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@ MAYO CLINIC . .
Objectives

At the end of this lecture, the learner will be able to:

° List newer microbiology tests that improve
antibiotic utilization and the variables affected

* Describe point of care testing for infectious
diseases

°* Discuss advanced generation microbiology
diagnostic tests and how they might improve
antimicrobial use
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Technology Revolution - Proteomics

i MALDI-ToF ’ N
clearance
2 mass 2011
;,' spectrometry of MALDI-ToF
1975 = for bacterial ® rrt1ass t
identificati spec
18th  Crystallization 1985 identification P ]crg:ne ry
of enzymes shown to be _
cegury (Nobel prize work in clinical bacterial/fungal
1946) context identification
o
Protein Conceptualizati ~ Description Clinical offering
isolation on of using of MALDI- of MALDI-ToF
mass ToF mass Mass
1926 spectrometry spectrometry spectrometry
for bacterial (Nobel prize 2008 for 2013
identification 2002) . — bacterial/fungal ¢ i}
| il identification |

© 2022 Mayo Foundation for Medical Education and Research
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MALDI ToF Mass Spectrometry

Mok occupeed \
L 6 Pl
A ( ) @ iboed
- - - - = - Moasued
B \ \ [ { f \ -
J N\ = §  Zeschine pectum
C - . Meanured clacsibed gieen
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] Posilion = Detected Speces Scoe
= 815 Al € iehenchia col 237
(Zm POS CONT A2 Candda biussi 238
(3] NEGCONT A3 o pesks found
rOw A4 Canch 22w
Scom v Detscted Specias Commant Lk
B 2218 Candids paapsiosis ATCC 22013 IMA
1858 Candida parapsiom MYS24_09 ERL
1795  Candida parapulos 26 PS8
1774 Candida parapsions DSM 4237 DSM
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o s s DSM 70126 DSM
- 1502 Candidla pataprios ATCC 22019 THL
- 1% Cupmarvic necator BATSLUFL
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MALDI ToF Mass Spectrometry

. Add colony
2. Add matrix (1-2 pl)

CN
HC—C—COOH

OH
o-cyano-4-hydroxycinnamic acid
- {CII_“::.A} - -
Dissolved in acetonitrile (50%)

& 2.5% trifluoroacetic acid

3. Dry —room air 5 min
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Matrix Assisted Laser
Desorption lonization

Analyte

Target plate
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Matrix Assisted Laser

Desorption lonization

Laser
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Matrix Assisted Laser
Desorption lonization
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Time of Flight

Detector

— Drift region

Accelerating potential




@ MAYO CLINIC
Mass Spectrum Generated
Compared with Library (Database)
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- o )
M 4 el

0 .
» Cytomegalovirus

1 991 1 999 drug resistance offered

» Hepatitis C virus drug

resistance offered
DNA structure described Description of PCR Microbial 16S rRNA gene sequencing * Mycobacterium tuberculosis
(Nobel prize 1962) (Nobel prize 1993)| | |PCR offered offered (isolates) drug resistance offered

Sanger sequencing
method published
(Nobel prize 1980)

bacteria offered

1st capillary Human + 16S rRNA gene'sequencing
sequencer genome offered (direct patient samples)
sequenced * Whole genome sequencing of

1977

© 2022 Mayo Foundation for Medical Education and Research
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R Technology Revolution:
Multiplex and Rapid Automated NAATS
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Waived testing is an FDA designation for diagnostic
assays of which of the following types?

a. Simple to perform and with an insignificant risk of
erroneous result

b. Requiring performance by trained medical
technologists

C. In need of oversight by a board-certified
laboratory director

d. Only suitable for patient-collected specimens



e
@ MAYO CLINIC v
Point of Care Diagnostics (examples)

* Xpert® Xpress FIU/RSV. GBS, Flu, Strep A

* cobas Liat Strep A, influenza A/B, influenza A/B g4
and RSV =M

°*ID NOW™ STREP A 2, RSV, Influenza A & B 2

* Visby Medical Sexual Health Click Test (Chlamydia
trachomatis, Neisseria gonorrhoeae, Trichomonas
vaginalis)

* BioFire® FilmArray® Respiratory EZ Panel



@ MAYO CLINIC
Multiplex Panels for Direct Detection of Bacteria and

Resistance Genes in Positive Blood Culture Bottles

© 2022 Mayo Foundation for Medical Education and Researc



MAYO CLINIC

FDA-Approved Multiplex Panels for Detection of Gram-

Positive Bacteria in Positive Blood Cultures
FilmArray |  VERIGENE® |  GenMarky,,

BCID2 Gram-Positive Blood ePlex BCID-GP ePlex BCID-GN
Culture Test Panel Panel

Staphylococcus species
Staphylococcus aureus
Staphylococcus epidermidis
Staphylococcus lugdunensis
Streptococcus species
Streptococcus agalactiae
Streptococcus pyogenes
Streptococcus pneumoniae
Streptococcus anginosus group
Enterococcus species
Enterococcus faecalis
Enterococcus faecium

Listeria species

Listeria monocytogenes v
Bacillus cereus group
Bacillus subtilis group
Corynebacterium species
Cutibacterium acnes
Lactobacillus species
Micrococcus species v
Pan Gram-Positive v

AN

ANRNANENRNANANRAN

ANANENANRNANAN

AN

ANANANANENANANANANANANENANANANANENANANAN




MAYO CLINIC

FDA-Approved Multiplex Panels for Detection of Gram-Negative
Bacteria in Positive Blood Cultures, continued

Gram-Negative Blood Culture Test | ePlex BCID-GP Panel ePlex BCID-GN Panel

Klebsiella oxytoca

v

v

v

Klebsiella pneumoniae

v

Klebsiella pneumoniae group

Klebsiella aerogenes

*

Salmonella species

v
v
v

Morganella morganii

Stenotrophomonas maltophilia

Serratia species

Serratia marcescens

A AN

Proteus species

Proteus mirabilis

NN ANENENENANANETAN

Acinetobacter species

Acinetobacter baumannii

<\

Acinetobacter calcoaceticus-baumannii complex

Hemophilus influenzae

AN

Cronobacter sakazakii

Neisseria meningitidis

NAYAYAY

Pseudomonas aeruginosa

Enterobacterales

Escherichia coli

NENANAN

Enterobacter species

Enterobacter cloacae complex

<\

Citrobacter species

Bacteroides fragilis

Fusobacterium necrophorum

ANENANANENANAN

Fusobacterium nucleatum

Pan Gram-Negative

v

*Detected as Enterobacter species



@ MAYO CLINIC
FDA-Approved Multiplex Panels for Detection of Select Resistance
Genes in Positive Blood Cultures, continued

VERIGENE® . GenMark,, |
FilmArray | Gram-Positive Blood |Gram-Negative Blood | ePlex BCID- ePlex BCID-GN
BCID2 Culture Test Culture Test GP Panel Panel

mecA v v

mecC v
mecA/C

mecA/C and MREJ
vanA

vanB

vanA/B

blakpc

blaypy

blagya

blay,,

bla,yp

blacty.y

mcr-1

AN

AN
AN

ANENENENENAN
ANERRYANANAN

ANENANANASANA YA




MAYO CLINIC

FDA-Approved Multiplex Panels for Detection of Fungi in
Positive Blood Cultures, continued

_ FilmArray BCID2 | ePlex BCID-GP Panel | ePlex BCID-FP Panel | ePlex BCID-GN Panel

Candida albicans 4 v

Candida auris v
Candida dubliniensis
Candida famata
Nakaseomyces glabrata v
Candida guilliermondii
Candida kefyr

Pichia kudriavzevii v
Candida lusitaniae
Candida parapsilosis v
Candida tropicalis v
Cryptococcus gattii
Cryptococcus neoformans
C. neoformans/qgattii v
Fusarium species
Rhodotorula species v
Pan Candida 4 v

ANIENIENIENIEN NN ENENENENAN

AN




MAYO CLINIC

Multiplex PCR Panel Example:
FilmArray® BCID (BioFire)

‘

Jl
I

i 1715“

{
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) AV cLinic
FilmArray® BCID

Gram Positive Bacteria Gram Negative Bacteria Fungi Resistance
Staphylococcus Klebsiella oxytoca Candida albicans Genes
Staphylococcus aureus  Klebsiella pneumoniae Nakaseomyces blakpc
Streptococcus Serratia glabrata mecA
Streptococcus agalactiae Proteus Pichia kudriavzevii vanA/vanB
Streptococcus pyogenes Acinetobacter baumannii  Candida parapsilosis

Streptococcus Haemophilus influenzae Candida tropicalis

pheumoniae Neisseria meningitidis

Enterococcus Pseudomonas aeruginosa

Listeria monocytogenes Enterobacteriaceae
Escherichia coli
Enterobacter cloacae
complex



MAYO CLINIC

Randomized Controlled Clinical Trial
Mayo Clinic 2013-2014

Patients with positive blood cultures
Stratified randomization (age, ICU, transplant service)

CONTROL RAPID TEST ALONE  RAPID TEST/STEWARDSHIP

Gram stain called to
service

Standard subculture and
susceptibility (1-3 d)

e Gram stain called to Gram stain called to
service service
Standard subculture Standard subculture and

and susceptibility (1- susceptibility (1-3 d)
3d) Rapid test plus lab call
with comments (1 h)

Rapid test plus lab call
with comments (1 h)
ID MD/pharmacist call
with specific treatment
recommendations

Banerjee et al. Clin Infect Dis 2015:61:1071

Supported by the National Institute of Allergy And Infectious Diseases of the National Institutes of Health under AR LG
Award Number UM1AI104681 (Antibacterial Resistance Leadership Group)

Antibacterial Resistance Leadership Group




@MAYOCLINIC ) )
Clinical Outcomes

Outcome Control Rapid Test Rapid Test+ P -value
(n=207) (n=198) Stewardship
(n=212)
Length of stay (days) 8 (5,15) 8 (5,15) 8 (5,16) 0.60
30-day mortality 22 (10.6%) 20 (10.1%) 18 (8.5%) 0.74
30-day readmission w/same organism 6 (2.9%) 6 (3%) 8 (3.8%) 0.88
Toxicity/adverse drug reaction 3(1.4%) 3 (1.5%) 2 (0.9%) 0.82
Blood culture clearance in 3 days 147 (71%) 131 (66.2%) 146 (68.9%) 0.79
C. difficile/Drug-resistant organism?® within 30d 15 (7.2%) 16 (8.1%) 21 (9.9%) 0.62

'VRE, MRSA, ESBLs, Gram negative bacilli resistant to >3 drug classes

Banerjee et al. Clin Infect Dis 2015:61:1071
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Comparison of Time To ldentification, Susceptibility
Results, and Antibiotic Modifications

o 12
Timeline, hours (h) 0 24 36 48 60 72

Control
(2 169) AR VvV
Rapid test . )
Rapid test + Y T
Stewardship (n=165) .A V -
. Organism identification - Phenotypic antimicrobial susceptibility report V De-escalation A Escalation

*Significant vs. control; TSignificant vs. control and rapid multiplex PCR alone

Banerjee et al. Clin Infect Dis 2015:61:1071
© 2022 Mayo Foundation for Medical Education and Research



T Findings

° Rapid test > more judicious antibiotic use,
without worsening clinical outcomes

* T Narrow-spectrum antibiotics for Gram
positives

* v Piperacillin-tazobactam use
* J Treatment of contaminants

* 1°d & faster de-escalation/escalation

* Rapid test + stewardship
— fastest de-escalation

Banerjee et al. Clin Infect Dis 2015:61:1071
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FilmArray BCID2 Result What the Laboratory Reports
(What the Laboratory “Sees”) Isolate Comments
Staphylococcus + Staphylococcus | mecA detected
S. aureus + aureus complex | Methicillin (oxacillin)-resistant Staphylococcus aureus complex (MRSA).
mecA/C and MREJ (MRSA) + MRSA is predictably resistant to beta-lactam antibiotics (except

ceftaroline).

Vancomycin or other anti-MRSA treatment recommended for initial
therapy pending susceptibility results.

Semi-Urgent Result

Consult Infectious Diseases

Staphylococcus + Staphylococcus | mecA not detected
S. aureus + aureus complex | Methicillin (oxacillin)-susceptible Staphylococcus aureus complex. An
mecA/C and MREJ (MRSA) - anti-staphylococcal beta-lactam, such as cefazolin, nafcillin or oxacillin,

is recommended for empiric therapy, unless clinically contraindicated.
Consult Infectious Diseases

Staphylococcus + Staphylococcus | mecA detected
S. epidermidis + epidermidis | Methicillin (oxacillin)-resistant Staphylococcus epidermidis.
mecA/C + Possible blood culture contaminant (unless isolated from more than one

blood culture draw or clinical case suggests pathogenicity). No
antibiotic treatment is indicated for blood culture contaminants.




@MAYOCLINIC
Technology Revolution: Single Cell Imaging
Application: Antibacterial Susceptibility Testing

° Time-lapse darkfield imaging, analysis of bacterial growth
° Individual bacterial response to single antibiotic
concentration over time

E. coli vs. 4 ug/mL piperacillin-tazobactam

LN(Clone
., . Intensity). , . .

LN(Clone
., . Intensity) . . .
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Randomized Trial Evaluating Clinical Impact of RAPid IDentification and
Susceptibility Testing for Gram-negative Bacteremia: RAPIDS-GN

Time to any antibiotic change

Time to GN antibiotic change

Cumulative percent

100

90

80

70

60

50

40

30 A

107 SOC: mean (s.d.) = 24.7 (24.6) hours, median (IQR) = 14.9 (3.3, 41.1) hours
RAPID: mean (s.d.) = 19.0 (22.9) hours, median (IQR) = 8.6 (2.6, 27.6) hours
04 Difference in means (95% Cl): 5.6 (1.2, 10.0) hours, t-test p = 0.0126

T T T T T T T T T T T

0 6 12 18 24 30 36 42 48 54 60
Time to first antibiotic modification (hours)

Standard culture and AST

| Randomization

Rapid identification and AST |

Cumulative percent

100

90

80 A

704

60

50

40

30+

201

10

SOC: mean (s.d.) = 41.1 (28.3) hours, median (IQR) = 42.1 (10.1, 72.0) hours
RAPID: mean (s.d.) = 31.1 (28.9) hours, median (IQR) = 17.3 (4.9, 72.0) hours
Difference in means (95% Cl): 10.1 (4.8, 15.4) hours, t-test p = 0.0002

I I I I T I I T T I T T

6 12 18 24 30 36 42 48 54 60 66 72
Time to first GN maodification (hours)

| Randomization

Standard culture and AST

Rapid identification and AST |

#”) RAPIDS-GN

Antibacterial Resistance Leadership Group

Banerjee et al. Clin Infect Dis 2021;73:€39-e46
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Randomized Trial Evaluating Clinical Impact of RAPid IDentification and
Susceptibility Testing for Gram-negative Bacteremia: RAPIDS-GN

Time to antibiotic escalation

Cumulative percent

Time to antibiotic de-escalation

100 +

90

104

SOC, resistant org.: mean (s.d.) = 48.4 (27.1) hours, median (IQR) = 61.7 (30.4, 72.0) hours
RAPID, resistant org.: mean (s.d.) = 30.7 (28.4) hours, median (IQR) = 18.4 (5.8, 72.0) hours
Difference in means (95% Cl): 17.6 (4.9, 30.3) hours, t-test p = 0.007

SOC, susceptible org.: mean (s.d.) = 53.5 (29.1) hours, median (IQR) = 72.0 (24.2, 72.0) hours
RAPID, susceptible org.: mean (s.d.) = 48.4 (31.2) hours, median (IQR) = 72.0 (6.2, 72.0) hours

Difference in means (85% Cl): 5.2 (-1.0, 11.3) hours, ttest p= 0.10

6 12 18 24 30 36 42 48 54 60 66 72
Time to first antibiotic escalation (hours)

RAPID, resistant org. == == RAPID, susceptible org.
SOC, resistant org. === == SQC, susceptible org.

#”) RAPIDS-GN

Antibacterial Resistance Leadership Group

Cumulative percent

100 +

90

80

70+

60

50

40

30

SOC, resistant org.: mean (s.d.) = 51.2 (25.4) hours, median (IQR) = 72.0 (26.1, 72.0) hours
RAPID, resistant org.: mean (s.d.) = 53.4 (25.8) hours, median (IQR) = 72.0 (27.5, 72.0) hours
Difference in means (95% Cl): -2.2 (-13.9, 9.5) hours, t-test p = 0.71

SOC, susceptible org.: mean (s.d.) = 42.8 (26.2) hours, median (IQR) = 42.4 (19.3, 72.0) hours
RAPID, susceptible org.: mean (s.d.) = 36.6 (27.6) hours, median (IQR) = 29.4 (10.3, 72.0) hours
Difference in means (95% CI): 6.3 (0.8, 11.8) hours, t-test p = 0.02

18 24 30 36 42 48 54 60 66 72
Time to first antibiotic de-escalation (hours)

RAPID, resistant org. === == RAPID, susceptible org.
SOC, resistant org. === === SQC, susceptible org.

Banerjee et al. Clin Infect Dis 2021;73:€39-e46
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PCR-Based Detection PLUS Resistance Profiling

® Xpert (Cepheid)
®* MRSA/SA Nasal Complete Assay, SSTI Assay
* MTB/RIF Assay

®SpeeDx

® ResistancePlus” GC - Neisseria gonorrhoeae and
ciprofloxacin susceptibility markers

® ResistancePlus” MG Mycoplasma genitalium and
macrolide resistance markers
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Mycoplasma pneumoniae PCR Assay Targeting Common Macrolide
Resistance Mutations (23S rRNA gene A2063G/A2064G)

MA: 4

Rotstein et al. Antimicrob Ag Chemother. 2022;e0243221

Created with mapchart.net
s
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FDA-Approved/Cleared Multiplex Panels for

Gastrointestinal Pathogens in Stool

RN NENENE-
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BIOFIRE FilmArray Meningitis/Encephalitis Panel

Viruses Bacteria | Fungi

Cytomegalovirus Escherichia coli K1 Cryptococcus
Enterovirus Haemophilus influenzae neoformans/qgattii
Herpes simplex virus 1 Listeria monocytogenes
Herpes simplex virus 2 Neisseria meningitidis
Human herpes virus 6  Streptococcus
agalactiae
Human parechovirus Streptococcus
Varicella zoster virus pneumoniae




@MAYOCLINIC .
Lower Respiratory Tract Panels

Curetis BioFire Curetis BioFire
Unyvero Unyvero

Bacteria Viruses
Acinetobacter spp. v Influenza A v
Acinetobacter calcoaceticus-baumannii complex v Influenza B v
Chlamydia pneumoniae v v Respiratory Syncytial Virus v
Citrobacter freundii v Human Rhinovirus/Enterovirus v
Klebsiella aerogenes 4 Human Metapneumovirus v
Enterobacter cloacae complex v v Parainfluenza virus v
Escherichia coli v v Adenovirus v
Haemophilus influenzae v v Coronavirus (non-SARS-CoV) 4
Klebsiella oxytoca v v SARS-CoV-2 v
Klebsiella pneumoniae v Fungi
Klebsiella pneumoniae group v Pneumocystis jirovecii v
Klebsiella variicola v Resistance genes
Legionella pneumophila v v blayp v v
Moraxella catarrhalis v v blayp, v 4
Morganella morganii v blayyp v
Mycoplasma pneumoniae v v blagya o v
Proteus spp. v v blagy a4 v
Pseudomonas aeruginosa v v blagya sa v
Serratia marcescens v v blagya.sa
Staphylococcus aureus v v blagy_as.ike v
Stenotrophomonas maltophilia v blayy, v v
Streptococcus agalactiae v blacry.u v v
Streptococcus pneumoniae v v blagy v
Streptococcus pyogenes v mecA v

mecA/C and MREJ v




o T2Direct Diagnostics

Direct from Blood

° Multiplex PCR and T2 magnetic resonance, average turnaround time 4.3 hours

* T2Candida Panel
* Candida albicans
* Candida tropicalis
° Pichia kudriavzevii
°* Nakaseomyces glabrata
* Candida parapsilosis

* T2Bacteria Panel
* Enterococcus faecium
* Staphylococcus aureus
° Klebsiella pneumoniae
° Pseudomonas aeruginosa
* Escherichia coli
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The 16S ribosomal RNA gene is found in:

d. Bacteria

b. Fungi

C. DNA viruses
d. RNA viruses
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16S Ribosomal RNA Gene

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 bp

.v1lvz- 3 B va [Bvsvelll vz vs
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[ Shotgun metagenomic sequencing ]

"j DNA extraction

Whole genome amplification
HIUI I o mm% ...
mm iing mﬁw o 27 mm

Amplified genomic fragments

v

Library preparation
adaptor/barcode ligation

v

lllumina HiSeq 2500,
] 2 % 250 bp

! i

Specimen

!

Extracted
DNA

|

Amplified
DNA

|

DNA
Library

!

Sequence
Data

}

Result

Targeted metagenomic sequencing

DNA extraction
6 o o\ one

16S rRNA gene amplification
. “‘J“* m Imy
o 2

ﬁﬁl‘» l’?ﬂ m T g
Amplified 16S rRNA gene fragments

v

Library preparation
adaptor/barcode ligation

v

T

lllumina MiSeq 500,
2 x 250 bp

v

Data interpretation

oA
L= T

Hong et al. Clin Infect Dis. In Press
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16S rRNA Gene PCR/Sanger Sequencing in Clinical

Practice

° Retrospective analysis specimens clinically analyzed by 16S rRNA
PCR/Sanger sequencing, Mayo Clinic (MN) 04-2017— 03-2019

* 566 specimens, 460 patients

* 17% (97/566)16S rRNA gene PCR/Sanger sequencing positive
* 90% (88/97) positive results — clinical infections

* 5% patients — impacted clinical care

* 22% positive specimens (21/97), 16S rRNA gene detected but
bacterium not identified by Sanger sequencing (mixtures)

* +ve Gram stain: 12X 1’d odds positivity (Cl OR, 5.2—-31.4)
* Cardiovascular 1°d positivity (37%) vs other specimen-types

Fida et al. Clin Infect Dis. 2021;73:961-968
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Microbiologic
and
Pathological
Diagnostic
Algorithm For
Endocarditis

Liesman et al. J Clin Microbiol 2017:55:2599-608

Blood cultures'

Positive Negative
If surgical excision of valve performed
Histopathologic evaluation, valve® Coxiella burnetii serology?
Bartonella serology
Tropheryma whipplei PCR, blood?

Positive

If surgical excision of valve performed

Negative?*

If surgical excision of valve performed

Histopathologic evaluation, valve®

Histopathologic evaluation, valve®
Retain tissue for molecular testing®
Culture and Gram stain, valve’

Directed testing based on histopathology findings

Acute inflammation
+ microoganisms

}

Chronic inflammation with
macrophage predominance

No evidence of inflammation
or microorganisms

} '

16S rRNA gene PCR/ PAS-D? histopathology stain Consider non-infectious
sequencing, valve T. whipplei PCR, valve etiologies
I | I |
Positive Negative Positive Negative
C. burnetii PCR, valve 165 rRNA gene PCR/
Bartonella PCR, valve sequencing, valve
T. whipplei PCR, valve C. burnetii PCR, valve
Other microoganism-specific Bartonella PCR, valve
PCR, valve® Other microoganism-specific
PCR, valve®




16S rRNA gene and primers

@ M @ Sample processing
,x )

o
Fresh tissue !
2X2X2mm

Sl *

Body fluid
100pL

*Tubes filled with

» 20pL 0.1mm beads

» 160pL proteinase K buffer
+ 20pL proteinase K

-
‘--//’ I" — ‘| — =t — !F \»
FFPE tissue h d '
10pm section Heat 60°C Centrifuge Separate
for 2min 30s at sample from
12,000xg melted wax
(2 Digestion and lysis
. Room temperature [
—_ F7iTiTY Smin |
—p S 1 — |
. - =i
\ v
Heat 60°C 300rpm for 1h then Centrifuge 30s at
100°C 2000rpm for Smin 10,000%g
in Thermomixer
(3 Extraction
. 1l P
] i
v ~
- -
270pL of 2mL of EMAG Biomerieux
lysed sample prewarmed Specific B - 50uL magnetic silica
lysis buffer 50pL eluate

0 500 1000

DPO F Primer
™ ———

1500 bp

DPO R Primes

vi v2 V3 v4 V5 Vé V7
Amplified region
16S rRNA PCR
—

+ ] — — —

5uL of extracted  15uL of Master 96-well PCR 16S rRNA PCR
sample Mix plate LightCycler 4801l -Roche
(5) sequencing algorithm
Ct value

va V9

Positive

Negative

Cycles

Using SYBR Green DNA
detection a cycle threshold (Ct)
value is determined

1 |

Ct =32 and =34

'

Ct <32

.

Next Generation Sequencing
(MiSeq, lllumina)

18

Sanger sequencing

(Applied Biosystems 3500x1. ThermoFisher) uality metrics: AQV's (FR) 230, 230
Quality metrics: AQV's (FR) 230, 230 Quality Lengﬂ? 221(0' ) 230,
= _ Length: 2400 . Bioinformatic: Pathogenomix software
Bioinformatic: Pathogenomix software
Uninterpretable or Postive Negative

Postive F
negative

Ct>34
Defined Undef-ined
peak =8.4 peak
Negative

Flurin et al. Clin Infect Dis. In Press



2297 samples met inclusion cntena

o = 12 skin samples

* 1 nasal samples
* | swab

151 samples excluded:

* 59 of unknown source

* 54 refused paricipation in rescarch
*« 14 denved from implants or screws

* 7 bonc marrow samples

* | mesh
+
715 samples included in sensitivity 2146 samples
analysis included
Cr
<32 x32.£34 = 34
a= 609 n=1319 a=119%
|
Sanger sequencing
/\ Defined peak Negative
Positive Not =04 {no sequencing )
n=400 nterpretable n-16 n=11%2
n=209
|
NGS NGS NGS
Positive Negative Positive Negative Postive Negative _ . .
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@ M Identification by targeted metagenomics

Positive samples (n=747)
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Flurin et al. Clin Infect Dis. In Press
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@ M Sensitivity of tests depending on antimicrobial exposure
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Probability of positivity

Probability of a positive test
depending on duration of antimicrobial therapy

In patients that received antibictics <4 weeks before sampling
{n=214)
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@Mmcin\gs rRNA PCR/Sequencing

°* Compared to Sanger sequencing alone, test positivity
increased by 87% with added NGS

* Sensitivity 53%, higher than culture (42%, p<0.001)
° Impact on clinical decision-making in 14% of infected cases

° Sensitivity in subgroup that received antibiotics until the day
of sampling

°* 41% for cultures
°* 63% for tNGS
* 70% for both tests combined

Flurin et al. Clin Infect Dis. In Press



@ MAYO CLINIC

Metagenomic shotgun whole genome sequencing
detects which of the following?

a.Viral, bacterial, fungal, and parasitic volatile
molecules

b.Viral, bacterial, fungal, and parasitic carbohydrates

C.Viral, bacterial, fungal, and parasitic proteins

d.Viral, bacterial, fungal, and parasitic nucleic acids
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Orthopedic Implant
Processing - Mayo Clinic
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Shotgun Metagenomic Sequencing versus
Culture - SONICATE FLUID

Non-Infectious

Arthroplasty 188 (96.4%) 7]
Failure
CuItur:IEosﬂwe 115 99 (86.1%) 6 (5.2%) 11 (9.6%)
Culture-Negative 08 55 (56.1%) N/A 43 (43.9%)

PJI Thoendel et al. Clin Infect Dis. 2018:67:1333
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New or Missed Identifications by SHOTGUN
Metagenomic SEQUENCING vs. Culture
— SONICATE FLUID

Detected by
Metagenomics

PJI Organisms Not

Bacillus species
Candida albicans

Mycobacterium abscessus
Porphyromonas species

Pseudomonas aeruginosa (2)

New Organisms

Failures

Detected in Aseptic

Cutibacterium acnes (2)

Staphylococcus aureus (3)

Streptococcus sanguinis (2)

New Organisms

Positive PJls

Detected in Culture-

Anaerococcus obesiensis
Clostridium species
Cutibacterium acnes
Enterobacter cloacae*

Finegoldia magna (3)*
Peptoniphilus harei
Prevotella nanciensis
Staphylococcus aureus

Staphylococcus epidermidis (6)
Staphylococcus lugdunensis (2)
Varibaculum cambriense

New Organisms

Negative PJIs

Detected in Culture-

Anaerococcus urinae
Candida albicans (2)*
Candida parapsilosis*
Clostridium perfringens
Corynebacterium
pseudogenitalium
Cutibacterium acnes
Enterococcus faecalis (3)*

Enterobacter cloacae (2)*
Facklamia languida
Granulicatella adiacens (2)*
Mycobacterium bovis BCG*
Metamycoplasma salivarium
Peptoniphilus species
Pasteurella multocida*

Staphylococcus aureus (10)*
Staphylococcus epidermidis (5)*
Staphylococcus haemolyticus (2)*

Staphylococcus lugdunensis

Streptococcus agalactiae (4)
Streptococcus dysgalactiae (4)*

Streptococcus oralis*

* indicates organism identified in cultures other than sonicate fluid

Thoendel et al. Clin Infect Dis. 2018:67:1333




@ MAYO CLINIC -
Shotgun versus Targeted Metagenomic § 1
Sequencing — Sonicate Fluid -

* 395 sonicate fluids
* 208 PJI

* 187 non-infectious failure

* Targeted metagenomic sequencing detected potential
pathogens in 48% culture-negative PJls

° No difference between positive percent agreement of
targeted (72%) and shotgun (73%) metagenomic
sequencing (P = 0.83)

Hong et al. Clin Infect Dis. In Press.
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Antibacterial Resistance Leadership Group
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