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Executive summary

At the end of 2019, the first reports of a new respiratory
virus appeared in China. The subsequent COVID-19
pandemic has affected every person, in every country, in
the world. One early lesson was the crucial importance of
timely accurate diagnosis. A second lesson was the
widespread scarcity of such diagnostic capacity and
capability.

The second lesson supported the findings of the
2018 Lancet Series on Pathology and Laboratory Medicine
in Low-Income and Middle-Income Countries, namely
that despite diagnostics being central to health care,
access to diagnostic testing in pathology and laboratory
medicine (PALM) is poor and inequitable in many parts
of the world. In diagnostic imaging (DI), the other major
diagnostic discipline, data are scarce, but what data are
available suggest the situation is similar or even worse.

Poor accessibility of diagnostics is not a new issue.
In 2008, the Maputo Declaration on Strengthening of
Laboratory Systems identified the need to address the
problems of poor accessibility to diagnostic testing.
Although progress has been slow, there is now a
conjunction of factors that has the potential to accelerate
change. First, three major global health priorities—
universal health coverage, antimicrobial resistance, and
global health security—all require better access to
diagnostics. Second, the publication of an essential
diagnostics list (EDL) for priority settings by WHO in
2018 has been a key step in recognising the importance
of diagnostics. Third, the COVID-19 pandemic has
greatly raised awareness of the crucial importance of
diagnostics. Lastly, within the past 15 years, extraordinary
innovations in technology and informatics promise
transformation across all aspects of diagnostics. The
combination of all these factors can fuel political will to
accelerate change.

This Lancet Commission on Diagnostics was set up
with the remit of analysing the issues and identifying
solutions for both PALM and DI, in part because these
are the two major diagnostic disciplines and in part
because, increasingly, optimum patient care (eg, in
cancer) depends on the integration and synthesis of the
results of both disciplines. Also, both disciplines share
many of the same issues; for example, insufficient
financial support, staff shortages, infrastructure
problems, and low visibility and, hence, low priority.

In this Commission, we analyse the current status of
diagnostics with the use of the six WHO building blocks
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of health systems, namely health service delivery, health
workforce, health information systems, access to
diagnostics (analogous to essential medicines), financing,
and leadership and governance, as the basis. Given
the dearth of reliable and comprehensive data, the
Commission’s first step was to quantify, where possible,
the current state of diagnostics globally. We use six tracer
conditions (diabetes, hypertension, HIV, and tuberculosis
in the overall population, plus hepatitis B virus infection
and syphilis for pregnant women) and show that the
diagnostic gap (ie, the proportion of the population with
the condition who remain undiagnosed) is, at 35-62%,
the single largest gap in the care pathway (the cascade of
care comprising screening, diagnosis, treatment, and
cure or successful management). We also examine the
current availability of diagnostics by level of health care
facility, geography, and socioeconomic group. The
diagnostic gap is most severe at the level of primary
health care, in which only about 19% of populations in
low-income and lower-middle-income countries have
access to the simplest of diagnostic tests (other than
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1 47% of the global population has little to no access to diagnostics.

2 Diagnostics are central and fundamental to quality health care. This notion is under-
recognised, leading to underfunding and inadequate resources at all levels.

3 The level of primary health care is the diagnostic so-called last mile and particularly
affects poor, rural, and marginalised communities globally; appropriate access is

essential for equity and social justice.

4 The COVID-19 pandemic has emphasised the crucial role of diagnostics in health care
and that without access to diagnostics, delivery of universal health coverage,

antimicrobial resistance mitigation, and pandemic preparedness cannot be achieved.
Innovations within the past 15 years in many areas (eg, in financing, technology, and
workforce) can reduce the diagnostic gap, improve access, and democratise
diagnostics to empower patients.

As an example of the potential impact, 1-1 million premature deaths in low-income
and middle-income countries could be avoided annually by reducing the diagnostic
gap for six priority conditions: diabetes, hypertension, HIV, and tuberculosis in the
overall population, and hepatitis B virus infection and syphilis for pregnant women.
The economic case for such investment is strong. The median benefit-cost exceeds
one for five of the six priority conditions in middle-income countries, and exceeds one
for four of the six priority conditions in low-income countries, with a range of
1-4:1to 24:1.

Given the depth and breadth of the problems, sustained access to quality, affordable
diagnostics will require multi-decade prioritisation, commitment, and investment.
Incorporating diagnostics into universal health coverage packages will begin this process.
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those for HIV and malaria). Even in hospitals, this figure
only rises to 60-70%. DI is essentially absent outside of
hospitals. People who are poor, marginalised, young, or
less educated have the least access to diagnostics.

Our conclusion is that just under half (47%) of the
world’s population have little to no access to diagnostics.
We estimate that reducing the diagnostic gap for the
six tracer conditions from 35-62% to 10% would reduce
the annual number of premature deaths in low-income
and middle-income countries (LMICs) by 1-1 million
(2:5% of total annual deaths in LMICs), and annual
disability-adjusted life-year (DALY) losses by 38 -5 million
(1-8% of losses from all conditions).

In this Commission, we examine the policy environ-
ment and conclude that the fundamental cause for the
current situation is the low visibility and prioritisation of
diagnostics. Diagnostics are not explicitly mentioned in
proposals for universal health coverage and are largely
missing from national strategic plans for health, and the
focus on diagnostics in the National Action Plans
for Health Security is limited primarily to epidemic
infectious diseases. Although corruption is a problem
across any health system, diagnostics are particularly
susceptible because they require acquisition of expensive
equipment and supplies.

Although data are particularly scarce at the
operational level, the necessary physical infrastructure
is clearly deficient in many facilities, resulting in weak
services of inadequate quality. Similarly, support
capabilities, such as management and procurement
systems, technical support, information technology,
and supply chains, are widely insufficient. Regarding
workforce, we estimate there is a global shortfall of
around 840000 diagnostics staff (using the UK as the
benchmark), noting that current education and
training is not even enough to maintain current levels.
Quality and safety mechanisms for standards are
scarce, particularly for LMICs. For example, a
2019 study suggested that India has only 1151 accredited
medical laboratories, whereas the USA, with a quarter
of India’s population, has 260000 accredited medical
laboratories.

Because low political prioritisation is the key cause of
poor access to diagnostics, we explore how we can use
the framework of Shiffman and Smith to achieve political
change. With the importance of diagnostics fresh in
people’s minds from the COVID-19 pandemic, and with
the 2018 EDL (a useful tool for prioritisation and a way
forward), there might now be an opportunity for
progress.

This Commission offers potential solutions to the
problems associated with the poor access to diagnostics.
We have developed an evidence-based template for a
national EDL as the basic core of all integrated tiered
networks, designed to meet the diagnostic needs of the
predicted top 20 conditions in the global burden of
disease for 2030 and 2040 (the GBD-20 EDL).

Because technology is an enabler of many of the
putative solutions in this Commission, we discuss the
crucial role of technological innovation and also
propose solutions via changes in policy, governance,
and finance, and in infrastructure, workforce, and
quality. The key aspects of the solutions proposed are
summarised in following paragraphs under the relevant
recommendation.

This Commission also outlines the economic case for
investing in diagnostics. We provide a benefit—cost
analysis for the same aforementioned six tracer diagnostic
tests. Although costs are relatively simple to calculate,
measuring the benefits is difficult and the benefit—cost is
context-specific, varying with several factors, such as
country income, disease prevalence, and availability of
more effective treatment. Although little work has been
done in this area, by making several assumptions, we
show that the median benefit—cost in LMICs for all but
one of the six tracer tests exceeds one, with a range of
1-4:1 to 24:1. Our conclusion is that there is a strong case
for investment to improve access to diagnostics.

There is no single effective means (eg, technology) to
address the multiplicity of challenges in improving
the access to diagnostics. As solutions, we propose
10 recommendations. Although each recommendation
is important in its own right, they are also highly
interdependent. If implemented as a group, these
recommendations will make a substantial difference.

In the relative absence of national strategic plans for
diagnostics, it is unsurprising that access is poor for
many countries. Therefore, we recommend that
countries develop a national diagnostics strategy and do
so with an evidenced-based integrated and tiered network
and a national EDL (this EDL can be based on our
template) as the model (recommendation 1). Diagnostics
would be allocated across the different health system
tiers: point-of-care investigations to primary health care,
basic analysers and x-ray to first-level hospitals, and more
sophisticated diagnostics (eg, MRI, CT, flow cytometers,
nucleic acid analysers, and microbial identification) to
higher level facilities. Implementation of this model
would serve to drive investment in all of the resources
(eg, staff, equipment, and finance) of an effective
diagnostics system. Because each country will have
different existing facilities and varying disease
prevalence, countries can adapt this template to their
own context. However, it is key that whatever model is
adopted is evidence-based.

Given that the biggest gap is in provision of diagnostics
at the level of primary health care, which is also the entry
point to the care cascade, we also recommend that, as a
priority, a set of key point-of-care diagnostics (point-of-
care tests and point-of-care ultrasound) be made available
at all primary health-care centres (recommendation 2).

Health workforce expansion is key to improving
access to diagnostics and diagnostic services. Expansion
of the health workforce with current approaches alone
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will be insufficient. New approaches are needed to
ensure expansion of workforce capacity and acquisition
of contemporary skills, including more competency-
based education, greatly expanded access to continuing
professional development, telehealth for remote
services, and greater use of task shifting and sharing.
We recommend that each country use these approaches
to expand the size and effective capacity of its health
workforce (recommendation 3).

Without systems to ensure diagnostic safety and quality,
expanded access is of questionable value, potentially
causing harm and wasting resources. A national
regulatory framework that addresses safety and quality is
essential. Device regulation could be simplified by
regional harmonisation or by expansion of programmes
such as WHO prequalification. The implementation of
quality services will need regulation for both laboratory
accreditation and for professional standards and
competencies. We recommend each country develops an
appropriate governance and regulation framework
(recommendation 4).

Without adequate infrastructure, the provision of
diagnostic services will always be insufficient. A number
of approaches supporting improvement are outlined in
this Commission. These approaches include more
efficient use of current resources through better
management, regional pooled procurement and
equipment standardisation, fostering of regional and
national manufacturing capacity, and development of
public—private  partnerships with manufacturers.
However, additional financing for diagnostics more
generally is essential, for which the majority will need to
be domestic and primarily public. Higher taxes on
tobacco (so-called sin taxes) are one possibility. Other
potential sources include financing instruments, such as
Social Impact Bonds or Development Impact Bonds,
which have rarely been used for diagnostics, and
borrowing from multilateral banks. We recommend that
each country develops mechanisms to finance sustainable
diagnostics (recommendation 5).

Complementing improved financing, there also needs
to be national and international action to increase the
affordability of diagnostics generally. Supporting more
production in LMICs and pooled procurement (market
shaping) can increase affordability. Therefore, we
recommend global action to improve the affordability of
diagnostics (recommendation 6).

A key reason why now is an apposite time to address the
issues with the accessibility of diagnostics is the
transformative potential of innovation in many areas of
diagnostics. In this Commission, we identify three broad
approaches relating to technology that offer the greatest
potential—namely, digitalisation, point-of-care diagnostics,
and democratisation of diagnostics. By enabling diag-
nostic testing outside of the hospital (eg, self-testing or
self-sampling), the first two approaches democratise
diagnostics and empower the patient, particularly those
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patients who are marginalised. To ensure equity, privacy,
and alignment with other social and political factors, we
briefly review the general principles of implementation.
These principles include designing technologies with, and
for, the end user, generating data that can be integrated
into the patient record and into national monitoring
indicators, and a standards-based approach to increase
system interoperability and reduce potential for conflict
and confusion. As many of the Commission’s recom-
mendations depend on innovation in education,
management, communications, and financing, as well as
technology, to achieve their transformative effect, one of
our main recommendations is the continued fostering of
innovation, especially in LMICs (recommendation 7).

A particular challenge is the provision of diagnostics
for that third of the world’s population living in fragile
and conflict situations. These are complex, challenging
settings and have very different health actors involved.
Within the past 15 years, innovations in areas such as
information technology and point-of-care testing can
address some of the challenges, but more coordination
of the civilian and security sector is needed, and
humanitarian staff and affected populations need to be
involved to define needs (recommendation 8).

Considering that low visibility is probably the single
most important global barrier to the adequate resourcing
of diagnostics, there will need to be a major advocacy
drive, combining efforts at both national and international
levels and alignment of the activities of diverse
stakeholders. Therefore, we recommend a coordinated
advocacy programme for diagnostics at national and
international levels, including adopting a World Health
Assembly resolution on diagnostics (recommendation 9).

Finally, as the effort in transforming diagnostics will
need to be focused, persistent, multi-year, and
sustainable, we recommend the creation of an
international Diagnostics Alliance to work with relevant
national and international agencies to promote and
support this effort (recommendation 10).

To build on the findings of this Commission, key next
steps should be the initiation of national and international
advocacy programmes, the creation of an international
Diagnostics Alliance as an advocate, and the adoption of
a World Health Assembly resolution on the need for
diagnostics to be an integral part of any universal health
coverage programme. Continued research is also needed
to fill key data gaps; for example, research on the health
workforce and the benefit—cost of diagnostics.

The COVID-19 pandemic must be a turning point.
Implementation of our recommendations over the next
20 years would transform the world from one where
close to half of the population has little to no access to
diagnostics, to one where the great majority does.

Introduction
Diagnostics are central to effective health care. The
importance of diagnostics has been brought into focus by
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Panel 1: COVID-19

The COVID-19 pandemic has highlighted the centrality of access
to diagnostics as a key component of detecting and controlling
emerging infectious diseases. Early issues in developing accurate
tests hampered the understanding of, and response to, the
initial stages of the COVID-19 outbreak, resulting in the rapid
emergence of unreliable tests that led to confusion in clinical
care and epidemiological reporting about rates of infection,
erroneous messages to the public, and widespread deployment
of inaccurate (or even fake) tests that quickly had to be replaced
with accurate tests.*? At the same time, widespread media
reports noted that lack of SARS-CoV-2 testing capacity resulted
in prolonged delays in obtaining test results, delays that severely
affected the clinical and epidemiological usefulness of the tests.

Pressures to develop high-quality testing at scale did drive
innovation in test development and deployment. First was
leveraging of extant public health laboratory systems before
commercial tests became available, such as the Centers for
Disease Control and Prevention RT-PCR assay that was made
available to public health laboratories early in the COVID-19
pandemic. Next, commercial companies quickly developed
SARS-CoV-2 PCR assays for use on existing test platforms that,
when combined with existing manufacturing and distribution
systems, allowed for relatively rapid deployment of assays and
eliminated dependence on a single assay or manufacturer.
When supply chain issues did develop during the COVID-19
pandemic, access to multiple assays allowed laboratories to
partially mitigate shortages by shifting between alternative
assays.

Development of rapid PCR assays allowed health systems to
decentralise some testing through the use of smaller
instruments suitable for near-patient settings, such as
outpatient clinics. The ability to use existing laboratory

the COVID-19 pandemic (panel 1), which has shown not
only the crucial need of timely and accurate diagnostics,
but also that there are problems in virtually every aspect
of the provision of diagnostics, including in the health
workforce, the equipment, the supply chain, the quality,
the communications, and the regulation. The pandemic
has also shown that deficiencies and inequities apply in
virtually every country and that the current methods for
measuring preparedness for a pandemic are flawed.
However, the centrality of diagnostics extends far
beyond testing for a pandemic virus. The reach of
diagnostics is broad and deep. For the patient, diagnostics
are used not just to establish diagnoses in communicable
and non-communicable diseases, they are also used to
guide therapy, prognosticate, monitor progress, and
measure response to therapy. More broadly, diagnostics
are crucial to universal health coverage, public health,
epidemiology, and global health security, being vital for
disease detection and surveillance (figure 1). For example,
addressing the challenges of antimicrobial resistance

infrastructure and systems enabled testing to be tailored to
specific needs, such as the use of rapid assays (turnaround times
of less than 2 h) for symptomatic patients being considered for
admission to hospital or for quarantine, or the use of high-
throughput batch assays (slower turnaround times of up to 8 h
per batch) for testing asymptomatic patients with a history of
exposure to infected people, pre-procedure screening, or
health-care employee screening.

However, these successes occurred in high-income countries
(HICs) where public health, hospital, clinic, and commercial
laboratories with necessary resources already existed and
operate within well established public health and health-care
systems. Of equal importance is that these laboratory and
health-care systems had ready access to the commercial
manufacturers of assays and other testing supplies (and the
associated technical support); in too many parts of the world,
these resources do not exist, creating substantial barriers to
dealing with the COVID-19 pandemic.

Additionally, although in HICs pre-existing mechanisms for
financing were in place, global investment in SARS-CoV-2
testing has lagged. Despite development of the Access to
COVID-19 Tools Accelerator partnership,‘tests, medical oxygen,
and protective equipment for health workers are badly
underfunded” and “[c]ountries with no resources to buy tests
are left without. A lack of laboratory facilities for RT-PCR tests
and the paucity of trained laboratory specialists leave many
low-income and middle-income countries (LMICs)
disadvantaged in reaching full testing capacity”.® Prioritisation
of diagnostics and appropriate allocation of resources remains a
substantial barrier to global access to diagnostics—even in the
setting of a global COVID-19 pandemic—and highlights the
disparities in access to diagnostics between HICs and LMICs.

and the maintenance of disease registries, such as cancer
registries, depends on good diagnostics.

Global access to high-quality diagnostics is poor, and
even when diagnostics are available they are often of
variable quality”® Access is also inequitable, with
diagnostics often being more readily available in larger
urban areas, and for people of higher socioeconomic
status. Because of this circumstance, low-income and
middle-income countries (LMICs), with their larger
proportion of poor and rural populations compared with
high-income countries (HICs), are particularly affected.
However, even in HICs, access to diagnostic services is
often physically and economically difficult for rural, poor,
and marginalised communities.

Diagnostic systems are urgently needed, with the
preparedness and resilience to deal with future epidemics
and with the capacity and capability to provide equitable
and effective services under normal conditions. The
scarcity of high-quality diagnostics has serious and even
deadly outcomes for patients (panel 2), and applies

www.thelancet.com Vol 398 November 27,2021



The Lancet Commissions

equally to all diseases and conditions, not just COVID-19.
For instance, currently, about 30% of patients with
tuberculosis are not diagnosed or reported, contributing
to the 1-5 million annual deaths globally.* In pregnancy,
clinical misdiagnosis can be fatal. A 2020 study from
Mozambique showed that, in 35 (38%) of 91 maternal
deaths, the mother’s life would probably have been saved
if a clinical misdiagnosis had not occurred.” Furthermore,
malaria is commonly over-diagnosed clinically. For
example, in Angola in 2017, only 90 (15-7%) of 573 patients
clinically diagnosed with malaria actually had malaria—
an error rate of 84-3%.° This over-diagnosis and
consequent neglect of alternative diagnoses leads to
avoidable morbidity and mortality. Treatment without a
confirmed diagnosis also results in high rates of empirical
and unnecessary use of antimicrobials, because without
diagnostics health-care providers rely on clinical
judgement (syndromic diagnosis), with great uncertainty
as to the diagnosis.” This approach is especially true at
the level of primary care.”

Delayed diagnosis is also an important factor that leads
to avoidable morbidity and mortality. In England, for
only four major cancer types, it has been estimated that
the delay in diagnosis due to the COVID-19 pandemic
will be associated with over 3000 additional deaths in the
next 5 years and with around 60000 additional years of
life lost.”

Given the scale of the challenges, incremental increases
in the current approaches to providing access to
diagnostics are unlikely to work. To take one example,
staff are the most important component of any diagnostics
system. In sub-Saharan Africa, just to address the shortfall
in pathologists at the present rate of training, it will take
more than 400 years to reach around the same ratio of
pathologists per 100000 population that currently exists in
the USA and in the UK?* Similar shortfalls exist for
radiologists and for all other staff in both was pathology
and laboratory medicine (PALM) and diagnostic imaging
(DI) disciplines. Although accepting that the level of
staffing in the USA and in the UK is not necessarily the
appropriate target, particularly with more widespread use
of telehealth, redistribution of health-care tasks, and
changes in clinical practice and service delivery, these are
the best documented data currently available to provide
some quantified measure of the scale of the shortfall.

Fortunately, the extraordinary innovations in diagnostics
of the past decade or so provide opportunities to address
the challenges in improving the accessibility of
diagnostics. Technological developments in, for example,
digitalisation, artificial intelligence (Al), electronic data
transfer, and mobile technologies alone, and in
combination with developments in education and
training, workflow organisation, and data and supply
chain management, are facilitating the transformation of
diagnostics. Many of these developments, particularly
point-of-care testing and examinations, patient self-
testing, and patient self-collection of specimens, are
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Diagnosticuse | Health or economic outcome

Appropriate treatment T

Inappropriate treatment |
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antimicrobial resistance |

Diagnostic cost 1

Cost due to wrong treatment |

Financial risk protection T

Population-level Monitoring of infections and
surveillance non-communicable diseases T

Safety from public health risks T

Figure 1: Diagnostics are essential for universal health coverage

Diagnostics are used to guide treatment of patients as well as population-level surveillance, both of which affect
health and economic outcomes. These outcomes, in turn, have a multifaceted and substantial impact on achieving

specific goals of universal health coverage.

starting to address what has been, and remains, one of the
key Dbarriers—namely, access sufficiently close to the
patient to be convenient, which is often described as the
so-called last mile problem.

Although there have been several initiatives to improve
diagnostics over the past decade or so—from the
Maputo Declaration on Strengthening of Laboratory
Systems in 2008,” to the creation of the first WHO
essential diagnostic list (EDL) in 2018—progress has been
slow.” However, the commitment by all UN member
countries to provide universal health coverage by 2030
provides an ideal opportunity to accelerate the pace of
change. However, none of the available plans for
implementation of universal health coverage explicitly
show provision and financing of diagnostics.? Unless the
gap in diagnostic provision is addressed and investment is
expanded, the opportunities and promise of universal
health coverage will be undermined. Similarly, substantial
and sustainable improvement in antimicrobial resistance
and global health security will be much constrained.

The contrast of investment in diagnostics with
the enormous investment devoted to developing
pharmaceuticals could not be more striking. However, if
the patient’s diagnosis is wrong, then even the most
effective drug will be useless, and the resources invested
to produce it will have been wasted. The inappropriate
treatment might also be harmful to the patient. The
fundamental nature of this linkage is shown by the drive
to identify actionable mutations in cancer, for which
companion diagnostics are crucial for the identification
of mutations that will or will not be affected by a
particular drug.” Wider recognition of this linkage will
result in a more appropriate ratio of investment, less
waste, and better outcomes for the patient.

Inresponse to these urgentissues, the Lancet Commission
on Diagnostics was initiated in 2018 to document the scale
of the challenge and to propose solutions for the attention
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Panel 2: Impact of diagnostic error on patients in low-income and middle-income
countries—a case study in Latin America of unnecessary hardship due to delayed
treatment

Rarely are the voices of patients, especially those of rural and lower socioeconomic status,
amplified and brought into medical journals. However, we know from articles in the
media that patients across the world suffer a variety of negative impacts due to diagnostic
error. Many patients lose trust in their health-care providers following a misdiagnosis or
other diagnostic error, as well as experiencing anguish and misery.*® The voices of
patients who have experienced these negative outcomes need to be heard. When patients
come together to advocate for better care and the right diagnosis, they can have a
massive positive impact on health care as a whole.

Bertha Aguilar, Lancet Commissioner, describes her journey to becoming a patient
advocate:

“Many patient groups start as a result of a personal experience, when patients feel the
system has failed them. In my case, a very well known gynaecologist never asked for my
family history and never performed a breast examination until after | had found a lump
that turned out to be a 5 cm tumour. | had a radical mastectomy. Not one more woman
will die in my family due to negligence.

| co-founded an organisation [Fundacién Cimab, now called Fundacién Cima] to create
awareness and raise funds to help patients. The response was immediate due to the
teamwork of many people. Then, we realised that being Pink [raising awareness and
supporting patients] was not enough, we needed access to the right treatment. Through
the help of an American Cancer Society grant to participate in American Cancer University
[a programme launched in 2008 by the American Cancer Society for select countries from
Latin America to receive training] that is when everything started to change. The
networking was amazing. We modelled our efforts after a programme from Brazil called
Femama, which coordinates and empowers local non-governmental organisations from
all over the country to promote, formulate, and monitor public policies. This approach
gave the movement a whole new perspective: first, it ensured that all non-governmental
organisations sent the same and correct messages to the public, and second, it ensured
that we could focus on what was vital.

It is very frustrating when you act responsibly regarding health issues but your country does
not even have a National Health Plan. Patients can start by giving support to each other.
Then, through advocacy, they reach a point where they have raised their voice sufficiently to
be heard and to begin seeing changes. Then again, although agreements on paper can look
very nice, it is important to create Citizen Observatories to monitor such agreements.

The economic burden for patients having to navigate the health system to get a right
diagnostic is unacceptable. They lose work so they do not get a salary, they pay out of
their own resources, and yet the emotional impact when you feel sick, when you know
something is wrong but cannot have access to appropriate diagnostic testing, is
devastating. Health should not be a matter of postal code, it is a right we have, and we
will keep fighting to make a difference.”

For more on the Pink Ribbon
charity see http://pinkribbon.
org/

See Online for appendix

For more on the Lancet Series
see https://www.thelancet.com/
series/pathology-and-
laboratory-medicine

2002

of, and adoption by, policy makers, funders, clinicians, and
patients. As the issues are global, affecting HICs as well as
LMICs (albeit with important differences), the Commission
has had a global perspective and has not been confined to
LMICs.

Setting the stage

During and following the publication of the Lancet Series
on Pathology and Laboratory Medicine in Low-Income
and Middle-Income Countries in April, 2018, it became

evident that not only was PALM poorly accessible globally
and under-represented in the discourse on universal
health coverage, it also became clear that DI, the other
major diagnostic discipline, was in a similar situation.
For this and other reasons, it was decided that, to assess
and address the issues effectively, the Lancet Commission
on Diagnostics should consider both disciplines together
(panel 3).

At the first meeting, Commissioners discussed and
agreed on the scope of the Commission. Additionally, the
Commissioners adopted specific definitions for specific
key words and phrases that crucially have considerable
variation in the understanding between different
disciplinary groups (eg, radiologists and pathologists)
and countries. The Commissioners also agreed that
moving towards coordinated or integrated reporting by
both PALM and DI disciplines, centred on maximising
the outcome for the patient, would be a guiding principle
for the Commission.

Commission scope and definitions

Diagnostics can be used for numerous purposes, ranging
from obtaining a diagnosis, to monitoring the efficacy of
therapeutic interventions, to population-based disease
surveillance. The Commission focused on the steps
involved in diagnosis and patient management, and the
term diagnostic investigations is used throughout
(appendix p 2) for the diagnostic tests and examinations
involved.

The diagnostic process is a complex, iterative,
collaborative activity with the goal of narrowing down the
diagnostic possibilities and developing a more precise
and complete understanding of a patient's health
problem. The process consists of performing a clinical
history and interview, doing a physical examination and
diagnostic testing, and referring or consulting with other
clinicians.”

The two major diagnostic disciplines are PALM and DI.
PALM includes anatomical pathology and the disciplines
within clinical pathology, such as biochemistry,
haematology, microbiology, and immunology. By use of
microscopy or a variety of other instruments, these
disciplines involve the analysis of samples of tissue
(sometimes acquired under imaging guidance) or fluids
(eg, blood or urine) outside of the body (ie, in-vitro
diagnostics). Although anatomical pathology includes
autopsy and forensic investigation, these approaches were
not within the Commission’s scope. Medical imaging
involves the use of several technologies, (eg, x-rays,
ultrasound, MRI, CT, and nuclear medicine) to obtain
visual images of the structure and function of the body
and its organs. The field of medical imaging is further
divided into DI and interventional imaging. Although
there is an overlap, interventional imaging primarily
involves the use of image-guided interventions to provide
treatment or to obtain tissue sampling. The Commission’s
focus was solely on DI.
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Both for laboratory medicine and for DI, technology
now permits some diagnostics to be used at the bedside,
in the doctor’s office and, for laboratory medicine, even
by the patient themselves. The role of such point-of-care
diagnostics and self-testing is discussed in this
Commission.

A number of medical professionals specialise in
diagnostics. Pathologist is the term used for physicians
who specialise in PALM. Although other specialists can
use imaging in their practice, radiologist is the term used
for physicians who specialise in DI. There are also highly
trained non-physician scientists involved (eg, laboratory
scientists and medical physicists) as well as specialised
technical staff. Although PALM uses the term diagnostic
tests, DI uses the term diagnostic examinations; diagnostic
investigations encompasses both disciplines.

Although in several countries the majority of
diagnostics provision is by the private sector, in most
countries there is a mix of public and private provision.
In the era of universal health coverage, antimicrobial
resistance, and health security, the Commission’s focus
was primarily on the public sector provision. Uptake of
diagnostics involves both the supply side (including
aspects such as geographical availability, cost, quality,
and accessibility; appendix p 3) and the demand side.
The Commission’s focus was primarily on the supply
side of access to diagnostics. The drivers of the demand
side include a number of factors: clinician ordering;
patient behaviour, needs, and perceptions; household
income; education in general and education about
specific health issues; cultural beliefs; individual
characteristics, such as age and sex; initiatives intended
to improve access to health care, such as universal health
coverage; and rapidly changing demand driven by issues
such as the COVID-19 pandemic (panel 1). We touch on a
few of these aspects while discussing democratisation of
diagnostics, but addressing all of these was considered
beyond the scope of the Commission.

There are several important aspects of diagnosis and
diagnostics that this Commission specifically excluded.
The issues around how to improve clinical diagnosis (ie,
history and examination during the encounter between
clinician and patient) are important®* but the
Commission’s focus was on the diagnostic investigations
that follow clinical examination. Accordingly, we did not
consider devices used in physical examinations, such as
thermometers and ophthalmoscopes. Specialised exam-
inations, such as endoscopy and electrocardiograms,
although fundamental for patient care, involve disciplines
other than DI and PALM and, therefore, we did not
address these examinations. However, we did consider
blood pressure monitors, whose use is closely linked to
laboratory testing for cardiovascular disease. Additionally,
although the availability of and access to diagnostics
generally have important implications at the level of
public health, given the scale of the issues, diagnostics
for surveillance, for organised population screening for
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Panel 3: The Lancet Commission on Diagnostics

The Lancet Commission on Diagnostics was initiated in 2018. It brought together

25 Commissioners from 16 countries, from a range of disciplines, including pathology and
laboratory medicine, radiology and diagnostic imaging, surgery, internal medicine, health
policy, health systems, and health economics research, as well as former ministers of
health, a patient advocate, and participants from key international diagnostic networks.
Following an initial planning meeting at Harvard University (Cambridge, MA, USA) in
November, 2018, the first full meeting was held at Oxford University (Oxford, UK) in
April, 2019, and the second at the Brocher Villa (Geneva, Switzerland) in January, 2020.
The third planned meeting in India was replaced by online meetings due to the COVID-19
pandemic, a global health crisis which dramatically underscored the key importance of
diagnostics.

We created working groups on patient focus, workforce, health system (at a macro level),
economics, policy and governance, advocacy, and innovation. The chairs of the working
groups formed a Steering Committee of seven Commissioners that met regularly by email
or teleconference. The material from the working groups was synthesised by the Steering
Committee supplemented with a number of Commissioners, and all Commissioners
participated in teleconferences and email discussions of the Commission.

A roundtable consultation with 14 representatives from the private sector was held in
January, 2020, in Geneva, Switzerland, and online consultations took place between February
and May, 2020, with 11 individuals from eight different international and non-governmental
organisations, when in-person consultations became no longer possible. A small group of
more junior colleagues undertook various new modelling exercises for the Commission.

prevention, and for the new area of precision public
health were beyond this Commission’s scope.”

Patient-centred diagnostics

Although synthesis of the results of the two major
diagnostic disciplines by the patient’s clinician has long
been standard practice, modern medicine has markedly
increased this requirement. Deeper understanding of the
pathobiological complexities of many diseases is revealing
unsuspected variants with therapeutic and prognostic
importance. Cancer is the prototypical example.
Increasingly, the results of PALM and DI investigations
need to be combined and even integrated to solve the
complexities of diagnosis and management.” Advanced
imaging technology, including CT and MRI, combined
with PET, match functional imaging to anatomy to stage a
patient’s tumour. Integrating this imaging information
with data from PALM on cancer type, grade, and molecular
analysis allows for optimal prediction of disease
progression, selection of targeted therapy, and prediction
of the patient's response to therapy—ie, predictive
medicine. This integration also reduces the likelihood of
over-diagnosis and over-treatment. Given that predictive
medicine extends beyond cancer, it seems probable that
this model of having integration or even co-reporting of
the results of diagnostic tests, centring on the patient’s
needs, will apply in other complex diseases. Because this
approach clearly increases both efficiency and efficacy,
such close correlation and integration should become the
standard of care throughout health-care systems.
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However, notwithstanding the benefits of integration,
the reality is that, in many places, both disciplines
function in separate silos. One of the reasons for defining
specific key words and phrases at the outset of the
Commission was that it was clear that the pathologists
and radiologists were either not aware of, or did not
understand, key terminology from the other discipline,
largely arising from the little experience of working
together. Aside from the resultant clinical disadvantages,
there are also operational disadvantages. The infra-
structure of both DI and PALM is under-resourced in
many countries. Due to the considerable overlap in some
infrastructure requirements (eg, power, supply chain,
information technology, communications, telereporting,
and use of Al to interpret images), cooperation on, or
even joint management of, such infrastructure could be
beneficial to both disciplines.”” More importantly, the
central role of DI and PALM in high-quality health care is
under-recognised and under-resourced by decision
makers of funding and policy. Jointly making the case
that diagnostics will help patients and improve efficiency
is more likely to be successful in garnering support for
investment (especially in LMIC settings), than if done
separately and, to some extent, in competition.

For all the aforementioned reasons, the driving concept
of this Commission was that overcoming the global
challenges to providing good access to accurate timely
diagnostics would be best served by addressing the issues
for DI and PALM jointly, centring on the optimum
outcome for the patient.

Structure of the Commission

To provide a conceptual structure for the Commission,
we adapted the WHO building blocks as the areas on
which to focus, namely health service delivery, health
workforce, health information systems, access to
essential diagnostics (analogous to essential medicines),
financing, and leadership and governance. Availability of
data was also a determining factor.

In this Commission, we describe the current status and
the underlying causal issues in terms of access, policy
environment (ie, visibility, planning, and leadership and
governance), and operational factors (ie, infrastructure
including information, workforce, quality, and safety).
These areas cover the six WHO building blocks of health
systems. We also discuss how the current situation of poor
access to diagnostics might be changed by use of the
political prioritisation framework of Shiffman and Smith®
and why now is a propitious moment for change. We
propose the implementation of an EDL within integrated
and tiered networks as a powerful mechanism to drive
provision of equitable access to high-quality diagnostics.
Additionally, we discuss how to develop an evidence-based
template for an EDL, allocating diagnostics to three levels
of the health-care system (ie, point-of-care tests to primary
health centres; basic analysers and x-ray to first-level
hospitals; and more sophisticated diagnostics, such as

MRI, CT, flow cytometers, nucleic acid analysers, and
microbial identification, to facilities of a higher level).
Furthermore, we identify three main areas of innovation
in technology (ie, digitalisation, point-of-care testing, and
democratisation of diagnostics), with particular promise
in addressing the challenges of providing access to high-
quality diagnostics, and outline specific solutions to
operational issues as well as finance and governance.
This Commission also refers to the economic case for
investments. We conclude on how COVID-19 has
highlighted the current deficiencies in the accessibility of
diagnostics globally and that the raised awareness
resulting from the COVID-19 pandemic provides an
opportunity for change that should not be wasted. We
propose key next steps, particularly the creation of a
Diagnostics Alliance, to provide long-term and continuing
focus to the effort of improving the accessibility of
diagnostics globally.

Current status of diagnostic availability,
accessibility, and impacts on health

In order for people who need diagnostics to be able to use
them, diagnostics first need to be available (ie, present
and working at a location). Furthermore, to minimise the
delay in getting the right treatment to the patient,
diagnostic investigations must be accessible by being
reasonably close to the patient’s home. Importantly, the
diagnostics must be affordable. We assess these criteria
using six tracer conditions, which as a group account for
an important share of the global burden of disease, and
all but one of which are included in WHO’s primary care
priority testing recommendations for antenatal care.”
The six tracer conditions are diabetes, hypertension, HIV,
tuberculosis, syphilis, and hepatitis B virus infection. We
explore how missing diagnoses compare with the gaps in
each of the three other stages in the cascade of care, to see
where the largest gap lies, and then model the impact on
health if the diagnostic gap were to be substantially
reduced.

Diagnosis is the biggest gap in the cascade of care

The cascade of care model describes the sequential steps
a patient should navigate to receive appropriate care for
any health condition. Typically, the four major steps in
any care cascade are screening, diagnosis, treatment, and
treatment completion or control of condition. In some
situations, there is no screening of asymptomatic
individuals, and patients who are symptomatic proceed
immediately to diagnosis. Ideally, any patient who enters
the care cascade should follow through the entire
cascade. However, that is frequently not the case and
most patients drop out of these steps because of various
factors, such as complex patient pathways, poor access to
diagnostics and treatments, affordability, and poor
adherence to therapy. Our analysis quantifies where the
greatest gaps exist worldwide in the care cascades for the
six tracer conditions.
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Figure 2: Cascade of care for different health conditions

Figure shows that the diagnostic gap is the largest gap for five of the six conditions. For hepatitis B virus infection, the only study is of Australia. Further details

regarding the data shown are included in the appendix (pp 4-5).

Figure 2 summarises the results of a scoping review
done on MEDLINE for tracer conditions, including
communicable and non-communicable diseases. One
study of maternal and child health care across multiple
countries was also included, since this is an important
opportunity for diagnosing and treating undetected
conditions. The data, with details of all included studies,
as well as definitions, are included in the appendix
(pp 4-5). All studies with global or multi-country data or
data for LMICs were included; a total of 16 studies for the
six conditions, plus maternal and newborn care. For
maternal and newborn care, diagnosis was defined as
having four antenatal care visits, at which WHO
recommends eight key diagnostic tests,” and treatment
was defined as at least having a skilled attendant at the
birth. No global or LMIC data regarding the cascade-of-
care studies were available for hepatitis B virus infection,
other than one study for Australia (figure 2 includes data
for hepatitis B for Australia only).

The diagnostic gap (ie, the proportion of the population
with the condition who are undiagnosed) is the biggest
gap in the cascade of care across all conditions, across all
settings. The only exception is hepatitis B virus infection,
for which the diagnostic gap and the treatment gap (ie,
the proportion of the population who have been
diagnosed but not treated) are virtually the same. Across
all conditions, the diagnostic gap ranges from
35% to 62%, indicating that, on average, about half of all
people with these conditions are undiagnosed.

Modelling the health impact of reducing diagnostic and
treatment gaps in LMICs

Having shown that diagnostics are the greatest gap in the
cascade of care, we did a modelling exercise to estimate
the health impact in LMICs of reducing this gap. Similar
global modelling exercises often use 90% coverage as a
goal, given that achieving 100% coverage is recognised as
difficult. We examined the impact of increasing the
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proportion of people with the condition who are
diagnosed to 90% (ie, the diagnostic gap decreasing
to 10%). Subsequently, we examined the impact of
reducing both the diagnostic and the treatment gaps to
10%. The health measures were mortality and disability-
adjusted life-years (DALYs) averted. We investigated
diabetes, hypertension, HIV, and tuberculosis in the
population overall, plus hepatitis B virus infection and
syphilis for pregnant women. For these six conditions,
the main diagnostics involved were PALM, with the
exception that chest x-ray was included for screening for
tuberculosis. Cascade-of-care studies did not exist for all
conditions for all LMICs; most sources used in this
Commission cover at least 40 LMICs. The exception was
hepatitis B virus infection, for which the only data found
relating to the cascade of care were from Australia.” The
median value of risk reduction from available studies
was used and applied to all LMICs.

For each condition, we used published studies that
provided the relative reduction of DALY loss or of
premature death for people who were having treatment
(after diagnosis), compared with those with the diagnosis
who were not receiving treatment (references are shown
in table 1). The same value of risk reduction was used for
all LMICs.

We made several simplifying assumptions. We
assumed that the proportion of people diagnosed who
received treatment did not change as the numbers of
those who were diagnosed increased (ie, the treatment
gap was unchanged). Due to insufficient data, we made
the assumption that people who were undiagnosed had
the same severity of the condition as those who were
diagnosed. However, those people who were undiagnosed
might have had the condition for a shorter period of time
than those people who were diagnosed. Additionally,
people who were poor, less educated, or living in remote
areas were less likely to be diagnosed. We did not take
account of the effect on reducing transmission of the
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Current Current Current number Currentburden Relativerisk  Diagnostics at 90% coverage Diagnostics and treatment at
diagnosticgap  treatmentgap of annual in DALYs for those 90% coverage
deaths treated vs
untreated
Number of Number of Number of Number of
annual deaths DALYsaverted  annual deaths DALYsaverted
averted averted
Diabetes 56% 13% 839682 46747576 078 82073 4569268 88835 4945684
Hepatitis B (congenital) 62% 26% 6225 548019 0-29 1993 175443 2838 249834
HIV 46% 24% 938891 53567471 0-37 253351 14454678 349411 19935277
Hypertension 61% 23% 6605400 127662800 0-58 526164 10169187 949864 18358058
Syphilis (congenital) 62% 26% 53245 4679046 0 20225 1777312 34620 3042286
Tuberculosis 35% 26% 1167623 44666899 0-50 192465 7362676 192465 7362676
Total, six conditions 9611,066 277871811 1076271 38508564 1618033 53893815
Total, all conditions 43236034 2158810815
Sources for current diagnostic and treatment gaps are provided in the appendix (pp 4-5). Sources for relative risk data: diabetes; hepatitis B;** HIV;* hypertension;* syphilis;*” and tuberculosis.** DALY =disability-
adjusted life-year.
Table 1: Estimated reduction in burden of disease in low-income and middle-income countries by reducing the diagnostic gap

For 2017 data on DALY losses
and mortality see http://ghdx.
healthdata.org/gbd-results-tool

2006

disease for HIV and tuberculosis, and for hepatitis B
virus and syphilis we included only the reduction in
transmission from mothers to newborn babies. We used
the 2017 data for DALY losses and mortality. For
hypertension, we included the burden associated with
essential hypertension and all the other components of
cardiovascular disease (primarily ischaemic heart disease
and stroke), for which hypertension is a risk factor. The
equations that were used for the calculations are given in
the appendix (p 6).

The results suggest that reducing the diagnostic gap
has an important effect on reducing morbidity and
mortality for people with these six conditions (table 1).
The largest absolute effect was for hypertension, followed
by HIV and tuberculosis. Overall, narrowing the
diagnostic gap for these six conditions would reduce the
annual number of premature deaths in LMICs by
1-1 million (2-5% of total annual deaths from all
conditions in LMICs), and the annual DALY losses by
38-5 million (1-8% of losses from all conditions). The
lower percentage reduction in DALYs than in deaths is
largely due to those deaths averted primarily being those
of adults (particularly older adults for the chronic
conditions), rather than children. In the second model, in
which, additionally, 90% of diagnosed patients received
treatment, the number of deaths averted increased to
1-6 million (3-7% of total annual deaths in LMICs) and
DALYs averted increased to 53-9 million (2-5% of the
current disease burden in LMICs).

The results of the modelling exercise help underscore
that, in any care cascade, reducing the diagnostic gap and
providing appropriate and timely diagnosis will help in
averting deaths and DALYs. Additionally, if the treatment
gap can also be substantially reduced, even more deaths
and DALYs can be averted. Although diagnosis alone
cannot decrease the disease burden, it is the most crucial
first step.

Limitations of this model include that it relies on
simplistic assumptions and focuses only on six conditions,
using only PALM and the only use of DI being x-ray for
tuberculosis. Furthermore, this model does not take
account of additional reductions in infection associated
with lower transmission, unlike more sophisticated
models (eg, for tuberculosis).” Furthermore, the model
used is a comparative statics model—ie, we did not model
how changes in DALY losses and deaths occur in real
time; instead, we compared the current population to a
hypothetical alternative, in which 90% of the population
had been diagnosed throughout their lives. Thus, the
decrease in DALY losses and deaths is different from the
annual reductions estimated in real-time dynamic
models, such as those using the target ratio of 90 to 90 to 90
for HIV.*® Furthermore, the model does not incorporate
comorbidities (eg, HIV in combination with tuberculosis,
and diabetes in combination with hypertension are
relatively common), which might overstate the benefits.
The model assumes that disease severity does not differ
between individuals who have been diagnosed and
undiagnosed. The model provides point estimates only,
and does not apply sensitivity analysis.

Current availability of diagnostics

A large proportion of the world’s population has little to
no access to diagnostics. A frequently cited statistic
originating from WHO that dates back to the 1980s is
that two-thirds of the world’s population does not have
access to DI,* although this figure seems to depend on
expert opinion rather than robust data. One study
identified that only 2% of health centres in ten countries
(nine in low-income and lower-middle-income countries,
and one upper-middle-income country) had the
resources to do all of eight basic laboratory tests at the
time of the survey.” Surveys for India, Peru, and Ethiopia
from 2017-19 support that there is poor availability of
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Figure 3: Availability of basic diagnostics by tier in ten low-income and middle-

income countries in various years, 2007-18

The heat map provides information on the proportion of facilities at each of the two levels that had specific diagnostic investigations available. Countries were ranked
in descending order of average availability of all investigations, taking the average across both tiers. Average availability was calculated first by weighting facilities to
be representative of their numbers nationally, and then simple averages of availability were taken, omitting those investigations for which no information was
available. Availability was also sorted left to right in decreasing order of availability across countries (ie, the most readily available diagnostics were at the left of each
of the two panels, and the least available at the right). At both levels of primary care, ten basic tests and examinations were included, while four more advanced
investigations were added at hospital level, which require laboratories or more advanced imaging.

tests listed on the WHO EDL at the level of primary
care.® ™

To estimate the general availability of diagnostics, we
analysed the availability of a set of basic diagnostics at
different levels in the health system in ten countries, as
documented in available Service Provision Assessments
of the Demographic and Health Surveys (figure 3). At
the time of data extraction, the Service Provision
Assessments surveys were only available in a recoded
format for a subset of countries, in some cases only for
1year, in other cases for 2 years or more. For the present
analysis, survey data were used from ten countries
between 2004 and 2018.

Data are from public and private facilities, from
three different levels in the health system, namely basic
primary care (ie, pharmacies and health posts or similar,
where no qualified doctor or nurse is available), advanced
primary care (ie, health centres usually staffed by a doctor
or a nurse), and secondary and tertiary care in hospitals
(all hospital service levels combined). To be considered
available, the facility had to have the equipment for the
particular investigation, the person doing the survey had
to see the equipment, and the equipment had to be in
working order. Further details of methodology are
provided elsewhere.*

Availabilities of diagnostics were lowest in basic
primary health-care facilities, with the greatest availability
being for malaria at 40%, but only around 15% for urine
glucose and urine protein, and 5% for ultrasound. At the
advanced level of primary health care, HIV and malaria
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were the most readily available tests (65% and 62%
availability, respectively) and investigations included as
part of WHO recommendations for antenatal care
had variable, but low, availability—namely, syphilis
testing (49%), urine dipsticks (52%), haemoglobin
testing (37%), Dblood glucose testing (32%), and
ultrasound (12%). Even in hospitals, the availability
ranged from 54% to 86% for these most basic of
investigations. Generally, patients must travel to hospitals
for investigations, such as a complete blood count, blood
chemistry, basic bacteriology, and any form of imaging.
Although 36-87% of hospitals had a working x-ray, only
2-29% had a CT scanner, although another study
documents that access to CT across a broad range of
LMICs is slowly increasing.”

The limitations on diagnostic availability at health
centres, particularly in LMICs, make it harder to fulfil
WHO’s (2016) recommendations for antenatal care,
namely that all pregnant women should receive
six PALM tests (ie, testing for urine protein, haemoglobin,
HIV, glucose, syphilis and, where prevalence warrants,
tuberculosis), plus a blood pressure measurement and
one ultrasound. Data showed that women can obtain the
PALM tests about half of the time and have to go to a
hospital for the ultrasound.

The availability of diagnostics is somewhat correlated
with country income, particularly at the level of primary
care. Both Namibia and Senegal, the two countries with
the highest per capita income, had the greatest
availability. The countries with lowest availability were
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Gross domestic Total population, Population Median district-level travel ~ Median district-level travel ~ Coverage§
product per thousandst density, people  time (min) to nearest health time (min) to nearest
capita, US$*t per km? centre, median (IQR)+ district hospital, median
(IQR)¥
USA
Texas 537955 28996 40-0 19-4 (14-5-26-4) NA 98-6%
Colorado 52795§ 5759 200 335 (26-8-45-4) NA 99-2%
South Africa 13687 57780 47-6 421(32:9-52:6) 79-8 (50-3-112-2) 97-0%
Mexico 9763 126191 64-9 NA 967 (56:3-153:6) 70-8%
Bangladesh 4372 161356 12396 343 (29-2-41-3) 41-1(35-9-48-1) 94-4%
Kenya 3468 51393 903 44-8 (20-0-74-5) 37:0 (17-9-102-2) 84-2%
Tanzania 3240 56318 63-6 84.9 (53:4-132-7) 97-6 (64-4-160-5) 67-9%
Senegal 3783 15854 823 93-0 (45:9-126-4) 1216 (77-8-1965) 81.0%
Namibia 11102 2448 30 194-3 (94-8-275-87) 182.9(98:3-261-3) 23-8%
Rwanda 2252 12302 4987 195 (14-4-26-9) 35-8 (27-8-58.9) 761%
Malawi 1311 18143 192-4 557 (49-2-67-2) 134-5 (110-6-169-0) 93-5%
NA is shown for US states because the closest facility is a hospital and for Mexico because the data are not available. Sources of facility data: Bangladesh;* Mexico;* USA,
using North American Industry Classification System codes to identify hospitals;* and all other countries.” NA=not applicable. *2018, US Bureau of Economic Analysis.
12018, World Bank Development Indicators. $Estimated using least cost-distance based on AccessMod 5 geographical information systems. SPercent of the total population
within 2 h of a primary hospital (Texas or Colorado, USA), district hospital (Mexico), or health centre (primary care facility in other countries).
Table 2: Proportion of the population in countries living within 2 h of a primary health facility

also those with lowest income: Malawi, Uganda, Rwanda,
and Nepal. Bangladesh is an exception, with the lowest
availability in primary care despite having a relatively
high income.

Trends over time for Haiti (between 2013 and 2018),
Kenya (between 2004 and 2010), Senegal (between 2012
and 2017), and Tanzania (between 2006 and 2014), the
four countries with at least two surveys (Demographic
and Health Surveys and Service Provision Assessments)
each, showed that there has been a modest improvement
over time in each country. Availability of tests increased
at both basic and advanced levels of primary care for at
least 80% of tests studied at each level in all four countries;
however, the actual increase in mean availability over a
period of 5 years or 6 years, averaged over all diagnostics
in primary care, was modest. The mean availability
increased by 17-6 percentage points in basic primary care
and 7-6 percentage points in advanced primary care for
Senegal, with the corresponding increases being 6-1
percentage points and 9-4 percentage points for Haiti,
12-2 percentage points and 15-0 percentage points for
Tanzania, and 6- 3 percentage points and 25 -0 percentage
points for Kenya.*

Geographical access to diagnostics

The analysis of test availability by facility does not
indicate how the population is distributed relative to
facilities with available diagnostics. One scenario might
be that diagnostics are more readily available in remote
rural areas (eg, if stocks have run out in more densely
populated areas). This scenario has very different
implications than the scenario in which diagnostics are
readily available in densely populated urban areas, but
remote and rural areas are poorly served.

Analysis was done for this Commission by examining
access of the population to a primary health facility within
a 2 h walking distance of their home, for nine LMICs and
two states in the USA. For Malawi and Senegal, the
population data were then linked to the availability of
specific diagnostics at these health facilities. Distance was
defined as a travel time of 2 h on foot (8 km in rural areas,
10 km in urban areas) using WHO-CHOICE’s health
economics GeoAccess work.® Numerous studies
document that, in general, greater distance is associated
with less uptake of health services,” less uptake of
diagnostics in particular (Hoxha K, University of Waterloo
Waterloo, ON, Canada, personal communication), and
worse health outcomes™* in a range of countries and for
a range of health conditions. The rare exceptions are
usually cases where people are willing to travel further for
specialist or high-quality services, or both.

Table 2 shows the proportion of the population living
within 2 h of a primary health centre in nine LMICs and
two US states. Our analysis showed that more than 70% of
the population in each country or state (with the sole
exception of Namibia) had geographical accessibility to a
primary health centre or hospital. Wealthier countries and
states generally reported higher coverage, although Malawi
(the lowest-income country) had surprisingly high
coverage, and Namibia, a sparsely populated, upper-
middle-income country, reported low coverage, presumably
due to its vast sprawl and concentration of health-care
services in the northern part of the country, which are
isolated geographically from much of the population.
These findings show that, despite differences in resources
and population density, most countries have managed to
make their primary health services geographically
accessible to their populations.
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Finally, information on actual test availability at facilities
was combined with the population and distance analyses.
The specific diagnostic investigations examined are the
same basic diagnostics covered in the Demographic and
Health Surveys and Service Provision Assessments,
analysed for availability. These tests include the minimum
set of eight point-of-care PALM tests plus a single
ultrasound included in the WHO recommendations on
antenatal care for a positive pregnancy experience,”
which would ideally be available at a primary health
centre, plus some basic diagnostics that would be
desirable to have at a first-level hospital. Further details of
the methodology used are in the appendix (pp 7-9).

Table 3 shows that, while 74-80% of the population
have reasonable geographical access to tests for HIV
and malaria (diseases covered by vertical programmes,
often with external funding), only 10-20% have similar
access to almost all of the other laboratory tests, and less
than 10% have access to imaging of any kind. Moreover,
there is very little difference between low-income
Malawi and lower-middle-income Senegal (figure 4),
which presents a much bleaker picture than table 2.
Some geographical variability exists: counties or
communes on land borders with other countries in
some cases have worse access than other areas, and this
finding is also true for the eastern (more sparsely
populated) part of Senegal, compared with at least two
of the regions in the western half of the country with
access to ocean ports.

To estimate the overall global access, we used the
median estimate that only 19% of the population in
low-income and lower-middle-income countries have
access to the key diagnostics needed for a healthy
pregnancy and for non-communicable diseases.
Although comprehensive data could not be identified for
upper-middle-income countries, data were available on
the proportion of pregnant women receiving an antenatal
syphilis test (mandated at the first antenatal visit in the
large majority of countries).” The median coverage was
75% for 2010 or 2011 across 11 South American countries,
China, Malaysia, and Iraq (data from small island nations
were not included). Even if 100% of the population in
HICs could have had access (a generous estimate, since
marginalised communities are often not covered),
47% (almost half) of the world’s population had little to
no access to basic diagnostics at the baseline year for the
Sustainable Development Goals in 2015.%®

Inequalities in diagnosis by socioeconomic status and
other factors

Although there is a clear diagnostic gap worldwide, the
extent of unmet need for diagnostics varies by
socioeconomic and other factors, including age, gender,
and race or ethnicity. Understanding this variation is
important for developing targeted policies to meet the
needs of different groups effectively. We focused
primarily on socioeconomic differentials in use of
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Malawi (Service Provision
Assessments 2013-14)

Senegal (Service Provision
Assessments 2012-13)

Facilities Population within  Facilities Population within

2h 2h
HIV dry blood spot 44% 51% 6% 5%
HIV diagnostics* 78% 80% 82% 74%
Malaria 85% 79% 83% 75%
Tuberculosis rapid diagnostic test 7% 2% NA NA
Pregnancy 22% 19% 24% 17%
Syphilis 23% 18% 1% 1%
Glucose 20% 16% 23% 11%
Urine protein 15% 14% 23% 64%
Haemoglobin 21% 19% 11% 10%
Blood pressure 78% 63% NA NA
X-ray 5% 0-4% 3% 8%
Ultrasound 7% 6% 6% 5%
CTscan 1% 0-6% 3% 3%

Travel times were estimated using the WHO AccessMod 5 algorithm.* In Malawi, the 2013-14 Service Provision
Assessments database provided a comprehensive list of facilities, their locations, and testing availability.*® In Senegal, we
linked data from the 2012-13 Service Provision Assessments database,*” with a published available database of facility
types.” We assumed that facilities at the same level of the health system in the same geographical regions would have
the same testing availability. *HIV diagnostics include nucleic acid tests, antigen tests, and antibody tests. NA=not

applicable.

Table 3: Estimated population within 2 h of essential diagnostics in Malawi and Senegal

HIV diagnostics

Proportion of
population (%)
[ 0-20
[121-40
[141-60
[161-80

I 81-100

[ Missing

Glucose

A
¥ 1
biea

Figure 4: Maps of Malawi and Senegal population access to HIV and glucose tests

Proportion of the population in Malawi (county level; A) and Senegal (commune level; B) that have access to HIV
and glucose tests. Access is defined as being within 2 h travel of a facility offering a test: data for Malawi are for
2013-14, grouped into 256 counties; data for Senegal are for 2012-13, grouped into 433 communes.
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diagnostics because these can indicate barriers due to
cost or lack of insurance coverage, or both.

Systematic reviews across a variety of countries have
documented associations between lower socioeconomic
status and lower participation rates in cancer screening
programmes. This finding was true for screening for
cervical cancer in a global survey,” and for a survey for
breast cancer across Latin American countries:* both
reviews used individual income or education, or both, as
indicators of socioeconomic status. Similarly, systematic
reviews across HICs that used area-level deprivation
rather than individual socioeconomic status reported a
similar association for breast cancer screening across
seven European countries,” and prostate cancer
screening across four HICs.® A similar association was
also reported in a study of colorectal cancer screening in
three HICs that used individual socioeconomic status.®

A series of cascade-of-care studies of diabetes and
hypertension similarly documented an association
between lower socioeconomic status and a lower
probability of being tested. Nationally representative
studies were done in a number of LMICs. As part of
these studies, in addition to being asked questions about
sociodemographic status and whether they had been
tested, diagnosed, and treated for the condition,
participants also provided a blood sample to be tested (for
the diabetes study) or their blood pressure was measured
(for the hypertension study).

One such multi-country study of 38311 adults in
12 countries reported a clear education gradient with being
tested for diabetes,” and an updated, even larger study of
847413 adults in 28 countries reported that both more
education and household wealth were associated with
being tested.” Another study for India, again, reported that
being more educated and coming from a higher wealth
quintile was associated with having been tested.*

For hypertension, analysis of nationally representative
pooled data for 1-1 million adults in 44 LMICs for
hypertension diagnosis yielded similar findings.” An
association of education and of household wealth with
the odds of being tested for hypertension was reported.
Similar results were obtained from the analysis of
national-level and state-level representative survey data of
731864 individuals in India. States with higher gross
domestic product per capita tended to do better on testing
and diagnosing hypertension and, although no education
gradient was observed, there was an observed wealth
gradient in blood pressure having been measured.**

For cervical cancer screening, an analysis of nationally
representative surveys done between 2005 and 2018 in
55 LMICs representing 1129404 women for lifetime
access to cervical cancer screening showed that women
who lived in rural areas, had low educational attainment,
or had low household wealth were generally least likely to
self-report to have ever been screened.

In addition to disparities in diagnosis by socioeconomic
status, there are disparities by gender and race. Data on

numbers of COVID-19 cases reported in June, 2020,
showed that, while the numbers were roughly similar for
men and women in most countries, in 13 of 130 countries,
more than 70% of diagnosed infections were in men, and
in the two countries with the most extreme differences,
88% of diagnosed infections were in men. Although it is
possible that this finding is due to unusual patterns of
infection, unequal access to testing is another possible
explanation.®

In the USA, there are multiple studies of access to
health care by race, including access to diagnostics. Time
delays from symptom recognition to diagnosis for breast
cancer were reported to be substantially longer for
African American women than for White women.” Black
and Hispanic women were more likely to be diagnosed
with locally advanced breast cancer than White women,
even when controlling for disadvantages due to less
coverage by health insurance, and other socioeconomic
factors.” There are possible biological differences in the
progression of cancers by race which complicate
interpretation. The COVID-19 pandemic has laid bare
racial inequalities in testing as well as health outcomes,”
while underlying inequalities in exposure, again,
complicate interpretation.

The disparities presented suggest that affordability
and socioeconomic characteristics of individuals are
issues in diagnosis. Some of these disparities might
result from differences in health-seeking behaviour, but
affordability could also deter more marginalised groups,
including racialised and immigrant groups. Although
there is a substantial literature on affordability of
medicines, much less empirical work has been done on
affordability of diagnostics. For example, a systematic
review of availability and affordability of diagnostics and
medicine for chronic obstructive pulmonary disease in
sub-Saharan Africa reported nine eligible studies, but
only a single measurement of affordability of a diagnostic
test in all these studies.” Affordability of diagnostics is
an area in which future work would be beneficial.

The global burden of disease and future diagnostic needs
A forecasting platform developed in 2018 provides
estimates of the future global burden of disease
including rankings of years of life lost and mortality from
2017 to 2040. Table 4 presents the data for years of life lost
for 2030 and 2040 globally and for LMICs. The analysis
shows that, unlike the coverage in the current WHO EDL,
it will be important for the list to substantially expand its
diagnostics for non-communicable diseases, such as
neurodegenerative disorders and management of mental
health conditions (although these conditions might
primarily require questionnaire screening tools rather
than laboratory or imaging diagnostics). It will also be
vital to include DI. We used the global burden of disease
rankings to develop a diagnostics template and to identify
how diagnostics should be made available by tier within
the health system.
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Data from low-income and middle-income countries (by YLLs)

2040

Ischaemic heart disease
Cerebrovascular disease

Lower respiratory infections

COPD

Road injuries

Chronic kidney disease

Diabetes mellitus

Diarrhoeal diseases

Alzheimer's disease and other dementias
HIV/AIDS

Tracheal, bronchus, and lung cancer
Self-harm

Liver cancer

Hypertensive heart disease
Tuberculosis

Congenital birth defects

Neonatal preterm birth complications

Neonatal encephalopathy due to birth
asphyxia and trauma

Colon and rectum cancer

Global data (by YLLs)
2030 2040 2030

1 Ischaemic heart disease Ischaemic heart disease Ischaemic heart disease

2 Stroke Stroke Cerebrovascular disease

3 Lower respiratory infections ~ Lower respiratory infections Lower respiratory infections

4 Road injuries COPD Road injuries

5 COPD Chronic kidney disease COPD

6 Diarrhoeal diseases Alzheimer's disease Diarrhoeal diseases

7 Lung cancer Diabetes HIV/AIDS

8 Diabetes Road injuries Diabetes mellitus

9 Chronic kidney disease Lung cancer Chronic kidney disease

10 HIV/AIDS Diarrhoeal diseases Self-harm

1 Self-harm Self-harm Neonatal preterm birth complications

12 Alzheimer's disease HIV/AIDS Tracheal, bronchus, and lung cancer

13 Neonatal preterm birth Liver cancer Malaria

14 Malaria Hypertensive heart disease Tuberculosis

15 Congenital defects Colorectal cancer Congenital birth defects

16 Liver cancer Tuberculosis Neonatal encephalopathy due to

birth asphyxia and trauma
17 Tuberculosis Congenital defects Liver cancer
18 Neonatal encephalopathy ~ Neonatal preterm birth Alzheimer’s disease and other
dementias

19 Colorectal cancer Breast cancer Hypertensive heart disease

20 Hypertensive heart disease  Falls Interpersonal violence Malaria
Further details of methodology are provided in the appendix (p 10). In some cases, the database uses slightly different terms for essentially similar conditions.
For this analysis, we retained the terms used in the database but treated these as the same condition. COPD=chronic obstructive pulmonary disease. YLL=years of
life lost.
Table 4: Top 20 conditions responsible for YLL in 2030 and 2040 by rank

To summarise the inequalities in diagnosis, we
highlight three key messages. First, just under half the
world’s population has little to no access even to the
most key basic diagnostics. Although governments
have invested to provide primary health centres within
reasonable reach of most of their population, people
might have to walk for up to 2 h to reach a facility, only
to find that the tests they need are not available, and for
pregnant women needing an ultrasound, this
procedure is only attainable at a hospital. Second, this
paucity of access particularly affects people who are
poorer and more marginalised. Lastly, the diagnostic
gap has adverse consequences for the burden of
disease.

Current status of the policy environment

There is a low availability of, and poor access to,
diagnostics globally. Notably, it is important to consider
factors in the policy environment that contribute to this
situation, beginning with the power of the actors
involved,” and subsequently other aspects, namely the
absence of diagnostics from national health strategy
plans, the detrimental effect of under-regulation and
over-regulation, the disadvantageous structure of the
global diagnostics market (especially for LMICs) and the
effect of corruption.
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Low visibility

COVID-19 has brought a great deal more saliency to
diagnostics. Historically, however, diagnostics have been
under-appreciated, and their importance in universal
health coverage and antimicrobial resistance has received
insufficient attention.” Although countries and donors
have traditionally emphasised access to vaccines and
essential medicines (which are mentioned explicitly
three and four times, respectively, in the targets for
Sustainable Development Goal 3 on health), there has
never been a push for access to diagnostics (beyond those
diagnostics in the key vertical programmes, such as HIV,
tuberculosis, and malaria). This factor, in part, explains
why it took years for WHO to develop an EDL (first edition
in 2018), whereas the first essential medicines list was
released in 1977 WHO’s measurement framework for
universal health coverage includes 16 essential services;
however, although diagnostics are implicitly included (in
treatment of three key infectious diseases, in prevention
and treatment of two non-communicable diseases, and
in screening for cervical cancer), diagnostics are not
mentioned explicitly. Content analysis in the Lancet Series
on Pathology and Laboratory Medicine in Low-Income
and Middle-Income Countries showed that professionals
in PALM have had little or no visibility in a number of
advisory bodies, such as WHO, in research programmes,
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or in health systems overall” A bibliometric analysis
undertaken for this Commission showed that there was
virtually no representation of radiologists on international
commiittees and policy making panels. The databases Web
of Science, PubMed, Airiti, BASE, and Scopus were
searched and open-source search engines (Google and
Bing) were searched for documents relevant to the political
science of radiology or imaging, or both, using a number
of search terms with wildcard root [RADIOL*; IMAG*).
No relevant studies were identified, although there were a
number of national and international strategic reviews
concerned with the science of radiology or imaging, or
both. This low visibility regarding diagnostics in turn
results in an inability to develop effective advocacy for
national strategic plans, sustainable funding, development
of regulatory frameworks, and prioritisation of diagnostics
within health systems.

To our knowledge, the reasons for this low visibility
and ineffective advocacy have not been studied
systematically, but possible causes include the small
proportion of health-care workers whose primary role is
in diagnostics (less than 4% for each of PALM and DI
in the USA and in the UK) and the relatively small
proportion of health-care expenditures in PALM and DI
(3—6% of health-care expenditures in a number of LMICs
and HICs for PALM; comparable estimates could not be
found for DI; limited OECD data are shown in the
appendix (pp 11-13).” Little or no experience or training
is also an important factor with regard to PALM and DI
among patients and policy makers. Although patients
interact with technicians involved in DI, they might not
meet with the individual who interprets the image, and
they do not meet with the laboratory professionals. In
LMICs, there is the additional barrier that physicians in
primary care have had either insufficient access to
diagnostics or, where diagnostic tests have been available,
negative experiences that make them question whether
the tests are accurate or available in a reliable manner.””**
The net result has been low use of laboratory tests in
those settings. Although we could not identify any
studies that showed that low use of laboratory tests also
resulted in a decrease or absence of advocacy for better
tests, it would not be expected that these practitioners
would advocate for something for which they have little
experience or confidence in using.

National strategic plans for diagnostics

Developing national laboratory strategic plans to improve
laboratory services was part of the 2008 Maputo
Declaration.” These plans are necessary for countries to
successfully develop integrated and tiered laboratory
systems that can support national health systems over
time. Important components of such plans include
identifying a network structure, developing a health
workforce that can work effectively within that structure,
creating a regulatory framework (including strategies for
accreditation), defining sustainable systems of finance,

and establishing practical metrics to monitor and evaluate
performance. In one analysis of national strategic
laboratory plans in sub-Saharan Africa collected in 2012, a
number of countries had developed national strategic
laboratory plans, although these plans differed sub-
stantially in the issues that were addressed, and only a
small minority (five of 39 countries) addressed financing.”
In particular, “roadmaps explaining how countries intend
to move toward accreditation across diseases, at different
tiers of the laboratory system and given the resources
available[,] were rarely provided or referred to” and “[c]
ertification of laboratories based on compliance to
national standards was never mentioned as a strategy to
ensure the quality of laboratory services at lower tiers”.*
WHO does provide some guidance for such plans for
PALM, but similar guidance for DI is scarce.” A recent
analysis of national Health Strategy Plans for 79 low-
income and lower-middle-income countries reported that
36 of these countries had current Plans (of which all
but two could be accessed).® Of these 36, 30 mentioned
laboratories but only eight mentioned imaging, and only
one specifically referenced a national strategic laboratory
plan. Although WHO’s advice on national plans for
health security does include considering laboratories but
not DI, the focus is restricted to infectious disease and
environment hazards.* Furthermore, having a plan is not
enough. Plans need to be appropriately funded and
implemented to achieve their aims.

National reqgulatory authorities and frameworks for
diagnostic devices

While most countries have national regulatory authorities
for medicines, low-income countries, in particular, are
less likely to have national regulatory authorities for
medical devices (the category under which PALM
diagnostics and DI devices fall). Where the authority
exists, its enforcement abilities are often limited. This
deficiency can have a detrimental effect in three broad
areas: pre-market evaluation, to ensure that diagnostics
are safe and of good quality;*® marketing controls, to
ensure that diagnostics are used appropriately and that
advertising is truthful and accurate; and post-marketing
controls, to monitor any issues that arise in use.*

Although regulations are needed, it is important not to
put unnecessary barriers in place. If each country
requires different submission dossiers to obtain approval,
its own in-country testing before authorisation, or its own
certification of manufacturing quality, this requirement
makes entry into the country more complex and costly,*
with the end result that people within the country either
do not get access or face delays in access to diagnostics,
and have to pay more for them.

Regulatory issues are not only of concern for diag-
nostics entering the country, but also for how diagnostics
are handled domestically. It is not appropriate to apply
the same regulations to diagnostics as to medicines,
considering that diagnostics have different associated
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risks, different speed of change in technology, and the
sheer numbers of different diagnostics for the same
condition. In certain cases, regulations that are well
intentioned have unanticipated outcomes. For example,
some countries, such as Peru, require a local distributor
for diagnostics,” which can ensure accountability for
maintenance and training. However, in small markets
with little to no competition, a local distributor can
unnecessarily inflate diagnostic cost.

Size of the global market for diagnostics

In 2019, the global market size for in-vitro diagnostics
(including both laboratory and point-of-care PALM
diagnostics) was US$60-8 billion, of which 31% was for
point-of-care tests, whereas for DI this value was
$34-7 billion.** In-vitro diagnostics plus DI combined
are just over 10% of the size of the global pharmaceutical
market, which was $843 billion.” The markets for in-vitro
diagnostics, medical imaging, and pharmaceuticals are
expected to grow strongly at cumulative annual nominal
growth rates between 4-4% and 6-9% over 5 year
projections to 7 year projections.®* Markets for new
technologies are expected to grow even faster, namely
10-4% for point-of-care tests, and 8-4% for molecular
tests (appendix p 14).”*

HICs dominate the global purchases of diagnostics,
medical technologies, and pharmaceuticals, with North
America and Europe accounting for 75% of global
purchases of in-vitro diagnostics, 64% of medical
imaging equipment, and 58% of pharmaceuticals, while
HICs in the Asia-Pacific account for 13% of global
purchases of pharmaceuticals (no data available for
global purchases of diagnostics by HICs in the Asia-
Pacific; appendix p 14; figure 5). HICs also dominate the
global supply of diagnostics: around half of the market
for in-vitro diagnostics is accounted for by four
companies from the USA and Europe, and three-quarters
of the market for medical imaging is accounted for by
four companies from the USA, Europe, and Japan
(appendix p 14; figure 6).

By contrast, the much larger market for pharmaceuticals
is less concentrated: the top four suppliers (all from
the USA and Europe) control just less than a quarter of
the market (appendix pl14; figure 6). India, in particular,
has a major role in supplying pharmaceuticals to other
LMICs, being the third largest producer globally by
volume, and the 14th by value.” Market concentration
can lead to higher prices and to a low number of products
oriented towards smaller niche markets (eg, tropical and
neglected diseases, and options which are more
appropriate for resource-constrained environments).

Suppliers from LMICs are, however, gaining a foothold
in fast-growing sectors. China accounts for around 14%
of in-vitro diagnostics and 20% of DI of the global total,
with only a small share accounted for by all the other
LMICs.”” One of the top ten suppliers in each of point-
of-care tests, ultrasound devices, MRI scanners, and
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Figure 5: Global market shares of diagnostics and pharmaceutical purchases in 2015-19 by world region
The majority of global purchases of diagnostics and pharmaceuticals are from high-income countries in North
America and Europe. *Germany, the Netherlands, Italy, Hungary, and Denmark. tChina, Japan, South Korea,
Australia, and Saudi Arabia. $Latin America, Russia, India, Indonesia, and rest of the

world. Sources for this figure are included in the appendix (p 14).
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Figure 6: Global market share for four top suppliers of diagnostics and pharmaceuticals, by region of
headquarters in 2015-19

Manufacturers with headquarters in high-income countries dominate global supply of diagnostics, but provide a
much smaller proportion globally of pharmaceuticals.

nuclear medicine comes from China.”®® This factor
might help to improve the affordability of diagnostics in
LMICs.

Corruption and self-interest

Corruption is a problem for health systems generally, but
some aspects of diagnostics (eg, acquisition of expensive
equipment and supplies) increase the risk. Globally,
corruption in health care causes an estimated yearly loss
of $500 billion, the death of 140000 children,
and extensive morbidity and mortality by thwarting
programmes to prevent and contain disease, leading
patients all over the world to bear the physical, mental,
and financial brunt.®" Transparency International, a
leading international organisation on anti-corruption
efforts, has termed corruption in health care “the Ignored
Pandemic”.

Corruption has been lurking in health systems for a
long time. However, in recent years, corruption has
been identified as a major impediment in achieving
Sustainable Development Goals that relate to health.
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In 2003, resolution 58/4 of the United Nations
Convention against Corruption was adopted by the
UN General Assembly and has been ratified by all but a
very few countries.” Non-signatories include Eritrea,
North Korea, Syria, and Somalia and some small, largely
island, countries. However, there has been only limited
success in reducing and preventing corruption.

In LMICs, no reliable data are available, but reports
have described the prevailing culture of corruption at all
levels of the health system. International agencies are not
immune from this blight: the International Federation of
Red Cross and Red Crescent Societies launched
investigations in 2017 into fraud schemes in three
countries during its Ebola operations, totalling over
6 million Swiss francs.™

Within health systems, diagnostics is an area open to
corruption, characterised by the importance of human
resources and attractive technological inputs whose uses
are difficult to monitor. In PALM, there are recurring
expenditures and, therefore, an ongoing source of illicit
revenue. However, in DI, there are large equipment
purchases, which might make incentive and side
payments attractive to those involved. Anecdotal examples
abound, such as so-called sink tests where unscrupulous
laboratories take samples which they pour down the sink
and then generate completely unfounded reports."”
Diagnostic investigations are often not available at public
facilities (and sometimes public diagnostic equipment is
even deliberately damaged),™ and doctors and laboratory
staff instead refer patients to their own private laboratories
and DI centres where the same test is available at a higher
price. Some private laboratories use reagents pilfered
from the public laboratories, compounding the problem."
Patients frequently rely on their doctor or laboratory
personnel to suggest a good quality source for their test,
which can lead to issues of conflict of interest. Although
settlements in lawsuits against multinational suppliers of
pharmaceuticals tend to be larger and better publicised
than cases involving diagnostics, Siemens, for example,
paid a $1-6 billion settlement in 2007 over a worldwide
bribery scheme, which included $14-4 million in bribes
involved in sales of medical equipment to five Chinese
state-run hospitals."”

Although not as extreme as corruption, overuse of
diagnostic tests (which fee-for-service payments might
encourage) is a serious issue in many countries when
patients have generous private health insurance, or when
(as in the USA) malpractice liability leads to defensive
medicine. Rapid growth in the use of expensive DI
examinations was a particular issue in the USA in the
early 2000s," with potential harms to patients including
excessive exposure to radiation.

Entrenched professional interests might prevent
shifting to newer, better, or less expensive means of
offering diagnostic investigations. Obstetrician and
gynaecologist professionals in some Latin American
countries have vested interests in revenue from cytology

(eg, Pap smears) and have resisted the shift to
self-sampling for human papillomavirus molecular
testing, which could be done instead by nurses and
midwives."”

The key message with regard to policy is the limited
recognition of the central importance of diagnostics,
which results in major underfunding and insufficient
resources at all levels. There is a need for greatly
increased, strong, continuing advocacy for diagnostics.
Highlighting the key contribution of diagnostics to
universal health coverage, and enhancing its visibility in
the universal health coverage agenda, is very important.

Current status of operational barriers to access
Notably, there are several factors at the operational level
that hinder access to timely, accurate diagnostics globally.
There are three main barriers: widespread deficiencies in
infrastructure; marked shortfalls in global health workforce
capacity, including insufficient and inadequate systems for
education and training; and insufficient systems to ensure
diagnostic quality and safety. In this Commission, we use
the term infrastructure in two ways: first, the physical
infrastructure needed to support diagnostic investigations,
including space, power and water supplies, and equipment;
and second, the operational infrastructure, including
management systems, supply chain, and information
technology.

Physical infrastructure

Globally, many health-care facilities, especially in LMICs,
do not have an adequate physical infrastructure that is
needed to support diagnostic services for both DI and
PALM.*" Although the infrastructure challenges to
providing diagnostic services might differ in type and
degree between rural and urban areas, there are
common infrastructure barriers in both settings: access
to stable electrical supplies, clean water, reliable internet
connections, and systems for transporting specimens.
The poor access to systems for transporting specimens is
more of a barrier in rural settings due to the distances
between facilities, but this issue can also be a barrier in
congested urban areas. Control of ambient climate,
particularly to mitigate the effects of high temperatures
and humidity, is necessary for optimal performance of
laboratory and DI equipment, and for storage of reagents
and supplies, and therefore can be an important barrier
to providing diagnostic services in tropical or semi-
tropical climates. Moreover, clinics and small hospitals in
rural areas typically do not have the space to support
most PALM and DI services.

In the absence of adequate physical infrastructure to
support diagnostics, health-care facilities are left with a
few options: providing no services; outsourcing to
external vendors, which delays results, is typically more
expensive, and creates further barriers to access because
patients need to travel to these external facilities;
collecting laboratory specimens locally and then
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forwarding them to other facilities for laboratory testing,
or using telepathology or teleradiology; requiring patients
to travel to facilities where laboratory testing or DI is
available, which for many patients is a substantial barrier
to care; or relying entirely on point-of-care testing, which
cannot fully substitute for centralised laboratory facilities.
For PALM, most point-of-care testing is designed to
support primary care through a narrower scope of tests
and, therefore, is not sufficient for hospital care that
requires access to a broader scope of testing. When an
imaging facility is not on site, point-of-care ultrasound is
the only imaging modality that lends itself to true point-
of-care service provision.

Operational infrastructure

Most health-care facilities in LMICs, and even many
facilities in rural areas of HICs, also do not have the
operational infrastructure that is needed to support
diagnostic  services.”™  This includes adequate
management systems for workflow, procurement, and
supply chain (particularly a cold supply chain). Similarly,
key technologies are not available, including information
technology for laboratory information systems,
laboratory management information systems, radiology
information systems, digital image management
systems (eg, picture archiving and communication
systems), technology necessary to support radiation
safety, and electronic health records to support
diagnostic services from order to report. Adequate and
sufficient information systems are becoming of
increasing importance due to several reasons: the need
for data sharing between the tiers of an integrated and
tiered diagnostic network; increasing use of digital
technology in DI and PALM; a need to move from
paper-based systems; and increasing use of mobile
technologies in health care. In addition to their benefits
for improving patient care and provider experience,
robust information technology systems enable data
collection that facilitates better management systems,
disease tracking and reporting, and development of
quality metrics used to assess the performance of health
systems. Facilities need reliable access to high-speed
internet connectivity to make full use of information
systems, allow for integration between facilities, and
make use of teleradiology or telepathology.

For all equipment, but especially imaging, appropriate
maintenance and updating of both hardware and
software are major issues.” WHO and others have
identified that insufficient access to technology support,
such as biomedical engineers, is a crucial gap in health-
care capacity.™ Even where diagnostic equipment might
be available for purchase, or is donated (panel 4),
technical support from manufacturers might not be
available at all or might not be available in a timely or
affordable manner. Depending on the specific
equipment, regional, national, or local technical support
is not available in much of the world."” In LMICs, because
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there frequently is no technical support available
regionally or nationally, it is costly and time-consuming
to obtain this service from abroad. Often, tenders for
equipment do not include costs for training and software
upgrades, which holds down costs but at the expense of
quality over the long term. Even when local technology
support is available, local contractors do not have the
expertise required to service a wide variety of instruments,
nor do they have access to replacement parts locally. For
complex equipment, buying parts from a third party is
common, to reduce costs and also because parts might
be more readily available. The result is use of replacement
parts that might not fully meet the manufacturers’
specifications, creation of multiple supply chains, and
adverse effects on warranties.

Inadequate infrastructure presents a challenge for basic
diagnostic testing; it is even more of a barrier for complex
testing. Equipment for imaging modalities, such as CT,
MRI, or PET, cannot be installed or maintained in
low-resource settings where physical infrastructure is
insufficient. In the same way, complex diagnostic testing,
such as that done in microbiology laboratories, requires
adequate infrastructure, such as biological safety cabinets
for testing and to protect laboratory staff from laboratory-
acquired infections." Without the necessary infrastruc-
ture, testing, such as the detection and monitoring of
antimicrobial resistance, becomes impossible (panel 5).

Health workforce capacity

Providing effective health-care services to attain the
goal of universal health coverage will require the right
numbers and types of health-care workers, including
those providing diagnostic services.”** Some estimate
of the shortfall in diagnostic workforce capacity can be
calculated on the basis of the projected shortfall in
global health-care workforce capacity, which has been
estimated to range from 15 million to 18 million by 2030
(appendix pp 15-18).”2?* Although the proportion of
that workforce involved in diagnostics (eg, medical,
non-medical scientist, radiographer, physicist, and
technician) varies from country to country, based on
estimates from select HICs there is probably a need for
an additional 480 000-576 000 staff to support diagnostic
testing in PALM and another 360000-432000 to
support medical imaging, for a total increase of
840000-1008 000 workers."

Because even HICs struggle to maintain their health
workforce capacity at current levels, both overall,”” and in
diagnostics,”* attaining the necessary workforce
capacity globally to meet future diagnostic needs will
require substantial, long-term political commitment and
financial investment. To guide such efforts, estimates of
projected workforce capacity should be guided by
country-specific diagnostic needs, better national
workforce capacity data, and projections on how the
diagnostic workforce will function. For example,
the ratios of pathologists to population in most
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Panel 4: Donated diagnostic imaging equipment—a case study of Africa

Donations of diagnostic equipment have been a mainstay of
global efforts at increasing access to diagnostics; however, such
donations can actually make the situation worse. By some
estimates, 40-96% of donated medical equipment is at any
point in time out of service, although most analyses of this issue
were not focused on diagnostic equipment and are not recent.”
As recently reviewed for donated diagnostic imaging equipment
(the principles apply equally to diagnostic equipment used for
pathology and laboratory medicine), equipment donations
create a number of problems at the facility level:#

« Donated equipment is often incomplete (ie, missing parts),
with limited availability to acquire missing parts or replace
parts as needed for maintenance

+ Longer lifecycles of equipment used in high-income
countries can result in donation of equipment that is well
beyond the normal end of service

« Forlarger pieces of equipment, site preparation might be
inadequate

« Installation by qualified technical staff might not be
available or might be done poorly

« Inconsistent power supply often leads to frequent breakdowns
of sensitive equipment; a systematic review reported that,
in ten countries in sub-Saharan Africa, only 39-1% of hospitals
surveyed had access to reliable electricity, compared with
58-1% overall in the 21 countries with available data

+ User manuals or training materials might not be available
(or printed in languages inappropriate for the setting),
resulting in little or no applications training

« Software updates that are necessary for the operation of
instruments, as well as for interfaces with other information
systems, are often not available due to cost or because
equipment is beyond the point at which software updates
are compatible

sub-Saharan Africa countries are less than one per
million population,*** and for radiologists less
than five per million population.*® Although there are no
comparable data for many LMICs, and it can be difficult
to obtain these data even for many HICs, comparing the
number of pathologists and radiologists from a small set
of countries for which data are available is striking. In
the USA, the UK, and Canada, the number of pathologists
per 1 million population is 39, 46, and 48, and the number
of radiologists is 85, 46, and 37, respectively. By contrast,
in Nigeria and Brazil, the number of pathologists per
1 million population is 0-9 and 7, and the number of
radiologists is 2-3 and 5-8, respectively. """

A major cause of the diagnostic workforce capacity gap
is that existing global capacity to educate and train a
diagnostic workforce is inadequate.” In some countries,
the number of people taking part in training in the
diagnostic disciplines, specifically PALM and DI, is
insufficient even to maintain current workforce capacity
levels, let alone allow for future growth.”“¢%* For

» Donated equipment often cannot be supported due to the
scarcity of service contracts or access to qualified service
engineers and physicists

Unless donors, recipients, and governments work together to
follow best practices, donated diagnostic equipment can also
create systemic problems at the health system level:"”

+ Many donations are made without previous assessment or
appreciation of the immediate or long-term needs of
recipients

+ Typically, donations are not coordinated, resulting in the
donation of equipment from different vendors, often from
different countries, creating problems for procurement
programmes due to the need to support multiple supply
chains

+ User-driven donations can run counter to country-specific
procurement programmes, contracts, and regulations

+ Donations from different vendors can create additional needs
for qualified technical staff due to the multiplicity of platforms

+ User manuals and training materials from different
countries create language barriers

+ Usertraining and competency programmes require
familiarity with multiple systems

+ Management and quality systems become more complex
(eg, there is a need for different standard operating
procedures) or unaffordable

» Most countries lack adequate mechanisms to track and
monitor donations, conduct inventories of donated
equipment, and assess their effects, resulting in poor
transparency and accountability

In summary, although donations might still be useful for some
supplies and furniture, there are severe disadvantages for
complex diagnostic equipment.

example, in sub-Saharan Africa, the number of medical
schools is insufficient to support the growing needs for
workforce capacity such that the numbers of radiologists
and pathologists cannot increase.”™ The same is true
for non-physician doctoral scientists, for whom the
number of postgraduate training programmes in
diagnostic specialties is small (or even non-existent) in
many countries.”*

The lengthy time frame associated with building
professional workforce capacity also creates challenges for
obtaining sustainable funding."? Furthermore, without
appropriate circumstances and incentives, trainees do not
have reason to stay in their country of training, or to stay
in the public sector, both of which adversely affect efforts
to build health workforce capacity in the public sector
within countries.® Although countries need to maintain
and expand their workforce capacity in all health-care
sectors, it is unrealistic to suggest that projected workforce
capacity needs will be met solely by expanding existing
education and training programmes. Not only are these
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programmes highly variable from country to country, both
in terms of content and duration due to an absence of
standardised or harmonised curricula, this situation will
probably worsen with the introduction of new diagnostic
technology, particularly digitisation, as it increasingly will
be difficult for health-care workers in many (especially
resource-limited) settings to keep up with changes in
technology. In order to make the current and future health
workforce more efficient and effective, education and
training programmes need to be updated and aligned with
fundamental changes in the roles of available health-care
workers.

The shortfall in global health workforce capacity is also
due to various other causes: work environments that do
not allow for professional growth or job satisfaction, partly
because of a scarcity of attractive career pathways in many
health-care systems; inability of workers to use their full
scope of education, training, and skills; insufficient
infrastructure and supplies that are needed to provide
services on a regular basis, leading to gaps in service
provision; an absence of regulatory systems to ensure
high-quality service provision; poor administrative
systems (including human resources management);
inadequate financial incentive; and inability to access
Continuing Professional Development programmes. 141

Quality and safety

Diagnostics testing in DI and PALM involves technical
and interpretive components. In many instances, the two
disciplines are inextricably linked, such as the need
for high-quality images to enable radiologists and
histopathologists to optimally interpret data. However,
for some laboratory medicine tests, there is no need for
professional interpretation per se, but rather it is the
technical aspects of the test that determine if accurate
test results are generated on a consistent basis.

To ensure quality, PALM and DI require robust
oversight and training of staff and both rely extensively
on continuing maintenance and calibration of complex
technical equipment. Oversight of staff is usually
through professional certification, whereas oversight of
technical equipment and procedures is through
accreditation. Professional certification is a standardised
process by which individuals demonstrate that they
have the necessary education, training, skills, and
experience to qualify them to do specific roles.
Professional certification 1is typically granted by
professional societies or organisations and not by
regulatory bodies. By contrast, accreditation is granted
to organisations, not individuals, and in many countries
is granted by regulatory bodies.

Maintaining professional certification typically includes
requirements for Continuing Professional Development
as well as demonstrating ongoing competency in the
specific roles for which professionals are certified. Access
to Continuing Professional Development programmes is
often severely limited in many countries, particularly
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Panel 5: Antimicrobial resistance and ineffective antimicrobial therapy—
consequences of insufficient or inadequate diagnostic information

Antimicrobial resistance occurs naturally at low rates in the pathogens that cause human
infections. Over time, pathogens can develop increasing rates of antimicrobial resistance,
the most important cause being exposure to antimicrobial agents (known as selection
pressure, which occurs because pathogens without resistance to an antimicrobial agent are
eliminated, whereas those with resistance rapidly increase in number). A number of factors
drive selection pressure in clinical settings: (1) treating infections with antimicrobial agents
to which causative pathogens are resistant, or for which use of antimicrobial agents is not
appropriate (eg, viral upper respiratory tract infections); (2) treating infections with wrong
antimicrobial agents due to not knowing the cause of infections, use of presumptive
diagnosis and treatment, or no antibiograms to guide empirical use of antimicrobial agents;
and (3) inadequate treatment (eg, wrong dose, wrong route of administration, or lack of
treatment compliance). As antimicrobial resistance develops for one class of antimicrobial
agent, providers switch to another class to treat infections, which increases selection
pressure for the new class and, eventually, emergence of pathogens that are resistant to
more than one antimicrobial agent (multidrug resistance). Perhaps the best example of the
development of a drug-resistant pathogen is the emergence of extensively drug-resistant
tuberculosis, which has now been reported from 131 countries.”

Presumptive or syndromic diagnosis occurs when clinicians do not have access to, or do
not use, diagnostics. One consequence of presumptive diagnosis is overuse of medicines
for common conditions, including inappropriate use of antibiotics. The inappropriate use
of antibiotics is particularly severe at the level of primary health care in many countries,
especially in low-income and middle-income countries.**"* Studies have shown that the
availability of rapid diagnostic tests for malaria reduced over-prescription of antimalarials,
but increased presumptive prescription of antibiotics;™ that increased availability of tests
for malaria and helminths decreased prescription of antimalarials and anthelmintics;*
and that (in a clinical scenario rather than a study of actual behaviour) the availability of
laboratory test results reduced presumptive treatment with antibiotics across six different
conditions by more than 90% (Horton S, unpublished).

The results of antimicrobial resistance are devastating. At the patient level, antimicrobial
resistance results in increased morbidity and mortality, prolonged treatment in hospital,
the need to use more expensive (and often more toxic) antimicrobial agents, and, for
some multidrug-resistant infections, an inability to treat with antimicrobial agents.

At the global level, WHO estimates that antimicrobial resistance results in at least
700000 deaths per year due to the inability to successfully treat bacterial infections, a
figure that could increase to as many as 10 million deaths per year by 2050.2 By 2050, the
cumulative global cost due to decreased productivity caused by these infections is
estimated to be as high as US$100 trillion.”

An underlying theme for the factors driving the development of antimicrobial resistance
is insufficient or inadequate information on which to base treatment decisions,
particularly the inability to access quality diagnostics. Preventing antimicrobial resistance
requires a correct diagnosis, accurate identification of causative pathogens to inform
treatment options, and use of antimicrobial susceptibility testing to identify antimicrobial
susceptibility or resistance. Because of the importance of antimicrobial resistance to
health-care systems globally, providing access to the necessary diagnostic tests must be a
component of any national essential diagnostics list.

LMICs. Maintaining standards and competency in
PALM and DI in much of the world is made challenging
by issues such as inadequate access to Continuing
Professional Development programmes, affordability, and
insufficient specialty and subspecialty workforce
precluding professional consultation and collaboration.
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Although many parts of the world have national or
regional professional societies, membership in these
societies, and travel to and participation in meetings, often
is unaffordable. Attendance at regional or international
meetings often requires use of bursaries or other forms of
financial support that are insufficient for more than a
limited number of participants. More importantly, with
minimal staffing in many health-care facilities, providers
often cannot take the time to attend professional meetings
or programmes without causing gaps in service provision.

Quality systems in PALM

In addition to professional certification, PALM relies on
accreditation and External Quality Assurance programmes
as the basis of quality systems. Not surprisingly, in most of
the world, these types of quality systems are either not
available or, where they are available, not affordable. For
example, a 2011 survey of 954 laboratories in Kampala,
Uganda, noted that only 45 (5%) of identified laboratories
met the lowest standards of the laboratory quality checklist
developed by the WHO Regional Office for Africa.'” A
subsequent 2018 analysis showed no improvement, with
only 4 (5%) of the 78 laboratories originally surveyed
(40 laboratories with moderate-complexity to high-
complexity testing, and 38 laboratories with low-complexity
testing) now being accredited.”® The survey results also
showed that 23% of basic test results were inaccurate; only
42% and 38% of serum glucose and urea nitrogen test
results were accurate.

Achieving accreditation in laboratories in many
countries has been limited by inadequate access to
accreditation programmes or cost. In India, for example,
only 1151 medical laboratories are accredited for a
population of 1-3 billion; by contrast, the USA has
260000 accredited laboratory entities for a population of
328 million.*™ Only a few international accreditation
organisations exist, such as Joint Commission Inter-
national, but these organisations do not extend their
services to every country. Examples of regional
accreditation services include Jamaica National Agency
for Accreditation in the Caribbean, whereas the
South African National Accreditation System operates in
south, east, and west Africa. Many parts of the world
do not have regional accreditation services. A few
accreditation services operate only in a specific country:
China, Kenya, Malaysia, Pakistan, and Taiwan have
national or local systems.

Even where available, accreditation programmes are
often not affordable for many facilities. In addition to the
time and effort required to achieve accreditation, which
often takes several years, there are the direct costs of
subscribing to accreditation programmes and, for PALM,
participating in External Quality Assurance programmes
that are a requirement for accreditation. There can be
other costs to achieve accreditation: for example, a study
from Mozambique showed that the biggest cost for the
National Tuberculosis Reference Laboratory to become

accredited was associated with laboratory renovation,
followed by technical assistance and mentorship, and
equipment maintenance.” The laboratory spent around
US$1-5 million in renovations and equipment costs to
achieve accreditation first to an African standard
(ie, Strengthening Laboratory Management Toward
Accreditation) and then to an international standard,
such as those provided by the International Standards
Organization. The estimated cost for the same laboratory
to maintain equipment and laboratory renovations is just
over US$200000 annually.”! In Rwanda, limited access to
resources such as water and waste disposal combined
with infrastructure constraints has made it difficult for
older hospitals to attain the standards needed for
accreditation.”” In Bangladesh, local governments are
responsible for overseeing these infrastructure issues
within laboratories. The local governments are dependent
on the central government for funding. These funds,
unfortunately, are strictly given in accordance to rules
and regulations instead of demand and severity of the
situation,® which results in many laboratories not
getting the financial aid they desperately need.

A key component of PALM accreditation is participation
in External Quality Assurance programmes. As defined
by WHO, “external quality assessment (EQA) is used to
describe a method that allows for comparison of a
laboratory’s testing to a source outside the laboratory.
This comparison can be made to the performance of a
peer group of laboratories or to the performance of a
reference laboratory”.”* These programmes typically
consist of a vendor providing specimens to laboratories to
be tested and interpreted using that laboratory’s standard
methods, with the results reported to the vendor, who
then provides a report comparing the laboratory’s results
against those of the peer group or reference laboratory.™
For many laboratories, participation in these programmes
is hampered by lack of accessibility and affordability:
there are no universally accessible External Quality
Assurance programmes because even the most widely
available ones do not extend their services to all countries.
Very few regional or national External Quality Assurance
programmes exist outside of HICs, and many are for a
single disease or condition only.”* These programmes are
expensive and even if they were available in LMICs they
would be unaffordable in most resource-limited settings.
Other barriers to widespread use of these programmes in
LMICs include that they often require a cold supply
chain for shipping the test reagents, many are not
available in local languages, and many facilities do not
have the necessary administrative systems to support
their ongoing use.

Quality systems in DI

Imaging service delivery requires a systemic approach to
quality management. Complex technology, processes, and
infrastructure demand a highly coordinated team to
produce intended outcomes in imaging diagnosis,
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treatment, follow-up, and meaningful communication.
To provide DI services, the required professional person-
nel include radiologists, technologists, radiographers,
sonographers, medical physicists, biomedical engineers,
and information technology specialists. Because of the
need for a highly specialised workforce, the workforce
capacity gaps described previously have a particularly
marked effect on the quality of DI available in many parts
of the world. Maintaining professional standards and
competency is challenging in many locations for the same
reasons as described for PALM. Additionally, because of
the partially subjective nature of medical image
interpretation, it is essential for radiologists to have access
to systems of audit by other radiologists. In many
countries, the absence of digital transmission systems, as
well as the dearth of radiologists, makes this access difficult
or impossible. Approaches to quality management in DI
have been published but are voluntary in many countries,
and it is not clear how widely these approaches are used,
particularly in LMICs.**" In the same way, systems of
accreditation for DI exist in many HICs but are less
common in LMICs.

Radiation safety is of paramount concern in DI, to
protect patients as well as health-care workers. In HICs,
national governments provide regulations and guidance
for radiation exposure.”* ' Additionally, the International
Atomic Energy Agency (IAEA) provides guidance for
radiation safety, particularly through adoption of the
International Basic Safety Standards," although country
compliance with this guidance is voluntary.” The IAEA
also provides technical support for national and regional
efforts to improve medical radiation safety, such as
the Ibero-American Forum of Radiological and Nuclear
Regulatory Agencies, and also supports individual
member states.™ In some HICs, there are guidelines
for limiting unnecessary radiation exposure from DI
procedures;'” the Pan African Congress of Radiology
and Imaging has promoted a similar initiative in Africa
called AFROSAFE," although it is not clear how widely
these standards and guidelines are followed due to the
small number of trained professionals to implement
and follow them, or the few available administrative
mechanisms to track compliance.

Programmes for the safe use of MRI and ultrasound
are described in HICs.""® As with quality programmes
for PALM, a major barrier to the use of these programmes
results from weak or even non-existent regulatory
frameworks for these medical devices, and enforcing
safety guidelines is particularly difficult because there are
no standards to which people are held.

We have outlined the widespread, key deficiencies in the
provision of adequate infrastructure, workforce, and
quality assurance. The challenges are deep and wide-
ranging. Overcoming these challenges will require a
coherent multi-year approach, but the scale of the issues is
such that incremental solutions alone will be inadequate.
Radical and transformative approaches will be needed.

www.thelancet.com Vol 398 November 27,2021

Achieving change

There is no single effective means to improving the access
to diagnostics. Addressing the complexities of the
disparate but interactive problems we have highlighted in
this Commission will require a multifaceted approach,
ranging across policy, regulation, financing, workforce,
and infrastructure. Political scientists have analysed how
change can occur, and one such study by Shiffman and
Smith,* which applied to global health, pointed to four
key groups of factors: the characteristics of the issue; the
power of actors involved; the degree of coalescence around
ideas about the issue; and the political context. This
framework allows us to analyse why, despite the serious
shortcomings, change in the case of diagnostics has not
yet occurred, and how current circumstances now
provide an opening for change. We summarise how the
diagnostics agenda ranks on the 11 component factors that
Shiffman and Smith identify as affecting political priority.”

Three factors define the characteristics of the issue.
First, a credible indicator of the severity of the problem is
required, which can also be used to measure progress: a
key message of our Commission is that 47% of the
world’s population does not have adequate access even to
the most basic diagnostics. Second, severity of the
problem is important: we have identified that as many as
1-1 million deaths annually could potentially be averted
by better access to basic diagnostics leading to treatment.
Lastly, a cost-effective, evidence-based intervention needs
to be available, which we discuss in following sections on
the EDL, technology, and on the benefit—cost of
diagnostics. To our knowledge, none of these data have
been available before.

Four factors underpin the power of actors involved,
namely policy community cohesion (ie, coalescence
among the stakeholders at a global level), leadership (ie,
strong champions), guiding institutions, and civil
society mobilisation. We have analysed the weaknesses
of the diagnostics agenda in all these areas and believe
that there is a need for a Global Alliance to address
them.

The degree of coalescence around ideas involved
depends on how the ideas are shared by the policy
community, and how these ideas resonate with external
audiences. Although the diagnostics community was
already well aware of the issues involved, the COVID-19
pandemic has moved the importance of diagnosing
diseases and conditions markedly up in priority, both to
the global health community and to the general public
(who in turn influence politicians). Inability to test
adequately for a new, deadly infectious disease has meant
that inadequate diagnostics has become a threat not only
to survival but also to global prosperity.

Lastly, the political context matters, and the opening for
change currently exists. First, the pandemic has shown
why diagnostics are essential in avoiding deadly diseases
globally (not just in poor countries). Second, the effective
implementation of universal health coverage and the
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avoidance of antimicrobial resistance both require good
access to quality diagnostics. Both issues can provide the
impetus for embedding diagnostics in global governance;
for example, explicitly recognising diagnostics along with
vaccines and medicines in policy statements, such as the
Sustainable Development Goals.

Having used the aforementioned framework of
Shiffman and Smith to analyse the issues, we propose
change through innovation in policy, governance, and
finance, and through removal of barriers in infrastructure,
workforce, and quality. Considering that technology is an
enabler of many of these changes, we have a previous
discussion on the explosion in innovation in technology.
In combination, we believe these changes have the
potential to transform access to accurate, affordable, and
timely diagnostics globally.

Finding a mechanism, or mechanisms, to drive these
changes successfully across such a diverse set of fields is a
formidable challenge. However, the Commission believes
that if every country successfully implemented an evidence-
based national EDL and worked towards including this list
in the universal health coverage benefits package, this
would be a key mechanism of achieving the necessary
transformation. This notion is based on the recognition
that successful implementation and maintenance of an
EDL requires much more than just a list of diagnostics;
trained staff, equipment, supply chain, regulation, finance,
quality control, and engagement of relevant stakeholders
(especially local and regional) are also examples of key
requirements. In other words, an effective diagnostics
system is needed.

Therefore, we developed a template for a national EDL,
which any country could adapt to their own needs and
situation. Such an EDL is based on having an integrated
and tiered network of diagnostics, with a minimum set
of point-of-care diagnostics at a primary health-care level
and a community level, linked with a broader set of
diagnostics at first-level hospitals, and the broadest set at
referral hospitals. Having such an integrated system
could allow for many advantages, including in terms of
scale for workforce, training, purchase, and maintenance
of equipment. This system could also ensure that
relevant patient information is available across all levels
of the health-care system.

Solutions based on the future top 20 global burden of
disease conditions (GBD-20 EDL)—a template for a
tiered national EDL

National governments regulate the importation and
marketing of all diagnostics used in both public and private
sectors. The national EDL refers to a narrower list of
diagnostics approved for use in public institutions in the
health system. Ideally, all diagnostics on the national EDL
would be publicly funded and either provided at no cost to
patients, or patients would be entitled to reimbursement
from national health insurance. However, in countries
with lower income, they might start with a subset of the

national EDL being publicly funded, and gradually expand
as national income increases.

The national EDL includes diagnostics used for a range
of purposes. A large proportion are associated with the
diagnosis of conditions, but there are many other
indications for diagnostics; for example, monitoring
progress of treatment, dosing medications, or identifying
medication toxicity. Another set of indications are for
functions of public health, such as disease surveillance
and ensuring safety of the blood supply. India, for
example, includes tests for water supply monitoring in
its national EDL.

We modelled an evidence-based list of diagnostics
using the top 20 global burden of disease conditions
globally for 2030 and 2040, using mortality and years of
life lost as the metric (23 conditions in total). This list,
termed GBD-20 EDL, could be used as a template for the
construction of any national EDL, to which additional
diagnostics could be added that are important for local
epidemiology and national priorities.

We also modelled an allocation of those diagnostics by
tier. At primary health-care facilities, we assumed a
minimal infrastructure, such that only a few diagnostic
investigations could potentially be done, primarily using
point-of-care tests and possibly point-of-care ultrasound
as the only imaging capability. At first-level hospitals, we
assumed the potential for using basic automated
analysers, as well as ultrasound and x-ray. More advanced
laboratory and imaging capabilities were allowed at
higher level hospitals. It is assumed that higher level
facilities can undertake all tests available at lower levels.

The methodology for constructing our GBD-20 EDL
relies on several sets of assumptions and evidence.
First, we categorised the management of conditions
into two levels, namely management of the uncom-
plicated condition and management of the condition
with complications. Additionally, we added a level in the
health system at which the condition cannot be treated,
but where it is important to identify those individuals
who potentially have the condition, to refer them to a
higher level facility for diagnosis and management. We
called this triage, a term that is sometimes used for
treatment. We did not use the term screening because
organised screening has very specific connotations.

Second, we made a key assumption that conditions
should generally be diagnosed and monitored at the
health system tier at which they can be managed, given
that this probably permits having a crucial mass of
medical expertise, experience, and resources available.
However, occasionally, a patient with a condition might
be ideally managed at a particular tier according to
guidelines and expert opinion (figure 7), but the
diagnostic procedure required is sufficiently specialised
that it was judged not feasible to do at that tier due to the
complexity of resources required. There are at least
four alternatives that are possible. One is to use a send-
out test, if there is sufficient capability to send a specimen
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and have results returned in a timely way (this option is
incorporated into the Indian national EDL and is a
reasonable solution for non-urgent use cases). A second
alternative is for the patient to go to a higher level hospital Breast cancer

for diagnosis as well as developing a management plan, Corch o discase |
ereprovascular aisease
which can then be implemented at a more local hospital; .
. . . . Chronic kidney disease
this approach is used in some circumstances for cancer | | -
. . . oy Colorectal cancer
treatment. A third alternative is to move condition i

management up to the next tier level. The final option is | Chroncobstructive puimonary discase |

[1Triage [ Uncomplicated [l Complicated [ Not applicable
Primary  Secondary  Tertiary

Antenatal care

to investigate the possibility of developing another Dementia |
version of the diagnostic investigation that can be done at Diabetes |
the lower tier, for example, the development of a rapid Diarrhoeal disease |
diagnostic test, benchtop analyser, or point-of-care HIV
imaging device. Hypertensive heart disease i
Third, we made assumptions to model which condition Ischaemic heart disease |
is managed at which health system tier (figure 7). This Liver cancer |
model is based on our understanding of current practice Lower respiratory infections |

in an archetype low-income or lower-middle-income
country, which could be in sub-Saharan Africa or Malaria |
south Asia. The model is also based on our understanding bre-edampsia |
of the type of treatment resources that might be available .
in a resource-limited environment where infectious Tubercuiogis

. . erculosis
diseases have been prevalent in the past three decades or CRErEIOst |
mOI:e _but nf)n-communlc'abl? . dlsease':s are' now Figure 7: Allocation of management of conditions, by tier and level of acuity
beginning to increase. Availability of diagnostic and  These 19 conditions are derived from predicted top 20 conditions in the global
treatment resources is generally related to local  burden ofdisease for 2030 and 2040 (atotal of 23 distinct conditions) in
epidemiology, such that resources for locauy prevalent table 4. Trauma (here) combines four global burden of disease conditions,
infecti di lari fi dil namely falls, interpersonal violence, road traffic injuries, and self-harm (table 4).
m ?C 1ous diseases (eg’. ma aljla) are often more readily Antenatal care refers to neonatal preterm birth (table 4). Neonatal
available at a more basic tier in the health systems than encephalopathy (table 4) is not included here (the level of care required is only
would be the case in an HIC. Conversely, resources for atreferral hospitals in most LMICs, and not widely available). Congenital defects
Complicated versions of non-communicable diseases are  (fable4)isalso notincluded here, given that more guidance i required for

. . . qers LMICs. Hence, 19 distinct conditions are shown. LMIC=low-income and middle-

often onl}r available at higher tier facilities than would be =~ iy
the case in an HIC.

Last, we used the link between conditions and tiers to

Lung cancer

Trauma

identify the diagnostics required at each level. For —

PALM diagnostics, this link was based on a model which 'C?eferral hospital e S oy
. . .. . .. T, MRI, ot ialised imaging; high- iqui
links the WHO essential medicines list to conditions OTel specie sed Imaging; gT pertormane At

chromatography; culture and antimicrobial susceptibility

and, subsequently, to PALM diagnostic tests (using ﬁ testing; microbial identification; automated nucleic acid «—>
evidence-based expert databases).” Published guidelines analyser; flow cytometry; immunohistochemistry
were then used to help allocate the management of MRI Nucleic acid testing

conditions to tier levels (Schroeder L, unpublished). This
model was expanded to include radiology, using
published guidelines.” Other conditions from the top 20
GBD diseases were added to the model that require
management and care but not necessarily medicines,
including antenatal care to address healthy pregnancy
outcomes, and trauma care. Chemistry analyser
The basic capabilities that are required at each tier are Primary health centre
given in figure 8, including primary health centres, first- POC ultrasound; POC laboratory tests; microscopy ﬁo
level hospitals, and higher level hospitals (appendix

pp 19-20). Notably, the diagnostic procedure lists are POC ultrasound Glucose meter

First-level hospital

X-ray; ultrasound; automated chemistry, immunoassay,
and haematology analysers; microscopy with stains;
benchtop analysers; slide agglutination

QUIDIPALLA|3] PUE LWA1SAS 11491 UDWINAAS

cumulative: higher level facilities need to be able to do all
procedures from lower level facilities (but not necessarily ~ Figure 8: Diagnostics capabilities required at each tier, to address top 20 future global burden of disease
using the same methods and equipment). Detailed tables conditions in national EDL (ie, GBD-20 EDL) ) ) T

£ which diti . hich d t which More complex equipment needs (and associated workforce skills) are required at higher tier facilities.
or whic COIl. 1 101’1.S require which procedures at whic EDL=essential diagnostics list. POC=point-of-care.
levels are given in a separate study (Schroeder L,
unpublished).
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Primary health centres are assumed to have the ability
to run rapid diagnostic tests, dipstick tests, tests requiring
basic equipment (eg, haemoglobinometer or glucometer),
and (preferably) ultrasound, which is part of WHO’s
recommendations on antenatal care for a positive
pregnancy experience.” First-level hospitals in our model
need automated haematology, chemistry, and immuno-
assay analysers and x-ray, as well as basic microbiology
and histopathology capability and capability to support
blood supply and banking. A variety of other more
specialised capabilities are desirable. Upper-level hos-
pitals need all the capabilities to support advanced
treatment, including advanced imaging capabilities
(eg, CT, PET, and MRI), as well as the more specialised
imaging capabilities required for ischaemic heart disease
and stroke. For cancer, referral hospitals need immu-
nohistopathology and molecular diagnostics, as well as
specialised imaging for breast cancer and bone scans for
metastatic cancer. Due to the expensive equipment
required, some countries have grouped equipment at
hospitals with specialised units (eg, cancer centres and
cardiac centres), while first-level hospitals in some
countries use a hub-and-spoke model for some of the
more specialised equipment and procedures.

If the GBD-20 EDL is compared with the WHO EDL
and the Indian national EDL, we observe many similarities
as well as some differences (Schroeder L, unpublished).
There are 97 PALM tests included in at least one of the
three lists. The WHO EDL includes 82 PALM tests; the
Indian national EDL includes 67 PALM tests, whereas our
GBD-20 list includes 58 PALM tests. Combined, these
three lists include 97 unique PALM tests. Because
diagnostic tests are not well standardised internationally
by name or format, some simplifying assumptions were
required: for example, the Indian national EDL includes
the test for thyroid stimulating hormone, but also
individual tests for components T3 and T4, and we treated
these three as one test. The WHO list does not include any
imaging tests, whereas the GBD-20 and the Indian
national EDL include essentially the same imaging tests.
The Indian national EDL includes other diagnostic tests
not appearing on the WHO or GBD-20 lists (eg,
endoscopy) from disciplines other than PALM and DI.
The Indian list also includes other public health tests (eg,
water supply tests).

The three EDLs have somewhat different purposes.
The Indian national EDL aims to meet national needs
and is tailored to Indian epidemiology, including a
number of tests for infectious conditions that are not as
common in other world regions. The WHO EDL evolved
initially from WHO guidelines for priority infectious
diseases, to which various expert groups, including
WHO working groups, have proposed the addition of
additional diagnostics. The GBD-20 EDL has been
developed from a narrower list of conditions as an
illustration of a template as to how to use evidence to
construct a list. Hence, although there are strong

commonalities (37 of the 97 PALM tests appear on all
three lists), there are also differences (31 of the tests
appear only on two lists, and 29 on only one list). The
37 PALM tests common to all lists are also very widely
used tests: almost all appear on the top 25 tests by volume
in a study of six referral hospitals in five countries.”

Limitations of the model for constructing the
GBD-20 EDL include that it only focuses on the
top 20 conditions globally by burden of disease for
two different future years (23 conditions in total), and
does not include many locally important conditions.
Importantly, the GBD-20 EDL does not include the
expanding range of investigations done outside of
primary health care under the democratisation agenda,
but such investigations should be linked into the system
in the future. Childhood conditions resulting in mortality
are weighted heavily in the years of life lost analysis.
However, conditions causing disability are under-
weighted because the global burden of disease dates of
2030 and 2040 are only available to date by years of life
lost rather than by DALYs averted. Equipment needs are
estimated according to technologies that are currently
available: it is possible that, by 2030 and 2040, there will
be new types of equipment permitting diagnosis and
diagnostic procedures to occur at different tiers in the
health system than is currently possible. Moreover, the
model does not include functions other than the
management of conditions; for example, surveillance for
infectious diseases or testing for safety of the blood
system are not included, which might or might not occur
in hospital laboratories. The model also does not
incorporate population density. In densely populated
regions, larger volumes of required tests or imaging
examinations might make it feasible to purchase larger
analysers or more expensive imaging equipment at
facilities lower in the health system.

The model is presently built using an archetype
low-income or lower-middle-income country. A future
enhancement could be to develop a fully computerised
model allowing the user to change the assignment of
condition management to tier level, and hence see how
diagnostic requirements change.

The key point of our GBD-20 EDL is that expanded
public provision (and financial coverage) of diagnostics
needs to be prioritised and evidence-based. No single
model is appropriate for all countries, but our GBD-20
EDL provides a framework that can be used as guidance
to use evidence to make decisions for individual country
situations.

Solutions: innovation in technology

In the past decade or so, there has been an explosive
expansion in diagnostic innovation involving almost
every aspect—technology, education and training,
workflow organisation, data analysis and management,
supply chain management, and even governance and
finance. Innovation in all these areas is necessary to
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address the challenges, but innovation that is based
primarily on technology, which is the area in which
expansion has been most dramatic, is considered in this
Commission. We are not going to discuss the advantages
of any particular test or technology because this will
vary by local needs, staff availability, and cost, but the
approaches that such technologies allow. There are
other groups and commercial entities that do periodic
evaluations of the state of diagnostic technologies
(eg, the Broadband Commission for Sustainable
Development).”

Three technology-based approaches have the greatest
potential for diagnostic transformation. The first two,
digitalisation and point-of-care diagnostics, bring
diagnostics closer to the patient, enabling the third,
democratisation, which puts diagnostic testing in the
control of the patient.

Digitalisation

Arguably, digitalisation has been the fundamental driver
and facilitator of the majority of the most important,
recent, innovations in diagnostics (figure 9). In 2018, a
World Health Assembly resolution recognised the
enormous potential of digital health to contribute to
advancing the objectives of the Sustainable Development
Goals and universal health coverage.” Subsequently,
in 2019, WHO released the first formal guidelines
recommending the use of digital health for health
system strengthening.” Several of the recommended
applications were relevant to diagnostics: targeted client
communication via mobile phone; client-to-provider
and provider-to-provider telemedicine; stock notification
and commodity management; training and education;
decision support tools; and tracking for treatment
initiation and monitoring."”

Information and communications technology is
fundamental to digitalisation, so all aspects rely on
effective information and communications technology
systems being in place. Within DI and PALM depart-
ments, information and communications technology-
based management and reporting systems, especially
when combined with digitised images, can improve
workflow.”” These systems can also improve quality and
safety through increased speed of reporting, reduced
errors, such as those arising via data entry, and increased
completeness of reports through wuse of synoptic
reporting.”™ The data produced by these systems can
also be used to manage the supply chain and can be linked
to outside organisations for public health epidemiological
purposes, such as disease surveillance and registries.

The use of digital images in DI and PALM is
changing education, quality assurance, and clinical
practice, but both disciplines are dependent on the
availability of information and communications
technology. Digital teleradiology is widely used and has
become standard globally. Notably, digital teleradiology
is used to address shortages of radiologists, especially
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Figure 9: Digitalisation facilitates innovative tools to support diagnostic testing

Digitalisation and its potential benefits rely on the integration of two particular technologies, namely information and

communications technology and artificial intelligence. This figure was produced by Catherine Hidalgo for this

Commission.

in remote locations. Although digital pathology has
been less widely used globally, it is now becoming
more common,™ and is being increasingly used for
primary diagnosis (ie, routine clinical reporting
without referral elsewhere). For example, in 2018, in
the UK, 31% of pathologists reported having used
digital pathology for primary diagnostics.™ In
Switzerland, this number was 20%." Interestingly,
this trend is being markedly accelerated by the use of
telehealth to deal with the off-site requirements of
COVID-19 lockdown. The breakthrough has been the
development of digital slide scanners, which provide
images of sufficient quality to allow primary reporting.
This development has allowed for the transmission
and interpretation of digitised slide images in a process
similar to that used by digital imaging. Furthermore,
digital slide scanners have similar potential to that of
digital imaging for provision of services, including
sharing cases for multidisciplinary meetings, obtaining
a second opinion, archiving cases, and servicing
remote locations.™

Outside of the hospital setting, information and
communications technology is essential for the imple-
mentation and management of point-of-care diagnostics
at remote sites and their integration into the health
system via mobile connectivity. Furthermore, one of the
great benefits of digitalisation and information and
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communications technology is the ability to provide
much more rapid and secure communications between
clinicians, and between patients and clinicians, than with
analogue systems. Although this contribution of digital
health towards equitable delivery of health services is still
impeded by insufficient mobile network coverage in
rural and remote locations globally, advances in mobile
networking technology, such as the introduction of
5G wireless systems, will support the implementation of
digital health in settings that have previously had
inadequate access to mobile network services.

Progress in technology, AI, and available data are
creating unprecedented opportunities for prediction
models to inform, personalise, and improve care.'®*
This progress is already affecting practice in DI.*** For
example, Al can provide workflow enhancements that
integrate with an electronic medical record to identify
patients who are at high risk or critically ill and prioritise
them for care.” An area of great interest is use of
computer-aided detection algorithms to help radiologists
identify easy-to-miss abnormalities. There are numerous
publications showing at least equivalent outcomes to
radiologists in the identification of such abnormalities.”
However, at this early stage, most people see Al as having
more of a triage role, filtering out obvious normal and
abnormal images, allowing trained staff to focus on the
difficult cases. In PALM, Al is much less established. Al
has been used in cytopathology for some time,” and
more recently, in clinical microbiology.”" Notably, Al is
increasingly being assimilated into histopathology.”*"* In
histopathology, examples of areas of interest include
biomarker detection and scoring (eg, via immuno-
histochemistry) and tumour detection and grading of
cancers.”™ A particularly valuable use is for exclusion of
negative cases.

In both disciplines, a further use is in enhancing the
diagnostic report. A final report is not a simple record of
the result—the pathologist or radiologist incorporates
information from several other sources, such as clinical
and demographic data and data from other diagnostics,
to rule out certain conditions, provide a definitive or
differential diagnosis, and give advice on possible therapy
or next steps. Most of these data are currently in free text
format. Although natural language processing can
extract relevant information from these other sources
and tie them to the case in point, Al can help to filter and
resolve these other data more accurately to provide a
more comprehensive and useful report.”

The uses of AI might differ slightly between HICs and
LMICs in a variety of ways; for example, prioritising
between Al applications to extract actionable data and
intelligence on health system performance, or automating
burdensome processes that require specialists who are in
short supply (eg, radiologists). In LMICs, data quality
might be an important issue that is preventing the
widespread and rapid adoption of Al. The use and outputs
of Al systems will be limited by the quality and accuracy

of the data being fed into the system. In HICs, Al use will
be driven by commercially licensed systems. LMICs
might need to rely on subsidised global goods made
available without the support of large medical technology
corporations to support the systems. LMICs might have a
lower bar for acceptance of Al as a primary diagnostic
system simply because the need is more urgent. Each
country will, however, make its own decision. UN-led
groups like I-DAIR are helping to set milestones and
lower the bar for high-quality Al systems to be introduced
in LMIC health systems.

Decision support systems are increasingly using Al
These systems help clinicians on clinical decision
making and provide guidance for best practice and
evidence-based management, based on a patient’s
clinical presentation. The functions of such systems
range over initial diagnosis, management of subsequent
disease, treatment, and prevention. These systems are
already in use in DI with benefits; for example, in
quality of care and patient safety and increased cost-
effectiveness.”™” To date, in PALM, these systems
are largely used in the non-anatomic pathology
disciplines."®

Given the transformative potential of digitalisation, the
Global Digital Health Index is an interactive digital
resource that has been created in an effort to benchmark
country-level capacity for information and communi-
cations technology, to inform and facilitate further
implementation.” This Global Digital Health Index
evaluates the use of digital technology for health within
and across countries, allowing national decision makers
to make better decisions about resource allocation.
The Global Digital Health Index also evaluates infra-
structure readiness for mobile-enabled technologies. For
example, as new technologies are introduced, their
capacity to scale and remain sustainable depends heavily
on the extrinsic factors, such as human capital, national
standards, and interoperability frameworks, as well as
the policy environment and regulatory environments.*”
Without adequate investment in these essential cognate
systems, on which end user and facility-based systems
rely, innovations will struggle to stay active beyond the
pilot phase. Government incentives to digitalise systems,
as shown in the USA with the Affordable Care Act and
Meaningful Use legislation, might be important to drive
ecosystem maturity.””

Point-of-care diagnostics
One of the key barriers to diagnostic provision has been
access at the so-called last mile; that is, in the community,
away from the hospitals and clinics where imaging and
laboratory services are located. This barrier particularly
affects poor people and people in rural locations and
illustrates why point-of-care diagnostics are important.
Although simple point-of-care diagnostics have been
around for many years (eg, a dipstick urine test for
glucose in 1956), addressing this need has driven much
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recent innovation and expansion.”” The essential
advantage of point-of-care diagnostics is the provision
of diagnostics beside or close to the patient, to allow
treatment and next-step decisions to be made rapidly
and as part of the same clinical encounter.”® Although
the primary use is outside of hospitals, point-of-care
tests can, of course, be used at any level in the health
system (eg, in the home, community, and outpatient
setting but also in the emergency room, intensive care
unit, or operating room of a hospital). A common
situation is to deliver a result (often within 15 min) to
guide acute emergency treatment. For example,
handheld and mobile ultrasound as well as x-ray can be
used in emergency rooms and in intensive care units,
in which patients cannot readily be moved. In less acute
situations, point-of-care diagnostics can allow a so-
called one-stop shop approach, in which the patient is
seen, tested, diagnosed, and treated during one health
centre or outpatient visit. Point-of-care diagnostics can
also be used to screen for a disease and to triage those
people who need further testing. Lastly, through self-
testing, self-sampling, and community use, point-of-
care diagnostics are key enablers of democratisation
of diagnostics and patient-centred care by putting
diagnostics more in the control of the patient.

In 2004, WHO defined the desired characteristics of
any point-of-care diagnostic with the ASSURED criteria
(ie, affordable, sensitive, specific, user-friendly, rapid
and robust, equipment-free or simple, deliverable to
end users). In 2019, Land and colleagues™ proposed
updating these to include real-time connectivity and ease
of specimen collection—REASSURED criteria. These
authors also expanded the equipment-free criterion to
include environmentally friendly.

Point-of-care PALM technologies can be split into
two categories. The first category is small handheld
devices, such as dipsticks, lateral flow strips, and
microfluidic devices, providing a limited (but increasing)
range of tests. Since around 2007, there has been much
interest in moving to paper-based devices for cost,
stability, and environmental reasons. The second
category is larger, often bench-top devices, which are
essentially laboratory instruments that have been
reduced in size and complexity. For example, the move
over the past 10 years to nucleic acid detection for
infectious diseases and for some cancer genomics has
been accelerated by the use of PCR and loop-mediated
isothermal amplification technology in small desktop
instruments (eg, GeneXpert). Another focus has been
the development of multiplex devices (ie, devices that can
analyse, detect, and measure a number of different
analytes from the one sample). The range of PALM
point-of-care tests is large and increasing, with use in
both hospital care and primary and community care.

Point-of-care DI is becoming more prevalent in the
marketplace, with even more advanced technology
coming down the pipeline. The technology most widely
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available is point-of-care ultrasound. This technology is
now used in a multitude of settings for many clinical
indications, from maternal and fetal health, to trauma,
and to communicable and non-communicable diseases.*
Although not represented in formal guidelines, because
handheld ultrasound devices can be powered by batteries
for use in situations where time is of the essence
(emergency room, intensive care), or the location favours
portable devices, authors have described effective use of
ultrasound in primary clinic facilities. Many experts agree
that ultrasound is a necessary baseline diagnostic imaging
intervention for all tiers of health delivery in LMICs.
When country rules and regulations allow, task shifting
for ultrasound might be considered with appropriate
supervision, attention to quality, and continued education.
Modern handheld ultrasound devices are cheap, portable,
user-friendly, and do not use radiation. Some devices have
the ability to diagnose specific cancers, even small breast
and liver cancers; others are less sensitive and are used
for disease processes that are easier to detect, such as
pleural effusion or pericardial effusion, or for procedural
guidance.

Both PALM and DI point-of-care handheld and benchtop
devices are increasingly electronically linked (eg, via
mobile phones) for quality control and for workforce and
supply chain management. Electronic linking also permits
linking to the patient's health record for disease
management, and to public health surveillance registries
for epidemiology and research. The devices can also be
linked to the Cloud to allow the user in a remote location
to stream a real-time image for expert advice. Increasingly,
Al and decision support systems are being incorporated
into point-of-care procedures to allow better result
interpretation and treatment recommendations (eg,
Al algorithms to position the ultrasound probe correctly
by correcting angles and settings automatically).”

In addition to ultrasound, x-ray units are still an
important diagnostic tool in many health-care settings.
Due to infrastructure limitations, many clinics have
turned to mobile x-ray units and even mobile stroke units
fitted with CT scanners that can be used to diagnose
strokes and allow for more timely clinical intervention.
In future, mobile CT and MRI technology will probably
become available.

The advantages of point-of-care diagnostics include
patient-centredness, rapidity, lower staff requirements,
reduced hospital attendance and, in the case of PALM,
avoidance of transport issues. The most important
disadvantage of point-of-care diagnostics is limited and
poor reliability.”” Reliability depends not just on the
performance characteristics of the actual test, but on all
elements involved in the testing (ie, sample collection
and preparation [PALM], result interpretation, and result
communication). All these elements rely on users being
adequately trained and having ongoing access to quality
control materials and technical support and maintenance
for instruments. Therefore, it is vital to incorporate
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adequate quality assurance and quality control into the
point-of-care testing protocols. Additionally, these point-
of-care diagnostics should only be used in situations in
which there are referral pathways and there is health-care
provider buy-in and patient trust. The other major
disadvantage is cost. Generally, the cost per point-of-care
laboratory test is considerably higher than tests done in a
central location, although the clinical advantages might
well outweigh the increased cost. However, in the case of
imaging, ultrasound is both highly portable and less
expensive than other forms of imaging.

Point-of-care procedures are best used in situations in
which speed is required or where access to a laboratory
or radiology department is not available, or both. Point-
of-care diagnostics have enabled enormous expansion in
access to diagnostics, especially for the populations with
least access to conventional diagnostics. This expansion
in access to diagnostics will only continue to grow in the
future, reinforcing their major role in solving the
challenges of delivering timely accurate diagnostics.

Democratisation of diagnostics

A major benefit of moving diagnostics into the
community is that of democratisation—the enabling and
empowering of patients to be more in control of the
diagnostic process.” For PALM, this approach can
involve self-testing (when an individual collects their
own specimen, performs the test, and interprets the
result—eg, home diabetes care and COVID-19 testing)
and self-sampling (when an individual collects their own
specimen and sends it away for testing). For both PALM
and DI, institutional testing and examinations (in which
testing or examinations take place in a pharmacy, school,
correctional facility, or other institution) is another
means of putting the diagnostic process more in the
control of the patient. As mobile health technologies
mature and become more widely used, patients and
providers will have better access to information regarding
the availability, cost, and quality of tests. All possibilities
improve uptake by giving people more choice around
when, where, and how to access diagnostic services.”*"
These methods are already beginning to transform
diagnosis in LMICs for diseases, such as HIV and
human papillomavirus.?>"

The process is being driven by several factors. For
example, for the top 20 diseases that are expected to
contribute to years of life lost in LMICs in 2020, a
diagnostic test that can be done at the level of primary
care exists for less than 50% of these diseases, and 90% of
existing tests require laboratories or hospital imaging
facilities (Kohli M, Adam P, unpublished). As a result,
many people delay or avoid seeking diagnosis due to
concerns over transportation, time taken out of work or
daily duties, and costs.”*** Similarly, stigmatisation
linked with particular diseases and marginalisation,
including sexual minorities and those in remote areas,
can also prevent people from seeking care.***

Democratisation clearly has the potential to transform
access to diagnostic tests in populations with the least
access at present. This approach can encourage early
diagnosis by expanding diagnostic procedures into
communities and homes. Furthermore, democratisation
can also relieve the health-care burden through triaging
of individual care and allowing appointments with
primary care physicians to be reserved for patients who,
for instance, have tested positive.®*** Ultimately, this
approach can lead to reduced health-care costs and
improved patient outcomes. Another benefit of this
process is that it facilitates involvement of local
communities in developing innovative solutions for their
own problems relating to health-care delivery. Innovation
incorporating such community involvement provides a
means to address the broad and complex range of factors
affecting health and, thus, successful delivery of universal
health coverage.””

The concerns around reliability and quality control,”**”
affordability, linkage to the care system,””* and trust,
including confidentiality and privacy, which apply to point-
of-care procedures, equally apply to the democratisation
process. However, given the strength of demand and
supporting scientific evidence for democratisation of
diagnostics, efforts are warranted to implement and scale
up existing procedures and programmes, and to develop
out-of-clinic options for other disease areas outside of HIV
and sexually transmitted diseases.

General principles for implementation of innovation
The above innovations will only lead to transformative
diagnostic solutions if implemented in accordance with
the local social, epidemiological, health system, and
political contexts.”! Addressing these constraints is urgent
and crucial. The WHO’s formal guidelines for digital
health and the Principles for Digital Development outline
key practices which provide a roadmap and advice on how
to do so.” There are several practices included: designing
technologies with and for the end user; understanding the
ecosystem into which the technology is being introduced;
designing for scale and building for sustainability;
emphasising the meaningful use of data, especially by
ensuring that data generated can be integrated into the
patient record and into national monitoring indicators;
and addressing privacy, confidentiality, and security.
Furthermore, a standards-based approach is vital to
increase system interoperability at all levels and to reduce
potential for conflict and confusion. International
standards, such as Digital Imaging and Communications
in Medicine have achieved near-universal adoption among
medical imaging equipment and software manufacturers
since the late 1980s. Breakthroughs in digital health record
standards, such as Fast Healthcare Interoperability
Resources developed by Health Level 7 International in
2011, have further expanded interoperability and
standardisation across systems, reducing barriers in
sharing and exchanging information. A particularly
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important requirement is the leveraging of open
technologies (eg, Open Source or Open Standards
approaches), thereby increasing the ability of low-resource
environments to absorb and adapt technologies. In 2020,
WHO has issued further guidance on addressing
the many issues around implementation of digital
interventions in health care.””

Diagnostics innovation in LMICs

One problem in the field of global health is an excessive
reliance on the so-called trickle-down model, in which
products and innovations are developed in HICs and after
a decade or two, they slowly trickle down to the LMICs
where the biggest needs are, and where technologies often
have the greatest impact.” As a result, today, almost all
LMICs are still highly dependent on laboratory reagents,
diagnostic kits, and devices (both PALM and DI) imported
from HICs. This reliance drives up the cost of diagnostics,
made worse by fluctuating disadvantageous foreign
currency exchange rates, which also pose budgetary,
supply chain, and sustainability challenges. This
dependence also has far reaching implications for
preparedness and resilience to disasters and epidemics.
Although implementation has been another matter, the
current COVID-19 pandemic has exposed very clearly how
only countries with strong research and innovation
capacity (mainly HICs) were able to rapidly develop viral
diagnostic kits.”**** Those countries with no or limited
capability or capacity had to depend on sending samples
away, purchase services, or depend on aid from the
international community, all at high costs and delay.

Additionally, diagnostics developed without cognisance
of geographical differences in disease biology and health-
care logistics might not be the best fit for LMICs. Emerging
research has shown genomic differences in breast cancer
between Asian and White women, underscoring the need
to validate test profiles and predictive rules developed in
White women before implementing them in Asia.”*
Design of laboratory information systems that are
unnecessarily complex for LMIC needs, or of DI
equipment vulnerable to unstable electricity supply, are
examples of prohibitive logistical challenges.

Building capacity in research and innovation in
diagnostics in LMICs will help to address some of these
issues. There are emerging examples (panel 6); however,
the challenges are large. In 2020, data from WHO Global
Observatory on Health R&D showed that HICs have
73 times more health researchers per million inhabitants
than the low-income countries and 7 times more than
lower-middle-income countries.”® World Bank Data
(2017-18) shows that the HIC spend, on average, is
2-56% of gross domestic product on research and
development compared with 1-51% LMIC spend,
0-60% by south Asia and 0-47% by sub-Saharan Africa.”
Despite this finding, success is possible.

We have outlined three of the most powerful and
promising areas of technology innovation for diagnostics.
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Panel 6: Country success stories in developing capacity in research and innovation

Several countries, such as India, China, South Korea, and Singapore, have shown a
substantial increase in technological advances. Strengthening the research and
innovation enterprise through international collaborations (be it North-South or
South-South), increasing the number of PhD students, creating biobanks, and forming
partnerships with industry are some well used approaches in capacity building. Another
strategic move is to proceed with new technologies of promise, such as next-generation
sequencing, artificial intelligence, and machine learning. A 2018 workshop convened in
the Philippines on improving the development and deployment of diagnostics in
southeast Asia described the bottlenecks and barriers faced by researchers.” Some
encouraging successes were shared, arising from the development of national
laboratories and the Association of Southeast Asian Nations Network for Drugs,
Diagnostics and Vaccines Innovation, cross-disciplinary collaborations, local
manufacturers, and harmonisation of regulations and shared diagnostic development by
disease. Moves by international research funders to ringfence grants for capacity building
(eg, the newly minted Medical Research Council UK Applied Global Health Research
Board 2020) continue to address the so-called 10/90 gap, in which only 10% of global
health research resources are applied to the conditions that form 90% of global disease
burden.””

A major outcome of developing capacity in research and innovation is the creation of a
pool of competent researchers and laboratories on which the country can rely for
solutions and crucial advice. For example, in 2020, an Indian molecular test for
tuberculosis was endorsed by WHO,? while China has several indigenous tuberculosis
molecular diagnostics.?° These products are already being scaled up in India and China.
In diagnostic imaging, an Indian artificial intelligence tool for CT scans of the head was
approved by the US Food and Drug Administration.*

Such research capability is crucial during epidemic and pandemic crises. For example, the
containment of the Malaysian Nipah virus outbreak in 1998-99 depended on the
discovery by a researcher at the University of Malaya (Kuala Lumpur, Malaysia) of a novel
Nipah virus as the agent, in what had been deemed a Japanese B encephalitis outbreak.””
In the current COVID-19 pandemic, the capability of China to identify the infective agent
rapidly and share its genomic sequences was invaluable in the rapid design and
implementation of needed PCR-based diagnostic tests. The technology on which the
molecular diagnostics tests for tuberculosis are based has been repurposed to also test for
COVID-19. Similarly, the rapid re-organisation and planning of the diagnostic imaging
services to adapt to local conditions during COVID-19 in Singapore shows the value of
such local expertise.”

Mostly, building national research and innovation capacity in all countries depends
heavily on the political will of governments in creating and sustaining a research and
entrepreneurship culture within their nations. The importance of advocacy for the
development, manufacture, and distribution of local diagnostics cannot be understated.
When governments are key stakeholders, geopolitical collaborations, harmonisation of
regulations, funder confidence, community acceptance, and scaling up are more likely to
be achieved. Without government involvement, it is probable that little or none of this
change will happen.

One particular advantage of all three is that, as cross-
cutting technologies, they can address the situation
across many problem areas. Additionally, and crucially,
these areas address the greatest need, namely provision
of diagnostics at the last mile, for which diagnostics are
largely absent. These innovative solutions might be
capable of providing the transforming power needed for
the delivery of universal health coverage and attaining
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the Sustainable Development Goals. Therefore, we
recommend that countries should, as part of any national
strategic plan for diagnostics, particularly focus on
innovations in digitalisation, democratisation, and point-
of-care diagnostics. These innovations provide excellent
opportunities for those countries with less well-developed
diagnostics systems. However, technology innovations
on their own cannot, and will not, be sufficient to address
the many challenges to providing good access to
diagnostics globally.** This provision also requires
changes in policy, governance, finance, and in removing
operational barriers.

Solutions: removing operational barriers

We described the various barriers at the operation level
that result in little to no access to diagnostics for at
least 47% of the global population. We propose
approaches to each of the main components—
infrastructure, workforce, and quality and safety— which
will address the issues and close this inequitable gap.

Infrastructure

The gaps in infrastructure needed to support diagnostics
cannot be solved by piecemeal approaches. Countries
will need systemic solutions. Not only will this approach
be more efficient, it will also be more affordable because
solutions can be standardised across many sites and
lead, through volume purchasing, to better pricing.
Standardised approaches would also permit tiered and
integrated diagnostic networks to function more
smoothly and efficiently with the use of standardised
equipment and technical support, improved supply
chains and operating procedures, and digitalisation. As
part of developing these standardised approaches,
countries and health systems need to develop
comprehensive, long-term systems of finance to plan,
build, and sustain the infrastructure needed to provide
diagnostics. Smarter purchasing methods could help to
make infrastructure more affordable.

More favourable infrastructure prices could result from
reducing the domination of the diagnostics and imaging
markets by a few firms based in HICs (figures 5, 6).
Incentivising new entry into this sector by firms based in
LMICs is a possibility, and international agencies, such
as the Global Fund, and non-profit organisations, such as
the Foundation for Innovative New Diagnostics (FIND),
are playing a role initiating this change. Countries can
also borrow techniques from the private sector, such
as online procurement and tendering, to improve
their supply chain (eg, implementing technology and
reviewing procedures regularly).

Managed Equipment Services partnerships are being
used in some countries. Under Managed Equipment
Services, firms enter into agreements with health-care
organisations to cover their needs over a multi-year
period via equipment leasing and provision of training.
Whether applied to imaging, laboratory, or intensive

care equipment, the general framework is the same, in
that these are performance-based contracts, which
demand that the instruments are functioning 98% of
the time. This mechanism has been used in several
HICs and was used in Zambia to supply equipment to
71 hospitals over 12 years,”” and in Kenya more recently
since 2014 to supply equipment to county hospitals.”
Although the management of hospitals has been
decentralised to the counties, for the assurance of
quality service, the Kenyan Government adheres to a
capitated fee arrangement (ie, the Ministry of Health
pays X amount per patient per quarter), which improves
the facilities’ ability to forecast costs. The result is that
individual facilities now have access to advanced digital
technologies, and the capacity to transmit images for
external review. The Ministry of Health is kept aware of
the functionality, rate of use, and application of all
machines in all facilities. The Managed Equipment
Services model ensures that governments are finally
dealing directly with vendors as opposed to aid agencies
or third-party re-sellers motivated solely by increasing
their sales volume. Vendors are motivated to excel in
their service provision, because they correctly see
LMICs as emerging markets, and because not doing so
would adversely affect their reputations.

The Managed Equipment Services model also has
downsides. Although the government gets a better price
by negotiating with a single supplier, there are risks of
over-reliance on this supplier over the long-term and
awarding big tenders can be associated with corruption
because of the high stakes involved. This model tends to
entrench the hold of existing major equipment suppliers
in the market while new entrants might find it hard to
compete in large-scale tenders, making it harder for new
suppliers from LMICs to establish themselves. Writing
the contracts for large tenders requires considerable
expertise; in Kenya, this process required an external
legal advisory firm and an external accounting and
consulting firm to help draft the contracts.* Even if
Managed Equipment Services contracts include training
of those operating the equipment, there remains a need
for training of clinicians as to how to interpret images
and incorporate them into clinical practice, which is a
national responsibility. Lack of training has meant that
equipment is underused in some counties in Kenya.

Public—private partnerships have also been used,
whereby the private sector incurs the capital costs and then
operates medical facilities and, depending on the local
circumstances, receives payment from private individuals,
private insurers, or from the national health insurance; for
example, in Ghana, this type of partnership has been
used.” Brazil is another example where public—private
partnerships in health care have been widely used.* In
Zimbabwe and Zambia, public laboratory facilities are
underfinanced. A substantial amount of medical laboratory
testing goes through the private laboratories and there are
a couple of well established private laboratory chains
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operating internationally accredited laboratories in
southern and eastern regions of Africa” A successful
public—private partnership in Moldova brought access to
DI services to 100000 people annually.** Another public—
private partnerships model (ie, Initiative for Promoting
Affordable and Quality Tuberculosis Tests) in India
reduced the price of WHO-endorsed tuberculosis tests by
nearly 50%,” and the model is now being replicated in
Pakistan and the Philippines.

Although public—private partnerships might have
benefits for access and quality, there are equity issues. If,
as often happens, the reimbursement from the national
health insurance is delayed or the reimbursement rate
for tests is too low to cover the full cost of tests, the tests
will not be accessible, and only wealthier households will
be able to pay out of pocket for diagnostic investigations.
With public—private partnerships, the key issue is to
design the incentives very carefully, such that there are
no unexpected adverse outcomes.

Irrespective of the investment mechanisms used to
address gaps in diagnostic infrastructure, solving
infrastructure problems in different health-care settings
should be a component of national strategic diagnostic
plans and should be tailored to local contexts.”
Assessments of the current states of different infra-
structure components, combined with clearly defined
target states, would allow for realistic planning, budgeting,
and implementation. When aligned with other parts of a
national diagnostic plan, this planning would allow for
acquisition and deployment of affordable, clinically
appropriate and resource-appropriate technology.

Expansion of the global diagnostics workforce capacity
Given the size of the shortfall, and the cost, required
infrastructure, and length of time needed to educate and
train a global workforce, using existing models of
education and training is unlikely to succeed in
expanding the global diagnostics workforce in any
reasonable time frame. To do so, novel approaches are
needed in education and training: use of telehealth and
Al redistribution of health-care tasks (ie, task shifting);
and changes in clinical practice and service delivery. In
combination, these approaches will increase both the
size as well as the efficiency of the existing and future
diagnostics workforce.

In order to expand the global diagnostic workforce in
a timely manner, fundamental shifts in traditional
approaches to education and training will be necessary:**
increased use of remote learning opportunities, which
have the potential to provide access to education and
training in areas where traditional learning is unavailable;
modification of curricula so they are driven by
development of competency-based skills reflecting the
local health and health-care context, built on a set of core
competencies that are applicable in all settings;**
emphasis on education and training programmes that
prepare individuals for lifelong learning and, in particular,
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provide the ability to quickly adapt to new technologies as
they emerge; establishment of robust and adaptable
Continuing Professional Development programmes
developed to help individuals continue and build on their
education, training, and experience and to provide
opportunities for skill enhancement; use of group
learning as an effective way of educating and training
professionals and promoting teamwork;”® and
implementation of regulatory systems to oversee and
monitor the effectiveness of these new models of
education and training, to ensure quality care.

Although the scope and scale of new education and
training systems intended to meet the needs for future
diagnostic capacity would vary from country to country,
there is precedent for the concept of progressive scaling
up of DI training in Myanmar (panel 7).

Telehealth can mitigate workforce deficiencies in a
variety of ways. This service allows for rapid professional
consultation and better patient care, and technology
can be incorporated into educational systems with the
goal of providing Continuing Professional Development
programmes to areas where they are otherwise
unavailable. Furthermore, access to integrated and
tiered diagnostic networks through telehealth leverages
existing workforce capacity for more timely referrals,
and access to such networks could also improve
recruitment and retention in rural areas, resulting in
an upward spiral of care for the community. Lastly,
telehealth allows for optimal use of resources that
otherwise might be used at less than full capacity.

Although some critics argue that centralised diagnostic
services will lead to brain drain and lack of capacity
building in remote areas, the potential benefits outweigh
these points.

In DI, advances in equipment and information
technology, especially the picture archiving and
communication system, have propelled teleradiology as
the foundation for remote imaging support all around
the world. Teleradiology services have been used for
years to support after-hours imaging for sites that
contract with radiologists who live in a different, suitable
time zone to interpret studies with rapid turnaround
times. In recent years, after-hours teleradiology services
have become a standard of practice for many DI groups,
both private and academic. Teleradiology services are
now both ubiquitous and expected.***

Teleradiology has proven to be a valuable tool to
mitigate workforce shortages in LMICs. The World
Federation of Paediatric Imaging has supported remote
expert interpretation of paediatric x-rays from under-
served locations for almost 10 years. Médecins Sans
Frontiéres started a telemedicine platform in 2010, with
the first DI case sent in June, 2011. Teleradiology
programmes have shown important intermediate patient
outcomes.””

In contrast with teleradiology, which has had
widespread use of digital-based interpretation for more
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Panel 7: The story of radiology training in Myanmar—progressive scaling up of
training that is fit for purpose

Yangon General Hospital (then known as Rangoon General Hospital) in Yangon, Myanmar,
was opened in 1911,* equipped with the latest modern medical facilities of its time,
including operating theatres. [t was not until after World War 2 that a Radiology
Department headed by Dr Tha Din was recorded. Dr Kyaw Aung, a young medical
graduate, was sent to the UK to train, and when he obtained the Diploma in Medical
Radio Diagnosis, he returned to Yangon General Hospital in the mid-1950s and assumed
headship of the department.*” The few radiologists who followed continued to be
trained in the UK or Canada.*”

In the late 1960s, a School of Radiology was set up in Yangon and, from 1972,

a summative examination called the Diploma in Medical Radio Diagnosis was introduced.
Training for a radiologist took 2 years, with the first 6 months spent on radiation physics
and radiographic anatomy. The remaining 18 months were spent on training in general
radiology and radiography, fluoroscopy, and conventional angiography. The training later
incorporated conventional CT and MRI as they became available. The intake for trainees
was once every 2 years (Lin TT, Past Head, Department of Radiology, Yangon General
Hospital, and Past President, Myanmar Radiological Society, Yangon, Myanmar, personal
communication).

In 1992, the Master of Medical Sciences degree in Radiology was established but the
training continued to be for 2 years, although the intake increased to annually (Lin TT,
Past Head, Department of Radiology, Yangon General Hospital, and Past President,
Myanmar Radiological Society, Yangon, Myanmar, personal communication).

The curriculum was progressively expanded with the introduction of spiral CT and digital
angiography. As a result, in 2014, the Master of Medical Sciences degree in Radiology
course became 3 years long to fit in this expanded curriculum. With the advancement of
imaging technology and the increased access to imaging equipment in Myanmar, this
course had increased to become a 4 year course in 2018. Currently, with this programme,
approximately 90 radiologists are trained every year. There are presently more than

650 active radiologists, serving a population of 54 million (Lin TT, Past Head, Department
of Radiology, Yangon General Hospital and Past President, Myanmar Radiological Society,
Yangon, Myanmar, personal communication).

The story of how the training of radiologists evolved in Myanmar over the past 50 years
can be atemplate for other low-income and middle-income countries. At every stage,
the training was designed to train the radiologist to be fit for purpose, based on the
available imaging modalities within the health system. As more advanced imaging
technology became accessible, training was then ramped up progressively, both in
duration and in the number of radiology trainees.

than a decade, telepathology is only now emerging as a
common tool for routine clinical practice due to the more
recent emergence of commercial digital systems."*!
Telepathology has the potential to expand access to
laboratory diagnostics much in the same way as
teleradiology already has done.

More widespread use of Al technologies, particularly

clinical decision support, will cause shifts in the roles of

diagnostic workers in both PALM and DI and has the
potential to expand the effective workforce capacity,
helping mitigate projected shortages in the absolute
number of workers in global diagnostics.?**

Task shifting has been defined as “a process whereby
specific tasks are moved, where appropriate, to health
workers with shorter training and fewer qualifications. By
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reorganising the workforce in this way, task shifting can
make more efficient use of existing human resources and
ease bottlenecks in service delivery. Where further
additional human resources are needed, task shifting
may also involve the delegation of some clearly delineated
tasks to newly created cadres of health workers who
receive specific, competency-based training”.**

Task shifting of diagnostic image interpretation and
reporting from radiologists to radiographers has been
used since the 1990s, primarily in the form of annotating
or reporting appendicular skeletal x-rays from emergency
departments in countries such as the UK and Australia,
with acceptable accuracy and fast turnaround times.””
Role extension of radiographers also is being tested and
is taking new directions in LMICs. In Ghana,
radiographer-led reporting is thought to be the
professional practice most likely to deliver local patient
benefit, and there is evidence that radiographers can
report select radiographs as accurately as radiologists.”
Senior radiographers reporting appendicular skeletal
trauma radiographs in a South African hospital achieved
higher reporting accuracy and sensitivity than medical
officers.” Task shifting for breast ultrasound has
been initiated as an alternative to mammography in
low-resource areas and is considered an appropriate
option considering the absence of infrastructure for
mammography programmes.”””* WHO recommends at
least one ultrasound during pregnancy and notes that the
intervention can be task shifted from sonographers or
physicians to trained nurses, midwives, and clinical
officers, provided that on-going training, staff retention,
quality improvement, and supervision are ensured.”?*

Task shifting also could have a greater role in PALM as
countries move towards tiered and integrated diagnostic
networks. The base tier, in which patient care and
diagnostic investigations occur in the community or
outpatient clinic setting, will require a limited set of
diagnostic investigations with rapid turnaround time so
that test results can be used to guide treatment during that
visit. This point-of-care testing often uses technologically
straightforward tests, such as urinalysis, that do not
require the expertise of trained laboratory personnel.
Robust systems for quality oversight are needed,
considering that most people doing the tests are not fully
trained laboratory personnel and most point-of-care tests
are less accurate compared with tests done by large
analysers in clinical laboratories. Pre-analytic variables,
such as self-collection or sample size, can cause
pre-analytic errors. Despite those challenges, shifting the
task of basic laboratory testing to the clinic level has been
done successfully for several tests and can result in
amplification of the diagnostic workforce without the
need for additional personnel in many settings.”

However, there is not full support for task shifting in
every setting. In China, for example, despite the majority
of health workers having positive attitudes towards task
shifting, numerous barriers to implementation included
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financial support, perceived heavy workloads, low wages,
and high turnover of providers. In the Philippines, a
survey showed that delegating HIV counselling and
testing to lower level health workers was feasible but not
acceptable due to inadequate skills and patient
perceptions.” Moreover, in many countries, it is not
clear that there are sufficient numbers of other people to
whom tasks could be shifted or shared. Without excess
capacity among those people, task shifting or sharing
could have the unintended consequence of reducing the
time available for other equally important activities and,
by adding job complexity and increasing workload,
decrease work quality.*? Furthermore, merely shifting
emphasis away from one health-care activity to another
will probably have adverse effects on other parts of health
systems that are already strained to meet existing
demands.”® However, when implemented along with
other changes in health systems, including proper
training and supervision (and certification where
appropriate), financial remuneration, access to the
diagnostic equipment and supplies necessary to do jobs
adequately, physician oversight and support, and effective
management, task shifting has the potential to reduce
costs and improve the efficiency of health systems.?**+2

To maximise professional satisfaction, provide optimal
patient care, and make health systems efficient, individuals
need to work at the top of their licence—make full use of
their educational background, skill set, and experience.?¢**
However, there is wide recognition that there is a mismatch
between the skills of many health-care workers and what
they do in their roles in health systems.* This mismatch
includes both over-skilled workers (which wastes their
education, training, and experience) and under-skilled
workers (which creates risks to quality of care and patient
safety).” In one analysis of OECD countries, “around
70% of doctors and 80% of nurses reported being
overskilled for some aspects of their work, while about
50% of doctors and 40% of nurses reported being
underskilled for other tasks”*® In reality many
practitioners in LMICs actually practice at the bottom of
their licence and in very limited scopes of practice:
specialists end up reading plain films instead of MRI scans,
pathologists have access only to basic histology, and
laboratorians provide only rudimentary laboratory tests.
Solving this problem will require the development of fully
functional health systems, including integrated diagnostic
systems that are well resourced and align diagnostic roles
with local health-care needs so that individuals can make
full use of their skills. Minimal improvements in service
delivery or health outcomes will be achieved by expanding
global diagnostic workforce capacity if the workforce
cannot work to its fullest ability. Allowing the workforce to
work to its fullest ability also is important for “promoting
greater return on the substantial investment of time and
money in educating and training health professionals”.*
This change is also likely to improve staff retention by
increasing job satisfaction.
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Because of the lengthy time horizon and large
investments required to develop and scale solutions to
increase global diagnostic workforce capacity, sustained
commitment will be crucial. Country involvement will be
needed to align local needs with potential solutions and
educational curricula. In many countries, ministries of
health and education have overlapping jurisdictions over
educational and training systems for health care, and
ministries of finance allocate funding. Long-term
agreement and coordination among these bodies will be
essential for strategic alignment and to develop sustainable
funding for education and training systems. Furthermore,
multinational involvement will be vital, considering that
such organisations could endorse actions such as
developmentandreporting of an updated WHO framework
for scaling workforce capacity. Additionally, the 2006
WHO document remains useful but does not include a
description for adapting to rapid changes in technology.”
In addition to the points made in the 2006 WHO
document, WHO could: require member states to report
country-specific workforce data on a periodic basis; create
a forum for public and private partners to develop
recommendations for staffing models and to help guide
the development of education and training systems; and
encourage development of common education and
training curricula and standards to facilitate rapid
deployment to countries as is appropriate.

Quality and safety

It is counterproductive to expand access to low-quality
diagnostics. Not only does this have the potential of
harming patients, practitioners can lose confidence and
discontinue use of what they perceive to be of low value
in clinical care.®”#"* The use of low-quality diagnostics
also results in waste of resources, which is a concern
particularly in low-resource settings.

For PALM, exporting systems for standards and
accreditation systems from HICs to LMICs is impractical
due to their complexity and cost. For LMICs to have access
to these systems, they need national strategic plans for
diagnostics that include systems for standards and
accreditation as part of their regulatory frameworks. These
frameworks need to be adaptable to local needs, especially
to reflect the different circumstances between urban and
rural health systems. Development of country-specific and
resource-specific External Quality Assurance programmes
that can be implemented and maintained in low-resource
settings should be a priority. An example of how these
programmes can be developed is that of China’s system of
medical laboratory accreditation (panel 8).

For DI, programmes need to be developed that ensure
regular and systematic review of all diagnostic processes,
procedures, and safety standards necessary to provide
quality services. For example, quality control testing on all
equipment should be regularly done and radiation, MRI,
and ultrasound safety programmes should be guided
by national and international regulatory standards.
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Panel 8: Evolution of External Quality Assurance programmes and accreditation for
medical laboratories in mainland China—a focus on clinical pathology

China’s system of medical laboratory accreditation has evolved considerably over the past
40years. In 1981, when the National Centre for Clinical Laboratories was founded, medical
laboratories had few tests, reagents, and professional staff, as well as suboptimal
management methods.” The National Centre for Clinical Laboratories mandate includes
organising External Quality Assurance, developing reference methodology for tests (mainly
related to ISO 15195), and External Quality Assurance programmes provided by the
National Centre for Clinical Laboratories, in which more than 6000 medical laboratories
participate;”* many provincial-level clinical laboratory centres also develop External Quality
Assurance programmes with an even larger number of participants. Stringent laboratory
assessment, including satisfactory performance in national External Quality Assurance
programmes, is an integral requirement for accreditation of public grade 3 (ie, the higher
level) hospitals, and grade 2 hospitals must similarly participate in the provincial
programmes. 7>¢ Participation of private laboratories in External Quality Assurance
programmes is encouraged everywhere and is compulsory in some provinces.”” 2%

What is now called the China National Accreditation Service for Conformity Assessment
was established in 1994 and joined the International Laboratory Accreditation
Cooperation in 1996. The first international accreditation of a medical laboratory in China
was received in 2003 under ISO/IEC 17025, which covers industrial laboratories,” and the
first international accreditation of a hospital laboratory was received in 2005 under

ISO 15189, which applies to medical laboratories.”? In 2006, CNAS-CLO2 was issued as the
official document for medical laboratory accreditation, which is updated continually
according to the latest update of ISO 15189.%* That same year, the National Centre for
Clinical Laboratories Regulation for Management of Medical Laboratories was approved.
This regulation is compulsory for all medical laboratories; however, the requirements are
more basic than those of laboratory accreditation.?® In 2015, the China National Health
Commission issued 15 quality indicators for clinical laboratory medicine that cover the
pre-analytical, analytical, and post-analytical phases of testing.?**

As of April, 2020, 431 medical laboratories had received ISO 15189 accreditation,
primarily clinical pathology laboratories in tertiary-level hospitals located in cities.
An impressive rising trend is observed, yet there are major regional differences:

a substantial proportion of accredited laboratories are located in the relatively more
affluent and populated major cities and provinces in eastern China. A similar pattern is
also observed among the 71 laboratories in China that are accredited by the College of
American Pathologists.
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China’s example shows that it is possible to make substantial progress on quality
assurance and accreditation but also that it takes time to extend this effort across a large
country.

Interpreting providers should undergo a regular
comprehensive clinical audit, or peer review, to check
performance against standards. Executing this highly

matrixed systemic approach to quality is costly in terms of

financial and human resources.””

Systems to maintain quality in DI and PALM are most
similar at the stage of professional interpretation
by radiologists and pathologists (ie, professional
competency). In order to assure quality at this stage,
regulatory frameworks will need to mandate how health-
care organisations and facilities verify the education,
training, and certification of professionals, as well as how
professionals are assessed for competence on an ongoing
basis through participation in Continuing Professional
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Development programmes, through their professional
organisations, or other mechanisms. As the use of digital
diagnostic systems becomes more widespread and
teleradiology or telepathology are used for diagnosis, the
quality of images, adequate transmission of images,
turnaround time, patient confidentiality, and availability
of relevant previous images are paramount. As digital
diagnostic systems become more integrated with
Al systems, particularly for providing primary diagnosis,
it will be imperative that this integration be done in
conjunction with quality systems designed to ensure
accurate interpretation.

The novel approaches outlined address some of the
operational barriers to expanding access to diagnostics.
For infrastructure, there are some possible options
for innovations in purchasing. For workforce, we
recommend major changes in content and delivery of
curricula to provide staff who are more flexible and
digitally literate. This recommended change, along with
telepathology, teleradiology, Al, and task shifting, could
mitigate workforce shortages. For quality and safety, we
recommend that countries should develop appropriate
regulatory frameworks to ensure both professional com-
petence and quality assurance and control of equipment,
particularly as use of digital diagnostic systems grows
and becomes more closely linked to AI systems for
interpretation.

Solutions: improving policy, governance, and
financing

Governance and financing are the two key underpinning
factors in the WHO building blocks for health systems.
We take up solutions to some of the key impediments
relating to the current status of governance, and then
examine ways to increase financing for diagnostics.
However, to address the low visibility as the key cause of
diagnostics under-resourcing, we first address the need
for a powerful advocacy programme.

Advocacy
The crucial role of diagnostics in good health care is
under-recognised and under-resourced. The inclusion of
universal health coverage in the Sustainable Development
Goals provides an opportunity to highlight the importance
of diagnostics, and the COVID-19 pandemic has made
the topic top of mind. An advocacy programme directed
at national governments to develop, fund, and implement
national strategic diagnostic plans is, therefore, vital.
All levels need to be involved: national governments,
diagnostics professionals, clinicians (especially those who
currently use presumptive treatment, due to limited
access to quality diagnostics), patients, and the public.
Marshalling this effort globally over a long period of
time would be best served by the creation of an
international partnership model involving the national
advocacy groups, other interested parties, and a global
coordinating body. There are many examples of such an
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international partnership model, including Scaling Up
Nutrition, Nursing Now, the Global Fund, and Gavi, the
Vaccine Alliance. The coordinating body can help to
provide leadership and continuity, advocate both by itself,
butalso facilitate advocacy by others, foster transformative
change, provide advice to governments and other relevant
bodies, build partnerships for market shaping, collect
accurate data to underpin the case, monitor progress,
raise necessary funding, and more.

One such multi-stakeholder partnership with diagnostics
for COVID-19 as one its four pillars, was launched in
April, 2020, the Access to COVID-19 Tools.”® However,
what is needed is a broad Diagnostics Alliance, covering
both infectious and non-infectious diseases and ensuring
that diagnostics are appropriately incorporated into, for
example, universal health coverage programmes. Such an
alliance would not conflict with organisations such as
WHO, which have a responsibility for the totality of health,
but rather, by focusing on the issues relevant to diagnostics,
can inform their decisions. Several calls for such a broad
Diagnostics Alliance have been made in the past few years
by academics,® and in response a new partnership
between FIND and WHO was created in 2020.* An early
objective should be the adoption by the World Health
Assembly of a resolution on the need for countries to
develop a funded strategic plan for diagnostics.

Using governance to make diagnostics more accessible and
available

There is a scarcity of national strategic plans for
diagnostics. Clearly in the absence of such a planning
framework, it is difficult to ensure comprehensive
national diagnostics provision. Such a strategy is essential
and should cover all the required elements, including
workforce, education, infrastructure, supply chain, and
regulation. The strategy should also incorporate an EDL.
We envisage that an evidence-based, integrated, and tiered
network for diagnostics would form the fundamental
basis of such a plan, consisting of a network of laboratories
or radiology departments, distributed across various tiers
of hospitals and primary care, and running services as an
integrated whole. The network would share patients, staff,
equipment, supply chain, purchasing, communications,
education, quality control, and specimen transport, and
could be at national or regional level.

Such a network has been widely recognised as an
efficient and effective model for the delivery of care in
several specialties, including PALM (Horton S,
unpublished), surgery” cancer,” and primary care.””
Among the advantages are continuity of care and
improved patient experience, interoperable systems,
reduced variance, and sharing of resources, knowledge,
capacity building, and advocacy. A key element of the
network should be the adoption of innovations, such as
digitalisation, point-of-care diagnostics, and democratisa-
tion, to address the crucial last-mile gap. However, having
a plan is not enough. The national strategic plans need to
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be appropriately funded to allow for sustained and
effective implementation.

Using governance to make diagnostics safer

Having a national regulatory framework is an essential
precondition for making diagnostic devices safer. However,
if national frameworks are too differentiated, then it makes
it harder for manufacturers to conform to multiple
formulations and requirements. Two main solutions are to
rely on international recognised authorities to inform
national decisions or to use regional harmonisation among
countries with broadly similar needs. Among the HICs,
mutual recognition agreements have led to the US Food
and Drug Administration and the European Medicines
Agency Conformité Européenne mark as indicators of
quality and safety of medical devices.® For LMICs,
WHO prequalification has often been used.

Prequalification by WHO is important because LMICs
have different diagnostic and medicine needs from the
USA and European countries, due both to major
differences in epidemiology and resource availability.”*
Increasing funding for this WHO function would permit
faster processing and expanding of the focus of
prequalification beyond infectious diseases and medicines
that are essential for reproductive health. Prequalification
could also be expanded to cover diagnostics for bacterial
and fungal culture, which would be helpful for
antimicrobial susceptibility testing. In areas for which
there are no prequalified diagnostics, LMICs have
sometimes relied on purchasing decisions by other
international agencies, such as UNICEF or the Global
Fund, to advise national purchasing selection decisions.

The second main regulatory option has been to
encourage regional harmonisation of regulations to
simplify the process of supplying diagnostics, and
to use pooled expertise to improve quality and safety.
Similar to the efforts for medicines, there are various
regional organisations for harmonisation in diagnostics,
including the International Medical Device Regulators
Forum and the Asian Harmonisation Working Party.
The International Medical Device Regulators Forum has
ten members, mainly HICs with the addition of Brazil
and China, whereas the Asian Harmonisation Working
Party has 22 members. Although Latin America and
Africa have harmonisation initiatives for medicines,
they are not yet well established for medical devices. In
Africa, the harmonisation effort even for medicines has
been somewhat slow to produce successful results.”*
Latin America has longer experience in this area and
has been able via the Pan American Health Organization
to negotiate group prices for some vaccines.

There are four key areas in which harmonisation for
medical devices would be valuable, including a common
submission dossier for new products (the EU being the
only successful example of this so far), convergence in
the auditing of quality systems, reducing duplication in
studies of clinical effectiveness (ie, being prepared
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Panel 9: Strengthening governance around diagnostics—India’s experience

Over the past decade, the Government of India has taken steps to give diagnostics a
suitable place in the health system. Under the National Health Mission, India launched the
Free Diagnostic Services Initiative programme in 2015 to improve the overall quality of
health care and patient experience by ensuring availability of a minimum set of
diagnostics.® One immediate aim of this programme is to screen patients for
non-communicable diseases and to enable secondary prevention measures. A longer term
aim is to reduce out-of-pocket expenditure. The Free Diagnostic Initiative has been taken
up by almost all states in India and, using the national essential diagnostics list, will help
standardise implementation of the ongoing state-level initiatives, with corresponding
operational advantages.

Capacity to undertake diagnostic testing at different levels of health care requires
resources, trained staff, and investment to strengthen the laboratories. The Indian Public
Health Standards provide the benchmarks for public health care infrastructure planning
and upgrading.? The Indian Public Health Standards are revised every few years to
incorporate the latest needs and requirements and are currently being revised to
accommodate the requirements of the Free Diagnostic Initiative.

India also has a large number of private diagnostic laboratories (offering pathology and
laboratory tests or diagnostic imaging services, or both) that cater to a sizable proportion
of the Indian population. The scarcity of regulation in the private sector resulted in
deficiencies in service quality and a proliferation of laboratories not following standard
protocols, leading not only to compromised patient safety but also problems of
accountability in health-care costs. To standardise the health-care services, the
Government of India enacted the Clinical Establishments (Registration and Regulation)
Act, 2010, which makes registration compulsory for running a clinical establishment,
including a diagnostic laboratory. The minimum standards for medical diagnostics
laboratories have been revised further in the Clinical Establishments (Central Government)
Amendment Rules, 20182 The latest amendment specifies the minimum standards of
facilities and services for all clinical establishments relating to diagnosis or treatment of
diseases, dealing with pathological, bacteriological, genetic, radiological, chemical,
biological, or other diagnostic or investigative services.

In the absence of a stringent regulatory process for diagnostics in the past, poor-quality
diagnostic tests made their way into the Indian market. To circumvent the issue of
poor-quality tests, the Government of India introduced the Medical Devices Rules

in 2017, and laboratory tests and diagnostic imaging devices are now regulated under
this new rule, including risk classification for laboratory tests. Most laboratory tests now
require approval for use in India, as well as import licences and performance evaluations,
to receive approval for marketing. The new rules are well defined and are intended to
boost manufacturing capabilities, reduce import product dependence, and increase
market size.

to recognise trials in another country with similar
demographic and epidemiological characteristics), and
participating in networks of information on post-market

surveillance; for example, using regional networks of

accredited laboratories and imaging departments.”” It is
probable that some combination of better funding for the
WHO prequalification process, combined with steady
efforts at regional harmonisation, could be beneficial.
Progress on this agenda could be facilitated by a
Diagnostics Alliance.

Technical assistance in designing appropriate
regulations is needed, from technical agencies such as
WHO. An example of a country that has experience in
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strengthening the governance framework for diagnostics
is India (panel 9).

Distinct from devices, practice recommendations and
practice guidelines for appropriate use of diagnostics
are another aspect of governance involving health
professionals and are important to guard against both
under-testing and over-testing. Recommendations and
guidelines might be voluntary (eg, established by the
medical profession to improve practice) or mandatory
(eg, to achieve accreditation, or to avoid litigation, or to
receive reimbursement from insurance). Many hospitals
worldwide have stewardship committees to monitor the
use of laboratories and the more expensive imaging
devices. The Choosing Wisely campaign aims to promote
discussion between patients and health professionals to
avoid unnecessary tests and treatments, but so far is
active primarily in HICs.

Using governance to make diagnostics more affordable
National governments might be able to make diagnostics
more accessible by focusing on a national EDL that helps
to prioritise resources. India has developed the first such
national list,*? building on the WHO’s list that was issued
firstin 2018 (panel 10). National governments also increase
affordability of diagnostics by borrowing aspects of the
organisational mindset from the private sector. South
Africa’s National Health Laboratory Service has a very large
capacity for HIV viral load testing (10 million assays
per year)™ and, due to efficiency and volume, achieves one
of the lowest prices in the world for purchasing these tests.
One technique the National Health Laboratory Service
uses for efficiency is to require supplier registration and to
offer framework agreements (tenders) for periods of up to
5 years. Kenya used a similar tendering system to upgrade
imaging systems across 47 counties,” which can help to
get better maintenance and training than if counties used
equipment from different suppliers. However, with
long-term tenders it is important to rotate preferred
suppliers periodically to retain some competition among
suppliers. This is similar to Managed Equipment Supply.
This same emphasis on strategic use of procurement
is used by international organisations such as the
Pan American Health Organization, UNICEF, and the
United States Agency for International Development,
and many of the organisations established in 2000
onwards (eg, Clinton Health Access Initiative, the
Global Fund, Unitaid, and Gavi, the Vaccine Alliance, all
of which purchase diagnostics). These organisations
use pooled procurement (one component of a so-called
market-shaping strategy), combining purchasing power
across multiple countries and multiple years to leverage
better prices. The Global Fund, for example, also uses
other mechanisms, such as long-term framework
agreements with suppliers and an online procurement
tool, Wambo.” Of the $821-6 million in products
procured through the Global Fund’s pooled procurement
mechanism in 2018, 13% was for diagnostics. Empirical
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Panel 10: The making of India’s national essential diagnostics list (EDL)

The Indian Council of Medical Research, the nodal body for
medical research in India, steered and coordinated the process
of building a national consensus on a national EDL. The
national burden of disease and endemicity of diseases like
dengue, cholera, and Japanese encephalitis virus infection were
taken into consideration while drafting the list. Considering
that the feasibility of conducting tests at every level depends on
adequate logistic support, the equipment and human resources
which were being provided at different levels of health care by
the Indian Public Health Standards were referred to before
recommending the diagnostic tests for each level of health care
in the public sector. Stakeholders (including all the programme
managers for HIV, tuberculosis, malaria, and dengue
programmes, to name a few, experts from the Free Diagnostic
Initiative, National Health Systems Resource Centre, New Delhi,
India) and independent experts (including clinicians,
microbiologists, pathologists, and radiologists) were part of the
consultative decision making process. A key innovation was the
inclusion of diagnostic imaging in India’s national EDL, which
differs from the WHO EDL.

The first draft of the national EDL was posted on the Indian
Council of Medical Research website for public comments in
December, 2019. The responses received were examined by an
expert group and all suggestions were discussed for their merit.
The suggestions that qualified the requirements of the EDL were
included in the final EDL list, which was released in

August, 2020. The implementation of the EDL list is the
responsibility of the Ministry of Health. The Free Diagnostic
Initiative is the programme under the National Health Mission

studies suggest that pooled procurement has indeed
been associated with declines in price and improve-
ments in quality of malaria rapid diagnostic tests, as
well as reductions in the price of malaria treatments
and insecticide-treated nets.”® One issue with such
mechanisms is that when countries graduate from
eligibility to accessing the pooled procurement, they
face price increases. Although graduation is typically
associated with increased income, there can remain
pockets of vulnerable groups that lose access when
prices increase. Individual countries have also used
such market-shaping policies to make diagnostics more
affordable, such as the Indian Initiative for Promoting
Affordable and Quality Tuberculosis Tests involving
tuberculosis diagnostics.*”

Other international organisations have focused on the
innovation space to increase affordability. International
organisations, such as FIND and the Coalition for
Epidemic Preparedness Innovations, can help smaller
manufacturers, often in LMICs, to bring products to
market. A recent example of local production is the
partnership between the Pasteur Institute of Dakar and a
British Dbiotechnology company with support from
the UK and the Bill & Melinda Gates Foundation, which
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to roll out the diagnostic programme and was part of all the
discussions, and subsequently adopted all the tests proposed in
the national EDL.

Recommendations for countries wanting to have their own

national EDL:

» Understand the burden of disease in the country and local
needs like endemicity of any region-specific diseases
(eg, malaria, dengue, and chikungunya).

« Assess the current availability and existing programmes to
deliver diagnostics, and willingness by the government to
support diagnostics.

« Initiate discussions at different fora around the importance
of making diagnostics an integral part of health care.

« Identify champions for diagnostics within the country and
seek their help in initiating discussion and mobilising the
process.

- Finalisation of the national EDL list should be a
participatory process, in which concerns of most
stakeholders should be taken into consideration. It is not
possible to please everyone.

+ Build a case for having a comprehensive system for
delivering diagnostics rather than one with silos and present
it to the Ministry of Health. Suggest how having single
laboratories for all programmes will lead to shared
equipment and human resources, thereby saving resources.

«  Push for a regulatory framework to ensure that only quality
diagnostics are registered for sale in the country.

« For sustainability, have government funding committed to
this effort and do not initiate this with donor funding alone.

aims to produce inexpensive COVID-19 point-of-care
tests in Africa.*®

Although market-based solutions are a viable option,
some other organisations eschew the focus on market
mechanisms, in favour of a more equity-focused
approach. Existing efforts have been primarily directed at
medicines; however, these efforts can equally apply to
diagnostics. Several organisations use a rights-based
approach rather than incremental change. Médecins San
Frontiéres’ Access Campaign website states “[w]hat we as
a civil society movement demand is change, not charity”.*®
The Ecumenical Pharmaceutical Network’s vision is “[a]
valued global partner for just compassionate quality
pharmaceutical services for all”.** The Treatment Action
Group was key in the movement to getting equitable
pricing for antiretrovirals for HIV/AIDS and, more
recently, has applied similar efforts to diagnostics, such as
the Time for $5 campaign for GeneXpert cartridges.™

Experience with medicines suggests that some
combination of all the tools we have addressed is needed
to make diagnostics more affordable—ie, technical
efforts at improving the supply chain, market shaping
involving international organisations, and grassroots,
rights-based advocacy.
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When governance breaks down: diagnostics in fragile and
conflict states and global health security
Diagnostics is a key part of global health security. Nearly
a third of the world’s population now live in fragile and
conflict settings. There are now over 52 active conflicts
in 36 different countries, which has led to over
70 million forcibly displaced people (refugees and
internally displaced persons); the vast majority of these
people have been displaced as a result of armed conflicts,
political violence, and human rights violations.”*** This
finding includes around 25-9 million refugees and
stateless people who are living in fragile contexts in other
countries. These dynamic and complex therapeutic
geographies mean that diagnostic innovation needs to
reflect more complex, challenging settings (eg, humani-
tarian camps, formal refugees, settled poor rural-based,
urban-based, and internally displaced people) with very
different health actors (such as military, private, public,
community and hospital actors).™

Diagnostics are also crucial for pandemic preparedness
and response. The COVID-19 pandemic has exposed
fundamental deficits.®® In parallel, several infectious
disease outbreaks are ongoing in the poorest parts of the
world, with, at the time of writing, Ebola and monkeypox in
the Republic of the Congo, cholera across eastern Africa,
and Lassa fever in Nigeria.”* New and emerging threats of
infectious diseases have moved to the centre of national
security responses with diagnostics fast becoming a central
part of defence and security doctrines, in which the security
sector is having a growing role in biosecurity preparedness
and response; for example, the US Department of Defense
(Uniformed Services University and Veterans Affairs),
the UK Ministry of Defence (Defence Medical Services and
Defence Science and Technology Laboratory) and
Totalforsvarets  forskningsinstitut  (Swedish  Defence
Agency—FOI). Learnings from security sector UN
deployments (eg, South Sudan and Afghanistan) span not
just rapid needs-driven technical developments (eg, the
portable genome sequencer MinION for fever of unknown
origin) but wider issues of procedures, processes, and
scale-up.’” Beyond infectious diseases, point-of-care tests
are increasingly required for rapid front-line point-of-injury
stabilisation or treatment (eg, handheld focused assessment
with sonography for trauma, also known as FAST).*®

Global health security also encompasses a wider
humanitarian—security sector interface. Diagnostics is a
major part of humanitarian medicine, but it is fragmented
and under-researched.” From a range of interviews done
with key opinion leaders, the humanitarian sector’s focus
on diagnostics in global health security broadly falls into
two technical platforms: mini laboratories, or mini-labs,
which are small-scale, transportable, affordable,
autonomous laboratories), and multiplexing, in which a
single specimen can be simultaneously tested for the
presence of more than one pathogen. There is also
considerable interest in the use of Al and mini-labs for
electrocardiogram interpretation (to enable point-of-care

heart failure diagnosis), and mobile technology device Al
for ophthalmic differential diagnosis (eg, distinguishing
cerebral malaria from diabetic retinopathy). Considerable
work and insight has been put into task shifting,
decentralised care, and certification (eg, compliance
with International Organisation for Standardization
standards) as a driver for diagnostic innovation.””

The COVID-19 pandemic, wider focus on global health
security, and integration of humanitarian with security
sector research agendas* will drive new innovation and
pathways to market. However, beyond urgent and
complex demand-driven aspects of the ecosystems that
global health security encompasses, there are currently
few incentives to bring focused development and scale-
up together. Furthermore, the COVID-19 pandemic has
also exposed that diagnostic innovation alone will be
insufficient to deliver impact. Equally crucial will be the
command-led intelligence and operational systems in
which they are embedded.””

Solutions will require additional resources. Initiating
efforts now is of great importance, to increase funding for
applied research and to develop diagnostics that can be
rolled out in conflict and displacement situations.
Innovative technologies exist that can be incorporated.
Co-development with humanitarian staff and affected
populations will ensure that what is developed is relevant
and useful. Better coordination within the humanitarian
sector is vital, involving international agencies and non-
governmental organisations, and drawing on and adapting
solutions developed from research by the security sector.

Financing

New sources of financing are needed to expand access to
effective and affordable diagnostics in LMICs. In most
countries, the largest proportion of funding for scaling
up diagnostic capability will come from domestic
sources, as part of country investments in meeting the
Sustainable Development Goals’ aim regarding universal
health coverage. The sources are likely to be from public
financing (government budget allocated to health) with
complementary financing from the private sector,
including private investments in new diagnostic capacity
and private health insurance. Additionally, there will be
external investments or, in the case of low-income
countries, Official Development Assistance.

The level of public financing for any sector is
determined by the so-called fiscal space available to the
government, defined as “the availability of budgetary
room that allows a government to provide resources
for a desired purpose without any prejudice to the
sustainability of a government’s financial position”.*

Fiscal space depends on various sources of finances:
economic growth that creates favourable macroeconomic
conditions for increased government revenues and
budget; strengthening tax administration; reprioritisation
of health within the government budget; borrowing from
domestic and international sources or development
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assistance to invest in health; more effective and efficient
allocation of available health resources; and innovative
domestic and international financing.***

Economic growth is generally seen as an important
source for finance for health, particularly as the share of
health spending in national income tends to increase with
income. However, given the pandemic and the negative
effects on growth and poverty, this is unlikely to be a major
source of finance for diagnostics in the very near future.

Strengthening tax collection and judicious increase in
taxes can provide a potentially substantial source of
government revenues to expand the fiscal space. In LMICs,
government revenues from tax are low: on average,
15% of gross domestic product in low-income countries,
25% of gross domestic product in lower-middle-income
countries, and 30% of gross domestic product in upper-
middle-income countries, compared with 40% of gross
domestic product in HICs.* Modelling studies have
estimated that an increase in tax revenue, in which at least
one-third of newly raised revenues is allocated to health,
could, on average, increase public expenditure on health in
LMICs by 78%.” Increased taxes on tobacco and alcohol,
which are highly cost-effective public policies, also offer
potentially substantial additional revenues for investing in
the health system. Egypt, the Philippines, and Thailand
have successfully used tobacco taxes to generate earmarked
funding for the health sector.”® Modelling studies have
estimated that, beyond health benefits, a 20% and 50%
price increase in tobacco prices could generate over
50 years additional tax revenues of US$1987 billion
(uncertainty interval: $1613 to $2297billion) and
$3625billion (uncertainty interval: $2534 billion to
$4599Dbillion), respectively, and in low-income countries
an average of 0-17% additional revenue of gross domestic
product each year in the 50% scenario.*

Demonstration of the health and economic benefits for
health investments could provide the necessary evidence
to persuade governments to shift budget priorities in
favour of health. Modelling estimates that budget
reprioritisation could potentially increase funds allocated
to health by 72%.”

Concessional financing with low interest rates and
generous grace periods for repayments could be
mobilised from international development banks, to
invest in health and expansion of diagnostics capacity.
In 2017, the World Bank had 45 active projects for a
total sum of $470 million for medical equipment
procurement. In April, 2020, the World Bank announced
a dedicated COVID-19 Fast-Track Facility, amounting to
$1-9 billion to assist 25 LMICs, with a further $1-6 billion
made available by June, 2020, for a further 75 LMICs.
These projects aimed at strengthening preparedness and
response to COVID-19 also include development of
diagnostic and testing capacity,” as does the African
Health Diagnostic Platform launched in October, 2019.*
The European Investment Bank launched in May, 2020,
€6 billion for investments in health systems for
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COVID-19, including €1-5 billion for companies that
include diagnostics. A further €5 billion is for countries
outside of the EU for medical infrastructure and research,
or other vaccine-related and treatment-related financing
to support health system infrastructure and to maintain
access to finance for affected firms.”* Other regional
development banks might be a possible financing source.

More effective and efficient allocation of available
health resources in health systems could increase
funding for diagnostics. WHO has estimated that,
worldwide, around 20-40% of all health spending in
health systems is not used efficiently or effectively.™
With priority setting, and more efficient allocation and
use of resources, governments could generate a
26% increase in public expenditure on health.*?

Innovative financing (ie, funding mobilised from
non-traditional sources) is another potential source of
funding for diagnostics. Innovative financing mech-
anisms, such as the Global Fund, Unitaid, and Gavi, the
Vaccine Alliance (which link different elements of the
financing value chain—namely, resource mobilisation,
pooling, channelling, resource allocation, and
implementation), have channelled more than $55 billion
to LMICs for health.”® These mechanisms have used
new innovative financing instruments, such as Airline
Solidarity Levy, Advance Market Commitments,
sovereign debt conversion, and targeted bonds to
mobilise more than $12 billion in funding.**

Social Impact Bonds or Development Impact Bonds are
other promising innovative financing instruments that
could be used to finance expansion of diagnostics
capability. A Social or Development Impact Bond is
created by a government agency (or external funder, such
as a development agency or a charitable foundation) that
wishes to achieve a desired social or health outcome. The
initiating agency engages an external organisation to
achieve the outcome.””** A third-party investor provides
upfront working capital to the external organisation as an
atrisk investment. If the desired social outcome is
achieved, the initiating agency releases payment to the
external organisation, based on terms specified in an
upfront contract, which repays its investors their principal,
plus a return on the investment. If the outcome is not
met, the initiating agency disburses no payment.
Development Impact Bonds are still relatively new and
time-consuming to develop; however, one such Bond has
helped to incentivise accreditation of small private health-
care facilities providing antenatal and delivery care, and
could work similarly for laboratory accreditation.””

There are scarce data on what countries need to spend on
diagnostics. The Lancet Series on Pathology and Laboratory
Medicine in Low-Income and Middle-Income Countries
found data on spending on PALM in a range of countries
(mainly HICs but including a couple of LMICs) was
around 4% of total health expenditures (the range was
3-6%).” Expenditures on imaging are harder to obtain
and tend to vary more over time as diffusion of new
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technologies require large investments. Examining
Medicare expenditures on physician-provided services to
outpatients (Medicare is the largest single provider of care
in the USA), the share of imaging was 21% in 2008 and
declined gradually to 12% in 2017 due to legislation
designed to curb these expenditures.* The USA is,
however, probably an outlier in the share of health spending
on imaging. Data from the OECD for 2018 show that
the USA provides substantially more CT examinations per
100000 population than other OECD countries, often by a
significant margin, and more MRI examinations (using the
same metric) than all but two other OECD countries
(appendix pp 11-13).* It was not possible to find data on the
share of imaging in total health expenditures in LMICs.

The economic case for investment

Although data are not easy to come Dby, diagnostic
investigations provide excellent value for money. The
COVID-19 pandemic provides an important illustration
of this: a comparison of South Korea’s early and rapid
efforts in testing, combined with intensive contact
tracing, enabled the country to be able to resume
economic activity more quickly and suffer smaller
economic losses than Italy, the UK, and the USA.** In
imaging, a recent microsimulation model of the 11 most
common cancers showed that the scale-up of imaging
diagnostics alone would avert 3-2% (2-46 million) of the
76-0 million projected cancer deaths worldwide between
2020 and 2030, saving 54-92 million life-years and
yielding a net return of $179-19 per $1 invested.*®

To show the benefit—cost ratio of diagnostics, we have
analysed the benefit—cost ratios for basic tests for the
six key tracer conditions (ie, for hypertension, type 2
diabetes, HIV, and tuberculosis in the overall population,
and syphilis and hepatitis B virus infection in pregnant
women), which were examined in the cascade-of-care
analysis and the associated modelling of death and DALY
losses previously. The benefit—cost estimates for the six
tracer conditions complement 2020-21 work on imaging
diagnostics for cancer, which shows the benefits of DI for
improved overall survival as well as substantial return on
investment.***

Calculating the benefit—cost ratio of diagnostics is not an
easy task. A diagnostic test or examination per se does not
usually directly affect the health outcome without some
form of treatment. Additionally, much medical care
involves the use of multiple tests repeated over a period of
time, and the pre-test probability of testing heavily
influences the interpretation of results. Thus, some tests
confirm a particular diagnosis and indicate the appropriate
treatment. Other tests rule out alternative diagnoses and
rule out inappropriate treatment. Some tests monitor
toxicity of the treatment itself. Moreover, some diagnostic
tests are used for screening purposes in asymptomatic
patients and only a fraction of these tests lead to treatment.

We make a few assumptions about the benefit—cost
analysis. Costs include both the cost of the diagnostic test

and the accompanying treatment. Estimated benefits
include avoided direct medical costs as well as a monetary
value assigned to the morbidity and mortality averted.
Future costs and benefits are discounted at 3% and a DALY
averted is evaluated at one time per capita gross domestic
product. Existing disease models are used as far as possible.
These models are more complex for infectious diseases
because preventing transmission to others is an important
benefit, and transmission depends on behaviour. Cascade
data are used to make estimates of how many diagnostic
tests are required to encounter one positive case, as well as
the probabilities that a positive diagnosis leads to treatment,
treatment is complied with, and the treatment is successful
(where appropriate). Benefit—cost ratios for the same
condition vary according to context, given that treatment
costs, per capita income, and prevalence all vary. Hence,
estimates are provided for countries at different income
levels where possible, and important context information is
provided to assist in interpreting these findings. Further
details are shown in the appendix (pp 21-23).

The results of our benefit—cost analysis (table 5, figure 10)
show that benefit—cost ratios vary from less than one
(ie, the benefits are worth less than the costs) to 24-4:1.
Context is important in this case. Benefit—cost ratios tend
to be higher if country income is higher (since morbidity
and mortality averted are evaluated using per capita
income), if disease prevalence is higher (a higher
proportion of those tested need treatment), if treatment
has a higher probability of success, if loss to follow-up is
lower, and if diagnostic costs and preventive treatment
costs are lower. In general, benefit—cost ratios for infectious
disease are higher in low-income and lower-middle-
income countries where infectious conditions are more
prevalent, whereas those ratios for non-communicable
disease increase as country income rises.

Although there is much variation in the median benefit—
cost ratios ranging from less than one to 24, the ratios
provide a strong case for investment in diagnostics and
associated treatment. At one extreme, diagnostic tests
accompanied by treatment actually save the health system
money for one of the six conditions (syphilis). A review for
the USA came to a similar finding, in that only one in three
screen-and-treat interventions examined actually saved
the health system money’* One would expect more
interventions in the USA than in LMICs to be cost-saving
for the health system, given the proportionately higher
spending on curative care. At the other extreme, it costs
more to diagnose and treat diabetes than the societal
benefits, largely due to the fact that current interventions
using lifestyle modification or metformin, or both, are
only modestly effective for type 2 diabetes.

Limitations of the methods used include that we used
existing disease models, and cost and cascade data for
varying countries and dates, depending on what was
available, and we did not undertake sensitivity analysis.
Future work on the benefit—cost ratio of using DI,
particularly in the emergency room, would be useful.
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Benefit-cost ratio

Context and sources used

Hypertension*

Diabetest

HIVE

Syphilis

Tuberculosis

4-1:1 (the Middle East and north Africa regions),
12.7:1 (Latin America and Caribbean region),
<1:1 (South Asia), <1:1 (sub-Saharan Africa)

<11

16-6:1

2-1:1to 62:1 (median 8-6:1)

24-4:1 (drug-susceptible), 2-9:1 (multidrug-
resistant)

Calculations from Gaziano and colleagues;* a blood pressure test was used (in conjunction with tests of lipids and blood
glucose) to calculate absolute risk and prescribe a preventive four-drug regimen to adults with no previous cardiac event
if appropriate, for four regions (using selected countries to represent each region)

Calculation from a cost-of-illness study for South Africa*” and estimates of long-term effects of metformin or intensive
lifestyle interventions for adults®

Estimates for diagnosing HIV and treating those patients with a CD4 count of less than 350 cells per pL with antiretroviral
therapy,** in sub-Saharan Africa, assuming that regional per capita income averages US$5000 when weighted by
population prevalence of HIV

Estimates of cost-effectiveness for eight archetype regions of low-income and middle-income countries with calculations
from Kahn and colleagues” to attach a monetary value to disability-adjusted life-years averted; intervention is to screen
pregnant women and treat those diagnosed with syphilis, hence preventing mother-to-child transmission

Estimates for drug-susceptible and multidrug-resistant tuberculosis in Bangladesh from Vassall**? (the case-finding
method was used for drug-susceptible tuberculosis); for multidrug-resistant tuberculosis, a shorter drug course (which
WHO permits under specific conditions) or treatment at a community health centre increased the benefit-cost ratio to
3-8 and 5:3, respectively; Vassall has also suggested that the range in benefit-cost ratio for drug-susceptible tuberculosis

and for multidrug-resistant tuberculosis is 11:1 to 192:1 and 0-5:1 to 5:1, respectively, across different countries®

Hepatitis B 1-4:1 (The Gambia), 4:1to 5:1 (Ghana and Calculations from Nayagam and colleagues;*' a strategy of screen and treat in pregnant women for 4 months after
Nigeria) week 28, to prevent mother-to-child transmission, as outlined in a study of South Africa, but applied to The Gambia, and
extrapolated to Ghana and Nigeria assuming similar costs, higher benefits (higher per capita income), and higher

prevalence of hepatitis B virus

*Based on a model using data for 2001.% Prevalence has risen since then, particularly in South Asia and sub-Saharan Africa, and income has grown substantially in South Asia; hence, the benefit-cost ratio
probably increased particularly in South Asia. In sub-Saharan Africa, a key constraint is that only a small proportion of people who are hypertensive are able to control their blood pressure. The main issue is that
annual treatment is relatively expensive and has beneficial effects in the short term, but these effects generally do not persist. #Since the study used here was published,** WHO guidance has changed such that all
people living with HIV are now eligible for treatment irrespective of CD4 cell count.* This change lowers the benefit-cost ratio (since morbidity and mortality averted are lower at higher CD4 cell counts);
however, it is not possible to calculate by how much, since cost depends on take-up of therapy by CD4 cell count.

Table 5: Benefit-cost ratios for selected key diagnostic tests and associated treatment

Transforming access to diagnostics —
recommendations

Based on the suggested solutions in improving policy,
governance, and finance, we have 10 recommendations
(panel 11); recommendations 1-5 are aimed primarily at
the national level, whereas recommendations 6-10 are
international in focus. Advocacy at all levels is key. A main
focus should be making the role of diagnostics in universal
health coverage explicit. A key national-level action is
developing a strategic plan for diagnostics, an essential
component of which should be an integrated and tiered
network for diagnostics that addresses the last-mile gap.
An international partnership in terms of a Diagnostics
Alliance can help to coordinate the national programmes,
raise international awareness, and help shape markets
and innovations in ways that are inclusive for all.

From late March, 2020, it has been impossible to look at
media reports anywhere in the world without being
overwhelmed by the need to have faster, more accurate
diagnostics for COVID-19, the rationale being that by
diagnosing accurately and as early as possible, the
appropriate isolation and intervention can be initiated, and
the pandemic controlled. This rationale applies equally to
all other diseases. Yet, as shown in this Commission,
almost half the world’s population does not have access to
accurate and timely diagnosis of any sort (other than for
HIV and malaria). This circumstance is because
diagnostics have been under-resourced in most countries
and at all levels, but particularly at the levels of primary
and community care. This under-resourcing especially
affects the disadvantaged. The over-riding reason for the
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Figure 10: Median benefit-cost ratios to diagnose and treat six conditions in low-income and middle-income

countries
Data are from table 5. Middle-income regions include Latin America, and the Middle East and north Africa.
Low-income regions include South Asia and sub-Saharan Africa.

poor global access to diagnostics has been the relatively
low attention and priority given to diagnostics by policy
makers and funders, especially in comparison with the
prominence given to pharmaceuticals or vaccines. It
appears that the centrality of diagnostics, which has been
recognised when dealing with COVID-19, is not recognised
for other conditions.

It is often said that a crisis should never be wasted. In
the past decade or so, there have been several reports and
papers, which like this Commission, have highlighted
the importance of diagnostics, described the serious
deficiencies, and proposed solutions. However, progress
has been modest. The COVID-19 pandemic can, and
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Panel 11: Recommendations from this Commission

1 National diagnostics strategy, based on an integrated and
tiered network, including an evidence-based essential
diagnostics list (EDL), with a prioritised subset for universal
health coverage

Actions: develop a costed national diagnostics strategy that
is based on an integrated and tiered network. As part of this
strategy, with the use of evidence-based disease guidelines,
countries should develop and periodically review a

national EDL, linked to their national essential medicines
list. A prioritised subset of the diagnostics on this list should
be provided as part of the universal health coverage benefits
package, and this subset should be expanded over time as
resources permit.

Who: national governments, with technical support from
international organisations.

Measure: existence of a diagnostic strategy, tiered and
integrated network, and EDL; diagnostics are integrated
into universal health coverage benefits packages.

2 Primary health centre diagnostic availability and
accessibility

Actions: make point-of-care tests for key conditions
available at all primary health centres.

Who: ministries of health, with support from other relevant
ministries (eg, finance and industry).

Measure: proportion of the population with access to an
appropriate set of basic diagnostics at all primary health
centres, including rapid tests for about 10 key conditions
and ultrasound.

3 Health workforce expansion and upskilling for
contemporary diagnostic skills

Actions: expand workforce capacity as appropriate for the
needs of the health-care system, change the content and
delivery of curricula to ensure staff are digitally literate,
increase the use of digital diagnostics and artificial
intelligence to support the workforce in a better manner,
develop high-quality task-shifting programmes, and exploit
the full capability and skills of all staff.

Who: ministries of health and education.

Measure: expanded workforce capacity, existence of
contemporary curricula for education and training,
increased use of digital diagnostics and artificial intelligence,
particularly in low-income and middle-income countries,
and development of effective task-shifting programmes.

4 Governance and regulatory frameworks to support and
oversee diagnostic quality and safety

Actions: build and enforce a national regulatory framework
covering the market for diagnostics (eg, as part of the
regulation of medical devices) and the registration,
accreditation, and oversight of laboratories; national
professional bodies concerned with diagnostics should have
a framework of standards for their members. Additionally,

coordinate national regulations concerning medical devices,
via regional harmonisation or expansion of the WHO
prequalification process.

Who: national governments, national associations of
diagnostics professionals, and WHO, which needs to be
funded to broaden the prequalification process.

Measure: monitor regulations nationally and internationally
using selected key tests.

5 National financing strategy to provide sufficient, long-
term financing to plan and implement diagnostics,
including infrastructure

Actions: create comprehensive, sustainable mechanisms of
finance to design, implement, and sustain diagnostics,
including infrastructure, and explore new sources of global
and domestic financing, including innovative instruments
(eg, Social or Development Impact Bonds).

Who: ministries of health and finance.

Measure: use of new financing sources; specific line item for
diagnostics within the budgets for universal health
coverage.

6 Improve the affordability of diagnostics

Actions: promote global action to encourage production of
good-quality diagnostics in low-income and middle-income
countries, innovate to produce diagnostics suited to
low-resource settings, create an international forum to
share best practices on diagnostics, use market-shaping
mechanisms internationally, and collect ongoing
information on the affordability of diagnostics similar to the
WHO-Health Action International initiative on affordability
of medicines, for selected key diagnostics.

Who: national governments; international organisations
(WHO) for collecting information; multiple international
organisations (eg, Global Fund, UNICEF, Foundation for
Innovative New Diagnostics, Coalition for Epidemic
Preparedness Innovations, Clinton Health Access Initiative,
and Médecins Sans Frontiéres) for innovations; a convenor
(eg, the Global Alliance for Diagnostics) for an international
forum to share best practices; and a forum that includes
national actors, non-governmental organisations, and
industry.

Measure: creation of a forum; compare domestic prices of
selected key diagnostics internationally.

7 Foster development and appropriate use of technology to
benefit everyone

Actions: promote local research and development,
manufacturing, and distribution capacity; harness the
opportunities to use digitalisation, point-of-care
diagnostics, and democratisation in national diagnostics
strategies to benefit patients; engage local communities in
this process; and instigate an international forum for joint
meetings of clinicians and technology innovators.

(Continues on next page)

www.thelancet.com Vol 398 November 27,2021



The Lancet Commissions

(Panel 11 continued from previous page)

«  Who: international organisations, national governments,
non-governmental organisations, researchers, private
sector, and donors.

+ Measure: the share of the global market for diagnostics
produced by low-income and middle-income countries;
monitored in the Global Digital Health Index.

8 Address the diagnostics needs of populations living in

fragile and conflict situations

«+ Actions: use innovative technologies to provide suitable
solutions (better coordination and funding of research and
implementation science are needed), ensure that populations
living in the fragile and conflict situations and humanitarian
staff are part of the co-development process, and fund
research that bridges civilian and security sector research.

«  Who: Specialised civilian and security international agencies
working with these populations.

» Measure: increase the portfolio of clinical trials, studies,
projects, and programmes dedicated to fragile and conflict
populations by 10% annually for the next decade. Work
needs to start now given the urgency of the need.

9 Advocate at all levels to ensure that diagnostics receive

appropriate recognition and funding

 Actions: develop and implement an advocacy programme
for each country and instigate adoption of a World Health
Assembly resolution on the importance of diagnostics.

» Who: diagnostics professionals need to engage in health
policy discussions and need to be included in ministry-level

must, be a turning point. When COVID-19 has fallen
from the headlines, there should not be a return to
business as usual. In the future, it must be unacceptable
to build health-care programmes and systems, particularly
universal health coverage programmes, without
integrating the necessary diagnostic resources. To ensure
implementation of our recommendations, there needs to
be a series of next steps following our Commission.

Given that the key barrier to improving the global
access to diagnostics is the inadequate resourcing of
diagnostics due to low prioritisation, the over-riding aim
must be to reverse this. In the case of diagnostics, the
message of COVID-19 should be noted, namely that
when the case is strong, resources are allocated. There
now needs to be a long-term major advocacy programme,
backed by evidence and data (especially economic data)
on the benefits of good diagnostics. This Commission
has provided some key data on access, on the impact of
this poor access on mortality, and on how developing a
prioritised EDL can drive change. Internationally, a
champion for diagnostics (the Diagnostics Alliance) can
mobilise and coordinate support for this effort, and
complement the key work of national governments.

A second and related crucial action is the adoption of a
World Health Assembly resolution on the need for
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discussion; reach needs to extend to patients, the public,
policy makers, and other clinicians; professional societies of
diagnostics professionals need to inform and engage
members with regard to the role of diagnostics in global
health.

+ Measure: the number of countries with a national
integrated, tiered network and EDL; the degree of
integration with use of the Human Service Integration Scale;
the number of countries where diagnostics are integrated
into universal health coverage benefits packages;
bibliometric measures (mentions of diagnostics in the
media); and numbers of pathology and laboratory medicine
and radiology professionals in the international policy arena.

10 International Diagnostics Alliance to support and

monitor the effort in transforming diagnostics

+ Actions: establish an international Diagnostics Alliance to
have a key role in advocacy, setting specific targets, and
monitoring progress, convening an international forum for
stakeholders to share best practices.

»  Who: a broad coalition of national policy makers,
representatives from international and non-government
organisations, representatives from professional societies
(including those representing workers in the sector), and
patient representatives.

+ Measure: creation of the Alliance

+ Timing: urgent, by the end of 2022.

diagnostics to be an integral part of any universal health
coverage programme. This approach would be both a
powerful statement and a driver of progress. It should be
a key priority of the Diagnostics Alliance.

In parallel, there are a number of issues that this
Commission does not address, either because data are not
available or from constraints of time (eg, demand-side
issues), but to make the case for diagnostics, these will
need addressing in the near future. Arguably, one of the
most important areas is data collection. One of the many
downsides of the low priority for diagnostics is that
essential data are scarce, especially compared with
medicines. For example, we found it difficult to obtain
accurate (or even any) data on fundamental issues, such as
workforce numbers or national estimates of spending on
DI and PALM. There are very few data on the benefit—cost
ratios of PALM and particularly of DI, yet these data are
important for making the case for diagnostics. Similarly,
there are few data on affordability of diagnostics and its
effect on patient care. More generally, more research is
needed, including not only on new technology or
equipment, but also on more mundane but crucial aspects
like supply chain, developing an effective and affordable
regulatory framework, market shaping, procurement, and
key performance indicators to monitor and evaluate.
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We recognise that diagnostics are part of a system of
health care and that the provision of appropriate diagnostics
should not be at the expense of, for instance, treatment.
However, without accurate diagnosis, treatment might very
well be wasted by treating the wrong disease or condition,
or by delaying or not giving appropriate treatment.
Diagnosis and treatment are interdependent and equally
necessary. Given the potential health, social, and economic
benefits of improving diagnostics, it is time for change.
Implementing actions and recommendations described in
this Commission will transform access to diagnostics.
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