally separated from urban ones by distance due to lack
of travel infrastructure, geographical or political barriers
(Kelly & Dade-Smith, 2007; Shephard, Causer, &
Guy, 2017). These barriers result in greater relative isola-
tion, with people from rural/remote areas having to
travel greater distances, times, and/or via more physically
and economically-taxing transport—including by foot—
and thus paying higher social, financial, energetic, and
opportunity costs to access health services. These factors
add additional burden onto often already economically
stressed populations, thus contributing to lower rates of
medical treatment, higher prevalence of disease and dis-
ability, and lower life expectancies than those with
greater access (RHIhub, 2019).

Beyond spatial isolation, these health disparities can
also be rooted in non-spatial barriers. Differing social,
lifestyle, and environmental factors—including limited
employment opportunities, lower income levels, and
poorer access to housing, education, and transport—can
all significantly influence the mode of health service
delivery and patterns of disease (Shephard, Causer, &
Guy, 2017; Strasser, 2003). Importantly, these determi-
nants vary widely across racial/ethnic groups in rural/
remote settings. For instance, disaggregated data from
the US Behavioral Risk Factor Surveillance System
(BRFSS) and National Center for Health Statistics
(NCHS) show that rural minority populations are more
likely to self-report poor health, to be uninsured, and to
have comorbidities compared to non-minority rural
populations (James et al., 2017; Murray et al., 2006).
Anthropological and epidemiological research have also
demonstrated the ways in which systemic and individual-
level discrimination, coupled with a lack of voice and
power, intersect with other determinants of health, fur-
ther exacerbating these health inequities (Gee &
Ford, 2011; Gravlee, 2020; Phelan & Link, 2015;
Williams & Rucker, 2000).

2.1.2 | Indigenous populations

Disparities characteristic of rural/remote health exist
across all regions in all countries around the world, yet
nowhere is that health divide more pronounced than for
Indigenous peoples (Marrone, 2007; Shephard, 2017;
Valeggia & Snodgrass, 2015). Despite the considerable
diversity across Indigenous2 cultures and ecosystems
around the globe, they share disparities across all dimen-
sions of health (Egeland & Harrison, 2013; Valeggia &
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Snodgrass, 2015). Many Indigenous communities are iso-
lated in rural/remote locations and, as such, the determi-
nants of poorer health described for these settings
intersect with Indigenous identity and disadvantage
(Marrone, 2007; Tsosie et al., 2021). It should be noted
that Indigenous health disadvantage is also pervasive in
urban regions, and evidence indicates that some health
problems may be different from Indigenous peoples liv-
ing in rural/remote areas (e.g., such as higher rates of
asthma documented among urban Indigenous
Australians) (e.g., Vos et al., 2008).

While a multifaceted and complex issue, factors
including poor nutrition, poverty, environmental con-
tamination, and cultural and linguistic barriers synergis-
tically lead to poor levels of health among Indigenous
groups globally (see Valeggia & Snodgrass, 2015). The
intergenerational and persistent sociological and biologi-
cal effects of colonization, disassociation from native land
and cultural/linguistic heritage, and separation from fam-
ilies (and associated trauma) are additional assaults on
Indigenous bodies that further contribute to poor health
and well-being (Egeland & Harrison, 2013; Reyes-García
et al., 2014; Marrone, 2007; Tsosie et al., 2021). Compared
to non-Indigenous peoples, this translates into lower life
expectancies (e.g., Tjepkema et al., 2019; Valeggia &
Snodgrass, 2015), and higher rates of maternal and infant
mortality (Kozhimannil, 2020), over- and under-nutrition
(e.g., Egeland & Harrison, 2013), non-communicable dis-
eases (NCDs) (Lucero et al., 2014), mental health issues
(CDC, 2019), and infectious disease burden (Power
et al., 2020). Even when factors like socioeconomic sta-
tus, insurance coverage, and comorbidities are controlled,
disparities between Indigenous and non-Indigenous
health persist (Mayberry et al., 2000; Tsosie et al., 2021).

2.1.3 | Resource-Limited settings

Rural/remote and Indigenous peoples are often situ-
ated within resource-limited settings, further contrib-
uting to health inequities (Marrone, 2007). “Resource-
limited” in this context refers to locales where the
capacity to provide basic care for illness or injury is
severely constrained. Constraints may include insuffi-
cient health care infrastructure (ranging from minimal
to no electricity or clean water; inadequate or non-
existent health clinic) and/or dearth of qualified health
care providers (including physicians and other trained
health workers) (Urdea et al., 2006). Though not
unique to LMICs, limited resources for health care ser-
vices are the most pressing issue in these regions
(e.g., Bright et al., 2017), and can be exacerbated by
barriers such as war, conflict, economic strife, as well

as geographical obstacles to health services (Geiling
et al., 2014).

Given these challenges, it is within the RIR health
sector that POCT may offer the greatest benefit, by begin-
ning to address inequities in access to health information
and delivery, a critical step toward improving global
health (e.g., Williams & Rucker, 2000). Of course, for
large-scale health improvements to be enacted, enhanced
resources, facilities, and rights must be prioritized by
international organizations and national, regional, and
local governmental agencies (i.e., top-down). These
improvements are enabled and reinforced by people and
institutions embedded within local communities
(i.e., bottom-up) who call attention to inequities and pri-
orities, as well as implement culturally appropriate
community-informed public health interventions, local
health training, and promote parity in health leadership
and care (e.g., Sidik, 2022).

Health researchers, including human biologists, can
complement and augment these efforts by acknowledging
the health concerns in RIR contexts, providing basic
health information in conjunction with POCT use, gener-
ating data to illustrate problems (e.g., conveying results
that indicate emergence of disease states in a community
while simultaneously mitigating stress about health con-
cerns that may not be major issues), and collaborating on
solutions that align with local interests, values, and
capacities (e.g., offering culturally competent and salient
health education; transferring knowledge such as
through active training of qualified community
members).

To be clear, POCT is not proposed as the solution to
deeply entrenched disparities in infrastructure and access
to health services. Rather, POCT represents an important
tool with potential to enhance health autonomy by facili-
tating individual access to health information, promoting
dialogue, health awareness and understanding across
participants/patients, communities, health researchers
and clinicians, and spotlighting specific on-the-ground
health needs in RIR contexts.

3 | TAKING THE LAB BENCH TO
THE FIELD WITH POCT

Point-of-care testing offers several clinical and research
advantages compared to centralized laboratory testing.
These devices are generally smaller than standard equip-
ment found in central laboratories, although they vary in
size from portable handheld units (e.g., for measuring
cholesterol and other lipids, hemoglobin, glucose, etc.) to
slightly larger benchtop devices (e.g., for analysis of pro-
tein signatures of various pathogens, enteric bacteria, and
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parasites, etc.) (Gildner et al., 2022). The simplest tests
are equipment free and use paper-based assays
(e.g., dipstick pregnancy tests). Other POCT devices typi-
cally require only a small volume of blood, urine, or other
bodily fluid, which may be beneficial for younger individ-
uals, individuals who have trouble with venipuncture,
and when working in communities with concerns about
blood draws (e.g., Boahen et al., 2013; Wiencek &
Nichols, 2016). Further, POCT devices requiring only
minimally invasive finger prick blood samples can be
administered by researchers and local health promoters
with minimal risk to participants and without the need
for a phlebotomist.

Point-of-care tests are commercially available to
address a range of conditions of public health impor-
tance, including both infectious and NCDs. For example,
rapid testing is available to screen for infectious diseases
such as HIV (Wu & Zaman, 2012), malaria (Kim
et al., 2015), and syphilis (Marks & Mabey, 2017). Most
recently, the development of novel POCT has aided pub-
lic health efforts to curtail the transmission of the SARS-
CoV-2 virus during the COVID-19 pandemic. Rapid, reli-
able detection of the SARS-CoV-2 virus allows health
care providers to immediately identify and isolate
infected community members instead of waiting hours or
days for polymerase chain reaction (PCR) results. POCT
for COVID detection, though not without challenges
(e.g., Valera et al., 2021), is therefore a powerful tool for
contact tracing and for informing local governance to
make health-related decisions meaningful to their com-
munities. Yet, access to COVID-19 testing is notably lim-
ited in under-resourced regions, exacerbating the impact
of the current pandemic (e.g., Bateman et al., 2021).
Implementation of a decentralized POCT model in geo-
graphically dispersed populations, such as the one
described by Hengel and colleagues (2021) for remote
Australian Aboriginal and Torres Strait Islander commu-
nities, can significantly bridge disparities in access for
undertested and socially vulnerable populations during
the current COVID-19 pandemic as well as in future
pandemics.

Other POCT are available for NCDs such as diabetes,
cardiovascular disease, and anemia. While studies have
demonstrated the efficacy of POCT for monitoring NCDs
among individuals and within communities, such tools
are more widely available in high-income countries;
again, this differential access represents one intervention
point through which POCT can help curtail inequities in
disease states within RIR settings. However, availability,
usability, affordability, and sustainability of POCT, as
well as a relatively recent emergence of NCDs in many
RIR settings (and subsequent lack of infrastructure in
place to address these conditions), are among some of the

key barriers that limit access to and justification for
POCT use in these contexts and consequently, contribute
to global health inequities (Bernabé-Ortiz et al., 2021).

3.1 | POCT application in underserved
RIR settings

Recognizing these barriers to health service access in RIR
contexts, the WHO and other global health institutions
(e.g., the World Bank) have called for improved POCT
tools for use in settings with limited central laboratory
access, and other challenges such as scarce clean water
or reliable electricity (Drain et al., 2014). This mission is
shared by numerous non-governmental organizations
and initiatives such as Diagnostics for All (www.dfa.org),
PATH: Center for Point-of-Care Diagnostics for Global
Health (GHDx Center) (www.path.org), and Médecins
Sans Frontières Transformational Investment Capacity
(https://msf-transformation.org/). All have common
goals of developing and implementing new POCT tech-
nologies and, ideally, multiplex devices that can simulta-
neously perform numerous diagnostic tests in resource-
limited settings around the world (Chen et al., 2019).

Guidelines have been offered by the WHO in the form
of seven core criteria outlining the ideal diagnostic testing
in such settings; these guidelines, referred to as the
“ASSURED” criteria (Affordable, Sensitive, Specific,
User-Friendly, Rapid and robust, Equipment-Free or
minimized, Deliverable), are described in Table 1.

Despite the value of ASSURED as “ideal” guidelines
for POCT, few devices that are needed in RIR contexts
fulfill all criteria (Peeling & Mabey, 2010). For example,
while POCT for syphilis, chlamydia, and gonococcal
infections have been developed, none of the available
tests comply with every ASSURED criterion (Heidt
et al., 2020). For this reason, some researchers have chal-
lenged the applicability of the ASSURED framework,
arguing that it imposes artificial restrictions that may be
unnecessary given the particular contexts in which the
devices are used (Pai et al., 2012). Mabey and colleagues
(2001), for example, argue that the specificity and sensi-
tivity of a diagnostic test should depend on what is being
tested, and relevant treatment cost and availability. If a
treatment is cheap and side effects are rare, it is more
important for tests to have a higher sensitivity than speci-
ficity (i.e., generate fewer false negatives than fewer false
positives). The authors maintain that, ultimately, increas-
ing access to diagnostics may have greater positive health
impacts than improvements in test accuracy (Mabey
et al., 2001).

In a rapidly evolving industry, the ASSURED criteria
may also be applied to devices conventionally used in
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clinical settings, but that are becoming increasingly com-
pact and portable and thus feasible for use in field-based
research and rural/remote settings. Devices such as bone
ultrasonometers (e.g., Madimenos et al., 2012;
Madimenos et al., 2015; Madimenos et al., 2020; Stieglitz
et al., 2015; Stieglitz et al., 2016) and accelerometers
(e.g., Gurven et al., 2013; Madimenos et al., 2011;
Raichlen et al., 2020; Urlacher et al., 2021), are not typi-
cally classified as POCT devices, yet nevertheless satisfy
most ASSURED criteria. Moreover, they can generate
immediate health information that may be useful/
relevant for research, clinicians and patients or research
participants. Such devices are becoming increasingly
important in RIR contexts because of the rapidly chang-
ing epidemiological landscape in these regions. For
example, use of bone ultrasonometers among non-
clinical populations have generated data to document the
increasing global burden of osteoporosis risk, often
described as the so-called “disease of civilization”
(Madimenos, 2015). Accelerometers have tracked reduc-
tions in activity expenditure that accompany economic
development across the globe—important insight as
shifts toward increased sedentism contribute to NCD risk
(e.g., metabolic syndrome, obesity, cardiovascular dis-
ease; e.g., Gurven et al., 2013; Urlacher et al., 2021).
These technological advancements are increasingly facili-
tating access to key health data that will continue to
enhance our understanding of human biological diversity
and global health.

Several cross-sectional and longitudinal human biol-
ogy research projects have incorporated both traditionally
and broadly classified POCT devices in their methodol-
ogy to address questions of epidemiological, biocultural,
and evolutionary importance. Ongoing projects such as
the Tsimane Health and Life History Project, Shuar
Health and Life History Project, and research among the
Hadza of Tanzania and Toba of Argentina, among others,
have offered insight into issues related to reproduction,
aging, and skeletal health (e.g., Madimenos et al., 2012;
Madimenos et al., 2020; Stieglitz et al., 2016), life history
trade-offs and growth (e.g., Blackwell et al., 2010; Gurven
et al., 2017; Gurven et al., 2021; Urlacher et al., 2016)
including trade-offs among different branches of immu-
nity (e.g., Blackwell et al., 2011), and socioeconomic and
epidemiological transitions (e.g., Lagranja et al., 2015;
Liebert et al., 2013; Pontzer et al., 2018). One example
includes research by DeLouize and colleagues (2022)
who gathered hemoglobin data for a large sample of
>1600 Indigenous Amazonian participants (aged
6 months to 86 years) using a HemoCue Hb201+ ana-
lyzer. Their results show that prevalence of anemia, a
serious global health problem, is relatively low compared
to other South American populations and comparable to
European and Canadian rates. These findings suggest
that subsistence-based lifestyles are not always associated
with high rates of anemia and thus have implications for
developing approaches that could mitigate high anemia
rates among at-risk global populations.

TABLE 1 Summary of ASSURED criteria for development of point-of-care testing (POCT)

Affordable Cost is a major driver in the development, approval, and use of POCT; this criterion is most salient in
resource-limited environments although there is no common benchmark for what qualifies as
affordable. Moreover, since tests are generally developed and produced in high-income regions, there
exists a disconnect between what is considered affordable in these regions compared to resource-limited
settings (Land et al., 2019)

Sensitive POCT should minimize or avoid generating false negatives (i.e., incorrectly indicating that the condition
being tested for is not present when, in fact, the condition is present)

Specific POCT diagnostic tools should have low false positive rates (i.e., minimize the likelihood of a test indicating
a condition is present when, in fact, the condition is not present). Ideally, sensitivity and specificity
achieved from the POCT device should approach those of assays run in central laboratories (Land
et al., 2019)

User Friendly The ease of use should allow for rapid training of staff across the spectrum of medical and research
experience

Rapid and robust Rapid refers to results that are generated within seconds or minutes after sample collection. Robustness
indicates an ability to withstand the supply chain (such as temperature and humidity) (Land et al., 2019)

Equipment-free/
minimized

The test should not require any specialized equipment (i.e., no large electricity-dependent instruments).
Ideally, POCT devices are self-contained, packaged with all required reagents, and test results are either
visually interpreted or read by relatively inexpensive battery-powered devices. This criterion is especially
important in settings where purified water and uninterrupted power may not be available

Deliverable (to those in
most need)

POCT should be portable, allowing them to can be used in temporary or part-time clinics that may be set
up in tents or villages ensuring they reach the end-users in RIR contexts
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Importantly, the application of POCT devices must be
tailored to the unique challenges of a particular field site
or region. Handheld devices (e.g., for measuring lipid and
glucose levels [such as with the CardioChek PA ana-
lyzer], and hemoglobin [such as with a HemoCue ana-
lyzer]) are easily transported and deployed in most RIR
settings. Even the heaviest and most energy consuming
POCT devices may be employed, sometimes creatively, in
remote locations. For instance, the Hologic Sahara Bone
Densitometer, which estimates multiple parameters of
calcaneal bone density (Madimenos et al., 2012, 2015;
Stieglitz et al., 2015, 2016), weighs 22 pounds (lbs)
(10 kilograms [kg]; upwards of 50 lbs [22.7 kg] in a pro-
tective carrying case) and uses 35 Watts of energy when
actively in use (Hologic, 2014). It can be powered by an
electrical grid or if necessary, using deep cycle batteries
charged via solar panels (albeit introducing additional
physical and financial costs) where sunlight and tempera-
ture permit (e.g., Madimenos et al., 2012, 2015). Sufficient
sunlight is seldom a problem in equatorial zones
(although high temperature can reduce efficiency and
lower output) but can be problematic in field sites at
higher latitudes, or those with significant cloud coverage.
As each field site and research project presents its own
unique challenges and limitations, the feasibility, bene-
fits, and pitfalls of using specific applications must be
determined by researchers who understand the research
goals, setting and specific needs of the population with
whom they work and thus determine best practices and
approaches for POCT application (see Gildner et al., 2022
for overview of devices across variable field settings).

4 | POCT BENEFITS AND
APPLICATIONS IN RIR CONTEXTS

Given the limited diagnostic and treatment capacities of
most RIR contexts and the growing burden of poor health
in these settings (e.g., Valeggia & Snodgrass, 2015), the
use of POCT has numerous practical advantages for vari-
ous stakeholders, including patients/participants, health
researchers and professionals, local trainees, and the
community more broadly (summarized in Table 2).

4.1 | Enhancing patient and participant
experience and engagement

Recognizing the need to both envision and create more
patient-focused health care systems is an ongoing global
trend (e.g., Epstein & Street, 2011); this recognition is
predicated on the idea that health care must be organized
around the needs of patients rather than providers

(i.e., clinicians, hospitals/clinics, health care systems).
Such sentiment can be extended to participant-researcher
relationships, so that the concerns, perspectives, and
experiences of participants are foregrounded in the
research process (i.e., participant-centered research)
(Broesch et al., 2020). Within this framework, POCT can
be viewed as a means of emphasizing participant needs
and satisfaction while engaging them more directly in
their health and facilitating access to health information
and education in populations constrained by spatial and
non-spatial barriers (including challenges imposed by
disaster scenarios).

4.1.1 | POCT for improving patient and
participant engagement with their health

An immense benefit of POCT by health-care providers
and researchers is enhanced patient/participant under-
standing and health awareness through immediate deliv-
ery of basic health information and on-site discussion of
results. While certainly important for high-income set-
tings with robust health infrastructures, this benefit is
especially critical in RIR settings with limited access to
clinicians or basic health services. POCT allows delivery
of health information that can guide next steps for link-
ing at-risk patients or participants to necessary services
and treatment and/or can serve as a foundation for basic
health education. For example, among Indigenous Ama-
zonian Ecuadorian Shuar living in towns and cities, obe-
sity and type 2 diabetes have become growing concerns
over the past two decades (e.g., Lindgärde et al., 2004;
Rivero, 2012). However, Liebert et al. (2013) found virtu-
ally no cases of elevated fasting glucose (using a Cardio-
Chek PA system) among �100 Shuar participants
residing in remote communities (at time of study, located
�9 h by bus and 6–12 h by motorized canoe from central
health services). Nevertheless, many participants in these
remote communities were aware of diabetes and voiced
concern, asking pertinent questions such as: What is dia-
betes?, Is there a medication to cure it?, and Why are Shuar
getting it now when our grandparents and ancestors never
had it? In this case, a study on the effects of market inte-
gration on metabolic health that incorporated POCT pro-
vided an invitation by participants for education on
diabetes, even when neither the individual, nor segment
of the population had yet been directly affected.

Health information and education can be empower-
ing in that they may lead to changes in behavior that can
improve health. Within the context of a global increase in
rates of NCDs (e.g., cardiovascular disease, type 2 diabe-
tes, and obesity), particularly in LMICs (WHO, 2021),
results generated by POCT allow space for on-site
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discussion of modifiable lifestyle/behavioral factors that
are connected to disease risk (e.g., diet or physical activ-
ity), as exemplified by the Shuar example above. By
engaging in a dialogue about results and, by extension,
individual participant health concerns, POCT has poten-
tial within community-based participatory research
(CBPR) models; such models aim to forge a relational

engagement whereby researchers and participants are
one step closer to becoming partners with equitable stake
in the research project (Sandoval, 2017). Within the con-
text of recent disciplinary movements that call for neces-
sary reevaluation and reimagining of the researcher-
participant relationship across all facets of research,
anthropological and beyond (e.g., Broesch et al., 2020;

TABLE 2 Proposed benefits of point-of-care testing (POCT) across various stakeholders

Stakeholder Proposed benefits of POCT

Patient/participant Improving patient and participant engagement with their health

• Greater sense of health ownership and autonomy through proximity of results (e.g., Lilly et al., 2020;
Shephard, 2017)

• Creates opportunities for educational dialogue about etiology of disease states and modifiable behaviors
that can ameliorate patient/participant health status

• Offers visible, tangible connection to health results (Cambridge, 2020; Gildner et al., 2022)

• Less traumatic testing from minimally invasive sampling (Khan al., 2019)

• Improvement in adherence to medication and treatment in clinical settings (e.g., Gialamas et al., 2009)

• Minimal wait time for results; avoidance of secondary visit for results (Shephard, 2006)

• More convenient

Improving health access imposed by spatial barriers

• Reduces travel time to distant health facilities (e.g., Shephard, Causer, & Guy, 2017)

• Ensures start of treatment in same clinical encounter (e.g., Shephard, 2013)

• Increases likelihood of follow-up visits for disease monitoring (e.g., Motta et al., 2017)

• Helps to identify at-risk patients and prioritize their transport to nearby health facilities

Improving health access imposed by disaster situations

• Offers essential lab tests and services where hospitals are encumbered by physical or non-physical
barriers (Kost et al., 2009)

• Facilitates rapid diagnosis at site of patient care (Kost et al., 2006)

• Can curb transmission rates of infectious disease through immediate diagnosis and treatment (Kost
et al., 2006)

Health researcher
/professional

Forges a more engaging physician/patient or researcher/participant interaction

• Improved physician/patient rapport can translate into improved clinical outcomes (Shephard, 2006)

• Allows for ongoing participant engagement and local collaborations which can reinforce research
agenda

Enhances a sense of empowerment and responsibility among trained community members who contribute to
the success of a research project (e.g., Shephard, 2013)

Reduces equipment and travel infrastructure costs (Gildner et al., 2022; Shaw, 2016; Shephard, 2017)

Community Empowers communities with health information that can support and justify solicitations for resources from
regional agencies

Fosters community collaboration by training qualified locals on POCT (Gurven et al., 2017; Shephard,
Causer, & Guy, 2017)

Facilitates health screenings to hard-to-reach, vulnerable populations (e.g., Dona et al., 2019; McClure
et al., 2015)

Trainees Forges a culturally competent research agenda by training qualified locals (e.g., Shephard et al., 2020;
Shephard, Causer, & Guy, 2017)

Augments trainee learning of health processes

Creates experiential learning opportunities (Dona et al., 2019)
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Sidik, 2022; Tsosie et al., 2021), this may be among the
most salient benefits of point-of-care testing.

Proximity to the one's own health data may also facil-
itate a greater sense of ownership in the testing process
and control over one's own health information
(Shephard, 2017). This may be obvious for patients who
are self-managing their health and wellness using at-
home devices such as blood pressure monitors and gluc-
ometers (Lilly et al., 2020). Yet, even when POCT devices
are operated by others outside of the home setting, the
visual connection to one's own sample being processed
and the generation of results on the device screen have
direct clinical value, contributing to increased levels of
patient self-motivation and improve compliance with
treatment (Gialamas et al., 2009). Among diabetic Indige-
nous Australians, POCT was effective in improving clini-
cal outcomes with 93% of patients noting that regular
POCT encouraged them to be both compliant and self-
motivated to improve their health (Shephard, 2006).
Moreover, these patients indicated that the immediacy
and simplicity of POCT results contributed positively to
their experience and improved the relationship between
patient and doctor. Improved patient satisfaction can also
come from testing that is less traumatic (e.g., due to mini-
mal amount of blood collected) and minimally invasive
(e.g., finger prick) (Khan et al., 2019).

Some of these benefits can extend to participants in
health-based research as well, including enhanced partic-
ipant experience and satisfaction in the research process.
More importantly, however, is that basic health informa-
tion provided by POCT results can arm participants with
an understanding of how various chronic and infectious
diseases emerge and may be prevented; this is especially
valuable in regions undergoing rapid epidemiological
shifts. Health information may also motivate/support an
at-risk person to seek medical attention when they may
otherwise be hesitant to do so because of financial, time,
or travel restrictions. This latter point is most beneficial
for participants in RIR contexts where health centers
may be typically located far from the one's home.

4.1.2 | POCT for improving health access:
Constraints by geographic distance

Unsurprisingly, geographical barriers, travel distance and
time, and the opportunity costs they incur are critical
obstacles to health service access. The greater the dis-
tance or travel time to health facilities, the less likely peo-
ple are to access health resources and engage with health
practitioners or return for follow-up treatment (Peters
et al., 2008). In one meta-analysis of HIV/AIDS studies
focused on sub-Saharan Africa, researchers found that

40% of HIV-positive patients do not provide a blood sam-
ple for testing or return to a central lab for their CD4
count (an indicator of immune function in HIV patients)
results because of the long distances they must travel to
attain healthcare (Rosen & Fox, 2011). This distance has
severe implications for HIV-infected individuals in this
region, contributing to a reduction in life expectancy.

Bringing POCT to a population/region constrained by
geographic distance can therefore have immense benefits.
Shephard et al. (2017) highlighted how employing three
POCT models of health service delivery in rural and
remote Indigenous communities led to a reduction in
pre-diabetic patients through regular monitoring, allowed
acutely ill patients to be diagnosed and treated in their
community (i.e., avoiding medical evacuation), and
improved the management and treatment of sexually
transmitted infections. Researchers note that participant
satisfaction was significantly higher after POCT imple-
mentation with participants reporting greater conve-
nience with this mode of health delivery (Shephard,
2013). Notably, active training and collaboration with
Indigenous health care providers at the front lines of
POCT facilitated culturally competent dissemination and
explanation of results, serving as an integral feature of
the success of these POCT testing programs.

Enhancing access to health services has benefits even
in peri-urban regions with limited public and health
infrastructure. Project HOPE, a program established on
the outskirts of Johannesburg, South Africa, aims to
improve access to patient services for hypertension and
diabetes using a POCT model. With global diabetes prev-
alence expected to increase by 25% by 2030 (Saeedi
et al., 2019), and in Africa specifically, 110% by 2035
(Peer et al., 2014), initial data from Project HOPE are
especially promising. Within two years of introducing
POCT devices for hemoglobin A1c levels (HbA1c, gly-
cated hemoglobin; reflects mean blood glucose across
prior 3–4 months), HbA1c lowered significantly across at-
risk participants with 48% showing improved glycemic
control, results attributed to accessible POCT monitoring
and treatment in the same clinical visit (Motta
et al., 2017). Project HOPE demonstrates how bridging
more proximate access to testing and immediate treat-
ment translates into improved health delivery for at-risk
patients in disadvantaged settings including increased
likelihood of follow-up visits for diabetes monitoring.

Other research employing a global health lens, such
as in human biology, may have fewer resources available
to support long-term health care delivery models in RIR
contexts, and can therefore enhance health-care access in
conjunction with POCT use by minimizing the geo-
graphic distance between at-risk participants and avail-
able health services. The Bolivian-based Tsimane Health
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and Life History Project (THLHP), which employs POCT
and other technologies to address questions related to
aging, health, and sociality among Indigenous Tsimane,
enables the transport of participants to nearby urban cen-
ters with more robust health services (Gurven
et al., 2017). Here, participants who present with primary
(e.g., bacterial and fungal infections; minor trauma; para-
sites) and urgent care needs (e.g., hernia surgeries; head
trauma; brain tumors) in their remote villages are treated
by qualified local professionals in urban centers and
follow-up treatment is facilitated whenever necessary
(Gurven et al., 2017).

Similar strategies are employed in our own fieldwork
in remote Amazonia; the Ecuadorian-based Shuar Health
and Life History Project (SHLHP) works in concert with
local health workers (e.g., Indigenous nurses) to provide
basic health information to interested participants and
communities. For participants with POCT results outside
the device-specific cutoffs (e.g., such as for hemoglobin,
glucose, triglycerides), and/or who report concerning
symptoms, SHLHP provides travel and financial support.
Assistance may include coordinating transport to the
nearest health centers (puestos de salud), covering costs
of travel and treatment, accompanying a participant to
facilitate communication with health workers, and in
extreme cases, arranging a medical evacuation from a
governmental or mission service (using two-way radio or
satellite phone).

4.1.3 | POCT for improving health access:
Constraints imposed by disaster scenarios

POCT may also have value for disaster relief efforts in
communities where life-saving resources are hindered by
physical (e.g., floods, inclement weather) or non-physical
(e.g., power outages, lack of potable water, and war-
related) barriers. Hospitals, for example, that are threat-
ened by seasonal hurricanes, may experience significant
disruption in laboratory operations. The health condi-
tions of refugees and migrants in refugee camps may not
be easily monitored because of a lack of clinics and hospi-
tals (Bernardini et al., 2021); in these cases, POCT can
support some essential laboratory tests and services
(including testing for infectious pathogens often found at
disaster sites [e.g., hepatitis, typhoid, dengue, yellow
fever] or commonly detected among vulnerable refugees
[such as mycobacterium tuberculosis]) (Bernardini
et al., 2021). Limited availability of adequate diagnostic
instruments and a sudden overload of critical victims and
transportation failures has caused excessive morbidity
and mortality in many of these disaster scenarios (Kost
et al., 2006). Kost et al. (2009) argued that global efforts

must be made to improve POCT to rapidly diagnose and
treat patients to help avoid the worst consequences of
disasters on the horizon, a plea made over a decade and a
half before the current COVID-19 pandemic and the
recent rise in politico-economic and climate change-
related disasters. Integration and global use of POCT in
emergencies can facilitate rapid evidence-based diagnosis
at the site of patient care, in RIR and non-RIR contexts
alike, and can potentially help prevent the spread of
emerging and re-emerging pathogenic threats.

4.2 | Benefits to health researchers and
professionals

From a clinical standpoint, the objective of POCT is to
generate an immediate result to inform treatment
options, while forging a more effective physician/patient
interaction, thereby leading to improved public health or
economic outcomes (Shephard et al., 2020). Shephard
(2006), for example, found that among doctors working
with POCT for diabetes management in remote
Australia, 80% stated that POCT contributed positively to
their rapport and relationship with their patients; addi-
tionally, >60% believed patients were more likely to
return for a follow-up visit specifically because of imme-
diacy of results. From a clinical outcome perspective, the
percentage of patients who achieved optimal or improved
glycemic control in this assessment increased by 12–19%
since POCT introduction.

For health-based researchers in human biology and
related disciplines, especially those who may not be med-
ical doctors or practitioners and therefore not qualified to
make clinical decisions or provide direct medical care,
POCT offers an opportunity to gather data on
population-level health to address practical or theoretical
questions ideally studied in RIR settings, while also pro-
viding robust health information immediately to individ-
ual participants and creating a space for researcher-
participant dialogue and feedback. In this way, POCT
can help researchers forge strong, meaningful relation-
ships with participants and promote participation, an
essential component to the growth of a research project
(e.g., Shephard, 2006, 2013; Shephard, Causer, &
Guy, 2017). Importantly, strong participant-researcher
relationships are also achieved while forging connections
with local collaborators and/or Indigenous representa-
tives and health care providers to ensure that the
research is not extractive, but rather is beneficial to the
community and their interests, and that results are dis-
seminated in a responsible, culturally appropriate, and
collaborative manner (Broesch et al., 2020; Sidik, 2022;
Tsosie et al., 2021).
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POCT may also facilitate local collaborations on
another level, through the active training of qualified
community members (e.g., health workers, nurses, and
educators) as POCT operators. Notably, the extent to
which a sustainable community workforce can be built is
context-specific, as different field sites vary in the levels
of participant engagement and collaborations possible.
Moreover, the degree to which knowledge transfer is fea-
sible may be limited by numerous factors including fund-
ing (which varies widely across disciplines and global
regions). One of Australia's longest-standing POCT pro-
grams has attributed its success to empowering Indige-
nous health workers to train and work as POCT
operators, training that has been facilitated by two
decades of continuous funding from the Australian Gov-
ernment (Shephard et al., 2017). Indigenous operators,
who share cultural and/or linguistic background with the
patients, provide a crucial communication bridge
between management staff, the community and non-
Indigenous health staff; the operators themselves also
report a strong sense of empowerment, responsibility,
and commitment to the project (Shephard, 2013). More-
over, this position has become highly respected by the
Indigenous patients they serve and proven crucial to the
acceptance of the program within the community.

The Indigenous Siberian Health and Adaptation Pro-
ject, which has incorporated a range of POCT devices
across two decades of research, also collaborates exten-
sively with local physicians and nurses, many of whom
are Indigenous Yakut (Sakha) (Levy et al., 2016;
Snodgrass et al., 2010). The simplicity of POCT use per-
mits training opportunities for local collaborators,
thereby enhancing their direct involvement in data col-
lection and interpretation. Yakut collaborators perform
POCT, disseminate health information to participants,
conduct follow-up examinations, and are often co-
authors on publications (e.g., Wilson et al., 2015). Simi-
larly, the THLHP has trained over 45 Indigenous Tsi-
mane as project personnel to date, many of whom have a
primary role in collecting data, including using POCT
(Gurven et al., 2017). This capacity building and training
is an integral component to the success of THLHP and its
ongoing collaborations with local hospitals and other
institutions (Gurven et al., 2017).

4.3 | Applications for community
engagement

Community collaboration is essential for the implemen-
tation, execution, and sustainability of any health-focused
research agenda, including studies using POCT. At the
outset, engagement with the community is critical to

solicit feedback about local health concerns, to establish
how research goals may address those concerns, why
POCT may be introduced, what benefits POCT offers at
the individual participant and broader community levels,
and to ensure locally appropriate implementation of
research design and methods (Sidik, 2022; Tsosie
et al., 2021). If the community does not understand or
accept what POCT involves and its potential benefits,
then utilization of testing is likely to be poor and an invi-
tation to work in the community improbable (Shephard
et al., 2020).

POCT has potential to augment community-based
participatory research approaches (CBPR) by helping
build local health workforce capacity (described earlier)
and direct and active engagement of communities in the
research process (from inception to dissemination of
results) (McCloskey et al., 2011). A fundamental principle
of CBPR involves integrating knowledge and action,
whereby knowledge itself is important, though not
enough; it must be coupled with action for social change
(Olshansky & Zender, 2016). Here we see the role of
human biologists as contributing to knowledge and har-
nessing the strengths of the community to collaborate on
developing and implementing means to alleviate health
problems identified (i.e., action). For example, using
POCT, communities may be empowered by greater
awareness and knowledge about local-level health issues
(Shephard et al., 2015). Coupled with an understanding
of local cultural values and realities, researchers can con-
vey POCT results to the community that may indicate the
emergence of disease states in the population and/or
reduce stress about issues that are not an immediate
cause for concern. These insights may drive, help priori-
tize, and support decisions that community members
themselves make when identifying local needs and
appealing to regional organizations/agencies to provide
health resources and outreach in RIR settings.

Such approaches are exemplified by work of the Tsi-
mane project. Across two decades of research, THLHP
researchers have employed a range of POCT including
ultrasounds, accelerometers, and hematology systems
(for measuring various blood parameters) as well as other
methodologies integrated into community clinics
(e.g., echocardiograms, CT scans, flow cytometry)
(Gurven et al., 2017). Through extensive collaborations
with Bolivian institutions, national laboratories, and non-
governmental aid organizations, systematic baseline data
(including biomarkers related to health and aging, infec-
tion, and inflammation) have been collected for thou-
sands of Tsimane participants. In addition to organizing
culturally salient educational workshops on disease states
and prevention, health data generated by the THLHP are
integrated into biannual reports that are submitted to the
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Tsimane political council (Gran Consejo Tsimane) and
local authorities to help solicit government resources to
meet the health-care needs of the Tsimane (Gurven
et al., 2017).

4.3.1 | POCT use in health initiatives
targeting underserved populations in high-
income regions

Access to health information is not uniformly and univer-
sally available around the globe, even in high-income
nations such as the US. Among undocumented immigrants,
for example, who comprise roughly 4% of the US popula-
tion (�12 million individuals), a robust set of intercon-
nected barriers limits access to health services including
legal status, geographic proximity, language proficiency,
health insurance eligibility, and financial means (Beck
et al., 2019; Hill et al., 2021). Because of their portability,
on-site testing features, and relative cost-effectiveness,
POCT are easily integrated into health initiatives (such as
health and wellness fairs) targeting underserved communi-
ties in high-income regions who experience many of these
barriers to health care delivery (e.g., McClure et al., 2015).

An example that illustrates the successful application
of POCT in community-wide health outreach comes from
the collaborative effort, “Día de Salud,” organized by the
University of Oregon's (UO) Global Health Biomarker
Laboratory, the community-based organization Huerto de
la Familia (“The Family Garden”), local volunteer health
providers, and undergraduate students (Dona
et al., 2019). This annual free health fair targets the
underserved Latinx community living in Oregon and
offers general health information generated through
POCT diagnostics including glucose, lipid, and hemoglo-
bin biomarker testing (Dona et al., 2019). Although not a
replacement for comprehensive primary healthcare, 50–
100 participants are typically served at each event,
highlighting the efficacy of screening facilitated by rapid,
onsite POCT diagnostics. This type of holistic approach
to delivering health information creates a social environ-
ment that facilitates networking and community engage-
ment across participants, while providing a unique
opportunity for direct contact with health care workers.

4.4 | Student/trainee impact

From a student/trainee standpoint, health fairs such as
those described above can offer on-the-ground health ser-
vices and interpreting experience specifically with POCT
devices. With UO's Día de Salud, approximately 85 under-
graduate students have participated in health fairs over

the past decade, all of whom received training in POCT
methods and cultural competency in health care (Dona
et al., 2019).

POCT may indeed foster student/trainee engagement
in research through heuristic approaches, particularly
among individuals from underserved communities them-
selves. The experiential learning aspect of POCT allows for
trainees to learn about health processes through generat-
ing their own measurements (e.g., Chamane &
Mashamba-Thomspon, 2019). For example, POCT devices
that measure lipid levels to assess cardiovascular risk can
be an easy way to demonstrate the link between health
markers and disease risk. Trainees can also engage with
POCT to measure their own body's response to stimuli,
such as with glucose. Introducing a dose of sugars to the
body (as is done with a glucose tolerance test) can allow
trainees to see the insulin response in action through their
own physiology. In this way, trainees can make connec-
tions between behaviors, such as diet in this case, and
health measures; as with research participants, this visual
connection has benefits for the trainee's ability to commu-
nicate health information with study participants.

Ultimately, the ease of use of most POCT enables
rapid training of individuals as device operators, while
the simplicity of the test performance and interpretation
allows individuals with different backgrounds and skills
to achieve comparable results (i.e., low inter-observer
variability in output) (Wiencek & Nichols, 2016). More-
over, training qualified people to perform POCT in their
own communities is an effective means of forging a cul-
turally competent research agenda, bridging local culture
with scientific culture (Shephard, 2013; Shephard
et al., 2020; Sidik, 2022).

5 | POCT: THE CHALLENGES

While the application of POCT can be an innovative solu-
tion for improving health care research in underserved
groups and settings, the implementation and sustainabil-
ity of such tools face several challenges in these contexts
ranging from the practical (e.g., quality assurance con-
cerns, hidden costs) to the ethical (e.g., the provision of
long-term care for chronic conditions identified
through POCT).

5.1 | Practical challenges

5.1.1 | Development challenges

One major challenge involves where POCT devices are
typically developed (in high-income countries),
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establishing a fundamental disconnect and disengage-
ment between device developers and end-users, and
thereby inhibiting the full potential of these devices. For
example, most POCT devices are designed for primary
care facilities in high-income nations that are typically
temperature-regulated. POCT devices require certain
temperature ranges and will produce error messages
when temperatures are out of range (Malcolm
et al., 2019). Severe environmental conditions—including
heat, humidity, sand, and dust—may also interfere with
the functioning of POCT devices and reagents
(Wiencek & Nichols, 2016). Thus, the onus is on the
developer to not only create a testing format that is feasi-
ble, but also one that performs adequately within the
constraints imposed by the available infrastructure and
variable ecological conditions (Urdea et al., 2006).

Relatedly, device development is funded and man-
aged largely by the private sector and is consequently
driven by what device features and health targets are
deemed most marketable and profitable (Gildner
et al., 2022; Peeling & Mabey, 2010). Because of a per-
ceived lack of return on investment, there is little incen-
tive to target diseases with low impact in affluent regions.
For instance, developers in resource-rich settings typi-
cally focus attention on chronic diseases or highest-
burden infectious diseases (e.g., influenza, COVID-19)
while disregarding neglected tropical diseases (NTDs;
e.g., dengue fever, helminth infection, and schistosomia-
sis), which primarily affect the world's poorest popula-
tions (Furuse, 2019). With more than a billion people
worldwide affected by NTDs, technical improvements of
POCT are vital for the early diagnosis necessary for man-
agement and linkage to treatment (Bharadwaj
et al., 2021). Yet, NTDs continue to be of little commer-
cial research interest because of a lack of financial moti-
vation for the development of relevant POCT devices.

5.1.2 | Infrastructure and resource
challenges

Adding to ecological and market constraints, limited lab-
oratory infrastructure imposes the greatest technical chal-
lenges for test developers (Urdea et al., 2006). The design
approach to developing POCT for moderate- to high-
resource regions generally involves the initial selection of
the most suitable biomarker for a particular condition,
and then technology design to target that biomarker
without significant consideration of the infrastructure or
resources needed to collect and analyze outside of clinical
settings. Performing venipuncture, for example, is rarely
an issue in high-income countries and so POCT devel-
oped for these regions generally have no strong

restrictions for blood sample quantities (Heidt
et al., 2020). Conversely, in RIR settings without a trained
phlebotomist, a test must be able to work with samples
that are easily acquired (such as saliva or urine) or much
smaller blood sample sizes (via finger prick or heel stick).
As such, rather than selecting for the most suitable bio-
marker for a given illness, the approach for designing
POCT in RIR settings should be based on the likely avail-
able infrastructure and other constraints (Heidt
et al., 2020); this may require identification of novel bio-
markers and sampling techniques, an undertaking with
its own set of hurdles (see Urdea et al., 2006).

Immediate and long-term personnel and financial
costs of POCT may impose additional challenges,
although this is not without nuance. Central laboratory
(i.e., non-POCT) testing costs often include the salaries of
nursing and ancillary staff, which may be relatively
higher in rural settings and, even then, trained personnel
may not even be available; on the other hand, POCT also
requires qualified operators who demonstrate proficient
POCT use before performing tests on patients/partici-
pants. An even greater challenge is high staff turnover, a
pervasive problem in any research group or healthcare
setting, but especially in RIR contexts. In a study from
India, Kabra and Kanungo (2012) emphasize that high
staff turnover is the single greatest challenge in maintain-
ing a quality POCT program in this region. Despite the
simplicity of some POCT devices, training is required and
in settings where personnel are unfamiliar with labora-
tory procedures and practices, quality control and profi-
ciency testing programs can be difficult to implement
and sustain.

Extra costs for POCT include the regular purchase of
quality control materials and reagents, as POCT instru-
ments must be validated periodically (Malcolm
et al., 2019); additionally, for field researchers, depending
on the field-specific factors (e.g., climate) and extent of
use, POCT instruments may also have limited lifespan,
and in our experience, some POCT instruments require
replacement after several years.

5.1.3 | Inter- and intra-methodological
limitations

Barriers to implementing POCT in RIR settings are not
only limited to infrastructure or resources; ascertaining
quality assurance can be difficult for many POCT devices.
For instance, there is a demonstrated lack of consistency
between some POCT devices and test results derived
from central laboratory instruments, as well as variability
across different models of POCT devices (Wiencek &
Nichols, 2016).
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An important example involves blood, the most
employed biosample type in medical tests and health
research. In contrast to central laboratory testing where
serum or plasma samples are typically used, POCT
requiring finger prick blood is generally conducted using
whole blood samples. Whole blood obtained by finger
prick reflects blood from capillaries, venules, and arteri-
oles in the finger compared to venous sampling which
yields blood coursing through veins (Yang et al., 2001).
For this reason, POCT devices that measure hemoglobin
or hematocrit (volume measurement of red blood cells in
blood as a percentage) using finger prick blood can gen-
erate slightly different values from venipuncture mea-
sures (Patel et al., 2013). Additional factors including
idiosyncrasies of the patient/participant (e.g., participant
sex, iron stores, etc.) can also translate into slight discrep-
ancies between results generated by POCT and central
laboratory testing (e.g., Cable et al., 2012).

Different models of POCT devices may likewise gen-
erate disparate results; this is best exemplified by glucose
testing, one of the most measured analytes in POCT. In
fact, the American Diabetes Association does not endorse
the use of POCT glucometers for the diagnosis of diabetes
because of concerns about sensitivity to external variables
and accuracy of these tests (Shaw, 2016). This is because
POCT glucometer measures may be influenced by hemat-
ocrit levels (Montagnana et al., 2009), drugs
(e.g., acetaminophen) (Eastham et al., 2009), miscella-
neous environmental factors (e.g., temperature and alti-
tude) (Fink et al., 2002), and a slew of other factors
(Rebel et al., 2012).

Approaches to mitigating some, albeit not all, con-
cerns related to POCT accuracy and consistency include
properly training operators who interpret device-specific
cutoff values to diagnose or monitor disease, who regu-
larly perform quality control procedures, and who adhere
to appropriate storage and handling instructions. Cer-
tainly, advances in POCT stability and harmonization
across testing devices by manufacturers are also para-
mount as are more strategic research targeting these
methodological concerns across POCT technologies
(Wiencek & Nichols, 2016).

5.1.4 | Supply chain limitations

Once POCT is introduced into an RIR context, long-term
research or initiatives may be challenged by supply chain
issues. Since POCT reagents are only manufactured in
specific regions of the globe, manufacturer-imposed
restrictions can limit where POCT materials can be
shipped; different countries may impose significant
import tariffs as well. Even when shipping is not a

problem, delays in delivery may occur, thereby shorten-
ing the shelf life of reagents. Test kits and quality control
materials can sit in shipping containers exposed to sun,
heat, and humidity for days (Wiencek & Nichols, 2016);
in colder climates, materials may undergo multiple freeze
and thaw cycles affecting POCT performance (Louie
et al., 2012). One inventive solution to within country
supply chain issues is exemplified by Zipline, a commer-
cial drone delivery service, that uses drone technology to
bring vital medical supplies to remote hospitals through-
out Rwanda. Time-sensitive blood products are dropped
from drones via parachute, slashing delivery time of life-
saving red blood cells and platelets to minutes compared
to hours by motorbike (Baker, 2017). Zipline drones were
also used to transport COVID-19 test samples to large
hospitals while distributing COVID-19 supplies to hospi-
tals in need (Kretchmer, 2020). Such creative approaches
should increasingly help to counteract infrastructure
and/or supply chain issues including those specific to
POCT, but other barriers in RIR settings (such as eco-
nomic ones) are likely to persist for the foreseeable
future.

5.1.5 | Additional considerations and
recommendations

Although not an exhaustive description of challenges (see
Gildner et al., 2022 for additional challenges), it is impor-
tant to be aware of the limitations of POCT when consid-
ering their use in RIR contexts. POCT reagents and
instruments are vulnerable to exogenous elements which
may limit their use in some field-based settings, or at
minimum, requires thoughtful consideration about how
to reduce potential environmental influences on POCT
quality. Researchers must also be cognizant of issues
related to consistency of results across methodologies,
POCT or otherwise, and acknowledge these limitations
when making comparisons across datasets using different
techniques.

In the dynamic and rapidly changing field of POCT,
researchers in human biology and related disciplines are
well-positioned to bring insights from the field to the lab
bench while highlighting the primary concerns of study
participants, whose needs, values, and concerns may be
outside the purview of POCT device developers who are
often motivated by testing demands in high-income
regions. For example, a multiplex POCT device that could
screen pregnant women for HIV infection, syphilis,
malaria, and anemia as part of prenatal treatment would
make dramatic strides in reducing poorer birth outcomes
in many of the regions where human biologists often
work. One suggestion is that we, as researchers, might
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explicitly describe in our manuscripts how specific POCT
devices perform in our field sites and emphasize the need
for a broader array of devices designed for such contexts.
Currently, these insights are primarily spread by word of
mouth among interested stakeholders, but publications
on device performance would expand the reach of this
information to scholars considering POCT use in their
own research; these details would additionally serve to
highlight device limitations for POCT developers. Gildner
et al. (2022) begin this discussion, but a larger, cross-
disciplinary dialogue is necessary. Finally, working
within patient/participant-centered approaches, we
might also incorporate qualitative methods that survey
research participants, a kind of “exit” interview, regard-
ing their experiences with POCT to assess methodological
efficacy in engaging participants in RIR contexts.

5.2 | Ethical challenges

In addition to these practical issues, complicated ethical
challenges are also presented by POCT in RIR settings.
Firstly, within these contexts, there exists an imbalance
between the need for disease prevention/treatment and
the ability to meet these needs in both the short and
long-term (Nuffield Council on Bioethics, 2004). Improv-
ing global health requires a continual commitment to
learn from the results of carefully designed and executed
research studies, while facilitating care for participants if
disease risk is identified. For this reason, some
researchers have argued for reframing of the ASSURED
criteria to explicitly articulate that the goal of POCT is
not simply the communication of test results, but rather
the linkage to treatment and sustainable long-term care
when necessary (Pai et al., 2015).

One specific challenge to this end is related to the
burden of NCDs in RIR contexts where people are
increasingly and disproportionately affected, yet access to
needed treatment is generally limited. This is often the
case in regions, such as LMICs, where already-
constrained resources are primarily allocated toward
combating infectious disease, despite the increasing prev-
alence of NCDs. In cases where elevated risk for a
chronic health condition is identified, modifiable behav-
iors might be discussed to reduce the possibility of the
condition worsening. However, certain chronic condi-
tions, such as diabetes risk, can be difficult to monitor
and manage if the participant does not have access to
ongoing treatment and care. Community and regional-
level factors such as limited health education, poor regu-
lation (e.g., of POCT diagnostics), and economic barriers
(e.g., high cost of implementing POCT in some settings),
can further hamper long-term access to treatment (Heidt

et al., 2020). Thoughtful consideration about how local
resources may be augmented (e.g., through targeted allo-
cation of research funds) to facilitate pathways for track-
ing health information and accessing long-term health
services is paramount in these cases.

Relatedly, the dearth of NCD diagnostics being used
in RIR contexts poses a unique set of challenges. For one,
compared to infectious disease, the high burden of NCDs
is a relatively recent phenomenon in many RIR settings.
This is in part due to recent and accelerated diet change
as sources of nutrition have become increasingly de-
localized (i.e., produced and processed elsewhere, such as
within broader market systems) (e.g., Cantor et al., 2018;
Liebert et al., 2013; Lu, 2007) and increasing sedentism
(e.g., Booth et al., 2017; Gurven & Lieberman, 2020; Park
et al., 2020; Urlacher et al., 2021). Moreover, an unprece-
dented number of individuals are surviving into
advanced ages in many countries (UN, 2017). Cumula-
tively, these nutritional and demographic shifts all con-
tribute to the heightened prevalence of NCDs in RIR
contexts. These changes impose additional pressure on
already constrained health care systems, exacerbating
problems for testing and treatment of chronic NCDs.

Further, health research in human biology and
related disciplines is usually funded through grants, and
studies are therefore challenging to sustain once the
funded project is completed. Certainly, this is not only a
concern for POCT, but also for health research employing
traditional lab-based methods. Yet, the implementation
of POCT at the local level, within the community and
within the constraints of local capacities, means that
long-term implementation of such health-based projects
are uniquely challenged. In the absence of permanent
health clinics, enhancing sustainability of health research
may be achieved through other means including knowl-
edge transfer, such as by training and development of
expertise among local people, technology transfer, includ-
ing donating POCT equipment and supplies to communi-
ties to strengthen local monitoring capabilities, and
contributing more broadly toward local infrastructural
development whenever possible (Gurven et al., 2017;
Nuffield Council on Bioethics, 2004; Sidik, 2022).

6 | CONCLUSIONS

Point-of-care testing (POCT) offers numerous opportuni-
ties for expanding the reach of health services into often
underserved, rural/remote and/or Indigenous popula-
tions in resource-limited settings, with whom and where
many human biologists and global health researchers
work. Many scholars have demonstrated the utility of
POCT for generating health insights that were not
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previously possible without POCT. This includes work
addressing core questions about health and disease, and
of evolutionary and biocultural theoretical importance.
At the same time, POCT allows researchers to immedi-
ately return robust health information to study partici-
pants while allowing ample opportunity to communicate,
discuss, and educate participants about health issues
through direct researcher-participant and researcher-
community engagement. Specifically, POCT has potential
within participant-centered and community-based
research approaches to usher in improved, engaged,
mutualistic, and synergistic dialogue between researchers
and participants about their health conditions, needs,
and goals while also reinforcing this dialog in culturally
competent and appropriate ways, such as through ongo-
ing local collaborations. Through such interactions,
researchers may be able to help inform and link patients
to treatment when necessary while facilitating public
health interventions more effectively at the community-
level in ways that can be sustained long-term.

Practical and ethical barriers to POCT application
persist, and this is especially the case within RIR con-
texts; it is evident that the full potential of POCT cannot
be realized until such limitations and challenges are
addressed and resolved. Researchers in human biology
and related disciplines working in global health are well-
situated to call attention to these challenges through
more intentional methodological reflections (e.g., such as
highlighting the strengths and weaknesses of POCT use
in RIR contexts in publications), so that POCT
researchers and developers are made aware of both on-
the-ground needs and pragmatic barriers to their use.
The continued development and use of effective POCT in
RIR contexts have immense promise for fostering collab-
orative research and enhancing global access to much
needed health information and services. In this way,
POCT tools designed at the lab bench and integrated into
the field have great potential to help mitigate persistent
global health disparities and inequities.
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ENDNOTE
i A “patient” is typically defined as a person who receives or is reg-
istered to receive medical treatment; the term “participant” is gen-
erally reserved for individuals who voluntarily take part in a
research study. In this article, we refer to a patient as someone
being treated by a health-care clinician as authorized in a particu-
lar setting (e.g., locale, country, province), and a participant as an
individual in a research study. These roles can and often do over-
lap such as when a patient is a participant in clinical studies, or
when a person may be a participant in a research study on meta-
bolic syndrome, for instance, but is also a patient separately being
monitored/treated for diabetes by clinicians who are not associ-
ated with the research study. In other cases throughout the article,
the terms patient or participant are employed based on the origi-
nal term used in the article cited.
2While no single authoritative definition exists for “Indigenous,”
there are a few criteria that help to broadly define Indigenous peo-
ples, as outlined by the UN Permanent Forum on Indigenous Peoples
(2013). In the current article, the term “Indigenous” is used to refer
to international, transnational, and global peoples who have a long
settlement and strong affiliation with specific lands and who have
been adversely affected by displacement and settlement on their tra-
ditional territories by settlers, colonizers, or other populations who
have sought to threaten Indigenous autonomy. Here, “Indigenous” is
a broad reference that is used to emphasize a common challenge, in
this case, health outcomes, shared by communities adversely affected
by colonialism, displacement, and exploitation.
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