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Title XVIII of the Social Security Act, §1862(a)(1)(A) allows coverage and payment for only those services that are
considered to be reasonable and necessary

42 CFR 8§410.32(a) Diagnostic x-ray tests, diagnostic laboratory tests, and other diagnostic tests: Conditions

CMS Internet-Only Manual, Pub. 100-02, Medicare Policy Manual, Chapter 15, §80 Requirements for Diagnostic X-
Ray, Diagnostic Laboratory, and Other Diagnostic Tests, §80.1.1 Certification Changes

Coverage Guidance

Coverage Indications, Limitations, and/or Medical Necessity

This policy provides limited coverage for outpatient testing with panels using molecular syndromic panels for
infectious disease pathogen identification testing. This policy does NOT address coverage for the inpatient setting.

This policy defines a panel as a test that detects > 1 pathogen. This policy also differentiates (where appropriate)
between small, targeted panels (up to 5 pathogens) and larger, expanded panels (26 pathogens). This distinction is
primarily applied to the Respiratory and Gastrointestinal Panels. A ‘syndromic panel’ is further defined as one that
simultaneously detects multiple different pathogens associated with similar and overlapping clinical symptomatology.

This is NOT a coverage policy for metagenomic next-generation sequencing, mass spectrometry, or fluorescence in
situ hybridization (FISH).

General Criteria For Coverage For A Molecular Syndromic Infectious Disease Pathogen Identification
Panel Test

This Medicare Contractor will cover molecular syndromic infectious disease pathogen identification panel tests when
ALL of the following criteria are met:

¢ The patient has a clinical indication for infectious disease testing:

o For immunocompetent patients, the clinical indication includes a presumption of active infection OR
infection-associated complications (which may include exacerbation of underlying disease) that require
the identification of a causative organism for appropriate management. Atypical clinical presentations of
disease are considered appropriate indications for special populations who may not present with classic
symptoms of infection (i.e., the elderly).

o For immunocompromised patients (i.e., those with weakened immune systems including those with
human immunodeficiency virus (HIV) or acquired immunodeficiency syndrome (AIDS), patients who are
taking immunosuppressive medications (i.e., chemotherapy, biologics, transplant-related
immunosuppressive drugs, high-dose systemic corticosteroids) and those with inherited diseases that
affect the immune system (i.e., congenital immunoglobulin deficiencies), atypical clinical presentations of
disease are considered appropriate indications for testing. In this patient population, testing may be
performed ONCE as part of a pre-transplant evaluation, regardless of the presence of symptoms.

o Note: For certain panels, such as the Urogenital/Anogenital Panel, epidemiologic indication or potential
exposure to pathogens as a result of a high-risk experience is considered a covered clinical indication,
even in the absence of clinical symptoms. These are specifically noted below in LIMITED COVERAGE
FOR EXPANDED (>5 Pathogens) PANEL TESTING.

¢ The results of testing will impact clinical management in a manner already demonstrated in the peer-reviewed
published literature to improve patient outcomes.
e Testing is performed according to the intended use of the test in the intended patient population for which the
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test was developed and validated.

o This includes performing the test using the intended sample types along with parallel testing that must
accompany the test (i.e., the meningoencephalitis and bloodstream pathogen tests include requirements
for parallel testing using conventional Gram stain and culture-based detection for correlation of results).

= This also includes the provision - by the laboratory to ordering providers - of the major limitations of a
given panel test.

¢ An evaluation for more than 1 pathogen by molecular testing is necessary for patient management (testing for
a single pathogen is NOT reasonable and necessary for the specific infection, patient, or indication). The panel
performed includes at /least the minimum pathogens required for clinical decision making for its intended use
that can be reasonably detected by the test.

e Expanded panel testing is only indicated when targeted panel testing is not appropriate (i.e., will not provide
sufficient information for the appropriate clinical management of the patient). See LIMITED COVERAGE FOR
EXPANDED (>5 Pathogens) PANEL TESTING below.

e Services that do not have Food and Drug Administration (FDA)-cleared/approved indicated uses, as well as
FDA-approved tests performed in ways not consistent with their intended-use labeling directions, will require
registration with Molecular Diagnostic Services Program (MolDX®) and a Technical Assessment (TA) to
demonstrate compliance of the service with this policy. Similarly, tests (and CPT codes) for which there are no
accompanying ICD-10 codes in the associated Billing and Coding Article will require registration with MoIDX®
and a TA to demonstrate compliance of the service with this policy.

e Registered tests must demonstrate equivalent or superior test performance characteristics - analytical validity
(AV) and clinical validity (CV) - to established standard-of-care (SOC) methods (i.e., culture, pathogen-specific
polymerase chain reaction [PCR]) for the majority of targets included on the panel.

s CV of any new organisms and analytes that are not already established as SOC or that do not have a
predicate test that is covered by this contractor must be established through a study published in the
peer-reviewed literature for the intended use of the test in the intended population.

e Documentation of the following is clearly stated in the medical record:

o Specific clinical indications for testing (i.e., clinical suspicion of a pathogen as the cause of the patient’s
condition)

= Specific reasons for performing panel testing

o Provider type/specialty and Place of Service

e Testing must be performed according to Clinical Laboratory Improvement Amendments (CLIA) and/or FDA
regulations. For example, CLIA-non-waived tests may only be performed in certified laboratories and according
to CLIA regulations. CLIA-waived tests may be performed in healthcare settings that operate under a CLIA
Certificate of Waiver or Certificate of Compliance/Certificate of Accreditation. Panels intended for home use
(including those that have been FDA approved or cleared) do NOT meet the coverage criteria of this policy.

Non-Coverage Criteria

Molecular Syndromic Panel Tests will NOT be covered in the following circumstances:

o If the test is performed as a test of cure.
o If the patient has been previously tested by molecular diagnostic methods for the same pathogens within
14 days for the same clinical indication.

o If a previous panel test was performed with a similar/duplicative intended use, a subsequent test
is only reasonable and necessary if the non-duplicative content of the second test is reasonable
and necessary.

o Exception: Repeat panel testing for the same clinical indication will only be covered if first panel
yielded a negative result AND there is a high index of suspicion for a pathogen as the cause of
symptoms AND the patient’s clinical condition is not improving or is deteriorating after a clinically
appropriate length of time. In such cases, 1 additional panel test may be covered between 1 and
14 days after the initial panel test, so long as the test fulfills the criteria for coverage as set forth
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in this policy.

LIMITED COVERAGE FOR EXPANDED (>5 Pathogens) PANEL TESTING

FOR THE SPECIFIC PANEL TYPES LISTED BELOW, ALL OF THE FOLLOWING ADDITIONAL CRITERIA MUST
BE MET:

* Respiratory (RP) and Pneumonia (PNP) Panels will only be covered when targeted testing is not
appropriate AND according to the following additional criteria:

o For immune-competent patients, at least 1 of the following must apply:

o Testing is ordered by a clinician specialist in Infectious Diseases or Pulmonology for a patient with
severe and established underlying respiratory pathology (i.e., severe asthma, chronic obstructive
pulmonary disease (COPD), cystic fibrosis, pulmonary fibrosis, radiation therapy to the lung) AND
treatment with antibiotics may be indicated according to established guidelines.lr2 Specific
examples that do NOT meet coverage criteria according to established guidelines include the
following:

o Asthma exacerbations without the additional presence of either fever and purulent sputum
or radiographic evidence of pneumonia2
o Uncomplicated community acquired pneumonia (CAP)1

s The patient is seriously or critically ill or at imminent risk of becoming seriously or critically ill (as
defined by the American Hospital Association’s “General Guide for the Release of Information on
the Condition of Patients”)3 as a result of a presumed respiratory infection AND the patient is
being treated in an appropriate critical care facility.

o For immune-suppressed patients: Testing is ordered by a clinician specialist in 1 of the following:
Infectious Diseases, Pulmonology, Oncology, Transplant OR the patient is being managed in an
appropriate critical care facility.

o For ALL patients: Only 1 of the following panels - RP OR PNP- will be covered for a given patient for the
same clinical indication. The PNP should be prioritized in the evaluation of pneumonia from lower
respiratory tract specimens (i.e., bronchoalveolar lavage samples [BALs]). For the purposes of repeat
panel testing for the same clinical indication, RP and PNP will be considered as equivalent tests, such that
if criteria for repeat testing are met (as defined above), a clinician may choose to perform the repeat test
using the PNP, even if the original test was performed using the RP.

o For ALL patients, exceptions to the limitation on medical specialists who can order expanded panel tests
are provided in the accompanying Billing and Coding Article, such that patient geography and access to
care do not preclude the receipt of appropriate diagnostic testing when indicated.

e Gastrointestinal (GI) Panels will only be covered when targeted testing is not appropriate AND according to
the following additional criteria:

= For immune-competent patients, at least 1 of the following must apply:

o Testing is ordered by a clinician specialist in Infectious Diseases or Gastroenterology for a patient
with severe and established underlying GI pathology (i.e., inflammatory bowel disease (IBD),
paralytic ileus, radiation therapy to the intestine) AND identification of an infectious cause is
necessary to determine next steps in patient management.

s The patient is seriously or critically ill or at imminent risk of becoming seriously or critically ill (as
defined by the American Hospital Association’s “"General Guide for the Release of Information on
the Condition of Patients”)3 as a result of a presumed GI infection AND the patient is being treated
in an appropriate critical care facility.

o The patient’s clinical indication for GI panel testing is diarrhea, and ALL of the following apply:

o The diarrheal ililness MUST be acute or persistent with signs or risk factors for severe disease
(i.e., fever, bloody diarrhea, dysentery, dehydration, severe abdominal pain) that may
warrant hospitalization AND/OR

o The diarrheal illness is not resolving after 7 days AND the patient has NOT taken laxatives
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o

o

within 24 hours of the test
For immune-suppressed patients:

o Testing is ordered by a clinician specialist in 1 of the following: Infectious Diseases,
Gastroenterology, Oncology, Transplant OR the patient is being managed in an appropriate critical
care facility.

For ALL patients, exceptions to the limitation on medical specialists who can order expanded panel tests
are provided in the accompanying Billing and Coding Article, such that patient geography and access to
care do not preclude the receipt of appropriate diagnostic testing when indicated.

 Urogenital/Anogenital (UG/AG) Panels

o

For the UG/AG panels, epidemiologic indication or potential exposure to sexually transmitted pathogens
(i.e., in the case of clinical concern for multiple sexually transmitted infections (STIs) due to a high-risk
experience) is considered a covered clinical indication, even in the absence of clinical symptoms.
Documentation of the high-risk reason for panel testing is clearly stated in the medical record.

In the absence of a high-risk experience, if the primary clinical concern is for a few specific pathogens
due to specific signs and symptoms (i.e., lesions suggestive of herpes simplex virus [HSV]), then it is
expected that only a small targeted panel (i.e., including HSV-1 and HSV-2) will be performed. In such
cases, expanded panels are NOT considered reasonable and necessary and will NOT be covered.

For the diagnosis of infectious vaginosis/vaginitis, it is reasonable to perform a (targeted or expanded)
panel that includes a combination of at least 2 of the following: Gardnerella vaginalis, other BV-
associated bacteria (BVAB) (such as Atopobium vaginae and/or Megasphaera types), Trichomonas
vaginalis, and Candida species.

¢ Meningoencephalitis (ME) Panels will be covered according to the following additional criteria:
s For immune-competent patients: the patient has at least 2 of the following indicators of central nervous

system (CNS) infection: cerebrospinal fluid (CSF) markers, radiology, clinical signs and symptoms
consistent with meningitis or encephalitis, epidemiologic indication or exposure. For immune-
compromised patients, at least 1 of these indicators is required.

For all patients: Testing is from a sample collected via lumbar puncture, and NOT an indwelling medical
device (i.e., CSF shunts).

* Bloodstream Infection (BSI) Panels will be covered according to the following additional criteria:
o There is clinical concern for bacteremia or sepsis AND microbe(s) were seen on a Gram stain from the

patient’s blood AND the patient is being managed in an appropriate critical care facility (this includes the
Emergency Room), AND

o Personnel (i.e., an antimicrobial stewardship team [ASP]) are equipped for rapid (within 24 hours)

tailoring of antimicrobial therapy as a result of rapid testing.

e Urinary Tract Infection (UTI) Panels will be covered according to the following additional criteria:
o The patient is symptomatic AND at higher risk for UTI complications (i.e., the elderly, patients with

recurrent symptomatic UTIs and/or complicated urinary tract anatomy) AND/OR is seen in
urogynecology or urology specialty care settings.

Additional information related to specific panels may be found in the related Billing and Coding article.

Tests that demonstrate similar indicated uses and equivalent or superior performance to SOC or other covered tests,
as demonstrated in a TA, may similarly be covered under this policy.

Additional syndromic panel types and indications may also be covered according to the established criteria outlined in

this policy.

Summary of Evidence

Molecular panel tests for infectious diseases have changed the landscape of clinical microbiology. They play an
important role in diagnostic testing, as they simultaneously detect several different pathogens associated with similar
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and overlapping clinical symptomatology. For this reason, they are also known as ‘syndromic panel’ tests. These
panels belong to a category of testing known as culture-independent diagnostic tests (CIDTs), which are tests that
detect pathogens without the need to grow and isolate them in culture. These tests have shorter turnaround times,
often have good test performance characteristics, and require limited technical expertise, making them appealing for
use by clinicians as well as clinical laboratories.

Historically, physicians were required to select the specific pathogens most likely thought to be associated with a
patient’s disease. They often had to rely on empiric therapy until results from the laboratory could be used in
identifying definitive or targeted antimicrobial therapy, with results taking days and sometimes weeks. In recent
years, molecular panel tests, including multiplex PCR, have become increasingly used for the detection of pathogens,
and clinicians are no longer required to name (or separately test for) many of the bacterial, viral, fungal, and
parasitic species sought for a given clinical ‘syndrome’. As the use of multiplex molecular tests have decreased the
need to perform multiple assays to diagnose a given infection, results are often available to the physician within
minutes to hours. Though culture-based methods of diagnosis are still routinely utilized, and definitive antimicrobial
therapy may still lag pending full culture and susceptibility information, these tests have revolutionized infectious
disease diagnostics and have made the road from diagnosis to treatment very rapid, in some cases occurring at the
point-of-care (POC).

For some conditions, such as respiratory tract infections, RP panels have become the SOC. These respiratory panels
are exceptionally rapid, providing results in minutes to hours.4:3 They are unlike the older conventional respiratory
viral testing methods such as viral culture and immunofluorescence, which could take days to weeks to obtain a
result. Moreover, they display test performance characteristics (sensitivity and specificity) which are often superior to
other rapid diagnostic tests for respiratory viruses, such as rapid (antigen-based) influenza detection tests (RIDTS).
6-8 For these reasons, many laboratories have stopped offering some of the other diagnostic modalities described for
respiratory viral pathogens detection. In fact, many of those methods have become obsolete in routine clinical care.

Finally, some of these multiplex panels are smaller, or ‘targeted’, detecting just a few pathogens whereas others are
very large, detecting approximately 20 targets. The larger panels are sometimes referred to as ‘expanded’. These
distinctions most commonly apply to the RP and GI panels, as panels for BSI and ME (and in some circumstances
UG/AG) are expected to detect >5 pathogens (though a UG/AG panel is not expected to detect as many as 20
pathogens, due to the epidemiology of disease in that organ system). Many commercial platforms for multiplex panel
testing have been developed for a variety of infection types in different organ systems.4r5 Both smaller and larger
panels are being used in clinical laboratories, though their optimal use and application in various settings and for
various patient populations and indications remains a challenge.

Test Performance

In recent years, molecular syndromic panels have become routinely used for a number of infection types, including
respiratory, gastrointestinal, central nervous system, bloodstream, and urogenital/anogenital. These panels provide
rapid turnaround times for results and are often more sensitive than traditional testing for the various organisms
included.4:3:9 However, test performance characteristics do vary depending on the specific panels and pathogens.
For example, though overall sensitivities and specificities have ranged from 84-100% for various RP platforms
evaluated, the sensitivities for adenovirus, influenza A H1/2009, and influenza B using the FilmArray® RP have been
reported as low as 57%, 73%, and 77%, respectively, while more recent versions of the platform (the FilmArray®
RP2) have shown improved detection (94%-100%) of these pathogens.lor11 Additionally, the FilmArray® PNP and
RP panels have targets in common, though the PNP also contains humerous bacterial targets as well as antimicrobial
resistance determinants; the PNP is also semiquantitative.12/13 The PNP has shown strong agreement with both
SOC methods as well as with the RP in identifying pathogens from lower respiratory tract specimens.lzr13 Because
the PNP performs similarly to the RP for viral pathogens, but can additionally detect bacterial pathogens and
antimicrobial resistance determinants, it should be prioritized in the evaluation of pneumonia from lower respiratory
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tract specimens.14 A study comparing the performance of additional RP assays reported the following sensitivities
and specificities: 98.3% and 99.2% for GenMark Dx® eSensor® Respiratory Viral Panel (RVP), 92.7% and 99.8% for
Luminex® XTAG® RVPv1, and 84.4% and 99.9% for Luminex® XTAG® RVP Fast.10 In this study, sensitivities also
varied by viral target.10 Smaller targeted panels detecting influenza and respiratory syncytial virus (RSV) have also
shown overall high sensitivity and specificity in studies evaluating their performance. A prospective and retrospective
evaluation of the Xpert® Flu/RSV XC assay reported sensitivity/specificity of 97.8%/100% and 97.9%/100% for
influenza and RSV, respectively.15 Another study using prospective patient samples reported 96.6%-100%
agreement between the ARIES® Flu A/B & RSV and Cepheid® Xpert® Flu/RSV XC assays.16 This is important, as
some of the targeted respiratory panels have been granted CLIA-waived status and are being used in non-laboratory
settings.17r18 In a study evaluating the Roche cobas® Liat® Influenza A/B & RSV assay performed by nonlaboratory
staff, reported sensitivities/specificities were 99.6%/97.5%, 99.3%/99.7%, and 96.8%/98.8% for influenza A, B,
and RSV, respectively.19 Yet another study comparing rapid POC nucleic acid amplification tests (NAATs) found that
the sensitivity of Alere™ i was only 71.3% (compared to 100% for the Liat®).20 The poor sensitivity of the Alere™ i
in that study was attributed to the inclusion of many low-positive samples.20

The BioFire® FilmArray® and Luminex® xTAG® GI panels demonstrate overall high sensitivity (>90%) for the
majority of their targets.21 However, sensitivities have been very low for certain targets, specifically Aeromonas sp.
(23.8%) on the FilmArray® and Yersinia enterocolitica (48.1%) on the xTAG®21; because of its low sensitivity,
Aeromonas is not included as a reportable analyte on the cleared version of the FilmArray® test.22 A multicenter
study evaluating the FilmArray® GI panel found the sensitivity to be 100% for 12 of the 22 targets and >94.5% for
an additional 7 targets (performance of the remaining targets was not assessed due to their low prevalence);
specificity was >97.1% for all panel targets.22 In a study comparing the Luminex® XTAG® to conventional methods
of testing found that the panel had a higher sensitivity than SOC for detecting C. difficile, Campylobacter species,
norovirus, and rotavirus.23

The ME panel (the BioFire® FilmArray® ME panel is currently the only commercially available panel) has overall good
sensitivity for most targets, but does suffer from a lack of sensitivity for certain targets, such as Cryptococcus
species, relative to conventional testing methods for this pathogen.24'26 In 1 prospective multicenter evaluation,
the FilmArray® ME panel showed a percent positive agreement (PPA) with SOC methods of 100% for 9 of 14
analytes, with another 2 analytes showing PPA between 85.7-95.7%; the percent negative agreement (NPA) with
SOC methods was >99% for all analytes but S. agalacl'iae.24 Importantly, the ME panel detected 43 pathogens that
were not recovered by conventional testing; however, additional testing confirmed the ME panel to be correct in only
43% of these cases.24 In this and other studies, false positive results of the ME panel have been reported, primarily
for S. pneumoniae, S. agalactiae, and HSV-1, and false negatives have been reported primarily for HSV-1 and HSV-
2, Enterovirus, and Cryptococcus neoformans/gat‘tii.24'26 A systematic review and meta-analysis of 13 studies
evaluating the ME panel reported a sensitivity and specificity of 90% and 97%, respectively.26

BSI panel tests also show good overall performance. Studies have found the FilmArray® Blood Culture Identification
(BCID) panel and the Verigene® (Gram-positive and Gram-negative blood culture) panels provide correct
identification for 87%-99% of monomicrobial samples, compared to conventional methods.27:28 One study
comparing the 2 panel tests to SOC found that the FilmArray® and the Verigene® correctly identified 95% and 99%
of isolates, respectively, in monomicrobial cultures.27 False positives and false negatives have been reported in
these panels, for both organism and resistance gene identification, particularly in polymicrobial samples; however,
the failure to detect organisms in polymicrobial samples is often the result of organisms not included on the panels.
5,29 Nevertheless, because of limitations inherent in the tests (including the fact that not all organisms are
represented on the panels and these are high-stakes infections), both the ME and BSI panel tests must be
accompanied by Gram stain and culture.

Molecular panel tests are also increasingly being used for the detection of urogenital and anogenital infections. The
BD MAX™ vaginal panel has reported sensitivities and specificities of 89.8%/96.5%, 97.4%/96.8%, and 100%/100%
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for bacterial vaginosis (BV), vulvovaginal candidiasis (VVC), and trichomoniasis (TV), respectively.30 In another
study, the BD Affirm™ VPIII Microbial Identification Test showed a lower specificity of 81.6% for BV and lower
sensitivity of 69.4% for VVC, while it performed equally well as the BD MAX™ for TV.31 These panels, however, have
been shown to perform better than clinician assessment of vaginitis, for which many diagnoses remain empirical and
for which guideline non-adherence is broad.32-34 Further, high rates of coinfection with STIs (24.4%-25.7%) have
been observed.39-37 panels detecting sexually transmitted pathogens have also become routine in clinical
laboratories, as they provide a rapid result for organisms like Chlamydia species, that can be difficult to culture.
Moreover, it is well-established that N. gonorrhoeae and C. trachomatis not only cause similar clinical syndromes but
also coexist in a significant proportion of patients, highlighting the need for panel testing.38

For the evaluation of UTI, multiplex PCR panels have shown agreement of >290% with SOC urine cultures for the
identification of organisms from urine, though there are currently no United States (U.S.) FDA-approved panels for
this indication.39,40 Similarly, there are no currently approved panels for use with sterile body fluids other than
blood and CSF, though studies evaluating existing panels (such as the BSI panel) with such fluids have shown
pathogen detection in cases where SOC cultures were negative, possibly due to the effect of prior antimicrobial
therapy.41r42 Though testing may require assay optimization for use with ‘other’ sterile fluid specimens, 1 study
found 100% detection of organisms from sterile fluids inoculated into blood culture bottles when tested using BSI
panels.43

There are many commercially available multiplex panels for the diagnosis of infectious diseases, and this review of
their performance is not inclusive of all of them. As noted in this review, the performance of these panel tests varies,
depending on the platform and specimen types used and the targets included. These panel tests should display
performance that is equivalent or superior to SOC or other established tests, with ideal sensitivity and specificity or
PPA and NPA of =95% for the majority of targets included on their panels. However, it is important to consider the
entire picture. For example, as some of these panels are not intended to be used as stand-alone tests, parallel
testing by additional methods can be used to support their application in clinical settings, particularly in cases where
the assay has not achieved the ideal performance metrics for a given target. Finally, the specific performance
limitations of the various panel tests (in some cases due to enhanced sensitivity for targets that may not be
pathogenic) must be considered. These issues are further discussed in the Clinical Utility section below.

Clinical Utility - Impact on Patient Management and Interpretation of Results

Rapid diagnostics require rapid intervention to be impactful for patient management. Rapid, user-friendly,
multiplexed molecular tests have great potential in this regard, though their impact on patient outcomes is clearer
for some types of panels, infections, and patients than for others, as studies are variable in design and quality.
4,5,8,44 p systematic review of the impact of rapid point-of-care testing (POCT) (including molecular assays) for
influenza found that, in patients with acute respiratory infection, a positive POCT result significantly increased use of
antivirals for influenza and decreased unnecessary antibiotic use.4> Another study of adult patients found a
decreased time to diagnosis (of influenza and non-influenza viruses) using the FilmArray® RP, compared to
conventional methods of testing; moreover, a diagnosis of influenza was associated with lower odds ratio for
admission, length of stay (LOS), duration of antimicrobial use, and number of chest x-rays.46 Better influenza
detection, a reduced LOS, and improved antiviral use were also found in a study of routine molecular POCT for
respiratory viruses (the ResPOC study), for adults presenting to the hospital with acute respiratory illness. 4/
However, studies have shown that other factors, such as the presence of infiltrates on chest x-ray and uncertainty
regarding the possibility of a bacterial infection, also play a significant role in the decision to treat with antibiotics,
regardless of the result of the RP test.48 A systematic review of the literature concluded that RPs provide accurate
results, and that there is high-quality evidence to support that rapid testing can result in a decreased LOS and can
increase appropriate oseltamivir use.8 Notably, the majority of RP studies have focused on the benefits in influenza-
positive patients. For example, in a study evaluating antimicrobial prescriptions following RP testing among adult
outpatients, antibiotic prescription rates were significantly different between patients who tested positive for
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influenza virus and those who did not; however, antibiotic prescription rates were not different between the patients
who tested positive for viruses other than influenza and those who tested negative.49 Since influenza is 1 of the few
respiratory infections that can be treated with antivirals, this suggests that a more targeted testing approach is
sufficient for most immune-competent patients with a presumed acute viral respiratory infection. Moreover,
guidelines on CAP by the Infectious Disease Society of America (IDSA) recommend NOT obtaining testing
(specifically sputum Gram stain and culture) routinely in adults with CAP managed in the outpatient setting; rather,
they recommend that empiric antibiotic therapy be initiated in adults with clinically suspected and radiographically
confirmed CAP, even if these patients test positive for influenza.l In other words, RP testing does not impact initial
management with antibiotics in such circumstances. However, IDSA guidelines do suggest testing for influenza in
adult patients with CAP when influenza is circulating in the community.1 In such cases, a targeted panel for influenza
testing can be performed. Finally, specific diagnosis and definitive antimicrobial therapy is needed for pneumonia
that is complicated (i.e., by meningitis, endocarditis, or abscess), and testing using expanded panels is warranted in
these circumstances; however, these patients are expected to be managed in the inpatient setting.

A more expansive testing approach may be appropriate in patients with underlying pulmonary pathology and in
immune-compromised patients, but only in certain circumstances. In a study of adult patients with exacerbation of
airway disease, 35% of those testing positive for viruses (using molecular POCT) had early discontinuation of
antibiotics compared to 13% of those who tested negative and 6% of controls; moreover, of those positive for
viruses, only 20% were positive for influenza and the discontinuation of antibiotics was not different between the
various viruses detected.20 The authors of this study stress that many of the patients in this study should not have
been treated with antibiotics, on clinical grounds alone, “given that antibiotic use in patients with asthma
exacerbation is strongly discouraged by national society guidelines.”zf50 The Global Strategy for Asthma
Management and Prevention states “evidence does NOT support the role of antibiotics in asthma exacerbations
unless there is strong evidence of lung infection (e.g., fever and purulent sputum or radiographic evidence of
pneumonia).”2 Finally, a study evaluating respiratory virus infections prior to hematopoietic cell transplant (HCT)
found that patients with viruses detected pre-HCT had fewer days alive and out of the hospital and lower survival at
day 100 than patients with negative results (even when the only virus present was rhinovirus); importantly, most
patients in this study were asymptomatic when surveillance samples were collected.>1 This finding suggests that
pre-transplant evaluation is 1 limited circumstance in which expanded RP panel testing may be warranted in
asymptomatic patients.

Impact studies of GI panels have been even more mixed, though some have found that implementation of such
panels was associated with a decrease in endoscopic procedures, abdominal radiology, and/or antibiotic
prescriptions.52r53 A prospective multi-center study evaluating 1887 fecal specimens from patients with acute
diarrhea found that use of a GI panel enhanced organism detection and improved clinical sensitivity, and enabled
clinicians to provide more timely and targeted antimicrobial therapy; moreover, positive Shiga-like toxin producing E.
coli (STEC) results led to the appropriate discontinuation of antimicrobials in the majority of cases when empiric
therapy had been initiated.2 However, in outpatients with uncomplicated diarrhea that is likely to be self-limited,
testing is often not warranted.> Guidelines from the American College of Gastroenterology regarding acute diarrheal
infections in adults state that diagnostic studies may be used in cases of “dysentery, moderate-to-severe disease,
and symptoms lasting >7 days to clarify the etiology of the patient’s illness and enable specific directed therapy.”54
Regarding the use of the GI panel in special populations, an impact study in patients with IBD found that GI panel
testing led to lower rate of IBD treatment modification.>> In outpatients with relapse of IBD, testing with a GI panel
was associated with significantly lower rates of IBD therapy escalation and endoscopy, compared to patients who
underwent conventional testing.56 Finally, in a study evaluating gastrointestinal infections prior to HCT in
asymptomatic patients found that 62% of patients colonized with C. difficile pre-transplantation developed a clinical
C. difficile infection post-transplantation, and 80% of patients colonized with enteropathogenic Escherichia coli
(EPEC) or enteroaggregative E. coli developed clinical infections due to their colonizing pathogen post-
transplantation.57 As noted above with respiratory infections, these findings suggest that pre-transplant evaluation
is 1 limited circumstance in which expanded GI panel testing may be warranted in asymptomatic patients.
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Bloodstream and CNS infections are emergency situations that can progress rapidly, even in previously healthy
individuals.28 As such, rapid panel testing can prove invaluable in the prompt management of patients with such
infections. The following widely cited statistic is sobering —in sepsis, for each hour of delay in effective (appropriate
for a given pathogen) antimicrobial administration, there is an average decrease in patient survival of approximately
8%.°9 Because bacterial culture and full antimicrobial susceptibility results traditionally take 2 or more days, rapid
BSI panels have emerged to rapidly (within hours) identify a causative pathogen such that the most appropriate and
targeted antibiotics can be administered. A prospective randomized controlled trial found that use of a BSI panel
resulted in a decrease in time between Gram stain to microorganism identification by approximately 21 hours.60
Moreover, the use of broad-spectrum antibiotics and the treatment of bloodstream contaminants were reduced;
further, antimicrobial de-escalation occurred with the additional intervention by the ASP.60 Other studies have
similarly shown more rapid organism identification and antimicrobial de-escalation with the use of BSI panel (plus
ASP intervention) over conventional culture methods, even if the latter also included ASP.61 However, the effect of
BSI panels on other outcome measures such as mortality, 30-day readmission, and LOS has been more variable
between studies.>,61 Pre-post intervention studies®2 as well as a meta—analysis63 have shown that rapid molecular
diagnostic testing is associated with significant decreases in LOS and mortality risk, particularly when combined with
an ASP. For patients with multi-drug resistant bacteria, rapid escalation of antimicrobial therapy is also important. In
1 study, use of a BSI panel decreased the mean time to appropriate antimicrobial therapy by more than 30 hours in
a study of patients with vancomycin-resistant enterococci (VRE) bacteremia.®4 In another, more rapid
implementation of effective therapy was observed in cases of extended-spectrum beta-lactamase-producing
organisms, but not overall; this same study reported a significantly decreased length of intensive care unit (ICU)
stay, 30-day mortality, and mortality associated with multidrug-resistant organisms after the implementation of a
BSI |:>anel.62 There are fewer outcome studies evaluating the clinical utility of ME panels, particularly for patients
generalizable to the Medicare population. One study found that use of the FilmArray® ME panel reduced time to
diagnosis by approximately 3 days, allowed an earlier discontinuation of empiric therapy in 32% of patients, and led
to an earlier hospital discharge in 18%, saving 82 hospital days.65 Another study found that use of the panel
significantly reduced the turnaround time for HSV detection, days of therapy for antivirals (acyclovir) and
antimicrobials, and hospital LOS, in adults undergoing a lumbar puncture for a suspected community-onset CNS
infection.66

Results from molecular panel tests must be interpreted with caution. First, they detect significantly more pathogens
than were detected in the past using conventional methods of testing.5r9 For example, studies evaluating multiplex
urine panels (UPs) have detected up to 26% additional organisms that culture methods did not.39 Importantly,
multiplex UPs have detected more organisms in polymicrobial infections than urine cultures in symptomatic patients,
39,67 and a modeling study has shown bacterial combinations that increase the probability of antibiotic resistance.68
As with all such panel tests, it is important to determine whether these additional organisms detected are pathogens
or colonizers that simply could not be detected before, using traditional SOC methods. As these tests detect microbial
nucleic acid, they do not require live and actively replicating organisms. Therefore, not all positive results indicate
current active infection. However, in 1 study of 150 urogynecology patients, standard urine culture missed 50% of
uropathogens in patients with severe urinary symptoms; moreover, approximately 40% percent of patients with
missed uropathogens reported no symptom resolution after treatment based on standard urine culture results.69
Importantly, all of the missed uropathogens were detected using the study’s comparator method (an enhanced
quantitative culture technique), though additional bacteria of unknown pathogenicity were also detected.69

Asymptomatic carriage and prolonged shedding (days to weeks) of viral nucleic acid are common, particularly for
respiratory and GI pathogens. In BIG-LoVE, a study of 108 adults and children who underwent weekly respiratory
panel testing for a year, approximately half of all viral detection episodes were asymptomatic.70 Further, PCR
detection of viruses at =3 weeks was a fairly frequent finding, occurring in 16% of episodes; prolonged viral
detection was particularly common in children and in individuals living with children.”0 Prolonged shedding is also
common in immune-compromised patients.71 On the GI panels, interpretation of a positive C. difficile result in a
patient without risk factors for infection with this organism can be difficult, as 4%-15% of healthy adults, and up to
21% of those admitted to a hospital, are asymptomatically colonized; moreover, detection by PCR does not indicate
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active infection, particularly in patients without classic clinical symptoms.72r73 The high rate of mixed infections
observed when using expanded RP (in 30%-40% of positive cases)74f75 and GI panels (up to 27% of positive cases)
5,21-23 an be difficult to interpret. The significance of previously unidentified organisms in stool samples (such as
Sapovirus and Astrovirus) can also be clinically challenging to interpret, as it is unclear whether detection of these
organisms represents colonization or infection. Mixed infections detected by GI panels most commonly occur with
enteropathogenic E. coli, Y. enterocolitica, Norovirus, and C. difficile.9:21,53 Moreover, in some studies with very
high rates of observed C. difficile there are also high rates of inappropriate GI panel testing. In 1 study evaluating
more than 440 GI panels at a community hospital, 61% of the panels ordered were deemed inappropriate, for
reasons including lack of documented diarrhea, laxative use, and having a duplicate C. difficile PCR test ordered.>3
Notably, in this study, rates of C. difficile were 51%.23

ME and BSI panels also have their own challenges. For example, though co-infections are less commonly observed
with multiplex panel testing from sterile body sites (such as from CSF or blood), they do occur and can cause
interpretive challenges.24 Additionally, the ME panel cannot differentiate active from latent infection. It detects
certain organisms, such as human herpesvirus 6 (HHV-6) and cytomegalovirus (CMV), that may be latent and not
the causative agents of disease, particularly if the host is immunocompetent. Moreover, there are a number of
organisms that can cause meningitis and encephalitis that are not included on the panel, including bacteria (such as
non-K1 E. coli serotypes and non-encapsulated strains of Neisseria meningitidis), viruses (including arboviruses), and
Mycobacterium tuberculosis. Therefore, there are significant limitations associated with the use of this panel;
however, these are mitigated, in part, by a requirement for additional testing (i.e., bacterial culture, cryptococcal
antigen) to occur in parallel, as well as by clinician education and laboratory stewardship. It is important to
remember, however, that traditional means of diagnosing CNS infections also come with diagnostic challenges that
can delay a diagnosis. Such challenges include the low sensitivity of CSF culture (particularly in patients with
antimicrobial exposure prior to lumbar puncture)76 as well as the historically unrecognized etiology in most cases of
encephalitis.77 The large nature of the panels may cause an ordering clinician to assume that, because so many
organisms are being tested, a negative result makes infection a less likely cause of the patient’s symptoms.
Therefore, it is important for clinicians to realize that, even in expanded syndromic panels, not all pathogens will be
detected. New strains of viruses may also go undetected, and the panels are limited to only those organisms found
on the ‘menu’. Though the ME panel cannot fully replace current assays, it can provide unparalleled rapid results for
a syndrome that can be rapidly fatal. Similarly, BSI panels are limited by the targets available on the panels, both for
identification of microbes as well as identification of genes responsible for resistance mechanisms. In fact, many
Gram-negative organisms harbor resistance mechanisms not encoded by any genes on these BSI panels, adding
another diagnostic hurdle to overcome. However, they do tend to detect the most common bloodstream pathogens
and can provide rapid results for rapid targeted antimicrobial therapy.4r5r60

Additional Challenges and Appropriate Use of Panel Tests

With few exceptions, the FDA-approved molecular panels for a given platform are *fixed’, i.e., they consist of a
predetermined test menu of pathogens. The smaller of these tests, sometimes referred to as ‘targeted panels’,
typically detect about 3-5 pathogens. The commonly used commercially available larger, or ‘expanded’, panels detect
approximately 20 targets or pathogens, and some include pathogens that typically cause different clinical
presentations, such that simultaneously testing for these pathogens should not be a common event. In other words,
they deviate from being ‘syndromic’ in their approach to diagnosis. For example, the classic infection associated with
Bordetella pertussis is whooping cough. The clinical case definition of a probable case of pertussis is a cough illness
lasting at least 2 weeks, in the absence of a more likely alternate diagnosis or epidemiologic linkage, and 1 of the
following symptoms: paroxysms of coughing, inspiratory whoop, post-tussive emesis, or apnea.78 Though some
individuals (such as those with a history of prior infection or vaccine-induced immunity) may not show classic
manifestations or may be altogether asymptomatic,79 diagnosis of this organism generally should require a high
index of suspicion. Although it is a respiratory infection, in most patients, the clinical presentation of whooping cough
is unlike that of most other viral respiratory syndromes. Yet, it is included on many respiratory syndromic panels and
a patient who is likely infected with influenza or RSV may still end up being tested for B. pertussis, simply because it
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is a target on a fixed panel. Finally, the targets and organisms on a panel can vary between manufacturers, with
some panels differentiating among numerous subtypes and strains of species, many of which are not clinically
meaningful for the majority of patients.5 For example, differentiating among the different types and subtypes of
parainfluenza virus may be good for epidemiologic tracking, but is not likely to result in any meaningful impact to
patient care.

Further, large (fixed) panels do not appropriately regard patient risk factors, or a pre-test probability of a particular
pathogen causing infection. The patient’s medical history and exposures are important to assess prior to testing. For
example, infection with Clostridioides difficile (formerly known as Clostridium difficile) is typically associated with
specific risk factors including exposure to antimicrobials, healthcare facilities and hospitals, chemotherapy, and GI
procedures.80 Conversely, many of the other pathogens on the panels are typically associated with foodborne
transmission.81:82 variables like season and geography are also pertinent to a specific diagnostic case or patient. In
the case of respiratory panels, a patient can be tested for more than 20 pathogens, when in fact only a couple of
viruses may be the predominant ones circulating in the community during a given season. For example, though
influenza can circulate throughout the year, it primarily occurs and peaks during the winter months, whereas certain
other viruses are more prevalent during other seasons.83 Fixed panels may also not be applicable across
populations, and immune-competent patients who are not severely ill may not require testing at all, or may require
limited testing.84 Viral infections in immune-competent patients are often self-limiting and resolve without
complication. Further, with few exceptions, there is often no specific treatment for viral infections, other than
supportive care, and testing may not change patient management. All of this may result in an excess of unnecessary
testing in immune-competent individuals. On the other hand, in immune-compromised patients, common and rare
pathogens can cause severe illness, and concurrent infection with multiple respiratory viruses (which occur more
commonly than previously thought, thanks to these multi-analyte panels) have been identified as predictors of in-
hospital mortality.85 Moreover, immune-compromised patients often do not present with classic symptoms of
infection. Therefore, casting a wider diagnostic net for this population may be both reasonable and necessary.

However, even in immune-competent individuals, expanded panels can provide rapid, highly impactful, and
epidemiologically important information.86 They can lead to the diagnosis of some infections that, in the past, may
have been missed altogether. In 1 study, 75% of Mycoplasma pneumoniae infections were unintentionally detected
by multiplex PCR; in this study, clinicians had only specifically requested testing for M. pneumoniae in 2 (10%) of 20
patients positive for this pathogen.87 Importantly, this was an actionable finding, as infection with M. pneumoniae is
treatable with antibiotics.8”7 Expanded panels can also help rapidly diagnose and, in some cases, avert public health
outbreaks. For example, during an outbreak of a ‘mystery’ respiratory illness among children in 2014, hospitals were
able to rapidly identify the presumptive cause, which turned out to be enterovirus D68.88 Similarly, use of rapid
multiplex GI panels significantly contributed to the recognition of a large Cyclospora outbreak in 2018.89

For all these reasons, instituting the appropriate use of these panels can be challenging. Notably, these tools do not
necessarily replace certain conventional methods of microbial detection, such as bacterial and fungal culture, in the
diagnosis of infection. These many challenges and opportunities have led to the implementation of measures to
promote diagnostic stewardship. Some of these include limiting expanded syndromic panels to certain groups of
patients, such as the immune-compromised, hospitalized, critically ill, or patients from specialty clinics (such as
pulmonary for respiratory panels). Others include the implementation of test ordering algorithms and ‘controls’,
decision support tools, and the prohibition of repeat testing within a specific timeframe.>,23,90,91

Summary of Contractor Advisory Committee (CAC) Meeting

A multi-jurisdictional CAC Meeting to discuss the clinical literature related to Molecular Diagnostic Testing for
Pathogens took place on Monday, January 11, 2021. The general consensus from the CAC panel is that there is
accuracy and reliability in these pathogen panels and that the results from panel testing may improve patient health
outcomes. However, the CAC panel also noted that outcome studies from use of these panels is limited, depending
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on the specific panel (and use) in question. The panel emphasized the importance of regarding patient population
and setting, as indications for testing can vary among beneficiaries with different medical backgrounds and needs,
and highlighted differences in testing requirements between immune-compromised and immune-competent patients.
Overall, the panel expressed that a key consideration is whether a result is going to positively impact patient care.
Finally, there was consensus from the CAC participants that the use of this technology in the diagnosis of
onychomycosis (fungal infections) of the nail was unnecessary.

Analysis of Evidence (Rationale for Determination)

The goal of diagnostic stewardship is to select the right test for the right patient at the right time, to optimize patient
care.92 The evidence shows that molecular syndromic panels for infectious disease testing can result in prompt
patient management, including the rapid initiation of appropriate antimicrobial therapy, the timely de-escalation of
therapy, and the decrease in unnecessary therapy. In some cases, these panels have resulted in additional
improvements in overall care, including a decrease in the use of unnecessary diagnostic procedures and even a
decrease in LOS, morbidity, and mortality. Moreover, infectious disease testing has traditionally relied on testing for
multiple organisms when a physician was unsure of the pathogen causative of a presumed infectious disease.
Historically, this investigation was performed using multiple different tests and/or culture (which also detects multiple
different organisms using agar plates). In this regard, panel testing can be thought of as the use of new methodology
(i.e., multiplex NAAT) for the detection of many of the same clinically valid pathogens that were historically detected
using combinations of SOC methods (culture, antigen testing, etc.). Importantly, these SOC methods also suffer from
significant limitations. For all these reasons, such panel tests are considered reasonable and necessary.

However, the implementation of syndromic panels has also been a challenge, as these panels detect a fixed number
of organisms, not all of which are appropriate for a given patient or setting, or during a given season. Some of these
pathogens may, in fact, be extremely rare and not be appropriate for a patient’s medical history and clinical
symptoms. Further, infections with some of the organisms included on the panels are self-limited and their detection
may not change management. In such cases, testing is not required.5/18 Finally, despite their many advantages
including diagnostic speed, expanded syndromic panels have shown limited clinical utility for routine use in general
populations. There is not a common circumstance in the outpatient setting for which it is reasonable and necessary
to perform expanded panel testing. Rather, the clinical utility of expanded panels is most evident for select
indications, populations, and settings such as immune-compromised and hospitalized patients. On the other hand,
smaller targeted panels are more applicable to broader populations and have a broader role in the routine testing of
immune-competent beneficiaries.

Additionally, while there is no evidence to suggest that a specific number of pathogens is required for inclusion in
limited and expanded panels, the selected cutoff of <5 pathogens for limited panels and =6 for expanded panels is
based on the following: 1. CPT® codes for such panel tests are listed according to number of targets, 2. The
distinction between limited and expanded panel testing is a conventional distinction used in the field, particularly for
the RP and GI panels, 3. In clinical medicine, a typical differential diagnosis usually includes the top 3-5 diagnoses
for most indications for otherwise healthy populations, and is therefore aligned with such a distinction in testing, and
4. A single pathogen in the clinical sense (i.e., ‘Influenza’) may have multiple types that require testing by the
laboratory (i.e., Influenza testing, at a minimum, should include targets for Influenza A and B), rendering this type of
test a ‘panel’ if used with even 1 additional pathogen, such as RSV. While we would prefer to focus solely on relevant
pathogens in different patient settings and indications, based on the literature and feedback of the CAC this is
currently quite difficult; additionally, the field has settled on a distinction between smaller targeted panels and larger
‘syndromic’ panels. We will subsequently consider this distinction for the time being in this policy until such time that
the distinction is no longer necessary. For these reasons, we believe in the general Medicare population that, for
most indications, only smaller targeted tests are reasonable and necessary outside of immune-compromised patients
and other limited special circumstances, as outlined in this policy and in the related Billing and Coding article. It is
important that testing is guided by the evidence in consideration of which patients will truly benefit. At present,
acceptable thresholds for coverage have been met for a number of molecular syndromic infectious disease panels.
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This contractor will continue to assess the evidence for coverage for additional panel types and indications, according
to the criteria outlined in this policy.

Finally, the landscape of infectious disease diagnostics is rapidly evolving such that currently covered tests may
become obsolete as new pathogens and methodologies become important for testing. One example is metagenomic
testing for infectious diseases. Unlike panel tests, which identify fixed organisms on a panel, this technology may
further revolutionize the field with its high-throughput capacity, rapid results, and the ability to simultaneously
identify all organisms present in a sample.93'97 This contractor will continue to monitor the evidence, and new
developments that may impact this coverage decision.

General Information

Associated Information
N/A

Sources of Information
N/A

Bibliography

1. Metlay JP, Waterer GW, Long AC, et al. Diagnosis and treatment of adults with community-acquired
pneumonia. An official clinical practice guideline of the American Thoracic Society and Infectious Diseases
Society of America. Am J Respir Crit Care Med. 2019;200(7):e45-e67.

2. Global Initiative for Asthma®. Global strategy for asthma management and prevention.
https://ginasthma.org/wp-content/uploads/2018/04/wms-GINA-2018-report-tracked v1.3.pdf. Published
2015. Updated 2018. Accessed January 11, 2022.

3. Updated Guidelines for Releasing Information on the Condition of Patients. AHA.org. Accessed April 1, 2022.

4. Dien Bard J, McElvania E. Panels and syndromic testing in clinical microbiology. Clin Lab Med. 2020;40(4):393-
420.

5. Ramanan P, Bryson AL, Binnicker MJ, Pritt BS, Patel R. Syndromic panel-based testing in clinical microbiology.
Clin Microbiol Rev. 2017;31(1):e00024-17.

6. Merckx J, Wali R, Schiller I, et al. Diagnostic accuracy of novel and traditional rapid tests for influenza infection
compared with reverse transcriptase polymerase chain reaction: a systematic review and meta-analysis. Ann
Intern Med. 2017;167(6):394-4009.

7. Centers for Disease Control and Prevention. Guidance: Use of Rapid Diagnostic Tests.
http://www.cdc.gov/flu/professionals/diagnosis/clinician guidance ridt.htm. Accessed January 11, 2022.

8. Vos LM, Bruning AHL, Reitsma JB, et al. Rapid molecular tests for influenza, respiratory syncytial virus, and
other respiratory viruses: a systematic review of diagnostic accuracy and clinical impact studies. Clin Infect Dis
. 2019;69(7):1243-1253.

9. Cybulski RJ, Jr., Bateman AC, Bourassa L, et al. Clinical impact of a multiplex gastrointestinal polymerase chain
reaction panel in patients with acute gastroenteritis. Clinical Infect Dis. 2018;67(11):1688-1696.

10. Popowitch EB, Neill SS, Miller MB. Comparison of the Biofire FilmArray RP, Genmark eSensor RVP, Luminex
XTAG RVPv1, and Luminex xTAG RVP fast multiplex assays for detection of respiratory viruses. J Clin Microbiol.
2013;51(5):1528-1533.

11. Leber AL, Everhart K, Daly JA, et al. Multicenter evaluation of BioFire FilmArray respiratory panel 2 for
detection of viruses and bacteria in nasopharyngeal swab samples. J Clin Microbiol. 2018;56(6):e01945-17.

12. Murphy CN, Fowler R, Balada-Llasat JM, et al. Multicenter evaluation of the BioFire FilmArray
pneumonia/pneumonia plus panel for detection and quantification of agents of lower respiratory tract infection.
J Clin Microbiol. 2020;58(7):e00128-20.

13. Webber DM, Wallace MA, Burnham CA, Anderson NW. Evaluation of the BioFire FilmArray pneumonia panel for

Created on 10/07/2022. Page 16 of 21


https://ginasthma.org/wp-content/uploads/2018/04/wms-GINA-2018-report-tracked_v1.3.pdf
http://www.cdc.gov/flu/professionals/diagnosis/clinician_guidance_ridt.htm

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

detection of viral and bacterial pathogens in lower respiratory tract specimens in the setting of a tertiary care
academic medical center. J Clin Microbiol. 2020;58(7):e00343-20.

Hughes AEO, Webber DM, Wallace MA, Johnson C, Burnham CA, Anderson NW. Comparable detections of viral
pathogens in lower respiratory tract specimens with the BioFire respiratory panel 2 and the BioFire pneumonia
panel. J Clin Microbiol. 2020;58(6):e00254-20.

Salez N, Nougairede A, Ninove L, Zandotti C, de Lamballerie X, Charrel RN. Prospective and retrospective
evaluation of the Cepheid Xpert® Flu/RSV XC assay for rapid detection of influenza A, influenza B, and
respiratory syncytial virus. Diagn Microbiol Infect Dis. 2015;81(4):256-258.

McMullen P, Boonlayangoor S, Charnot-Katsikas A, Beavis KG, Tesic V. The performance of Luminex ARIES®
Flu A/B & RSV and Cepheid Xpert® Flu/RSV XC for the detection of influenza A, influenza B, and respiratory
syncytial virus in prospective patient samples. J Clin Virol. 2017;95:84-85.

Azar MM, Landry ML. Detection of influenza A and B viruses and respiratory syncytial virus by use of clinical
laboratory improvement amendments of 1988 (CLIA)-waived point-of-care assays: a paradigm shift to
molecular tests. J Clin Microbiol. 2018;56(7):e00367-18.

Hanson KE, Azar MM, Banerjee R, et al. Molecular testing for acute respiratory tract infections: clinical and
diagnostic recommendations from the IDSA's diagnostics committee. Clin Infect Dis. 2020;71(10):2744-2751.
Gibson J, Schechter-Perkins EM, Mitchell P, et al. Multi-center evaluation of the cobas® Liat® influenza A/B &
RSV assay for rapid point of care diagnosis. J Clin Virol. 2017;95:5-9.

Nolte FS, Gauld L, Barrett SB. Direct comparison of Alere i and cobas Liat influenza A and B tests for rapid
detection of influenza virus infection. J Clin Microbiol. 2016;54(11):2763-2766.

Khare R, Espy MJ, Cebelinski E, et al. Comparative evaluation of two commercial multiplex panels for detection
of gastrointestinal pathogens by use of clinical stool specimens. J Clin Microbiol. 2014;52(10):3667-3673.
Buss SN, Leber A, Chapin K, et al. Multicenter evaluation of the BioFire FilmArray gastrointestinal panel for
etiologic diagnosis of infectious gastroenteritis. J Clin Microbiol. 2015;53(3):915-925.

Mengelle C, Mansuy JM, Prere MF, et al. Simultaneous detection of gastrointestinal pathogens with a multiplex
Luminex-based molecular assay in stool samples from diarrhoeic patients. Clin Microbiol Infect.
2013;19(10):E458-65.

Leber AL, Everhart K, Balada-Llasat J-M, et al. Multicenter evaluation of BioFire FilmArray
meningitis/encephalitis panel for detection of bacteria, viruses, and yeast in cerebrospinal fluid specimens. J
Clin Microbiol. 2016;54(9):2251-2261.

Liesman RM, Strasburg AP, Heitman AK, Theel ES, Patel R, Binnicker MJ. Evaluation of a commercial multiplex
molecular panel for diagnosis of infectious meningitis and encephalitis. J Clin Microbiol. 2018;56(4):e01927-17.
Tansarli GS, Chapin KC. Diagnostic test accuracy of the BioFire® FilmArray® meningitis/encephalitis panel: a
systematic review and meta-analysis. Clin Microbiol Infect. 2020;26(3):281-290.

Bhatti MM, Boonlayangoor S, Beavis KG, Tesic V. Evaluation of FilmArray and Verigene systems for rapid
identification of positive blood cultures. J Clin Microbiol. 2014;52(9):3433-3436.

Ward C, Stocker K, Begum J, Wade P, Ebrahimsa U, Goldenberg SD. Performance evaluation of the Verigene®
(Nanosphere) and FilmArray® (BioFire®) molecular assays for identification of causative organisms in bacterial
bloodstream infections. Eur J Clin Microbiol Infect Dis. 2015;34(3):487-496.

Altun O, Almuhayawi M, Ullberg M, Ozenci V. Clinical evaluation of the FilmArray blood culture identification
panel in identification of bacteria and yeasts from positive blood culture bottles. J Clin Microbiol.
2013;51(12):4130-4136.

Aguirre-Quifionero A, Castillo-Sedano IS, Calvo-Muro F, Canut-Blasco A. Accuracy of the BD MAX™ vaginal
panel in the diagnosis of infectious vaginitis. Eur J Clin Microbiol Infect Dis. 2019;38(5):877-882.

Thompson A, Timm K, Borders N, Montoya L, Culbreath K. Diagnostic performance of two molecular assays for
the detection of vaginitis in symptomatic women. Eur J Clin Microbiol Infect Dis. 2020;39(1):39-44.

Schwebke JR, Gaydos CA, Nyirjesy P, Paradis S, Kodsi S, Cooper CK. Diagnostic performance of a molecular
test versus clinician assessment of vaginitis. J Clin Microbiol. 2018;56(6):e00252-18.

Nyirjesy P, Banker WM, Bonus TM. Physician awareness and adherence to clinical practice guidelines in the
diagnosis of vaginitis patients: a retrospective chart review. Popul Health Manag. 2020;23(S1):513-S21.
Schwebke JR, Taylor SN, Ackerman R, et al. Clinical validation of the Aptima bacterial vaginosis and Aptima
candida/trichomonas vaginitis assays: results from a prospective multicenter clinical study. J Clin Microbiol.

Created on 10/07/2022. Page 17 of 21



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

2020;58(2):e01643-19.

Van Der Pol B, Daniel G, Kodsi S, Paradis S, Cooper CK. Molecular-based testing for sexually transmitted
infections using samples previously collected for vaginitis diagnosis. Clin Infect Dis. 2019;68(3):375-381.

Van Der Pol B, Williams JA, Fuller D, Taylor SN, Hook EW. Combined testing for chlamydia, gonorrhea, and
trichomonas by use of the BD Max CT/GC/TV assay with genitourinary specimen types. J Clin Microbiol.
2017;55(1):155-164.

Ginocchio CC, Chapin K, Smith ]S, et al. Prevalence of trichomonas vaginalis and coinfection with chlamydia
trachomatis and neisseria gonorrhoeae in the United States as determined by the Aptima trichomonas vaginalis
nucleic acid amplification assay. J Clin Microbiol. 2012;50(8):2601-2608.

Kreisel KM, Weston EJ, St Cyr SB, Spicknall IH. Estimates of the prevalence and incidence of chlamydia and
gonorrhea among US men and women, 2018. Sex Transm Dis. 2021;48(4):222-231.

Wojno KJ, Baunoch D, Luke N, et al. Multiplex PCR based urinary tract infection (UTI) analysis compared to
traditional urine culture in identifying significant pathogens in symptomatic patients. Urology. 2020;136:119-
126.

Lehmann LE, Hauser S, Malinka T, et al. Rapid qualitative urinary tract infection pathogen identification by
SeptiFast® real-time PCR. PloS ONE. 2011;6(2):el17146.

Vasoo S, Cunningham SA, Greenwood-Quaintance KE, et al. Evaluation of the FilmArray blood culture ID panel
on biofilms dislodged from explanted arthroplasties for prosthetic joint infection diagnosis. J Clin Microbiol.
2015;53(8):2790-2792.

Michos A, Palili A, Koutouzis EI, Sandu A, Lykopoulou L, Syriopoulou VP. Detection of bacterial pathogens in
synovial and pleural fluid with the FilmArray blood culture identification system. IDCases. 2016;5:27-28.

Altun O, Almuhayawi M, Ullberg M, Ozenci V. Rapid identification of microorganisms from sterile body fluids by
use of FilmArray. J Clin Microbiol. 2015;53(2):710-712.

Sullivan KV. Rapid molecular panels: What is in the best interest of the patient? A review of patient outcome
studies for multiplex panels used in bloodstream, respiratory, and neurological infections. Clin Microbiol Newsl.
2017;39(16):125-129.

Egilmezer E, Walker GJ], Bakthavathsalam P, et al. Systematic review of the impact of point-of-care testing for
influenza on the outcomes of patients with acute respiratory tract infection. Rev Med Virol. 2018;28(5):€1995.
Rappo U, Schuetz AN, Jenkins SG, et al. Impact of early detection of respiratory viruses by multiplex PCR
assay on clinical outcomes in adult patients. J Clin Microbiol. 2016;54(8):2096-2103.

Brendish NJ, Malachira AK, Armstrong L, et al. Routine molecular point-of-care testing for respiratory viruses in
adults presenting to hospital with acute respiratory illness (ResPOC): a pragmatic, open-label, randomised
controlled trial. Lancet Respir Med. 2017;5(5):401-411.

Branche AR, Walsh EE, Jadhav N, et al. Provider decisions to treat respiratory illnesses with antibiotics: insights
from a randomized controlled trial. PIoS One. 2016;11(4):e0152986.

Green DA, Hitoaliaj L, Kotansky B, Campbell SM, Peaper DR. Clinical utility of on-demand multiplex respiratory
pathogen testing among adult outpatients. J Clin Microbiol. 2016;54(12):2950-2955.

Brendish NJ, Mills S, Ewings S, Clark TW. Impact of point-of-care testing for respiratory viruses on antibiotic
use in adults with exacerbation of airways disease. J Infect. 2019;79(4):357-362.

Campbell AP, Guthrie KA, Englund JA, et al. Clinical outcomes associated with respiratory virus detection
before allogeneic hematopoietic stem cell transplant. Clin Infect Dis. 2015;61(2):192-202.

Axelrad JE, Freedberg DE, Whittier S, Greendyke W, Lebwohl B, Green DA. Impact of gastrointestinal panel
implementation on health care utilization and outcomes. J Clin Microbiol. 2019;57(3):e01775-18.

O'Neal M, Murray H, Dash S, Al-Hasan MN, Justo JA, Bookstaver PB. Evaluating appropriateness and diagnostic
stewardship opportunities of multiplex polymerase chain reaction gastrointestinal testing within a hospital
system. Ther Adv Infectious Dis. 2020;7:1-10.

Riddle MS, DuPont HL, Connor BA. ACG clinical guideline: Diagnosis, treatment, and prevention of acute
diarrheal infections in adults. Am J Gastroenterol. 2016;111(5):602-622.

Ahmad W, Nguyen NH, Boland BS, et al. Comparison of multiplex gastrointestinal pathogen panel and
conventional stool testing for evaluation of diarrhea in patients with inflammatory bowel diseases. Dig Dis Sci.
2019;64(2):382-390.

Hong S, Zaki TA, Main M, et al. Comparative evaluation of conventional stool testing and multiplex molecular

Created on 10/07/2022. Page 18 of 21



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

panel in outpatients with relapse of inflammatory bowel disease. Inflamm Bowel Dis. 2021;27(10):1634-1640.
Kubiak J, Davidson E, Soave R, et al. Colonization with gastrointestinal pathogens prior to hematopoietic cell
transplantation and associated clinical implications. Transplantation and Cellular Therapy. 2021;27(6):499.el-
499.e6.

Thigpen MC, Whithey CG, Messonnier NE, et al. Bacterial meningitis in the United States, 1998-2007. N Eng/ J
Med. 2011;364(21):2016-2025.

Kumar A, Roberts D, Wood KE, et al. Duration of hypotension before initiation of effective antimicrobial therapy
is the critical determinant of survival in human septic shock. Critl Care Med. 2006;34(6):1589-1596.

Banerjee R, Teng CB, Cunningham SA, et al. Randomized trial of rapid multiplex polymerase chain reaction-
based blood culture identification and susceptibility testing. Clinical Infect Dis. 2015;61(7):1071-1080.
MacVane SH, Nolte FS. Benefits of adding a rapid PCR-based blood culture identification panel to an
established antimicrobial stewardship program. J Clin Microbiol. 2016;54(10):2455-2463.

Walker T, Dumadag S, Lee CJ, et al. Clinical impact of laboratory implementation of Verigene BC-GN
microarray-based assay for detection of gram-negative bacteria in positive blood cultures. J Clin Microbiol.
2016;54(7):1789-1796.

Timbrook TT, Morton JB, McConeghy KW, Caffrey AR, Mylonakis E, LaPlante KL. The effect of molecular rapid
diagnostic testing on clinical outcomes in bloodstream infections: a systematic review and meta-analysis. Clin
Infect Dis. 2017;64(1):15-23.

Sango A, McCarter YS, Johnson D, Ferreira J, Guzman N, Jankowski CA. Stewardship approach for optimizing
antimicrobial therapy through use of a rapid microarray assay on blood cultures positive for enterococcus
species. J Clin Microbiol. 2013;51(12):4008-4011.

Cailleaux M, Pilmis B, Mizrahi A, et al. Impact of a multiplex PCR assay (FilmArray®) on the management of
patients with suspected central nervous system infections. Eur J Clin Microbiol Infect Dis. 2020;39(2):293-297.
Moffa MA, Bremmer DN, Carr D, et al. Impact of a multiplex polymerase chain reaction assay on the clinical
management of adults undergoing a lumbar puncture for suspected community-onset central nervous system
infections. Antibiotics (Basel). 2020;9(6):282.

Vollstedt A, Baunoch D, Wojno KJ, et al. Multisite prospective comparison of multiplex polymerase chain
reaction testing with urine culture for diagnosis of urinary tract infections in symptomatic patients. J Sur Urol.
2020;1(1). doi: 10.29011/ JSU-102.100002.

Vollstedt A, Baunoch D, Wolfe A, et al. Bacterial interactions as detected by pooled antibiotic susceptibility
testing (P-AST) in polymicrobial urine specimens. J Sur Urol. 2020;1(1). doi: 10.29011/JSU-101.100001.
Price TK, Dune T, Hilt EE, et al. The clinical urine culture: enhanced techniques improve detection of clinically
relevant microorganisms. J Clin Microbiol. 2016;54(5):1216-1222.

Byington CL, Ampofo K, Stockmann C, et al. Community surveillance of respiratory viruses among families in
the Utah better identification of germs-longitudinal viral epidemiology (BIG-LoVE) study. Clin Infect Dis.
2015;61(8):1217-1224.

Richardson L, Brite ], Del Castillo M, et al. Comparison of respiratory virus shedding by conventional and
molecular testing methods in patients with haematological malignancy. Clin Microbiol Infect.
2016;22(4):380.e1-380.e7.

Crobach MJT, Vernon ], Loo VG, et al. Understanding clostridium difficile colonization. Clin Microbiol Rev.
2018;31(2):e00021-17.

Loo VG, Bourgault AM, Poirier L, et al. Host and pathogen factors for clostridium difficile infection and
colonization. N Engl J Med. 2011;365(18):1693-1703.

Gadsby NJ, Russell CD, McHugh MP, et al. Comprehensive molecular testing for respiratory pathogens in
community-acquired pneumonia. Clin Infect Dis. 2016;62(7):817-823.

Lee SH, Ruan SY, Pan SC, Lee TF, Chien JY, Hsueh PR. Performance of a multiplex PCR pneumonia panel for
the identification of respiratory pathogens and the main determinants of resistance from the lower respiratory
tract specimens of adult patients in intensive care units. J Microbiol Immunol Infect. 2019;52(6):920-928.
Kanegaye JT, Soliemanzadeh P, Bradley ]JS. Lumbar puncture in pediatric bacterial meningitis: defining the
time interval for recovery of cerebrospinal fluid pathogens after parenteral antibiotic pretreatment. Pediatrics.
2001;108(5):1169-1174.

Glaser CA, Honarmand S, Anderson LJ, et al. Beyond viruses: Clinical profiles and etiologies associated with

Created on 10/07/2022. Page 19 of 21



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

encephalitis. Clin Infect Dis. 2006;43(12):1565-1577.

Centers for Disease Control and Prevention. Pertussis (Whooping Cough)-Surveillance and Reporting.
https://www.cdc.gov/pertussis/surv-reporting.html. Accessed January 11, 2022.

Craig R, Kunkel E, Crowcroft NS, et al. Asymptomatic infection and transmission of pertussis in households: a
systematic review. Clin Infect Dis. 2020;70(1):152-161.

Cohen SH, Gerding DN, Johnson S, et al. Clinical practice guidelines for clostridium difficile infection in adults:
2010 update by the society for healthcare epidemiology of America (SHEA) and the infectious diseases society
of America (IDSA). Infect Control Hosp Epidemiol. 2010;31(5):431-455.

Scallan E, Hoekstra RM, Angulo FJ, et al. Foodborne illness acquired in the United States- major pathogens.
Emerg Infect Dis. 2011;17(1):7-15.

Marder Mph EP, Griffin PM, Cieslak PR, et al. Preliminary incidence and trends of infections with pathogens
transmitted commonly through food - Foodborne Diseases Active Surveillance Network, 10 U.S. sites, 2006-
2017. MMWR Morbidity and Mortality Weekly Report. 2018;67(11):324-328.

Centers for Disease Control and Prevention. Weekly U.S. Influenza Surveillance Report.
https://www.cdc.gov/flu/weekly/index.htm#ILIActivityMap. Accessed January 11, 2022.

Centers for Disease Control and Prevention. Guide for Considering Influenza Testing when Influenza Viruses
are Circulating in the Community. https://www.cdc.gov/flu/professionals/diagnosis/consider-influenza-
testing.htm. Accessed January 11, 2022.

Crotty MP, Meyers S, Hampton N, et al. Epidemiology, co-infections, and outcomes of viral pneumonia in
adults: an observational cohort study. Medicine. 2015;94(50):e2332.

Nickbakhsh S, Thorburn F, Von Wissmann B, McMenamin J, Gunson RN, Murcia PR. Extensive multiplex PCR
diagnostics reveal new insights into the epidemiology of viral respiratory infections. Epidemiol Infect.
2016;144(10):2064-2076.

Dalpke A, Zimmermann S, Schnitzler P. Underdiagnosing of mycoplasma pneumoniae infections as revealed by
use of a respiratory multiplex PCR panel. Diagn Microbiol Infect Dis. 2016;86(1):50-52.

Midgley CM, Jackson MA, Selvarangan R, et al. Severe respiratory illness associated with enterovirus D68 -
Missouri and Illinois, 2014. MMWR Morbidity and Mortality Weekly Report. 2014;63(36):798-799.

Bateman AC, Kim Y], Guaracao Al, Mason JL, Klos RF, Warshauer DM. Performance and impact of the BioFire
FilmArray gastrointestinal panel on a large cyclospora outbreak in Wisconsin, 2018. J Clin Microbiol.
2020;58(2):e01415-19.

Mandelia Y, Procop GW, Richter SS, Worley S, Liu W, Esper F. Optimal timing of repeat multiplex molecular
testing for respiratory viruses. J Clin Microbiol. 2020;58(2):e01203-19.

Pritt BS. Optimizing test utilization in the clinical microbiology laboratory: tools and opportunities. J Clin
Microbiol. 2017;55(12):3321-3323.

Messacar K, Parker SK, Todd JK, Dominguez SR. Implementation of rapid molecular infectious disease
diagnostics: the role of diagnostic and antimicrobial stewardship. J Clin Microbiol. 2017;55(3):715-723.

Wu X, Li Y, Zhang M, et al. Etiology of severe community-acquired pneumonia in adults based on metagenomic
next-generation sequencing: a prospective multicenter study. Infect Dis Ther. 2020;9(4):1003-1015.

Duan H, Li X, Mei A, et al. The diagnostic value of metagenomic next-generation sequencing in infectious
diseases. BMC Infect Dis. 2021;21(1):62.

Greninger AL, Naccache SN. Metagenomics to assist in the diagnosis of bloodstream infection. J App/ Lab Med.
2019;3(4):643-653.

Niles DT, Wijetunge DSS, Palazzi DL, Singh IR, Revell PA. Plasma metagenomic next-generation sequencing
assay for identifying pathogens: a retrospective review of test utilization in a large children's hospital. J Clin
Microbiol. 2020;58(11):e00794-20.

Ramachandran PS, Wilson MR. Metagenomics for neurological infections - expanding our imagination. Nature
Reviews Neurology. 2020;16(10):547-556.

Revision History Information

Created on 10/07/2022. Page 20 of 21


https://www.cdc.gov/pertussis/surv-reporting.html
https://www.cdc.gov/flu/weekly/index.htm#ILIActivityMap
https://www.cdc.gov/flu/professionals/diagnosis/consider-influenza-testing.htm
https://www.cdc.gov/flu/professionals/diagnosis/consider-influenza-testing.htm

REVISION
HISTORY DATE

REVISION HISTORY
NUMBER

REVISION HISTORY EXPLANATION REASONS FOR CHANGE

04/17/2022

R1

Posted 04/28/2022 Under Bibliography * Other (Review/Broken link
3. Broken link removed. correction)

Associated Documents

Attachments

N/A

Related Local Coverage Documents

Articles

A58761 - Billing and Coding: MolDX: Molecular Syndromic Panels for Infectious Disease Pathogen Identification

Testing

Testing
A59020 - Response to Comments: MolDX: Molecular Syndromic Panels for Infectious Disease Pathogen Identification

Testing
LCDs

DL39044 - MolDX: Multiplex Nucleic Acid Amplification Test (NAAT) Panels for Infectious Disease Testing

Related National Coverage Documents

N/A

Public Versions

UPDATED ON EFFECTIVE DATES STATUS

04/18/2022 04/17/2022 - N/A Currently in Effect (This Version)
02/23/2022 04/17/2022 - N/A Superseded
Keywords

e Molecular Syndromic Panels for Infectious Disease Pathogen Identification Test

e NAAT

e Infectious Disease Panel

Created on 10/07/2022. Page 21 of 21



./article.aspx?articleId=58761&ver=11
./article.aspx?articleId=58761&ver=11
./article.aspx?articleId=58760&ver=2
./article.aspx?articleId=58760&ver=2
./article.aspx?articleId=59020&ver=2
./article.aspx?articleId=59020&ver=2
./lcd.aspx?lcdId=39043&ver=2

