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Plasma Metagenomic Next-Generation Sequencing?®
Note that this is the current recommendation of the infectious disease division in an evolving
field. This should not replace clinical judgement; please discuss with ID consults if questions.

What it is: Target-agnostic DNA sequencing of a plasma sample for broad-based detection of
DNA viruses, bacteria, fungi, and parasites’. Does not detect RNA pathogens.

Specimen: Plasma only.

Use Cases (citations to major papers provided):
First-line test (send at time of initial ID consultation):
e Severely immunocompromised® patients with pneumonia? particularly if:
e Concern for atypical infection such as invasive fungal infection,® Pneumocystis
Jirovecii pneumonia (PCP), Nocardia, Legionella, etc
o Not responding to standard care.
¢ Fulminant CNS infection and CNS/CSF sampling is not feasible and not likely to
become so (uncommon) OR high concern that fulminant CNS infection represents multi-
organ process.
¢ Fulminant infection and strong epidemiologic concern for atypical infection such
as (Mycobacterium tuberculosis complex, Nocardia sp., Legionella sp., Bartonella
quintana, invasive fungal infection, Coxiella burnetii (Q fever), Brucella sp., and
Francisella tularensis (tularemia))

Second line test (send if initial tests are negative as detailed as below):
e Severely immunocompromised® patient with persistent febrile neutropenia® ® and
negative first-line work-up (blood cultures, CT C/A/P)
e Culture-negative endocarditis or other intra-vascular infection” plus:
¢ Negative first-line workup (blood cultures and appropriate serologies).
e Fever of unknown origin plus:
¢ Negative first-line workup (blood cultures, CT C/A/P, any other tests clinically
indicated).
¢ Deep-seated abscesses / lesions plus:
¢ Negative first-line workup (biopsy and cultures, any other tests clinically
indicated).

2 currently commercially available through Karius; in-house plasma mNGS testing at UCSF in
development

bSevere immunocompromise is defined as any of the following: bone marrow transplant <1 year
for transplant, solid organ transplant <1 year from transplant, primary immunodeficiency, HIV
with CD4<200, or B-cell depleting therapy specifically (rituximab)



Repeating tests:
Repeat for diagnostic purposes, consider if:
¢ Initial test was negative and ongoing concern for infectious syndrome that fits above use
cases AND it has been at least 1-2 weeks
Other testing is non-revealing
e New infectious syndrome that fits above use cases

Do not repeat testing to guide end of therapy given current lack of data at this time.
e Some evidence suggests mMNGS positivity correlates with metastatic infection in S.
aureus and gram-negative bacteremia'®, but more data is needed to know how to
interpret this.

Logistics:
Ordering:
e Order details: EDTA whole blood (lavender or pearl top) centrifuged and plasma
separated from RBCs within 6 hours
Minimum volume 1 mL (preferred 2 mL)
Recommend collection of a dedicated tube (avoid add-ons if possible)
Aliquot if needed under sterile conditions
Freeze at -70 C (20C acceptable) within 5 days of collection, recommend within 24
hours.
Challenges: at the moment substantial % of tests are (a) not sent, or (b) sent incorrectly and
rejected.
o If mNGS is likely to be a critical diagnostic, recommend ID team check in with the team
daily to ensure test is correctly sent.
e For team, advise them to talk directly with phlebotomy or bedside RN daily to ensure test
is sent.
Early Reporting and Application Access:
o Call (866) 452-7487 for urgent patient updates
o Ifiinterested in getting more systemic access, do the following:

e Send email to Karius (https://kariusdx.com/contact) requesting access to their
test logs. They will respond with name/login, and so you can see all UCSF test
results in real time before micro lab updates it.

e There is also a Karius app for Iphones.



https://kariusdx.com/contact

Result Interpretation

Example report:

QUANTITY ANNOTATIONS
FURTHER INTERPRETATION OF
ANTIMICROBIAL RESISTANCE (AMR) ON PAGE 2

MICROBIAL CELL-FREE DNA DETECTED MOLECULES PER MICROLITER (MPM)?

© Obligate & Opportunistic Pathogens® Likely to cause disease in humans at any quantity

& Fungi Pneumocystis jirovecii 923
‘X Alert result
Cryptococcus neoformans

‘A Alert result

1 Commensal Pathogens & DNA Viruses® Known to be associated with disease but may also represent normal microbiota

4\ Bacteria  Schaalia odontolytica (Actinomyces 1,189
odontolyticus)
Enterococcus faecium 1,967 « AMR marker: vanA detected
Consistent with resistance to vancomycin and
other glycopeptides (vancomycin-resistant
enterococci, VRE)
Rothia mucilaginosa 1,463
Veillonella parvula 1,186
£ Viruses Epstein-Barr virus (EBV) 6,623

" Molecules Per Microliter = number of DNA fragments present in one microliter of plasma. Visualization of MPM shows quantile of each detected microbe based
on 10,000 specimens with positive, quantitative Karius Test results. No quantile is shown if < 20 detections of the microbe were made in the 10,000 specimens
or if the microbe is an obligate or opportunistic pathogen. The analytical range of the assay is 10 - 316,000 MPM.

*Based on a review of Carroll KC, Pfaller MA. 2019. Manual of Clinical Microbiology, 12th Edition. ASM Press, Washington, DC and Bennett JE, Dolin R, Blaser MJ.
2019. Mandell, Douglas, and Bennett's Principles and Practice of Infectious Diseases, 9th Edition. Elsevier, Philadelphia, PA

Result Components.
e Microbes Detected:
o Obligate/Opportunistic pathogens: Include highly pathogenic fungi (Rhizopus),
mycobacteria, highly pathogenic bacteria (Legionella).
e Interpretation: always assume true pathogen.

e Commensal pathogens and DNA viruses: Include bacteria (S epidermidis, C acnes,
E faecalis, Rothia etc.) that may be skin or gut flora. Include DNA viruses.
e Interpretation:

e Ifin doubt, send orthogonal test (blood cultures for bacteria, CMV
PCR for CMV, etc). Do not treat bacterial detection as equivalent
to bacteremia.

e If orthogonal tests negative: Our practice has been to not treat
bacteria on mNGS without additional evidence of infection (e.g.
positive blood cultures)

¢ Quantity (molecules per microliter, MPM): rough estimate of how much pathogen is
present.



e Some evidence that MPM correlates well with conventional PCRs for some
pathogens such as CMV"",

e Likely cannot compare MPM between different species and especially between
different kingdoms (DNA levels from fungi/bacteria/viruses may be very different).

e May be able to compare to range of recent detections for the same organism in other
patients with positive testing at Karius to understand trend of disease burden.

e Prognosis: some evidence that more microbial cell-free DNA is associated with
worse prognosis'?.

e AMR reports

e Available only for the most common bacterial pathogens (gram negatives, S. aureus,
Enterococcus spp).

e For GPCs: consider broadening therapy if resistance is found in gram positives (S.
aureus, Enterococcus spp. Would not narrow based on an absence of identified
resistance markers.

o For GNRs; both sensitivity and specificity are unknown, would not change
management based on results (either positive or negative).

Limitations:
o Sensitivity issues (false negatives): False negative rates by pathogen/syndrome are
largely unknown.
e Negative MNGS alone should not be used to de-escalate antimicrobials.
o Specificity issues (false positives):
e Technical false positives: May have detection of environmental bacteria, including
Delftia, E coli, Burkholderia, etc.
e Commensal flora or DNA viruses of unclear significance: Frequently detects DNA
viruses and/or oral or gut bacteria in patients who are immunocompromised or critically
ill. See Commensal Pathogens. When in doubt, use an orthogonal test such as blood
culture to guide management.

Turn-around time: Variable. Usually 3-4 days.

Cost: $2000/sample. May have inconsistent outpatient coverage.



CSF mNGS*
What it is: Target-agnostic DNA and RNA sequencing of a CSF sample for broad-based
detection of DNA viruses, RNA viruses, bacteria, fungi, and parasites’.

Specimen: CSF only.

Use Cases (citations to major papers provided):
Note that this is the current recommendation of the infectious disease division in an evolving
field. This should not replace clinical judgement; please discuss with ID consults if questions.
First line test:
¢ Meningitis, encephalitis, or myelitis of unclear etiology AND CSF pleocytosis, if
patient is immunocompetent "> '4:
e Recommend canceling if bacterial culture or HSV or VZV PCR return positive.
e Abnormal MRI imaging showing discrete CNS abscesses or lesions for which
sampling is not feasible
e Expect direct sampling of a lesion to be higher yield if technically feasible (and
can send universal PCR or other orthogonal tests).

When not to send CSF mNGS
¢ Meningitis associated with indwelling hardware (Shunt, other CNS hardware) as this
is much more likely to be a typical bacterial organism and diagnostic yield is low.

Repeating tests:
e Consider if initial test negative or non-diagnostic due to high host background, and
patient clinically worsening and one of above use cases.
o If CSF mNGS results are negative but show decreased sensitivity from high host
background, consider ordering universal PCR as a follow up diagnostic test.

Logistics
Ordering:
e Order details: CSF, unspun
e Minimum volume 1 mL (preferred 2 mL)
e Aliquot if needed under sterile conditions
e Freeze at-70 C (20C acceptable) within 5 days of collection, recommend within 24
hours.
For early reporting or technical questions: contact the microbiology lab.

davailable through UCSF



Result Interpretation

Example report
Component 1 yr ago
mNGS Pathogen Dx '

DNA viruses: DETECTED
Human herpesvirus 7 (HHVT7)

Clinical significance of HHV7 detection in CSF is uncertain, and may suggest latent infection of white blood
cells,

inflammatory reactivation, or neurologic disease, generally associated with primary infection.

Clinical correlation is recommended.

Sequence reads also seen in RNA library suggests active viral gene replication.

Result may be reportable to local public health department.

mNGS Pathogen Dx RNA Viruses: NOT DETECTED

mNGS Pathogen Dx Bacteria: NOT DETECTED

mNGS Pathogen Dx Fungi: NOT DETECTED

mNGS Pathogen Dx Farasites: NOT DETECTED

mNGS Pathogen Dx (NCTE)
Reference value for all analytes: Not Detected.
High levels of human nucleic acids in samples can decrease the test
sensitivity for organism detection.
Von pathegenic flora and environmental or lab contaminants are not
reported.

Results are intended to be used in conjunction with clinical findings

and should not be used as the sole basis for treatment decisions.

Result Components
¢ mNGS Pathogen Dx: Summary of microbe[s] detected.
¢ RNA viruses, bacteria, fungi, parasites: line by line.
¢ May have note indicating that a result is of unclear significance (as above).
¢ May have a note saying that high levels of human nucleic acids interfere with results.

Highlighted Studies:

First clinical MNGS test for pathogen detection validated in the UCSF Clinical Microbiology

Laboratory'

e Outline: Study describes the development and validation of the first clinical mMNGS test
for CNS infections at UCSF. A cloud computing-based pipeline, UCSF SURPI+, was
used to analyze mMNGS data from CSF for detection of both DNA and RNA pathogens.
Analysis of a prospective pilot cohort showed 92% sensitivity and 96% specificity for
pathogen detection compared to conventional microbiologic testing.

e Largest study of mNGS for use for diagnosing meningitis or encephalitis is from UCSF"

e Outline: Study enrolled 204 participants with concern for meningitis or encephalitis. 57
were diagnosed with infection[s]. mMNGS made 13 diagnoses not identified by
conventional testing and concurrently diagnosed 19 patients also diagnosed by
conventional testing. The 13 diagnosed with mMNGS alone usually had viruses not
conventionally tested for, or had bacteria or fungi that did not culture.

7-year longitudinal study of the diagnostic yield and clinical utility of CSF mNGS testing done at

UCSF for UCSF patients and non-UCSF patients nationwide (Benoit, et al., 2024, in press at

Nature Medicine, medRxiv preprint at

https://www.medrxiv.org/content/10.1101/2024.03.14.24304139v1)

e Outline: This study describes UCSF CSF mNGS analysis of 4,828 samples over 7 years, of
which 1,164 were from UCSF patients. 14.4% of CSF mNGS tests overall were positive for a
microorganism. The sensitivity, specificity, and accuracy of mMNGS testing for CNS infections
were 63.1%, 99.6%, and 92.9%, respectively. When only considering diagnoses made by
CSF direct detection testing, the sensitivity of mMNGS testing increased to 86%.



https://www.medrxiv.org/content/10.1101/2024.03.14.24304139v1

Limitations
o Sensitivity issues (false negatives):

¢ False negatives: In Wilson et al 2019, 26/57 patients had negative mNGS but
were diagnosed by other tests. These included 11 patients diagnosed by
serologies (syphilis, dengue, West Nile, Baylisascaris, VZV), 7 patients
diagnosed by sample other than CSF (usually brain biopsy of an abscess), or 8
where the mMNGS had counts too low (Mycobacterium spp., bacteria)

o Specificity issues (false positives):

o Technical false positives: Like serum mNGS, can be subject to low level reagent
contamination (Pantoea, E coli, etc)

o Commensal skin flora (pathobionts) or DNA viruses of unclear significance: May
detect skin flora (Corynebacterium) or viruses of unclear significance (HHV-6,
HHV7, etc). If in doubt, consider orthogonal test (culture, viral-specific PCR).

o Specific issues around HHV-6: HHV-6 reactivation is fairly common in BMT
patients and, in <1% of patients, may be chromosomally integrated and present
at high levels. HHV-6 should be considered pathogenic only if other causes
(infectious and non-infectious) are excluded'®. Helpful ref is cited here.

Turn-around time: Variable. Usually 10-14 days

Cost: $600/sample (when run in-house for UCSF patients)




Universal/Broad Range PCR from University of Washington

What it s: Comerred Verible T o
e Universal/Broad range PCR: PCR —— N LV equencing
amplification of a broad-range primer P y/ ESEE———EE

- Amplified product:
that matches to all bacteria, non- mpTied procucts

tuberculosis mycobacteria, tuberculosis, or fungi, followed by sequencing of a variable
region and identification of species present (see diagram). Inherently omits viruses (no
conserved region). There is no pan-parasite PCR. There are PCR assays specific to
certain parasites (below).

e Other UW PCR: In addition, UW also performs a set of specific pathogen PCRs (see
below) that can be added on to samples sent for universal/broad range tests. These are
conventional PCRs, not broad range PCR.

e Reasonable to expect that specific PCRs will have higher sensitivity than broad
range PCRs (for example: Aspergillus specific PCR would be expected to be
more sensitive than fungal PCR).

o If there is a strong suspicion for a specific infectious etiology but infections from
related organisms cannot be excluded, consider ordering a pathogen-specific
PCR with reflex to a universal PCR (for example, Aspergillus-specific PCR
reflexing to fungal PCR if negative).

Specimens Accepted: https://depts.washington.edu/molmicdx/mdx/submit.shtml
e Accept any fresh tissue or fluid
samples except blood/plasma.
Commonly used for: biopsy samples,
abscess samples, joint samples,

> Next-Generation Bacterial DNA Detection NGS16S (reflexive test) ncsi6s
> Detection of AFB DNA NTMONA and TBCONA

BAL, etc.
e Accept formalin-fixed tissues, Dete
however, sensitivity is expected to be .
lower. % Aspergillus DNA asvona
o o . ¥ Cryptococcus DNA crvon
e For bone specifically, decalcification 5 Corcidoides DNA coco
steps lower sensitivity, so if planning > Histoplasma DNA wsovs
to send bone, ask samples to go ? Preumensis A o
. . ¥ Mucorales DNA mucona
directly to micro or ask pathology to > Toxoplasma ONA e
hold without decalcification.  Bartonella DNA-Tissue o Culure sxros
e Can also be used for cultured ? Eoterabacersles ONA 101
H . ¥ Mycobacterium tuberculosis complex DNA - Tissue T8conA
Organlsms’ bUt We rarely uSe for thIS ¥ Nontuberculous Mycobacteria (AFB other than MTB Complex) DNA - Tissue NTmDN
indication. % Tropheryma whipplei DNA - Tissue 0w
¥ Mycoplasma and Ureaplasma mpLon
9 Legionella PCR eGona
Use Cases: e o

o First line: any tissue or fluid thought

? Leishmania PCR

to infected with bacterial, fungal, mycobacteria, AND concern for any of the following:
e High probability cultures may be negative.
¢ High probability extended therapy will be required (large collection, endocarditis,

bone or joint involvement)

¢ Common examples: BAL fluid, joint aspiration, explanted heart valves, brain abscesses.
¢ Note: given the lung is not sterile, we do NOT send BAL fluid for bacterial uPCR.
Send for fungal only; and/or TB or NTM if specific concerns.
¢ Note: Intra-abdominal infections are usually positive for multiple bacteria and so
will result in an error report, sending bacterial uPCR for Al should be uncommon.


https://depts.washington.edu/molmicdx/mdx/submit.shtml

o Note: highest probability of positive result will be from samples with (a) active
inflammation, and (B) visualization of organisms on histopathology or
microbiology. Absence of these factors portends a probable negative test.

¢ May consider sending for specific PCRs (as above) in appropriate clinical scenarios (e.g.
Bartonella from a heart valve, T. whipplei from gut biopsy, Balamuthia from brain).
e A note on CSF:

e mNGS is likely superior to uPCR for diagnosing meningitis/encephalitis’’, likely
because many causes of meningitis/encephalitis are viral. Therefore, CSF mNGS
has become a more common test.

e Very uncommon to have a clinical scenario in which universal/broad range PCR
was sent on CSF; a rare exception is follow-up universal/broad-range PCR for
CSF samples sent for mMNGS testing that return as negative with high host
background (which reduces sensitivity) but for which the clinical suspicion for
infection remains high.

e There are roles for specific UW PCRs on CSF (pathogen-specific, example:
Acanthamoeba/Balamuthia).

Repeating tests:
o Consider if initial test negative or non-diagnostic (for example due to interfering
templates), and patient clinically worsening and one of above use cases.

Logistics:
e See UW link describing sample suitability and preparation:
https://depts.washington.edu/molmicdx/mdx/submit.shtml
e Team orders relevant universal PCRs at time of sample collection.
e Usually only order PCRs relevant to tissue type.
e For example, on BAL samples we usually send fungal PCR, AFB PCR, and MTB
PCR, because there is expected background bacterial DNA from non-sterile site.
e If adding on to pathology (a common scenario), please place that order as an
add on and specify pathology sample. Micro lab then requests the block from
pathology.
e Sample is shipped to UW
e May request held tube
e Canceled orders: order may be canceled if an alternative microbiological diagnosis is
found.
¢ This has rarely resulted in inappropriate cancellations when an unrelated finding
happens (example: finding of S. epidermidis in culture from sinus leading to
fungal PCR cancellation).
¢ Interfering templates: may get error message especially on AFB broad-range PCR that
interfering templates make it uninterpretable. This should be considered a result without
meaning and does not change the probability of AFB presence.



https://depts.washington.edu/molmicdx/mdx/submit.shtml

Result Interpretation

Example Report:
(® Universal Microbial DNA Order: 549118083
Status: Final result Visible to patient: Yes (not seen)

Specimen Information: Maxillary Sinus Tissue; Not Applicable

Specimen Comment:

0 Result Notes

LEFT~in anaerobic transport vial

(@ Newer results are available. Click to view them now.

Component

Comments

Test Requested
Test Requested

Test Requested

9 mo ago
Performed at University of Washington Medical Center, Micrebiolegy Lab, NWL
1859 NE ific S5t., Seattle WA 28185-7110

Muccrales PCR with Reflex to Fungal PCR

Mucorales PCR: Rhizopus spp (Rhizopus oryzae complex) identified with nested ITS

primer set. !

e U.S5. Foed and Drug

1wce characteristics have been

vel ed

determined by the University of Washingten Department of Labeoratory Medicine and

FPathology.

Components of Results:

o Test requested: states which test[s] have been run.
e Findings: any positive results.

Highlighted Study:

Maijor recent paper was from UCSF looking at uPCR usage from 2011-2019, identified 1062

specimens from 864 patients. uPCR was positive in 175/1062 specimens (16.5%) and clinically

significant in 10.1% (107/1062)'8. High difference between different specimen types, with

highest yield of clinical relevance in soft tissue specimens (23.4%) and lowest in CSF (3.4%). In

general, the highest yield specimens are usually expected to be those with (1) high
concentrations of pathogens (heart valves, for example) and (2) high levels of inflammation.

Limitations:

e Sensitivity issues (false negatives): False negative rates by pathogen/syndrome are
largely unknown.
e Negative universal PCR alone should very rarely be used to de-escalate
antimicrobials.
o Specificity issues (false positives):
¢ Technical false positives: No published data, but institutional experience is that
technical false positives do rarely occur, including of high-consequence pathogens
(TB, amebas).
e Commensals/Pathobionts: Samples from a non-sterile or contaminated site (lung
samples contaminated by mouth flora, etc, subcutaneous abscess contaminated by
skin flora) may PCR positive for expected microbes at that site.

Turn-around time: Variable. Usually around 14 days.

Cost: $300 per PCR per sample. A joint specimen sent for bacterial, fungal, and non-TB
mycobacteria would cost $900.



Sources Cited
1. Chiu CY, Miller SA. Clinical metagenomics. Nat Rev Genet. 2019;20(6):341-55. doi:
10.1038/s41576-019-0113-7. PubMed PMID: 30918369; PMCID: PMC6858796.

2. Bergin SP, Chemaly RF, Dadwal SS, Hill JA, Lee YJ, Haidar G, Luk A, Drelick A, Chin-Hong
PV, Benamu E, Khawaja F, Nanayakkara D, Papanicolaou GA, Small CB, Fung M, Barron MA,
Davis T, McClain MT, Maziarz EK, Madut DB, Bedoya AD, Gilstrap DL, Todd JL, Barkauskas
CE, Bigelow R, Leimberger JD, Tsalik EL, Wolf O, Mughar M, Hollemon D, Duttagupta R,
Lupu DS, Bercovici S, Perkins BA, Blauwkamp TA, Fowler VG, Holland TL. Plasma Microbial
Cell-Free DNA Sequencing in Immunocompromised Patients with Pneumonia: A Prospective
Observational Study. Clin Infect Dis. 2023. Epub 20231010. doi: 10.1093/cid/ciad599. PubMed
PMID: 37815489.

3. Hill JA, Dalai SC, Hong DK, Ahmed AA, Ho C, Hollemon D, Blair L, Maalouf J, Keane-
Candib J, Stevens-Ayers T, Boeckh M, Blauwkamp TA, Fisher CE. Liquid Biopsy for Invasive
Mold Infections in Hematopoietic Cell Transplant Recipients With Pneumonia Through Next-
Generation Sequencing of Microbial Cell-Free DNA in Plasma. Clin Infect Dis.
2021;73(11):e3876-e83. doi: 10.1093/cid/ciaal 639. PubMed PMID: 33119063; PMCID:
PMC8664431.

4. Kalantar KL, Neyton L, Abdelghany M, Mick E, Jauregui A, Caldera S, Serpa PH, Ghale R,
Albright J, Sarma A, Tsitsiklis A, Leligdowicz A, Christenson SA, Liu K, Kangelaris KN,
Hendrickson C, Sinha P, Gomez A, Neff N, Pisco A, Doernberg SB, Derisi JL, Matthay MA,
Calfee CS, Langelier CR. Integrated host-microbe plasma metagenomics for sepsis diagnosis in a
prospective cohort of critically ill adults. Nat Microbiol. 2022. Epub 2022/10/21. doi:
10.1038/s41564-022-01237-2. PubMed PMID: 36266337.

5. Benamu E, Gajurel K, Anderson JN, Lieb T, Gomez CA, Seng H, Aquino R, Hollemon D,
Hong DK, Blauwkamp TA, Kertesz M, Blair L, Bollyky PL, Medeiros BC, Coutre S, Zompi S,
Montoya JG, Deresinski S. Plasma Microbial Cell-free DNA Next-generation Sequencing in the
Diagnosis and Management of Febrile Neutropenia. Clin Infect Dis. 2022;74(9):1659-68. doi:
10.1093/cid/ciab324. PubMed PMID: 33870413; PMCID: PMC9070798.

6. Schulz E, Grumaz S, Hatzl S, Gornicec M, Valentin T, Huber-Krassnitzer B, Kriegl L, Uhl B,
Deutsch A, Greinix H, Krause R, Neumeister P. Pathogen Detection by Metagenomic Next-
Generation Sequencing During Neutropenic Fever in Patients With Hematological Malignancies.
Open Forum Infect Dis. 2022;9(8):0fac393. Epub 20220730. doi: 10.1093/ofid/ofac393. PubMed
PMID: 36004313; PMCID: PMC9394763.

7. Eichenberger EM, Degner N, Scott ER, Ruffin F, Franzone J, Sharma-Kuinkel B, Shah P,
Hong D, Dalai SC, Blair L, Hollemon D, Chang E, Ho C, Wanda L, de Vries CR, Fowler VG,
Ahmed AA. Microbial Cell-Free DNA Identifies the Causative Pathogen in Infective
Endocarditis and Remains Detectable Longer Than Conventional Blood Culture in Patients with
Prior Antibiotic Therapy. Clin Infect Dis. 2023;76(3):¢1492-e500. doi: 10.1093/cid/ciac426.
PubMed PMID: 35684984; PMCID: PMC10169441.

8. Degner N, Smollin, M., Equils, O., Arun, A, DeVries, C., MacIntyre, A., Ahmed, A.A. Rapid,
Non-invasive Detection of Invasive Bartonella Infections in Pediatric Patients Using the Karius
Test, a Next-Generation Sequencing Test for Microbial Cell-free DNA in Plasma. Journal of the
Pediatric Infectious Disease Society. 2021;10:S11.

9. Haddad SF, DeSimone DC, Chesdachai S, Gerberi DJ, Baddour LM. Utility of Metagenomic
Next-Generation Sequencing in Infective Endocarditis: A Systematic Review. Antibiotics
(Basel). 2022;11(12). Epub 2022/12/24. doi: 10.3390/antibiotics11121798. PubMed PMID:
36551455; PMCID: PMC9774888.



10. Eichenberger EM, de Vries CR, Ruffin F, Sharma-Kuinkel B, Park L, Hong D, Scott ER,
Blair L, Degner N, Hollemon DH, Blauwkamp TA, Ho C, Seng H, Shah P, Wanda L, Fowler VG,
Ahmed AA. Microbial Cell-Free DNA Identifies Etiology of Bloodstream Infections, Persists
Longer Than Conventional Blood Cultures, and Its Duration of Detection Is Associated With
Metastatic Infection in Patients With Staphylococcus aureus and Gram-Negative Bacteremia.
Clin Infect Dis. 2022;74(11):2020-7. doi: 10.1093/cid/ciab742. PubMed PMID: 34460909;
PMCID: PMC9187311.

11. Fung M, Teraoka, J., Lien, K., Seng, H., Parham, A., Hollemon, D., Hong, D.K., Blair, L.,
Zompi, S., Logan, A.C., Yao, J.D., Chin-Hong, P. . Use of the Quantitative Karius® Plasma Next
Generation Sequencing Cell-Free Pathogen DNA Test to Detect and Monitor Cytomegalovirus
Infection in Allogeneic Stem-Cell Transplant Recipients. Biology Blood Marrow
Transplantation. 2019;25(3):S371-S2
12. Kitsios GD, Bain W, Al-Yousif N, Duttagupta R, Ahmed AA, McVerry BJ, Morris A. Plasma
microbial cell-free DNA load is associated with mortality in patients with COVID-19. Respir
Res. 2021;22(1):24. Epub 2021/01/22. doi: 10.1186/s12931-021-01623-0. PubMed PMID:
33472605; PMCID: PMC7816055 research funding from Bayer Pharmaceuticals, Inc. Dr.
Georgios Kitsios has received research funding from Karius, Inc. The other authors have no
conflicts of interest to declare.

13. Wilson MR, Sample HA, Zorn KC, Arevalo S, Yu G, Neuhaus J, Federman S, Stryke D,
Briggs B, Langelier C, Berger A, Douglas V, Josephson SA, Chow FC, Fulton BD, DeRisi JL,
Gelfand JM, Naccache SN, Bender J, Dien Bard J, Murkey J, Carlson M, Vespa PM, Vijayan T,
Allyn PR, Campeau S, Humphries RM, Klausner JD, Ganzon CD, Memar F, Ocampo NA,
Zimmermann LL, Cohen SH, Polage CR, DeBiasi RL, Haller B, Dallas R, Maron G, Hayden R,
Messacar K, Dominguez SR, Miller S, Chiu CY. Clinical Metagenomic Sequencing for
Diagnosis of Meningitis and Encephalitis. N Engl J Med. 2019;380(24):2327-40. Epub
2019/06/13. doi: 10.1056/NEJMoal1803396. PubMed PMID: 31189036; PMCID: PMC6764751.
14. Wilson MR, O'Donovan BD, Gelfand JM, Sample HA, Chow FC, Betjemann JP, Shah MP,
Richie MB, Gorman MP, Hajj-Ali RA, Calabrese LH, Zorn KC, Chow ED, Greenlee JE, Blum
JH, Green G, Khan LM, Banerji D, Langelier C, Bryson-Cahn C, Harrington W, Lingappa JR,
Shanbhag NM, Green AJ, Brew BJ, Soldatos A, Strnad L, Doernberg SB, Jay CA, Douglas V,
Josephson SA, DeRisi JL. Chronic Meningitis Investigated via Metagenomic Next-Generation
Sequencing. JAMA Neurol. 2018;75(8):947-55. Epub 2018/05/02. doi:
10.1001/jamaneurol.2018.0463. PubMed PMID: 29710329; PMCID: PMC5933460.

15. Miller S, Naccache SN, Samayoa E, Messacar K, Arevalo S, Federman S, Stryke D, Pham E,
Fung B, Bolosky WJ, Ingebrigtsen D, Lorizio W, Paff SM, Leake JA, Pesano R, DeBiasi R,
Dominguez S, Chiu CY. Laboratory validation of a clinical metagenomic sequencing assay for
pathogen detection in cerebrospinal fluid. Genome Res. 2019;29(5):831-42. Epub 2019/04/18.
doi: 10.1101/gr.238170.118. PubMed PMID: 30992304; PMCID: PMC6499319.

16. Hill JA, Nichols WG, Marty FM, Papanicolaou GA, Brundage TM, Lanier R, Zerr DM,
Boeckh MJ. Oral brincidofovir decreases the incidence of HHV-6B viremia after allogeneic
HCT. Blood. 2020;135(17):1447-51. Epub 2020/02/23. doi: 10.1182/blood.2019004315.
PubMed PMID: 32076716; PMCID: PMC7180083.

17. Kerkhoff AD, Matzko M., Chiu C., Miller S., Babik J. M. The Comparative Utility Of
Metagenomic Next-Generation Sequencing and Universal PCR for Pathogen Detection on
Cerebrospinal Fluid: A Retrospective Analysis From a Tertiary Care Center

. Open Forum Infect Dis. 2019;6:S134-5.



18. Kerkhoff AD, Rutishauser RL, Miller S, Babik JM. Clinical Utility of Universal Broad-
Range Polymerase Chain Reaction Amplicon Sequencing for Pathogen Identification: A
Retrospective Cohort Study. Clin Infect Dis. 2020;71(6):1554-7. Epub 2020/01/08. doi:
10.1093/cid/ciz1245. PubMed PMID: 31907545; PMCID: PMC7486847.



