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ABSTRACT Advanced microbiology technologies are rapidly changing our ability to
diagnose infections, improve patient care, and enhance clinical workflow. These
tools are increasing the breadth, depth, and speed of diagnostic data generated per
patient, and testing is being moved closer to the patient through rapid diagnostic
technologies, including point-of-care (POC) technologies. While select stakeholders
have an appreciation of the value/importance of improvements in the microbial di-
agnostic field, there remains a disconnect between clinicians and some payers and
hospital administrators in terms of understanding the potential clinical utility of these
novel technologies. Therefore, a key challenge for the clinical microbiology community is
to clearly articulate the value proposition of these technologies to encourage payers to
cover and hospitals to adopt advanced microbiology tests. Specific guidance on how to
define and demonstrate clinical utility would be valuable. Addressing this challenge will
require alignment on this topic, not just by microbiologists but also by primary care and
emergency room (ER) physicians, infectious disease specialists, pharmacists, hospital ad-
ministrators, and government entities with an interest in public health. In this article, we
discuss how to best conduct clinical studies to demonstrate and communicate clinical
utility to payers and to set reasonable expectations for what diagnostic manufacturers
should be required to demonstrate to support reimbursement from commercial payers
and utilization by hospital systems.
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Until recently, clinical microbiology diagnostic techniques have relied almost exclu-
sively on culture and isolation of microbes from patient specimens, with biochem-

ical and phenotypic analysis to identify pathogen(s) causing infections (1–3). While
creating the infrastructure for clinical laboratory scientists to perform culture and
conduct analyses was costly, once well established, these techniques are inexpensive
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and can be highly standardized. Unfortunately, these techniques are time consuming,
typically requiring 2 to 5 days or more to identify pathogens. In select cases, culture
techniques may fail to adequately grow certain etiologic agents (e.g., Mycoplasma
pneumoniae) or detect a viral pathogen. While developments in this space have
historically focused on automating the culture process to reduce hands-on time and
overall turnaround times to diagnosis, the turnaround time remains slow, which often
causes physicians to treat empirically before diagnostic confirmation. Extended empir-
ical treatment time may lead to the inappropriate use of antimicrobials, which may
further contribute to the growing burden of antibiotic resistance. Studies have esti-
mated that 30% to 50% of prescribed antimicrobials may be overprescribed or unnec-
essary (4, 5), which may contribute to the spread of infections due to increased
antimicrobial resistance. Use of systemic antibiotics can lead to a disruption in the
microbiome that can result in diarrhea and other complications (6, 7). One study
concluded that some 20% of patients receiving antibiotics experienced an adverse drug
event (8). The goal, therefore, is to avoid unnecessary antibiotics in addition to getting
the patient on the most appropriate antibiotics when necessary.

In recent years, the introduction of new technologies has positively impacted both
the diagnosis and treatment paradigms for infections. These tools are in the process of
revolutionizing clinical microbiology testing in various settings. These include technol-
ogies such as matrix-assisted laser desorption–ionization time of flight mass spectrom-
etry (MALDI-TOF MS), multiplex molecular diagnostic panels, and innovations that bring
nucleic acid amplification testing to the point of care. The proteomic-based technology
MALDI-TOF MS has seen wide adoption, particularly among academic hospitals. While
this method still requires isolation and culture of pathogens, MALDI-TOF MS allows for
the identification of a specific microbe based upon its unique proteomic fingerprint (9,
10). MALDI-TOF MS has led to significant time and cost savings, as correct diagnoses are
made more rapidly without the need for additional confirmatory tests. Multiplex
molecular diagnostic panels (11, 12) are also being introduced more commonly for a
variety of conditions, including sepsis and nonspecific syndromes, such as respiratory or
gastrointestinal (GI) infections. Multiplex assays can combine tests for numerous patho-
gens and resistance markers in a single panel, which can significantly reduce the time
to diagnosis and, in select situations, bypass the need for culture. Furthermore, im-
provements in engineering and technology have also led to the development of
improved point-of-care (POC) tests (13–16), which are poised to significantly impact the
future treatment paradigm for many infectious conditions, such as viral respiratory
infections and sexually transmitted infections (STIs). Low-complexity POC tests allow for
nonlaboratory personnel (e.g., nurses and physician assistants) to conduct tests at the
initial site of care, potentially allowing physicians to administer the therapy at the initial
consultation and eliminating the need for follow-up assessments.

These tools have the potential to address many key challenges in the field of
infection management by reducing the time to diagnosis and informing earlier thera-
peutic decisions, which may improve clinical decision making, patient outcomes,
workflow, and antimicrobial stewardship (5, 17–19). These types of innovations also
have the potential to significantly improve both individual patient outcomes and
broader public health by facilitating better tracking of pathogens and changes in/
development of antibiotic resistance (2).

However, in many cases, the clinical deployment of these technologies has been
restrained by skepticism from payers and hospital administrators over clinical, and
ultimately cost, benefits. Select referenced studies are underpowered from a statistical
perspective, which may not demonstrate a benefit as clearly as would be desired. In
some cases, advanced microbiology tests provide limited improvement in accuracy
over standardized laboratory culture-based tests, although they provide workflow and
efficiency benefits. Therefore, it is imperative to demonstrate robust evidence of clinical
utility in a timely and cost-effective manner to increase our understanding of the
benefits of adoption of advanced microbiology tests across care settings. More robust
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studies of clinical utility will also improve our knowledge of the impact on clinical
outcomes and operations, which can lead to enhancements in care.

OVERVIEW OF CLINICAL UTILITY AND EVIDENCE DEVELOPMENT
CONSIDERATIONS

Clinical utility of a test is related to the added value it has for patient management.
A test has utility if its results (positive or negative) provide information that is of value
to the patient and the provider in making decisions about effective clinical care. It can
take the form of improved efficiency in clinical decision making, streamlined clinical
workflow, better patient outcomes, and/or cost offsets or avoidance (20–24). The level
of clinical utility evidence required will likely depend upon a variety of factors, including
the current standard of care (SOC), the setting of care, and potential cost offsets to
mitigate the added cost of care, as well as the magnitude of the cost of the test itself.

Clinical utility, in the microbial space, is considered to include instances in which
new approaches can inform treatment decisions by providing information to key
stakeholders, such as the patient, physician, and payers, to diagnose, monitor, and/or
predict disease progression. For example, rapid POC influenza testing has been shown
in several studies to significantly reduce prescriptions of antimicrobials and increase
prescriptions of oseltamivir (Tamiflu) in outpatient care clinics (25–27). Rapid POC
influenza testing can improve antibiotic stewardship and positively impacts patient
management via a faster resolution of flu symptoms. Better initial treatment decision
making could also influence important outcomes, like morbidity and mortality, for
at-risk patient populations, such as the elderly and immunocompromised.

It is important to note that a necessary first step for any new diagnostic is to
demonstrate that it meets, and potentially surpasses, the bar for accuracy of the current
SOC. However, accuracy alone does not, in and of itself, demonstrate clinical utility.
Instead, it is a prerequisite for utilization that facilitates impact on clinical care, which
can then translate into clinical utility.

It is important that microbiologists conducting clinical utility studies consider which
type of trial is most appropriate for the technology and endpoint they wish to study,
as well as the ultimate stakeholder audience for the diagnostic technology. Whenever
possible, studies designed to generate evidence of clinical utility should consider the
needs of potential patient populations. For instance, hospital administrators often look
for evidence generated in a system that closely resembles their organization, to provide
confidence that the clinical utility demonstrated in a trial may translate to real-world
experience. Also, many hospital systems may conduct their own trials with new
diagnostic technology, to provide real-world evidence for improved workflow, decision
making, and patient care resulting from the adoption of new technology. Published
results are impactful for commercial payers when they can demonstrate clear changes
in clinical decision making for patients that are representative of their plan members
that were directly facilitated by the information provided by the test. Ideally, payers
would like to see data demonstrating that these decisions correlated with positive
clinical outcomes. However, payers are aware that many factors go into clinical out-
comes beyond the diagnostic result, and therefore it may be sufficient to simply show
a connection between the changes in decision making and potential clinical outcome.

Once the audience is defined, the study designers also need to determine the
appropriate level of evidence. The key considerations are the overall size of the trial and
its representativeness. The size of the trial relates to the relative rarity of the events that
occur. Statistical power calculations can be done to determine the number of patients
needed relative to the delta in a change of endpoint. As the numbers of groups of
patients and parameters to be measured increase, the number of patients needed to
achieve a significant result will also increase. For instance, a study that measures only
one patient group (e.g., high risk for respiratory conditions) with two diagnostic arms
(e.g., SOC compared to multiplex panels) may be able to reach significance with 100
patients. A trial that was following three cohorts of patients (e.g., high risk, low risk, and
the general population) and measuring three diagnostic arms (e.g., culture and phe-
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notype, single-gene PCR tests, and multiplex molecular panels) would likely require 800
or more patients (28, 29). A study of this complexity and size may not be feasible for
many clinical labs.

To illustrate representativeness, it is important to conduct the trial at a location
which is comparable to the broader clinical community. For instance, by testing
MALDI-TOF MS technology in large academic hospitals with a significant volume of
testing, the investigators were able to demonstrate the significant clinical utility
of MALDI-TOF MS to improve workflow and decision making in central laboratories of
major hospital systems (30, 31). When researchers conduct studies in hospital systems
with a unique patient population or practices, it may be challenged by payers and
others as being nonrepresentative.

OVERVIEW OF CLINICAL UTILITY EVIDENCE DEVELOPMENT CONCEPTS

While overall clinical utility for microbial diagnostics covers the areas defined above,
the value proposition of technology may typically be demonstrated by impacting one
or more of the following categories: clinical decision making, clinical workflow, patient
outcomes, and clinical costs (Fig. 1).

The first step is defining the current standard of care; researchers should always
strive to test clinical utility in comparison to the current SOC, with the goal of
significantly improving at least one step of the diagnostic paradigm. Therefore, micro-
biologists should carefully study the SOC and determine where the new test can make
the most significant improvement (32). If current care is well defined, an observational
trial measuring changes in care could be sufficient. If the current SOC is not well
defined, these types of studies will be most effective if they are large prospective
studies over multiple institutions, allowing for the determination of the clinical utility of
such a test in a variety of settings with different care paradigms.

Researchers can demonstrate clinical utility through a variety of trial designs (33),
including randomized control trials (25, 34), in which patients are randomly assigned as
they enter the health care system to a new diagnostic being tested or to the SOC (Fig.
2). At the end of the study period, the researchers can ascertain how measured
endpoints varied between the two groups. Prospective interventional or observational

FIG 1 Endpoints for studies of clinical utility.
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trials (17, 19, 35, 36) are conducted by measuring a specific endpoint(s) for a selected
length of time before introducing the new diagnostic. After the new diagnostic has
been established, the same endpoint(s) will be measured over a similar period so that
changes caused by the diagnostic can be ascertained. Retrospective analysis trials
(37–39) are conducted once a test has been widely deployed for an extended period of
time; researchers can then gather historical data for the endpoint(s) either prior to the
deployment of the test or from locations where it has not been deployed and compare
these endpoint data to data from similar institutions where the test is in place. Finally,
one can collect information about the impact of test on clinical decision making using
a pretest/posttest survey instrument. In this type of study, a physician is asked to record
their current care plan based on available information. They are then presented with
the test results and asked if their decision would change. Pretest/posttest survey
instruments are helpful in that they capture the actual shifts in thinking that occurs as
a result of the test, but it is limited in that it does not track actual behavior or outcomes
moving forward.

Although a particular trial design may be more appropriate for a select technology
or setting of care, all of these types of trials can be appropriate ways to demonstrate
clinical utility. Historically, randomized control trials have been considered the gold
standard for evidence generation and still are in many circumstances, especially for
pharmaceutical agents. Select commercial payers, likely informed by their experience
with pharmaceuticals, may expect randomized control trials for advanced microbial
diagnostics, although there is a growing understanding that each of the trial types has
advantages in certain situations but may not be required or may have limitations in
others. For example, it is difficult to execute a diagnostic trial with a “placebo” test. In
particular, diagnostic tests can show their value through retrospective and prospective
observational studies, in which researchers compare the care delivered by a novel
technology to a historical standard of care.

Clinical decision making. Improvements in clinical decision making are often the
primary endpoint of diagnostic studies, due to both feasibility and the fundamental
purpose of diagnostics, which is to inform better the treatment choices physicians
make. It is important to note that improved clinical decision making can create value
by not just improving therapy decisions and supporting antibiotic stewardship efforts
but also through conserving resources (e.g., faster emergency room [ER] triage, or
removing patients who do not have communicable infections from isolation rooms).

When studying changes in clinical decision making resulting from the implemen-
tation of new technologies, common endpoints that may be examined include mea-
suring time to initiation of appropriate therapy, time to initiation of antibiotic
escalation/de-escalation protocols, degree of expedited ER triage for hospital admission
or discharge, the time patients spend in isolation rooms, and effective antibiotic

FIG 2 Select examples of types of trials that can be used to demonstrate clinical utility.
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stewardship metrics. For instance, several successful studies have been completed
using MALDI-TOF MS in central hospital laboratories, demonstrating changes in types
of antimicrobials prescribed and reduced time to placing patients on appropriate
antibiotic regimens (19, 35, 40, 41).

Technologies that impact the removal of patients from isolation rooms or critical
treatment decisions (e.g., for patients with sepsis) need to show statistical impact for
instances and causation for important decisions (4, 17, 19). For example, a recent study
of improved decision making from new diagnostic technology in the management of
sepsis showed via a randomized controlled trial that multiplex panels have hastened
the diagnostic process and led to the faster placement of patients on appropriate
antimicrobials (40). These changes in decision making result in, at a minimum, improve-
ment in antibiotic stewardship, and they may over a longer time frame reduce
mortalities related to sepsis (34, 42, 43).

As technologies become more widely used or are being applied to more common
decision points, retrospective and prospective studies become more feasible and are
easier to execute. For example, the greatest utility of POC influenza tests for changing
clinical decision making is evident with studies in ERs, primary care physician offices,
and outpatient clinics, by showing reductions in empirical antibiotic treatment and
increases in Tamiflu prescriptions in these clinical settings through larger retrospective
and prospective studies (25, 44, 45). Similarly, a study of a gastrointestinal panel
showed reduction of several patient days on antibiotic and in the length of time to
discharge (46). In the future, multiplex syndromic panels for outpatients may develop
evidence of clinical utility by targeting specific high-risk groups, such as immunocom-
promised and pediatric patients and elderly patients in assisted living facilities. Hospital
admission is a critical decision point for these patients and therefore a potential
endpoint; expediting hospitalization of patients with severe infections may significantly
improve health outcomes. Furthermore, some patients with less severe infections may
benefit from avoiding hospital admission, limiting the potential of nosocomial infec-
tions and avoiding the sizable cost of hospitalization. Information about the use of
these technologies can be collected through collaborative efforts in multiple institu-
tions or from a single institution that works with high volumes of vulnerable patients.

Clinical workflow. Clinical workflow is substantially different in the outpatient and
inpatient settings and typically is of higher priority for inpatient services. For hospitals,
enhancing clinical workflow has the potential to significantly improve patient care and
lead to lower costs, particularly as more complex and/or labor-intensive tests may be
replaced with simpler and/or more efficient tests. Also, such improvements can aid
hospitals in meeting important quality metrics, such as limiting hospital-acquired
infections and improving antimicrobial stewardship. Improvements in the workflow can
be accomplished by streamlining the diagnostic process or by more rapidly monitoring
changes in antimicrobial resistance or types of pathogens present (19). Many hospital
central laboratories are limited to running tests for select pathogens at certain times of
the day and/or week, due to the complexity of tests which require highly trained
technologists to perform the assays. Also, there may be periods of higher volumes (e.g.,
influenza season, disease outbreak, etc.) where central laboratories can be over-
whelmed by the workload. High-volume laboratory demands can have further down-
stream impacts, including delaying the ability for other diagnostic tests and clinical
services in the hospital to be efficiently run. New advanced microbial testing tools offer
the potential to significantly improve workflow in both outpatient clinics and labora-
tories by decreasing the time and technical expertise required to perform each test.
Also, advanced technologies may allow an increased number of patient samples to be
tested simultaneously, thereby increasing efficiency and throughput of the laboratory,
resulting in improved workflow and faster results. Unfortunately, clinical workflow is
rarely quantified and reported in the literature, making comparisons across institutions
difficult. More studies in this area would significantly benefit the field. Relevant end-
points tested for clinical workflow could include time to reaching a confirmed diagno-
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sis, number of tests that must be run for diagnosis, clinical laboratory hours worked per
diagnosis, number of samples the laboratory processes per unit time, and the frequency
at which backlogs develop in the laboratory. Furthermore, it is important to note that
the United States is currently facing a shortage of trained clinical laboratory personnel
that is not expected to improve in the immediate future. Technologies that allow fewer
technicians to run more tests will likely play an essential role in overcoming this
challenge (47–49).

One of the most significant ways for improvements in outpatient workflow clinical
utility is to show that clinics can triage patients faster and thereby increase the volume
of patients assessed and treated in a similar time frame. Increasing the volume of
patients a physician can see in a select amount of time has the potential to improve
patient access by allowing a physician to see more patients per day (50, 51). For
example, when a POC test identifies a patient requiring immediate treatment while also
identifying individuals that are safe to release, it could significantly improve workflow
by diagnosing and treating patients in a single visit without the need for follow-up
assessments if the diagnosis is delayed (e.g., sexually transmitted infection [STI] tests,
HIV, influenza, group A Streptococcus, etc.). POC tests can not only identify patients with
severe infections that need to be admitted to the hospital but can also identify patients
with more minor conditions that are candidates for discharge and therefore reduce
occupation of ER beds (50, 51). One key consideration is that often these decisions are
made quickly, so to impact clinical workflow, the results must be made available within
a limited time frame (e.g., during or immediately after the visit). Prospective or
retrospective studies may be sufficient to demonstrate altered patient flow due to the
utilization of a new diagnostic technology. Appropriate endpoints for outpatient
workflow could include time to diagnosis for outpatients, number of patients seen,
number of tests/diagnostic procedures performed, duration of visit per patient, and
frequency for which follow up visits are needed. An example of this type of study can
be found in a recent publication describing a randomized control trial in which the
benefits of same-day testing for chlamydia and gonorrhea were evaluated compared to
SOC testing (2- to 3-day turnaround time). In this study, there was 0% undertreatment
compared with 43.8% for patients tested by the SOC. (52) A retrospective study of a
multiplex molecular gastrointestinal (GI) testing panel showed not only a reduction in
antibiotic prescription but also fewer endoscopic and abdominal radiology procedures
(46).

Patient outcomes. Patient outcomes are a central focus of medical studies and are

typically focused on reductions in morbidity and mortality. Microbial diagnostics may
meaningfully improve patient outcomes, as a more rapid diagnosis will likely directly
impact timely clinical decision making and improve overall patient care (19, 36, 53, 54).
While these benefits may represent evidence for clinical utility, it is often difficult to
demonstrate that improved outcomes are specifically due to the diagnostic test, given
the multitude of factors associated with patient therapeutic response. The diagnostic
tool itself should only be held to the standard of informing the correct treatment
decision and should not be required to prove that the therapeutic positively impacts
care, as limitations in the treatment can overwhelm improvements in diagnostics and
many benefits of decision making (e.g., antibiotic sparing) will not result in morbidity
and mortality improvements. It should be a given that when a pathogen is correctly
identified and the optimal treatment is initiated that an improvement has occurred,
whether or not this translates into a measured direct reduction in morbidity and
mortality. Therefore, the most appropriate approach may be for diagnostic developers
to demonstrate an improvement in clinical decision making for reimbursement.

These efforts can initially be focused on the demonstration of clinical utility in
smaller patient populations that are more likely to benefit from diagnostic improve-
ments, such as infants, immunosuppressed or compromised patients, and the elderly.
For instance, multiplex molecular syndromic panels might show significant improve-
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ments for immunocompromised patients by quickly identifying those that should be
treated immediately for serious infections.

Clinical outcomes are of paramount importance to both inpatient and outpatient
care. However, the particular outcomes desired can be different in each setting. For
inpatient care, the most common desired outcomes will be reducing the length of
hospital stay, the time patients spend in the intensive care unit (ICU), readmissions, and,
ultimately, infection-associated mortality. For example, MALDI-TOF MS, when con-
ducted post positive blood culture has shown a reduction in mortality for patients with
sepsis in prospective interventional trials (19). However, in the inpatient setting, patient
outcomes may be dependent on multiple factors other than diagnostics, particularly for
more serious infections or for patients with complex comorbidities. Studies of patient
outcomes, therefore, are often assessed with prospective or retrospective clinical trials,
as they will need to be conducted over several institutions or conducted for long
periods of time to generate sufficient statistical power to reach conclusions on a
diagnostic-specific impact on patient outcomes.

For outpatient care, critical endpoints regarding patient clinical outcome include
situations in which the identification and management of infections avoid hospitaliza-
tion and development of more serious conditions. In many circumstances, changes in
clinical decision making that would reasonably be expected to improve outcomes
along with hospital admission rates will be appropriate endpoints. However, once a
diagnostic is widely used in the outpatient setting, large retrospective studies over
many medical systems using the technology will likely be feasible.

Cost-benefit evaluation. Underlying each of these categories is a fundamental
question about whether the additional clinical benefits can be justified from a financial
perspective. In the United States, this takes the form of cost/impact and simple return
on investment analysis rather than formal cost-effectiveness evaluations as seen in
other markets. Advanced technologies usually come at some additional cost, but they
have the potential to free up resources by reducing the use of other tests, or by
avoiding additional diagnostic procedures. It is worth remembering that different
stakeholders in the hospital may be motivated by different cost-benefit considerations;
for instance, laboratory directors may be interested in how cost translates to efficiency,
while C-suite executives will likely focus more on return on investment.

In the inpatient setting, cost will be less of a concern because inpatient care is
focused on more serious infections with severe/costly outcomes. Also, there are more
ways for costs to be offset in inpatient care. For instance, studies with multiplex
gastrointestinal panels have shown some ability to reduce cost by removing patients
from high-cost isolation rooms and moving them to general wards when the patients
were shown not to have communicable infections (5). Other studies have shown cost
reductions through fewer diagnostic testing/imaging studies and reduced length of
stay, not only in GI patients but in those with the respiratory virus as well (46, 55).
Another example is the use of MALDI-TOF MS, which has routinely demonstrated lower
costs per sample than culture and phenotype assays for organism identification.
However, the high upfront cost of MALDI-TOF MS instruments means these savings
might only be realized by high-volume laboratories. Appropriate endpoints for mea-
suring cost are direct spending changes in dollars, but more sophisticated health
economic modeling showing differences in quality-adjusted life years/incremental
cost-effectiveness ratios may be justified (4). It is worth noting that cost avoidance is
often harder to quantify and track than direct costs and revenue, which makes cost
savings benefits from a test more difficult to communicate to payers and users.

For outpatient care, direct costs are unlikely to show clinical utility, as tests will be
compared to relatively inexpensive methods with limited ability to create offsets. In this
situation, cost becomes a barrier, leading commercial payers to be less enthusiastic to
reimburse a test because of the negative economic impact it may have. Of particular
note, high-priced tests are more likely to be held to higher evidentiary thresholds by
commercial payers, who may demand larger clinical trials or randomized control trials,
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when at a lower price point prospective observational or retrospective trials would
have been accepted.

DISCUSSION OF WAYS TO FOSTER CLINICAL UTILITY EVIDENCE DEVELOPMENT
AND INNOVATION

Role of evidence. To effectively maximize clinical uptake and broad payer coverage
of advanced technologies, the microbiology community must collectively form an
action plan involving a variety of stakeholders to collaborate and demonstrate the
beneficial effects of advanced technologies in the management of infectious diseases.
A key starting point for collaborative efforts in the microbial diagnostic space would be
to conduct studies to determine the economic and clinical challenges and limitations
of the current diagnostic paradigm. Properly conducted studies on this topic could help
persuade payers of the potential room for growth in this area and will set the stage for
the possible benefits of new technologies that can result in improvements in patient
care.

Key stakeholders should work closely with publishers of clinical guidelines to
articulate the role and best practices for the use of these tools to better inform payers
on the value and practicality of new tests. The continued generation of appropriate
clinical data may also lead to a willingness to include advanced technologies in
published guidelines. Including new diagnostic technologies in clinical guidelines
would add significant value, particularly in the eyes of payers, who refer to published
guidelines to inform their decision on whether to reimburse a technology. Clear
guidelines are particularly important for those technologies where the added cost of a
technology is currently perceived as a limitation for wide adoption in routine practice
(e.g., next-generation sequencing [NGS] technologies for microbiology).

Prioritizing clinical utility evidence generation by hands-on users in real-world
settings, such as improved impact on everyday clinical decision making and individual
patient outcomes, will be important to drive the future value proposition of advanced
microbiology technologies. While this additional evidence will likely play a major role
in facilitating broader utilization of new diagnostics among health care entities, it will
also educate payers on the added value to encourage broader payer coverage and
reimbursement.

It may be possible to eventually demonstrate outcomes not only at the individual
patient level but also at the population level. For example, there is potential to show
that outcomes are improved via public health benefits that result from better antibiotic
selection and community-acquired resistance management through the regional ap-
plied use of advanced diagnostic technologies. The full benefits of these technologies
will only be realized once antimicrobial stewardship and operational improvements
(e.g., strain tracking, hospital infection control surveillance, etc.) are applied in aggre-
gate. This will require a greater collaborative/coordinated effort across multiple insti-
tutions potentially coordinated by a public health entity. These types of studies will
require collaboration between many stakeholder organizations, such as the American
Society of Microbiology (ASM), clinical and physician societies, and government groups.
When these types of studies are conducted, positive results should be utilized to
encourage the Centers for Disease Control and Prevention (CDC) to publish formal
guideline updates encouraging widespread adoption of a diagnostic technology, given
the significant improvements in patient outcomes and potentially in public health.

Role of the microbiology and infectious disease community. As noted above,
many of the forms of clinical utility require showing the impact on clinical decision
making; therefore, it is important for microbiologists to understand how clinical deci-
sion making is done in the current SOC by engaging clinicians managing infections.
Success in developing clinical utility information will require microbiologists building
bridges to members of the clinical community. The clinical stakeholders needed include
not only infectious disease specialists but also infection control practitioners and
primary care and emergency room physicians to determine the impact of these tools
on everyday care. Better coordinated action requires findings consensus about the key
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benefits and required evidence and jointly and clearly articulating this information to
key stakeholders, such as hospital administration and payers.

A role for industry. Both the pharmaceutical and diagnostic manufacturing indus-
tries will also be required to be involved in orchestrating the generation of clinical
utility evidence. Given that hospital administrators often prefer to undertake a trial
period with new technologies to gain first-hand experience, diagnostic technology
manufacturers may need to pursue collaborations for this to be actively achieved.
Furthermore, they can work to guide not only microbiologists but also facilitate early
partnership with those in clinical and financial roles about the design of studies which
could help illustrate the clinical utility of these deployed tools in a fair and balanced
way. They can also play a role in helping community hospitals understand where to find
clinical utility information and how to share clinical utility information so that advanced
care approaches are not limited to academic medical centers. This support can come in
the form of research grants that are specifically for utilization reviews rather than for
traditional clinical trials. Critically, the microbial diagnostic industry should recognize
that efficacy and clinical utility trials conducted by industry are often viewed skeptically
by clinicians and payers. A better solution may be to provide funding to institutions
using the technology to support studies of clinical utility and best practices that the
institutions can publish independently.

Additionally, pharmaceutical leaders in the microbiology space may be required to
actively participate in data gathering and publication supporting the concept that
next-generation antimicrobials may be more effective, particularly if paired with the
most advanced diagnostic technologies. This will likely require active collaboration
between pharmaceutical and diagnostic companies to ensure the clinical utility benefit
of appropriate prescribing of next-generation treatments is influenced by novel tech-
nologies entering the space. The National Institutes of Health (NIH) and the CDC have
the potential to facilitate and mediate these types of collaborations through improving
communications, providing funding for important studies, promoting a strong clinical
research environment, and supporting inclusion in clinical guidelines when tests are
shown to be effective and economical.

A role for government and advocacy. Demonstrating the value of novel micro-
biology technologies will likely require a holistic approach to be undertaken by the
microbiology community. Engaging key agencies, such as the CDC and NIH, to increase
funding for large studies to generate large data sets of evidence will be a key strategy
to articulate the message. Such studies involving a variety of stakeholders should aim
to demonstrate improved antibiotic stewardship, patient outcomes, and communicate
the overall economic and health benefits for the community following the adoption of
novel microbiology technology in the future. For example, the CDC has responded to
the U.S. National Action Plan for Combating Antibiotic-Resistant Bacteria by launching
initiatives such as Antibiotic Resistance (AR) Solutions, which involves investments in
national infrastructure to prevent resistant infections (https://www.cdc.gov/drugresistance/
solutions-initiative/index.html). We urge the CDC to include evaluation of advanced
diagnostic technologies as potential tools to improve antimicrobial stewardship, clinical
decision-making/workflow, clinical outcomes, and the detection, tracking, and preven-
tion of resistant infections.

Professional societies, such as ASM, will likely play a key role in developing close
working relationships with government organizations, such as the NIH and CDC, to
emphasize the value of clinical utility of advanced microbial diagnostics. Importantly,
these groups should focus on supporting the development of evidence and sharing of
information in areas that are not a high priority to any single stakeholder to help
resolve collective action issues. Moreover, demonstrating robust clinical utility will likely
require clinical microbiologists to engage with each stakeholder type, from a variety of
physician groups to hospital administrators and payers, to aid understanding and
communicate the potential benefit that advanced microbiology tools provide in various
care settings. These improvements may be achieved by improving not only the speed
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and accuracy of disease diagnosis but also key characteristics such as workflow and cost
avoidance (32).

Implications for future incorporations of technology. The advances and innova-
tions in microbial diagnostic technologies over the last decade are beginning to have
a significant impact on the way we diagnose and manage infectious diseases. In the
coming years, an additional cohort of new microbial diagnostics is expected to enter
the space. Technologies that include advanced genomics (56, 57), proteomics, and
rapid susceptibility tests (58) are expected to cause dramatic changes by tackling some
of the most important problems for microbial diagnostics. Additionally, advanced
analytic tools, such as artificial intelligence and machine learning, can enhance the
information extracted from the data these technologies collect (49, 59, 60).

For example, the menu of culture-independent nucleic acid amplification tests and
syndromic panels is expanding. These advances will likely favor the deployment of
culture-independent reporting of antimicrobial resistance (AMR) determinants, includ-
ing the creation of a clear correlation of AMR genotype to antimicrobial susceptibility
phenotype/MICs. Also, automated microscopy is being leveraged for early detection of
sepsis by detection of morphological changes in monocytes indicative of dysregulated
immune response or morphological changes in bacteria indicative of drug susceptibility
(61).

Next-generation sequencing methods and proteomics (e.g., MALDI-TOF) are ex-
pected to impact key diagnostic segments in the future. In contrast to PCR panels, these
methods have the potential for “hypothesis-free” detection of pathogens and host
response markers. NGS-based analysis of pathogens further allows phenotypic predic-
tion, such as detection of AMR determinants, virulence factors, and mobile genetic
elements. Also, whole-genome sequencing of isolates by next-generation sequencing
allows strain typing at nucleotide-level resolution for epidemiological studies and
infection control. These methods have tremendous potential in the clinical microbiol-
ogy lab, opening a novel paradigm for diagnostics.

However, to be deployed clinically and realize this potential, these technologies will
need to build on efforts associated with more established technology that has dem-
onstrated clinical utility. Our hope is that the concepts outlined throughout this paper
will facilitate the demonstration of the clinical utility of recently launched novel
methods so that the even newer tools and techniques, as described above, will be able
to find a pathway to success and routine application in the clinical microbiology
laboratory. Adoption of these technologies may also require hospitals and payers to
place a higher priority on infection control than they do currently and to support their
infection control centers.

CONCLUSION

The need for improvements in microbial diagnostics and thereby in management of
infectious disease is clear and urgent. This need has the potential to be filled by a
combination of new technologies that have entered the diagnostic space or will enter
it shortly. However, there is a clear gap in the field that is preventing these technologies
from being widely deployed to fill the current unmet clinical need for rapid and
improved testing. While the necessity of deploying better microbial diagnostics is not
lost on microbiologists and infectious disease specialists, other key stakeholders have
lower awareness. Therefore, a collective effort is needed from microbiologists and
clinicians handling infectious diseases to communicate to other stakeholders the costs
and downsides of the current SOC. Demonstrating and communicating how the low
cost of phenotypic methods is often offset by the high cost of preventable morbidity
and mortality that comes from a slow diagnostic SOC, and how new tests can directly
impact and improve clinical decision making, is needed. Clearly defining and describing
these issues to commercial payers, hospital administrators, and government regulators
will smooth the deployment of these technologies and benefit individual and commu-
nal health.

Minireview Journal of Clinical Microbiology

September 2019 Volume 57 Issue 9 e00495-19 jcm.asm.org 11

https://jcm.asm.org


ACKNOWLEDGMENTS
The members of the workgroup that wrote this paper thank the ASM Clinical and

Public Health Microbiology Committee and the ASM Corporate Council for their
support throughout this process. We also specifically thank Omai Garner of UCLA for
sharing his thoughts and insights.

Members of the ASM Corporate Council are employees of some of the companies
that make products in the categories referenced in this minireview (e.g., GenMark,
Accelerate, Illumina, etc.).

REFERENCES
1. Sousa AM, Pereira MO. 2013. A prospect of current microbial diagnosis

methods, p 1429 –1438. In Mendez-Vilas A (ed), Microbial pathogens and
strategies for combating them: science, technology and education, vol 3.
Formatex, Bajadoz, Spain.

2. Van Belkum A, Durand G, Peyret M, Chatellier S, Zambardi G, Schrenzel
J, Shortridge D, Engelhardt A, Dunne WM. 2013. Rapid clinical bacteri-
ology and its future impact. Ann Lab Med 33:14 –27. https://doi.org/10
.3343/alm.2013.33.1.14.

3. Lazcka O, Del Campo FJ, Muñoz FX. 2007. Pathogen detection: a per-
spective of traditional methods and biosensors. Biosens Bioelectron
22:1205–1217. https://doi.org/10.1016/j.bios.2006.06.036.

4. Freeman K, Mistry H, Tsertsvadze A, Royle P, McCarthy N, Taylor-Phillips
S, Manuel R, Mason J. 2017. Multiplex tests to identify gastrointestinal
bacteria, viruses and parasites in people with suspected infectious
gastroenteritis: a systematic review and economic analysis. Health Tech-
nol Assess 21. https://doi.org/10.3310/hta21230.

5. Centers for Disease Control and Prevention. 2017. Antibiotic use in the
United States, 2017: progress and opportunities. Centers for Disease
Control and Prevention, Atlanta, GA.

6. Silverman MA, Konnikova L, Gerber JS, Medicine N. 2017. Impact of
antibiotics on necrotizing enterocolitis and antibiotic-associated diar-
rhea. Gastroenterol Clin North Am 46:61–76. https://doi.org/10.1016/j
.gtc.2016.09.010.

7. McDonald LC. 2017. Effects of short- and long-course antibiotics on the
lower intestinal microbiome as they relate to traveller’s diarrhea. J Travel
Med 24:S35–S38. https://doi.org/10.1093/jtm/taw084.

8. Tamma PD, Avdic E, Li DX, Dzintars K, Cosgrove SE. 2017. Association of
adverse events with antibiotic use in hospitalized patients. JAMA Intern
Med 177:1308 –1315. https://doi.org/10.1001/jamainternmed.2017.1938.

9. Seng P, Drancourt M, Gouriet F, La Scola B, Fournier P, Rolain JM, Raoult
D. 2009. Ongoing revolution in bacteriology: routine identification of
bacteria by matrix�assisted laser desorption ionization time�of�flight
mass spectrometry. Clin Infect Dis 49:543–551. https://doi.org/10.1086/
600885.

10. Van Belkum A, Chatellier S, Girard V, Pincus D, Deol P, Dunne WM. 2015.
Progress in proteomics for clinical microbiology: MALDI-TOF MS for
microbial species identification and more. Expert Rev Proteomics 12:
595– 605. https://doi.org/10.1586/14789450.2015.1091731.

11. Hanson KE, Couturier MR. 2016. Multiplexed molecular diagnostics for
respiratory, gastrointestinal, and central nervous system infections. Clin
Infect Dis 63:1361–1367. https://doi.org/10.1093/cid/ciw494.

12. Ramanan P, Bryson AL, Binnicker MJ, Pritt BS, Patel R. 2018. Syndromic
panel-based testing in clinical microbiology. Clin Microbiol Rev 31:
e00024-17. https://doi.org/10.1128/CMR.00024-17.

13. Gomah ME, Turley JP, Lu H, Jones D. 2010. Modeling complex workflow
in molecular diagnostics: design specifications of laboratory software for
support of personalized medicine. J Mol Diagnostics 12:51–57. https://
doi.org/10.2353/jmoldx.2010.090082.

14. Drancourt M, Michel-Lepage A, Boyer S, Raoult D. 2016. The point-of-
care laboratory in clinical microbiology. Clin Microbiol Rev 29:429 – 447.
https://doi.org/10.1128/CMR.00090-15.

15. Huckle D. 2015. The impact of new trends in POCTs for companion diag-
nostics, non-invasive testing and molecular diagnostics. Expert Rev Mol
Diagn 15:815–827. https://doi.org/10.1586/14737159.2015.1033405.

16. Wang P, Kricka LJ. 2018. Current and emerging trends in point-of-care
technology and strategies for clinical validation and implementation. Clin
Chem 64:1439–1452. https://doi.org/10.1373/clinchem.2018.287052.

17. Pliakos EE, Andreatos N, Shehadeh F, Ziakas PD, Mylonakis E. 2018. The
cost-effectiveness of rapid diagnostic testing for the diagnosis of blood-

stream infections with or without antimicrobial stewardship. Clin Micro-
biol Rev 31:e00095-17. https://doi.org/10.1128/CMR.00095-17.

18. Messacar K, Parker SK, Todd JK, Dominguez SR. 2017. Implementation of
rapid molecular infectious disease diagnostics: the role of diagnostic and
antimicrobial stewardship. J Clin Microbiol 55:715–723. https://doi.org/
10.1128/JCM.02264-16.

19. Perez KK, Olsen RJ, Musick WL, Cernoch PL, Davis JR, Peterson LE, Musser
JM. 2014. Integrating rapid diagnostics and antimicrobial stewardship
improves outcomes in patients with antibiotic-resistant Gram-negative
bacteremia. J Infect 69:216 –225. https://doi.org/10.1016/j.jinf.2014.05
.005.

20. Peabody JW, Shimkhada R, Tong KB, Zubiller MB. 2014. New thinking on
clinical utility: hard lessons for molecular diagnostics. Am J Manag Care
20:750 –756.

21. Quinn B. 2010. Payers and the assessment of clinical utility for compan-
ion diagnostics. Clin Pharmacol Ther 88:751–754. https://doi.org/10
.1038/clpt.2010.234.

22. Farkas DH. 2016. Clinical validity and utility: putting the patient front and
center. J Mol Diagn 18:635– 637. https://doi.org/10.1016/j.jmoldx.2016
.06.003.

23. Deverka PA, Haga SB. 2015. Comparative effectiveness research and
demonstrating clinical utility for molecular diagnostic tests. Clin Chem
61:142–144. https://doi.org/10.1373/clinchem.2014.223412.

24. Burke W, Laberge AM, Press N. 2010. Debating clinical utility. Public
Health Genomics 13:215–223. https://doi.org/10.1159/000279623.

25. Green DA, Hitoaliaj L, Kotansky B, Campbell SM, Peaper DR. 2016. Clinical
utility of on-demand multiplex respiratory pathogen testing among
adult outpatients. J Clin Microbiol 54:2950 –2955. https://doi.org/10
.1128/JCM.01579-16.

26. Blaschke AJ, Shapiro DJ, Pavia AT, Byington CL, Ampofo K, Stockmann C,
Hersh AL. 2014. A national study of the impact of rapid influenza testing
on clinical care in the emergency department. J Pediatric Infect Dis Soc
3:112–118. https://doi.org/10.1093/jpids/pit071.

27. Benirschke RC, McElvania E, Thomson RB, Kaul KL, Das S. 2019. Clinical
impact of rapid point-of-care PCR influenza testing in an urgent care
setting: a single-center study. J Clin Microbiol 57:e01281-18. https://doi
.org/10.1128/JCM.01281-18.

28. Bell ML. 2018. New guidance to improve sample size calculations for
trials: eliciting the target difference. Trials 19:605. https://doi.org/10
.1186/s13063-018-2894-y.

29. Hu Y, Hoover DR. 2018. Power estimation in planning randomized two-arm
pre-post intervention trials with repeated longitudinal outcomes. J Biom
Biostat 9:403. https://doi.org/10.4172/2155-6180.1000403.

30. Mok JH, Eom JS, Jo EJ, Kim MH, Lee K, Kim KU, Park HK, Yi J, Lee MK.
2016. Clinical utility of rapid pathogen identification using matrix-
assisted laser desorption/ionization time-of-flight mass spectrometry in
ventilated patients with pneumonia: a pilot study. Respirology 21:
321–328. https://doi.org/10.1111/resp.12677.

31. Wenzler E, Goff DA, Mangino JE, Reed EE, Bauer KA. 2016. Impact of rapid
identification of Acinetobacter baumannii via matrix-assisted laser de-
sorption ionization time-of-flight mass spectrometry combined with
antimicrobial stewardship in patients with pneumonia and/or bactere-
mia. Diagn Microbiol Infect Dis 84:63– 68. https://doi.org/10.1016/j
.diagmicrobio.2015.09.018.

32. van Belkum A, Bachmann TT, Lüdke G, Lisby JG, Kahlmeter G, Mohess A,
Becker K, Hays JP, Woodford N, Mitsakakis K, Moran-Gilad J, Vila J, Peter
H, Rex JH, Dunne WM, Jr, the JPIAMR AMR-RDT Working Group on
Antimicrobial Resistance and Rapid Diagnostic Testing. 2019. Develop-

Minireview Journal of Clinical Microbiology

September 2019 Volume 57 Issue 9 e00495-19 jcm.asm.org 12

https://doi.org/10.3343/alm.2013.33.1.14
https://doi.org/10.3343/alm.2013.33.1.14
https://doi.org/10.1016/j.bios.2006.06.036
https://doi.org/10.3310/hta21230
https://doi.org/10.1016/j.gtc.2016.09.010
https://doi.org/10.1016/j.gtc.2016.09.010
https://doi.org/10.1093/jtm/taw084
https://doi.org/10.1001/jamainternmed.2017.1938
https://doi.org/10.1086/600885
https://doi.org/10.1086/600885
https://doi.org/10.1586/14789450.2015.1091731
https://doi.org/10.1093/cid/ciw494
https://doi.org/10.1128/CMR.00024-17
https://doi.org/10.2353/jmoldx.2010.090082
https://doi.org/10.2353/jmoldx.2010.090082
https://doi.org/10.1128/CMR.00090-15
https://doi.org/10.1586/14737159.2015.1033405
https://doi.org/10.1373/clinchem.2018.287052
https://doi.org/10.1128/CMR.00095-17
https://doi.org/10.1128/JCM.02264-16
https://doi.org/10.1128/JCM.02264-16
https://doi.org/10.1016/j.jinf.2014.05.005
https://doi.org/10.1016/j.jinf.2014.05.005
https://doi.org/10.1038/clpt.2010.234
https://doi.org/10.1038/clpt.2010.234
https://doi.org/10.1016/j.jmoldx.2016.06.003
https://doi.org/10.1016/j.jmoldx.2016.06.003
https://doi.org/10.1373/clinchem.2014.223412
https://doi.org/10.1159/000279623
https://doi.org/10.1128/JCM.01579-16
https://doi.org/10.1128/JCM.01579-16
https://doi.org/10.1093/jpids/pit071
https://doi.org/10.1128/JCM.01281-18
https://doi.org/10.1128/JCM.01281-18
https://doi.org/10.1186/s13063-018-2894-y
https://doi.org/10.1186/s13063-018-2894-y
https://doi.org/10.4172/2155-6180.1000403
https://doi.org/10.1111/resp.12677
https://doi.org/10.1016/j.diagmicrobio.2015.09.018
https://doi.org/10.1016/j.diagmicrobio.2015.09.018
https://jcm.asm.org


mental roadmap for antimicrobial susceptibility testing systems. Nat Rev
Microbiol 17:51– 62. https://doi.org/10.1038/s41579-018-0098-9.

33. Thiese MS. 2014. Observational and interventional study design types:
an overview. Biochem Med (Zagreb) 24:199 –210. https://doi.org/10
.11613/BM.2014.022.

34. Banerjee R, Teng CB, Cunningham SA, Ihde SM, Steckelberg JM, Moriarty
JP, Shah ND, Mandrekar JN, Patel R. 2015. Randomized trial of rapid
multiplex polymerase chain reaction-based blood culture identification
and susceptibility testing. Clin Infect Dis 61:1071–1080. https://doi.org/
10.1093/cid/civ447.

35. Verroken A, Defourny L, Le Polain D, Waroux O, Belkhir L, Laterre PF,
Delmée M, Glupczynski Y. 2016. Clinical impact of MALDI-TOF MS iden-
tification and rapid susceptibility testing on adequate antimicrobial
treatment in sepsis with positive blood cultures. PLoS One 11:e0156299.
https://doi.org/10.1371/journal.pone.0156299.

36. Timbrook TT, Morton JB, Mcconeghy KW, Caffrey AR, Mylonakis E,
LaPlante KL. 2017. The effect of molecular rapid diagnostic testing on
clinical outcomes in bloodstream infections: a systematic review and
meta-analysis. Clin Infect Dis 64:15–23. https://doi.org/10.1093/cid/
ciw649.

37. Mayer LM, Kahlert C, Rassouli F, Vernazza P, Albrich WC. 2017. Impact of
viral multiplex real-time PCR on management of respiratory tract
infection: a retrospective cohort study. Pneumonia (Nathan) 9:4. https://
doi.org/10.1186/s41479-017-0028-z.

38. Le Palud P, Cattoir V, Malbruny B, Magnier R, Campbell K, Oulkhouir Y,
Zalcman G, Bergot E. 2014. Retrospective observational study of diag-
nostic accuracy of the Xpert® MTB/RIF assay on fiberoptic bronchoscopy
sampling for early diagnosis of smear-negative or sputum-scarce pa-
tients with suspected tuberculosis. BMC Pulm Med 14:137. https://doi
.org/10.1186/1471-2466-14-137.

39. Pankhurst L, Macfarlane-Smith L, Buchanan J, Anson L, Davies K,
O’Connor L, Ashwin H, Pike G, Dingle KE, Peto TEA, Wordsworth S,
Walker AS, Wilcox MH, Crook DW. 2014. Can rapid integrated polymer-
ase chain reaction-based diagnostics for gastrointestinal pathogens im-
prove routine hospital infection control practice? A diagnostic study.
Health Technol Assess (Rockv) 18:1–167. https://doi.org/10.3310/
hta18530.

40. Osthoff M, Gürtler N, Bassetti S, Balestra G, Marsch S, Pargger H, Weisser
M, Egli A. 2017. Impact of MALDI-TOF-MS-based identification directly
from positive blood cultures on patient management: a controlled
clinical trial. Clin Microbiol Infect 23:78 – 85. https://doi.org/10.1016/j.cmi
.2016.08.009.

41. Huang AM, Newton D, Kunapuli A, Gandhi TN, Washer LL, Isip J, Collins
CD, Nagel JL. 2013. Impact of rapid organism identification via matrix-
assisted laser desorption/ionization time-of-flight combined with anti-
microbial stewardship team intervention in adult patients with bactere-
mia and candidemia. Clin Infect Dis 57:1237–1245. https://doi.org/10
.1093/cid/cit498.

42. Buehler SS, Madison B, Snyder SR, Derzon JH, Cornish NE, Saubolle MA,
Weissfeld AS, Weinstein MP, Liebow EB, Wolk DM. 2016. Effectiveness of
practices to increase timeliness of providing targeted therapy for inpa-
tients with bloodstream infections: a laboratory medicine best practices
systematic review and meta-analysis. Clin Microbiol Rev 29:59 –103.
https://doi.org/10.1128/CMR.00053-14.

43. Peker N, Couto N, Sinha B, Rossen JW. 2018. Diagnosis of bloodstream
infections from positive blood cultures and directly from blood samples:
recent developments in molecular approaches. Clin Microbiol Infect
24:944 –955. https://doi.org/10.1016/j.cmi.2018.05.007.

44. Llor C, Bjerrum L, Munck A, Cots JM, Hernandez S, Moragas A, de Dios
Alcantara J, Alvarez C, Atienza F, Baeza M, Bellon J, Carrillo I, Costa CJ,
Crespo P, Dastis C, Dominguez S, Galvez MM, Gonzalez MI, Guerrero A,
Gutierrez C, Herrera RDP, Largaespada G, Lopez B, Lopez IM, Manzanares
ML, Marin L, Marmesat F, Martinez MM, Martinez R, Mesa MI, de Mesa Y,
Moreno GM, Moya ML, Oropesa J, Perez C, Perez-Cerezal M, Quero JJ,
Rojo MP, Sagrista M, Sampedro C, Sanchez JC, Sendin JC, Silva M, Solis

JM, Suarez L, de Tena I V., Torres S, Alonso C, Alvarez F, Castanon ME,
Fernandez B, et al. 2014. Access to point-of-care tests reduces the
prescription of antibiotics among antibiotic-requesting subjects with
respiratory tract infections. Respir Care 59:1918 –1923. https://doi.org/
10.4187/respcare.03275.

45. Kothari A, Morgan M, Haake DA. 2014. Emerging technologies for rapid
identification of bloodstream pathogens. Clin Infect Dis 59:272–278.
https://doi.org/10.1093/cid/ciu292.

46. Beal SG, Tremblay EE, Toffel S, Velez L, Rand H. 2018. A gastrointestinal
PCR panel improves clinical management and lowers health care costs.
J Clin Microbiol 56:e01457-17. https://doi.org/10.1128/JCM.01457-17.

47. Bourbeau PP, Ledeboer A. 2013. Automation in clinical microbiology. J
Clin Microbiol 51:1658 –1665. https://doi.org/10.1128/JCM.00301-13.

48. Novak SM, Marlowe EM. 2013. Automation in the clinical microbiology
laboratory. Clin Lab Med 33:567–588. https://doi.org/10.1016/j.cll.2013
.03.002.

49. Bailey A, Ledeboer N, Burnham CD. 2019 Clinical microbiology is grow-
ing up: the total laboratory automation revolution. Clin Chem 65:
634 – 643. https://doi.org/10.1373/clinchem.2017.274522.

50. Jarvis P. 2016. Improving emergency department patient flow. Clin Exp
Emerg Med 3:63– 68. https://doi.org/10.15441/ceem.16.127.

51. Rooney KD, Schilling MM. 2014. Point-of-care testing in the overcrowded
emergency department— can it make a difference? Crit Care 18:692.
https://doi.org/10.1186/s13054-014-0692-9.

52. Gaydos CA, Ako M, Lewis M, Hsieh Y. 2018. Use of a rapid diagnostic for
Chlamydia trachomatis and Neisseria gonorrhoeae for women in the
emergency department can improve clinical management: report of a
randomized clinical trial. Ann Emerg Med https://doi.org/10.1016/j
.annemergmed.2018.09.012.

53. Rogers BB, Shankar P, Jerris RC, Kotzbauer D, Anderson EJ, Watson JR,
O’Brien LA, Uwindatwa F, McNamara K, Bost JE. 2015. Impact of a rapid
respiratory panel test on patient outcomes. Arch Pathol Lab Med 139:
636 – 641. https://doi.org/10.5858/arpa.2014-0257-OA.

54. Doern GV. 2014. The value of outcomes data in the practice of clinical
microbiology. J Clin Microbiol 52:1314 –1316. https://doi.org/10.1128/
JCM.00712-14.

55. Wabe N, Li L, Lindeman R, Yimsung R, Dahm MR, McLennan S, Clezy K,
Westbrook JI, Georgiou A. 2019. Impact of rapid molecular diagnostic
testing of respiratory viruses on outcomes of adults hospitalised with
respiratory illness: a multicentre quasi-experimental study. J Clin Micro-
biol 57:e01727-18. https://doi.org/10.1128/JCM.01727-18.

56. Levy SE, Myers RM. 2016. Advancements in next-generation sequencing.
Annu Rev Genomics Hum Genet 17:95–115. https://doi.org/10.1146/
annurev-genom-083115-022413.

57. Didelot X, Bowden R, Wilson DJ, Peto TEA, Crook DW. 2012. Transform-
ing clinical microbiology with bacterial genome sequencing. Nat Rev
Genet 13:601– 612. https://doi.org/10.1038/nrg3226.

58. Syal K, Mo M, Yu H, Iriya R, Jing W, Guodong S, Wang S, Grys TE, Haydel
SE, Tao N. 2017. Current and emerging techniques for antibiotic suscep-
tibility tests. Theranostics 7:1795–1805. https://doi.org/10.7150/thno
.19217.

59. Nguyen M, Long SW, Mcdermott PF, Olsen RJ, Olson R, Stevens RL, Tyson
GH, Zhao S, Davis JJ. 2019. Using machine learning to predict antimi-
crobial MICs and associated genomic features for nontyphoidal Sal-
monella. J Clin Microbiol 57:e01260-18. https://doi.org/10.1128/JCM
.01260-18.

60. Ratzinger F, Haslacher H, Perkmann T, Pinzan M, Anner P, Makristathis A,
Burgmann H, Heinze G, Dorffner G. 2018. Machine learning for fast
identification of bacteraemia in SIRS patients treated on standard care
wards: a cohort study. Sci Rep 8:12233. https://doi.org/10.1038/s41598
-018-30236-9.

61. Otero F, Santiso R, Tamayo M, Fernandez JL, Bou G, Lepe JA, McConnell
MJ, Gosalvez J, Cisneros JM. 2016. Rapid detection of antibiotic resis-
tance in Gram-negative bacteria through assessment. Microb Drug Re-
sist 23:157–162. https://doi.org/10.1089/mdr.2016.0023.

Minireview Journal of Clinical Microbiology

September 2019 Volume 57 Issue 9 e00495-19 jcm.asm.org 13

https://doi.org/10.1038/s41579-018-0098-9
https://doi.org/10.11613/BM.2014.022
https://doi.org/10.11613/BM.2014.022
https://doi.org/10.1093/cid/civ447
https://doi.org/10.1093/cid/civ447
https://doi.org/10.1371/journal.pone.0156299
https://doi.org/10.1093/cid/ciw649
https://doi.org/10.1093/cid/ciw649
https://doi.org/10.1186/s41479-017-0028-z
https://doi.org/10.1186/s41479-017-0028-z
https://doi.org/10.1186/1471-2466-14-137
https://doi.org/10.1186/1471-2466-14-137
https://doi.org/10.3310/hta18530
https://doi.org/10.3310/hta18530
https://doi.org/10.1016/j.cmi.2016.08.009
https://doi.org/10.1016/j.cmi.2016.08.009
https://doi.org/10.1093/cid/cit498
https://doi.org/10.1093/cid/cit498
https://doi.org/10.1128/CMR.00053-14
https://doi.org/10.1016/j.cmi.2018.05.007
https://doi.org/10.4187/respcare.03275
https://doi.org/10.4187/respcare.03275
https://doi.org/10.1093/cid/ciu292
https://doi.org/10.1128/JCM.01457-17
https://doi.org/10.1128/JCM.00301-13
https://doi.org/10.1016/j.cll.2013.03.002
https://doi.org/10.1016/j.cll.2013.03.002
https://doi.org/10.1373/clinchem.2017.274522
https://doi.org/10.15441/ceem.16.127
https://doi.org/10.1186/s13054-014-0692-9
https://doi.org/10.1016/j.annemergmed.2018.09.012
https://doi.org/10.1016/j.annemergmed.2018.09.012
https://doi.org/10.5858/arpa.2014-0257-OA
https://doi.org/10.1128/JCM.00712-14
https://doi.org/10.1128/JCM.00712-14
https://doi.org/10.1128/JCM.01727-18
https://doi.org/10.1146/annurev-genom-083115-022413
https://doi.org/10.1146/annurev-genom-083115-022413
https://doi.org/10.1038/nrg3226
https://doi.org/10.7150/thno.19217
https://doi.org/10.7150/thno.19217
https://doi.org/10.1128/JCM.01260-18
https://doi.org/10.1128/JCM.01260-18
https://doi.org/10.1038/s41598-018-30236-9
https://doi.org/10.1038/s41598-018-30236-9
https://doi.org/10.1089/mdr.2016.0023
https://jcm.asm.org

	OVERVIEW OF CLINICAL UTILITY AND EVIDENCE DEVELOPMENT CONSIDERATIONS
	OVERVIEW OF CLINICAL UTILITY EVIDENCE DEVELOPMENT CONCEPTS
	Clinical decision making. 
	Clinical workflow. 
	Patient outcomes. 
	DISCUSSION OF WAYS TO FOSTER CLINICAL UTILITY EVIDENCE DEVELOPMENT AND INNOVATION
	Role of evidence. 
	Role of the microbiology and infectious disease community. 
	A role for industry. 
	A role for government and advocacy. 
	Implications for future incorporations of technology. 


	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

