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In the last decade, many new rapid diagnostic tests for infectious diseases have been developed. In general,
these new tests are developed with the intent to optimize feasibility and population health, not accuracy
alone. However, unlike drugs or vaccines, diagnostic tests are evaluated and licensed on the basis of accuracy,
not health impact (eg, reduced morbidity or mortality). Thus, these tests are sometimes recommended or
scaled up for purposes of improving population health without randomized evidence that they do so. We
highlight the importance of randomized trials to evaluate the health impact of novel diagnostics and note
that such trials raise distinctive ethical challenges of equipoise, equity, and informed consent. We discuss the
distinction between equipoise for patient-important outcomes versus diagnostic accuracy, the equity implica-
tions of evaluating health impact of diagnostics under routine conditions, and the importance of offering

reasonable choices for informed consent in diagnostic trials.

Central to the control of most infectious diseases is
appropriate and timely diagnosis. In the last decade,
numerous new rapid diagnostic tests for human im-
munodeficiency virus (HIV; eg, point-of-care HIV an-
tibody assays and CD4 cell counts [1]), malaria (eg,
rapid diagnostic tests [RDTs] [2]), tuberculosis (eg,
Xpert MTB/RIF, a fully automated molecular test for
active tuberculosis [3, 4]), and other infectious diseases
have been developed. In general, these new tests are
developed with the intent to optimize feasibility and
population health, not accuracy alone. Often, reference-
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standard tests exist (eg, laboratory-based CD4 cell
counts, high-quality microscopy for malaria, tubercu-
losis culture) that are more accurate or provide impor-
tant ancillary information (eg, speciation, complete
drug susceptibility testing) but are not deployable in
resource-limited settings and may be difficult to main-
tain at high quality in low-burden settings. The novel
tests are not intended to supplant the current refer-
ence standard but rather to make diagnosis more fea-
sible and thereby improve population health.

This reality—wherein health impact is prioritized
over laboratory-based accuracy—has important ethical
implications. Unlike drugs or vaccines, diagnostic tests
are designed “to indicate the presence or absence of
disease [5],” not to prevent or treat disease per se.
Thus, diagnostics are—and should be—evaluated in a
fundamentally different fashion than biological agents.
Drugs and vaccines improve health directly and must
be evaluated in vivo, whereas diagnostics depend on a
larger process to improve population health and are
evaluated outside the body. As a result, unlike drugs
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or vaccines, diagnostics are commonly licensed without ran-
domized evidence that their use will improve health. For
example, whereas a drug that killed plasmodia in vitro would
not be licensed without randomized evidence that it reduced
morbidity in vivo, malaria diagnostics (RDTs) are routinely
licensed without evidence that their desirable diagnostic char-
acteristics translate into improved health. Furthermore, diag-
nosis involves not just sensitivity and specificity, but rather a
cascade of processes from care seeking by the patient through
delivery of appropriate treatment [6]. Novel diagnostic tests
may appropriately aim to improve many different aspects of
this cascade, including accuracy, cost, and patient satisfaction,
but changing one process in the cascade (eg, accuracy) may
have complex and even paradoxical effects on other interrelat-
ed processes (eg, provider treatment decisions). Differential
standards for licensure are not per se ethically problematic:
biological agents and diagnostic tests serve different purposes,
and their evaluation should reflect this distinction. Difficulties
arise, however, when novel diagnostics, once licensed, are
widely recommended for scale-up—with the explicit goal of
improving population health—before obtaining randomized
evidence that their use will accomplish that goal [7]. A basic
ethical requirement for responsible public health practice is to
evaluate the assumption that a proposed program achieves its
goals of improving population health. If data do not exist to
“demonstrate the program’s assumptions,” then “ethically, the
program should not be implemented” [8].

Proof of a test’s diagnostic accuracy in an optimal laborato-
ry setting should not be taken as proof that use of the test will
be effective in reducing population morbidity or mortality. For
example, greater sensitivity in detecting prostate cancer (by
analogy from diagnosis of chronic disease) may increase mor-
bidity without reducing mortality [9], and tuberculosis culture
(a sensitive test) often has minimal impact on clinical decision
making in high-burden settings [10]. Licensure of these tests
is not ethically problematic, but scaling them up with the
intent to improve population health would be. Indeed, in
some cases, the use of new high-sensitivity diagnostics may
actually erode patient confidence and worsen system perfor-
mance (eg, by disrupting established algorithms, increasing
service downtime, or providing untreatable diagnoses). If pa-
tients and health professionals lose confidence in routine
health services, high-sensitivity tests are of little value. Thus,
although initial trials of diagnostic accuracy may demonstrate
that a novel diagnostic is more sensitive than the standard of
care, subsequent randomized trials of health outcomes are
needed before scaling up those diagnostics for the purpose of
improving health.

Cluster randomized trials (CRTs) randomize participants in
clusters (eg, attendees of a clinic that is implementing a new
diagnostic test) and evaluate outcomes (eg, disease morbidity

or mortality) on the cluster level. Unlike drugs or vaccines,
where a placebo and active agent can be delivered in the same
manner on an individual level, deployment of a new diagnos-
tic test requires changes in the entire diagnostic process (eg,
infrastructure, staff training, specimen flow), making individual
randomization infeasible. Moreover, although convenience is
generally not appropriate justification for trial design, individual
randomization (with person-by-person selection of a new vs
old test) if often both infeasible and unrepresentative of actual
practice in settings with constrained resources that must main-
tain a simple, high-throughput, “public health” approach for di-
agnosis of common illnesses. For all of these reasons, cluster
randomization is often the ideal type of trial design to evaluate
the health impact of using a new diagnostic test [11]. CRTs
raise specific ethical concerns [12]. Here, we raise 3 distinctive
ethical challenges associated with CRTs of new diagnostic tests
for infectious diseases that take health (eg, morbidity or mortal-
ity) as their primary outcome (Figure 1).

THREE ETHICAL CHALLENGES: EQUIPOISE,
EQUITY, AND INFORMED CONSENT

Equipoise

Effectiveness trials comparing the current standard of care in
resource-limited settings to a new diagnostic test with known
superior accuracy (as measured in an optimal laboratory
setting) may appear ethically troubling to some. Investigators
knowingly direct the control arm to offer a less accurate diag-
nostic test, apparently contrary to the requirement that clinical
research offer each individual participant (or cluster of partici-
pants) a favorable net risk-benefit ratio [13-15]. Said another
way, the trial appears to lack clinical equipoise, understood as
“uncertainty or disagreement within the expert clinical com-
munity about the relative merits” of the intervention and the
control arms [16, 17]. Clinical equipoise is widely (although
not universally) held to be “a necessary ethical condition for
the commencement of a trial [13],” and its existence has been
debated fiercely, for example, with the development of the
Xpert MTB/RIF test for tuberculosis [18, 19].

This troubling appearance, however, results from applying
the concept of clinical equipoise to the comparative accuracy
of the 2 diagnostic tests rather than the comparative health
impact of the 2 diagnostic processes. Much as certainty about a
drug’s proximal effect (eg, the ability of folate to reduce ho-
mocysteine levels) is compatible with uncertainty about the
drug’s health impact (reduction in cardiovascular events [20]),
certainty about a diagnostic test’s superior accuracy is compat-
ible with uncertainty about whether its associated process will
reduce morbidity or mortality. In both cases, surrogate end
points should not replace clinical end points without evidence
that an intervention’s ability to improve the surrogate end
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1. Equipoise

tests) that target such outcomes.

2. Equity

greatest risk to the underserved.

3. Informed Consent

novel test.

Challenge: Knowledge of superior diagnostic accuracy does not imply absence of
clinical equipoise regarding impact on health.

Solution: Randomized trials should demonstrate improved health outcomes (morbidity
and mortality) before implementing public health programs (eg, scale-up of diagnostic

Challenge: The impact of diagnostic tests is setting specific, and failure to implement
diagnostics in the proper setting (eg, central versus peripheral health center) carries

Solution: Randomized trials of novel diagnostic tests should be carried out in multiple
settings, under routine conditions that can reasonably be replicated during scale-up.

Challenge: In cluster-randomized trials of novel diagnostic tests, diagnostic processes
(eg, index of suspicion, empiric treatment patterns) are changed by adoption of the

Solution: Informed consent documents should appropriately present the risks of
declining diagnosis with the novel test, including the possibility that the new test may
change the diagnostic process even for persons who decline participation.

Figure 1.

Randomized trials of the health impact of diagnostic tests for infectious diseases: ethical challenges and proposed solutions.

point (diagnostic accuracy) will result in an improvement in
the clinical end point (population health). When this relation-
ship is not clearly demonstrated, randomized trials of health
outcomes are ethically justified. More accurate techniques (eg,
microscopic observation drug susceptibility assay for tubercu-
losis [21]) may require retraining, development of new testing
algorithms, and additional maintenance resulting in less reli-
able results when resources (eg, trained staff) are limited.
More-sensitive tests can result in low-specificity algorithms,
causing harm through false-positive results and diverted re-
sources (eg, tuberculosis serology [22]) or by increasing drug
prescriptions to patients without disease (eg, malaria RDTs, in
some circumstances [23, 24]). In the case of diagnostic testing,
certainty about diagnostic accuracy does not dissolve the state
of clinical equipoise with respect to health outcomes, nor
render randomized trials of those outcomes unnecessary.

Equity

CRTs evaluating the health impact of new diagnostic tests, es-
pecially in resource-limited settings, also raise ethical challeng-
es regarding equity. The efficacy of a drug regimen is often
generalizable across settings; it may depend on local resistance
patterns but rarely on local infrastructure or disease preva-
lence. By contrast, the health impact of a diagnostic test
depends highly on geographic setting (eg, ambient tempera-
ture and humidity), disease prevalence, and health system
factors including infrastructure, specimen-transport chains,
and ability to service diagnostic machinery. It is therefore not

sufficient to demonstrate the efficacy of a diagnostic test in a
single setting; to evaluate the health impact of novel diagnos-
tics among the disadvantaged populations whom they are de-
signed to benefit, studies must employ pragmatic designs in
many alternative settings, using resources likely to be available
during posttrial scale-up. These studies will often employ non-
experimental designs, but randomized trials are frequently re-
quired to demonstrate that diagnostic tests result in improved
health outcomes.

For example, unlike therapeutic trials, diagnostic effectiveness
trials may require separate evaluations of the same test at differ-
ent levels of the health system. Different diagnostic processes
and resources may be available at centralized (eg, reference lab-
oratory) versus peripheral (eg, health clinic) health facilities
during scale-up, requiring different trials to evaluate them
before scale-up occurs. Performing a single trial at the central-
ized level might appear more ethically palatable from the
perspective of producing replicable scientific results, but runs
the risk of exacerbating inequity. In the absence of comparative
evidence on health impact from both centralized and peripheral
levels, local policy makers could either restrict implementation
to tertiary facilities where laboratory-based accuracy data can
best be replicated or decentralize implementation without a
proven health benefit. Restricting implementation to centralized
facilities runs the risk of excluding disadvantaged populations
from possible benefit, while decentralized implementation runs
the risk of diverting scarce resources designated for the poor
without improving their health. In either event, the poor and
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disadvantaged would be disproportionately affected: implemen-
tation of the very diagnostics intended to improve their health
ultimately has the perverse outcome of exacerbating inequity.
Trials of health outcomes under diverse programmatic condi-
tions promote equity by showing policy makers how to scale up
novel diagnostics in a way that maximizes health benefit for
disadvantaged populations.

Informed Consent

As others have noted, informed consent for randomization
may not be required if “it is not possible to approach subjects
at the time of randomization” (as may happen in CRTs) [25].
However, CRTs of novel diagnostics in resource-limited set-
tings present additional challenges for informed consent, par-
ticularly for individuals attending facilities randomized to the
novel diagnostic under study (the intervention arm). Novel di-
agnostic tests may alter clinical practice patterns, such that in-
dividuals in the intervention arm who decline the new test
may still receive care that is influenced by the new test’s pres-
ence. For example, the availability of a novel test may increase
clinicians’ index of suspicion, make therapeutic action after a
positive result more likely [26], and change clinical thresholds
[27] for empiric treatment or obtaining additional diagnostic
information. Thus, a new diagnostic test should be seen as a
“package” incorporating an associated process, potentially al-
tering patients’ entire clinical experience and precluding the
choice to receive the previous standard of care as an alterna-
tive to the novel diagnostic.

From the perspective of informed consent, then, individuals
attending intervention facilities have a choice to accept or
decline the novel diagnostic test; if they decline, the previous
standard of care is often not an option. Given that prospective
ethical review of any trial ought to assure “a favorable net
risk-benefit ratio” (including minimization of risk) to partici-
pants [15], the risk-benefit ratio of accepting the novel diag-
nostic should be (and generally is) favorable as compared with
declining it. Accordingly, an accurate informed consent
process should not always frame this choice as a neutral one.
Rather, it should provide information about the novel diag-
nostic test and process, its attendant risks and prospect of
benefit, and the risks of declining the test, including the possi-
bility that the presence of the new test may have changed ex-
isting diagnostic processes. Suggesting to patients in the
intervention arm of a diagnostic trial that they have access to
the same diagnostic process as was present before the trial is
generally misleading.

CONCLUSION

A central issue in infectious disease control over the next 5 years
will be the appropriate deployment of novel diagnostic tests

with known accuracy but uncertain health impact. Randomized
trials of the use of diagnostics in resource-limited settings raise
distinctive ethical challenges of equipoise, equity, and informed
consent that are not well addressed under our current ethical
and regulatory framework. The design and ethical review of
these trials should incorporate 3 ethical considerations (1):

« Equipoise regarding the health outcomes of a novel diag-
nostic process can coexist with certainty about the diagnostic
accuracy of the novel test it incorporates.

« Equity requires that the health impact of diagnostic tests
be evaluated under routine conditions with the resources and
processes expected to be available during scale-up.

o In CRTs of novel diagnostics, the informed consent
process in the intervention arm should acknowledge that the
alternative to trial participation may not be the previous stan-
dard of care.

To reduce the tremendous global burden of infectious
disease morbidity and mortality, we must continue to develop
novel diagnostics explicitly designed to benefit populations in
high-burden, resource-limited areas. However, we can reconcile
our enthusiasm to implement these diagnostics with our obliga-
tion to improve population health only by demonstrating their
impact on patient-important outcomes in routine settings.
Forthrightly addressing these distinctive challenges of equipoise,
equity, and informed consent will allow us to proceed in im-
proving diagnosis while maintaining firm ethical footing.
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