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Point of care (PoC) diagnostics have been a hot topic for many decades now. In high-income countries they have the
potential to streamline diagnostics, making healthcare more personal, cheaper, faster and more efficient in general.
However, in resource-limited settings such as low-income countries, the need for PoC implementation is much more
pronounced as professional laboratories are often hours away from patients which makes it hard to accurately diagnose
them. Therefore, research on and implementation of PoC diagnostics in local health care systems in LICs will be essential
in order to alleviate suffering due to infectious disease.

This entry discusses the entire value chain of the development of PoC diagnostic tool. Bottlenecks that hinder the
implementation of PoC in LICs are highlighted at every step of the value chain. We will provide examples of PoC success
stories to illustrate how potential bottlenecks can be overcome. Finally, the entry provides a recommendation on how we
can avoid these typical ‘leaks in the pipeline’ in the future and prevent a promising technology being abandoned before it
can even have an impact on healthcare.
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| 1. Introduction

Low- and middle-income countries (LIC/MICs) face severe challenges due to limited economic opportunities. In addition to
the economic struggles, LICs also bear a large burden of transmittable diseases, posing severe risks to the population’s
wellbeing L. Healthcare systems and healthcare providers in LICs are often ill-equipped to treat the patients in the best
possible way, especially in rural areas. Given the economical and infrastructural challenges in LIC, PoC diagnostics,
which are often characterized by being independent of laboratory or medical infrastructure, as well as being highly
affordable and holding considerable promise to improve the situation. Yet the actual commercialization of PoC diagnostic-
tests lags well behind the innovative research and developments done in laboratories.

Due to this strange dichotomy between promising, innovative research and very limited valorization into real products,
several review articles on the topic have been written in past years. However, most are specialized on one specific aspect
—for example some authors looked in depth at logistical shortcomings [&; others investigated funding and collaboration
considerations Bl Reviews also summarized the topic in consideration of different viewing angles, such as the
technological aspects and their implications, as seen in Figure 1 [4. Another approach is to distinguish between different
usage profiles, from the use at home up to the use in a laboratory, and argued that what point-of-care means depends
tremendously on how and where it is used, which is shown in Figure 2 &,
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Figure 1. Migliozzi and Guibentif et al., looked at PoC bottlenecks from a technological standpoint. Figure re-used from 4
with permission under open-access creative commons copyright agreement.
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Figure 2. Pai et al., investigated PoC use within different usage scenarios. Figure adapted from [ with permission under
open-access copyright agreement.

| 2. The Usage

Limited testing capabilities are often a bottleneck for adequate therapy. This is especially observable in HIV treatment,
where CD4+ counts and viral load are used to monitor antiretroviral therapy (ART). In Sub-Saharan Africa, the median of
patients that were retained between HIV diagnosis and CD4+ count was 59% (€. HIV is a good example of a disease that
is difficult to get a conclusive diagnosis on in the field as it needs a nucleic acid test that usually has to be performed in a
laboratory with trained personnel [EIE while there are several HCTs PoC platforms available that can conduct HIV
monitoring, such as the GeneXpert (Cepheid), the PIMA CD4+ (Abbot) or the Alere q (Abbot) RALLL2 thejr high initial
cost are still a problem. This makes ART therapy challenging to start and monitor in rural areas. Therefore, not only is
supplementation with tests an important factor, but also the whole infrastructure of usage in combination with treatment,
especially in rural healthcare settings where the different parts need to act together to create sensible plans for PoC
testing and treatment delivery. Due to this interconnectedness of different factors surrounding the end-users, several
bottlenecks can appear. HIV is, therefore, a good example of how healthcare, as well as patient management, are integral
factors and can negate any positive effects that PoC can bring, if they are mishandled.

2.1. Healthcare Management

Political will towards PoC might be reduced when PoC tests lead to more demand for treatment, while at the same time
treatment capabilities are scarce . On the other hand, PoC diagnosis might not be feasible (for a test and treat scenario)
when adequate treatment capabilities are not in place 23, When treatment is available, patients might also just opt-out of
tests in favor of direct use of medication, such as over-the-counter-antibiotics. This has been reported in Thailand, where
missing information about disease origin among the public leads to a preference of medication instead of proper
diagnosis, as medication is connected to symptoms instead of disease origin. For example, patients associate antibiotics
with the symptoms of a bacterial infection instead of the infection itself and thus demand antibiotics even when the reason
for the illness is not bacterial in nature but has similar symptoms 241, PoC testing might offer proper diagnoses, preventing
people from self-diagnoses and taking inadequate medicine. This also shows the importance of looking at PoC
applications not independently but in the whole context of the healthcare system, that acts and is acted upon by various
factors. Some researchers assess that the introduction of a PoC device into a system that is already in place changes the
role from a technical to a social device. However, this also has its upsides—a more elusive benefit of why healthcare
workers in rural areas might want to use PoC testing is the psychological effect it can have on patients, giving healthcare
workers more certainty which, in turn, transfers to the patient and improves compliance. Patients also might overestimate
the capabilities of the tests, which encourages compliance 4. PoC can provide evidence without the need of laboratory
infrastructure and highly trained lab technicians 2.

2.2. Patient Management

In addition to the infrastructural bottlenecks related to the availability of electricity and water, which were discussed in the
research section, one of the most immediate problems is patient management. In rural areas, traditional laboratory
diagnostics are limited by distance to central laboratories. For laboratory diagnostics, samples, for example, in the form of
dried blood spots, have to be transported via motorcycle, creating problems of long turnaround times for test results of up



to two weeks and the danger of sample damage or loss. Another problem is the loss-to-follow-up when patients have to
either wait for their results or have to go to another facility. This may be a problem for two step diagnostic processes in
which the second step is not PoC and the patient has to return or travel to a second facility 28, Especially in rural LICs
areas, there are large barriers to get to healthcare facilities, due to poor transport infrastructure and time constraints that
might prevent a second visit (131,

For example, a third of the women in Ghana live further than two hours away from facilities with the capabilities of
emergency obstetric and neonatal care L7M8] Barriers such as these create gaps in the diagnostic and treatment pipeline
and can lead to high levels of LTFU if patients do not return to collect their results and start treatment 228, However, this
also shows that highly effective laboratory diagnostics might not be suitable in LICs, even if their sensitivity and selectivity
is far superior to PoC devices. If they pose the risk of LTFU, a one-step PoC device might be the more pragmatic and
better solution [46]. In HIV diagnostic and treatment, the decentralization of diagnostics from large hospitals to rural
healthcare centers (RHC) proved essential to give people outside of urban areas access to therapies, such as ART.
Before the implementation of testing in RHCs, the rate of LTFU was unacceptably high 2% as over half of patients did not
return to get their results 24,

The large potential of PoC diagnostics in this context is, in part, due to their ability to ensure the start of treatment in the
same encounter, which is essential as the rapid initiation of treatment is immensely important in diseases such as aids
and tuberculosis 22 In India, just one round for combined screening and treatment of HPV reduced the cervical cancer
rate and mortality for over 30-year-old women by 50% 231, For this reason, the WHO recommends a screen and treat
strategy for 30-39 year old women 31, A PoC test-time of under one hour from test to result would be ideal, as treatment
can follow in the same encounter 24 |n a healthcare worker survey, the participants argued that a sample-to-answer time

of less than an hour is indeed optimal (25, This forms a barrier for most nucleic acid based tests, which take several hours
[25]

Some researchers therefore argue for more holistic thinking in terms of health services. There needs to be better linkage
that connects testing, diagnosis and treatment 28, Given the large impact LTFU has, resources could also be used in
preventing LTFU instead of perfecting diagnostic devices 23],

For example, getting infants on ART could be achieved with combinations of tests of different sensitivity, but proper
linkage. The initiation rate of 71% could be achieved with PoC devices with a limited sensitivity of only 72%, but a
successful linkage rate of 99%, or with a test of 100% sensitivity and 70% successful linkage 9. Some researchers
suggest that PoC tests should be evaluated just as much on their ability to facilitate linkage as they are on their
performance . As demonstrated before, the cost-benefit also favors a two-step system. The absence of functional
referral systems is seen as a huge roadblock by other authors as well [24],

Therefore, information technology plays a key role in the context of PoC, maybe even more so than new and better
devices themselves. The rapid reporting of results and counseling via mobile phones are essential for a decentralized use
of PoC. Mobile phone-linked PoC devices can also assist in data capture and quality control, medication distribution, PoC
tracking and data storage El2327] The usage of mobile phones in this way is generally categorized as mHealth, an
expanding subfield of eHealth, and concerns itself with the use of wireless technology instead of connection through
ordinary landline infrastructure, such as in eHealth. This is especially interesting for LMICs, as mobile phone usage
outperforms other communication infrastructure usage 28. In total, 70% of the 7.4 billion users of cellular phones reside in
LMICs, and especially in sub-Saharan Africa, mHealth had a rapid expansion, making this approach hugely promising 12
(29201 The response to Ebola PoC in the last epidemic might serve as an example, as it was very fast as a result of the
effective surveillance systems in place. However, healthcare systems are slow to use this connectivity to their full potential
28] This is starting to change as mHealth is more utilized. In a review of 255 studies of mHealth applications, 93 studies
fell into the realm of health monitoring and surveillance, the second largest group with 88 publications concerned
themselves with raising health awareness [28; another study found the most used context to be increased patient follow-
up, as well as patient compliance B9,

2.3. Training

While large hospitals in central areas might also have an appropriate workforce, the staff in rural healthcare clinics, which
are the main access points to healthcare for the rural population, consist mainly of untrained individuals or inadequately

small workforces; often just one doctor, nurse or pharmacist, with the possible addition of lay healthcare workers (LHWSs)
[25][31][21][32],



Human resources are in surprisingly short supply when it comes to healthcare workers and may stretch out the system,
especially in rural sites [28133] Additional onsite testing could put even more strain on the already overworked staff; as
already mentioned, this might be a major problem if there are no additional staff or incentives available, and might
discourage PoC use 25134l There is also a problem in the lack of educated healthcare personnel, especially in Africa,
which has over 24% of the worldwide disease burden while only having 2% of physicians of the world BLBSIS8IE7] The

shortage of skilled healthcare workers was seen as a problem by several authors [L7[38],

Surveyed healthcare workers assessed PoC diagnostics as easy to use; however, they still expressed fear of knowledge
gaps among their users and concern of incorrect use. For example, the use of a wrong buffer solution or no buffer solution
at all was observed [28l. Other researchers also reported reluctance for PoC in LICs due to the need for training, and the
costs associated with implementation, as well as diagnosis [22. It is especially feared that lay healthcare workers will not
have the adequate training or knowledge to conduct even simple PoC tests, which could lead to inaccurate results that
could damage the perception of PoC in these settings 1Z. Despite those fears, the world health organization recommends
task shifting to LHWs to meet human resources needs B39 and it is a tool that is increasingly used to combat the
estimate estimated shortage of 7.2 million healthcare workers, which is the most severe in Sub-Saharan Africa 49,

The question is, can task shifting from healthcare professionals to LHWs be achieved without a loss in reliability of test
results. Lay health workers provide an important opportunity to give more people access to healthcare; this is especially
the case for rural areas. However, medical devices are usually not designed to account for task shifting 211,

Some argue that task-shifting has to be accommodated when designing the PoC device. The interface has to be
straightforward and user-friendly, even for laymen, which is often not considered in the design phase 15, Ideally, the
device should be a fully autonomous, robust, “black box” [, which is fully automated with a simple interface and
everything integrated into a simple “sample to answer” process [23, Others suggest that the technological complexity must
be as simple as a home pregnancy test 24l or assess modern PoC diagnostic platforms used for CD4+ testing as too
sophisticated for usage in LICs 12, Laboratory professionals also doubt that diagnostics can be performed by lay-
healthcare-workers with appropriate quality assurance 222, This viewpoint might be understandable, given the findings of
doctors observing the wrong use of lateral flow devices 8, The question, therefore, remains whether PoC devices
demand usage by healthcare professionals.

Research is suggesting otherwise. A study about task shifting for the use of the HCTs Pima CD4+ Analyzer (Allere) in
Namibia showed that lay-health-workers can produc valid tests as nurses. In a large study of 1429 CDA4+ tests, in which
500 were performed by nurses and 929 by LHWSs, the reception of test results by the patients was in favor of LHWSs, with
98.1% contrary to 95.6%. LHCs were only slightly slower, with a median turnaround time of 21 minutes compared to 20
minutes for nurses. However, both were a tremendous improvement from the turnaround time of a laboratory test, which
had a median of 4 days (IRg 2-8). Therefore, task shifting to LHWs may be an appropriate choice, even for more complex
tests (€. Other studies agree that LHWs can perform rapid testing just as well as trained laboratory staff, if trained
properly. However, when implementing a training program, it has to be considered that the training package is adapted to
the local environment B2, LHWs in Malawi have named a lack of disease- and job-specific training as a key problem
hindering their role as TB care providers B[4l | ateral flow tests for HIV testing were so successful in their ease of use,
that task shifting could be greatly implemented and the tests in LMIC are now often done by expert-patients or trained lay
healthcare workers [24],

2.3.1. Use by Trained Doctors

In cases where trained medical professionals are available, the bottlenecks present themselves differently. One issue is
time constraints. In India, doctors prefer clinical diagnoses coupled with empiric treatments over a higher diagnostic
security. Broadband antibiotic prescription after only a short symptomatic observation is a common example; this is faster
than doing an additional PoC test that might not even be necessary, just in order to make the diagnosis more secure !,
The general overburden of doctors in India is one factor for this. Generally, visits only last a few minutes, which is
generally not enough time for PoC testing. On the doctor’s side, it is better for his reputation to treat several other waiting
patients in this time and keep waiting-lines short. Many doctors only have a single room with one nurse as an assistant,
even simple lateral flow tests are difficult to conduct under such conditions [2,

Awareness is another issue which is suggested by the literature. Healthcare providers might not be aware of PoC tests on
the market Bl. Lack of knowledge about PoC testing among people living in rural areas could be addressed by, for
example, advertising and explaining the use of PoC tests for rapid diagnosis of specific diseases. This could raise
awareness and prevent last-minute visits to the doctor. However, general awareness of PoC devices in Kenya was
surveyed and is high throughout high-, mid- and low-tier healthcare providers and seems to not be a critical barrier. In
total, 95% of healthcare providers in his survey could name a disease that can be diagnosed with PoC tests (71% could



name two and 24% could name three); only 5% were not able to name any disease which has PoC tests available.
However, only 10% of healthcare workers which named more than three PoC devices had actually applied them in their
practice 42, This indicates that the bottleneck is systemic rather than knowledge-based. Higher knowledge and usage
about HIV tests were shown by doctors in richer hospitals compared to rural doctors. For example, in malaria diagnostics
there is a wide gap between the knowledge about (57%) and actual use of PoC diagnostics (36%), independent of
socioeconomic factors. It is suggested that this is because PoC devices for malaria are seen as of limited usefulness as
the disease has strong symptoms and the prevalence is foreseeable due to the seasons. Another possible reason might
be the lack of availability, the devices not complementing other diagnostic methods or greater success with other
diagnostic methods, such as a symptomatic approach. For other identified diagnostics, the knowledge about the device
was 1- to 3-times higher than the actual use 2. Healthcare workers in other studies could identify various PoC tests. The

most known ones were for Malaria, HIV, Syphilis, Blood Glucose and Pregnancy. These findings concurred with other
surveys 3811431,

2.3.2. View on PoC

With regard to the view of patients on PoC, it was found that, according to healthcare personnel, patients were satisfied
with PoC results (97%) and would recommend them (96%). However, only half of clinicians thought they would give
reliably accurate results; 46% were unsure and 4% considered them not accurate. In total, 65% of healthcare workers
used medication even on a negative test, showing that trust in the test is limited. This concurs with only 20% of healthcare
workers stating that they rely on the test alone. The majority sees the test as a complement to other means of diagnosis,
such as symptoms 2 as 54% of surveyed encountered barriers preventing PoC use. The likelihood of encountering
barriers correlated with hospital tier (45% in high-end hospitals and 53% in mid-tier). In total, 50% of personnel who
encountered barriers named reliability issues as a large problem; the second largest obstacle named was availability, with
46%. Only a smaller percentage saw cost (14%) and awareness or training deficiencies (12%) as major obstacles. When
asked about improvements to increase PoC use, the respondents replied with improved tests (44%), improved reliability
(22%) and standardization (20%) which was specifically mentioned, even though it was not in the survey as an answer.
Oddly, increased availability was named by just 22%, despite it being the second highest identified barrier. In total, 85%
agreed that PoC is an opportunity for more affordable healthcare in Kenya 421,

From the first start of research in the beginning, to the view of end-users at the patient-side, the bottlenecks of PoC
diagnostics along the value chain seem to be as diverse and as different from each other as the actors and circumstances
that present themselves on the way, as is summarized in Figure 4. However, as Figure 5 shows, there are many possible
solutions at each step as well, which are, next to technological advancements, often based upon the connection of
different stakeholders.
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