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revolution ?

molecular diagnostic microbiology

Molecular methods

dramatically changed clinical microbiology

allowed discovery of several clinically important and previously

unrecognized or uncultivable pathogens
reduced the dependency of laboratory on culture-based methods

became gold diagnostic standards for several microorganisms
(€. trachomatis, HSV encephalitis, enter

iral meningitis, CMV reactivation, hepatitis C,..)

Molecular diagnostic
systems 1.0

Molecular diagnostic systems 2.0+

- fully automated sample-to-result fashion
- multiple tests performed concordantly

- sample number flexibility

- STAT ftest prioritization —

- random access ?

Panther Fusion (Hologic) DxN Veris (Beckman Coulter)

Alinity m (Abbott)

revolution ?

point-of-care tests and 24/7 concept




faster

cheaper

24/7

Two testing places - evolving concept
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N Engl J Med 2013:368:2319-24.

desire is to have self-contained, fully integrated
sample-to-report devices that accept raw,
untreated specimens, perform all of the molecular

steps, and provide interpreted test results in<1h

Selected compact "sample in-results out"
molecular diagnostic devices
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Narrative review

Portable molecular diagnostic instruments in microbiology: current
status
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Point-of-care molecular testing

entering clinical practice throughout the world
paradigm shift towards decentralized testing

especially suited for applications:
- where fast turnaround is desirable
- where centralized laboratory services face limitations
- in resource-limited countries
- in rural areas and places that are hard to reach

- ships, submarines, off-shore platforms....so printer technology and remote

fault diagnosis will allow reparation of failures using a small stock of materials and versatile components)

poses diverse technological, economic and organizational challenges

Fifteen-Minute Detection of Streptococcus pyogenes in Throat Swabs
by Use of a Commercially Available Point-of-Care PCR Assay

James R. Uhl,* Robin Patel™®

cobas Liat strep A assay vs. S. pyogenes LightCycler PCR assay

sensitivity = 100%
specificity = 98.3 %
positive predictive value = 97.7%

negative predictive value = 100.0%

J Clin Microbiol 2016:54:815

POPOCERC

Evaluation of a routine point-of-care intervention for early
infant diagnosis of HIV: an observational study in
eight African cou ntries Lancet HIV 2019:6:e373-81

Jennifer Cohn*, Emma Sacks, Rebecca Bailey, Jean-Francois Lemaire, Rhoderick Machekano, on behalf of the EGPAF POC EID

Flavia Bianc

POC testing in 339 health-care facilities:
- 2,875 infants exposed to HIV tested with conventional testing methods
- 18,220 infants tested with POC testing

the return of results to caregivers within 30 days: 18.7% vs. 98.3%
the median time from sample collection to return of results: 55 days vs. O days
the median time from sample collection to ART initiation: 49 days vs. O days

infants with HIV initiating antiretroviral therapy within 60 days: 43.3% vs. 92.3%

the cost per test result returned within 30 days: $131 vs. $27

Where is my instrument ?

universal instruments providing
electricity and software

Lab-on-a-USB key

microfluidic devices integrated with USB key data storage devices

a device attached to other computational devices such as a cell phone or laptop
computer to control molecular assays being done on the microfluidic biochip

analysis transmitted to central databases for shared use and meta-processing

Novel pH sensing semiconductor
for point-of-care detection of HIV-1
viremia Sci Rep 2016:6:36000

R.Gurrala, Z. Lang’, L. Shepherd’, D. Davidson, E. Harrison®, M. McClure, 5. Kaye',
C. Toumazou®’ & G. 5. Cooke®
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Narrative Review

Smartphones as mobile microbiological laboratories

David S. Y. Ong,** Mario Poljak’

Smartphone-based pathogen diagnosis in urinary sepsis patients

P P 8 s Y sepsis p: EBioMedicine 2018;36:73-82
Lucien Barnes -, Douglas M. Heithoff**', Scott P. Mahan *, Gary N. Fox ", Andrea Zambrano ¢, Jane Choe ®,
Lynn N. Fitzgibbons ©, Jamey D. Marth*, Jeffrey C. Fried /. H. Tom Soh #-*, Michael J. Mahan *-**

a Overview of smaRT-LAMP approach
Sample collection (human urine) Lysis & reagents

¥ A~

b Workflow for the Bacticount app

Capture real-time imagos smaRT-LAMP
Quantify
amplification via
Bacticount app

—

Fluorescence intensity (a.u)

A smartphone dongle as
point-of-care device

Sci Trans Med 2015; 7: 273rel

Testcannte

DNA engineered micromotors powered by metal
nanoparticles for motion based cellphone
diagnostics

vabi Kochehbyoki
bapathy, Shantanu

th Battalagati,

Nat Commun 2018;9:4282
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platform that integrates cellphone-based
optical sensing, loop-mediated isothermal
DNA amplification and micromotor motion

qualitative detection of HIV-1(n=54) with
99.1% specificity and 94.6% sensitivity at a
clinically relevant threshold value of 1,000
copies/ml.
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delivery of samples or standard POC
instruments and reagents by drones
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Narrative Review
Use of drones in clinical microbiology and infectious diseases: current
status, challenges and barriers

M. Poljak’, A. Sterbenc

Insttute of Microbiology and Immunology, Foculty of Medicine, U

sity of Liubljana, Lubljana, Skovenia

Reuters Health Information REUTERS §
Rwanda to Start Using Drones to Supply e
Vaccines, Blood in August

Rwanda is the first country that has sought to integrate drones into its health
service with drones used to deliver blood; launched in 2016

4,100 units of blood delivered in the first year; delivery time 15-45 minutes; 40%
of the blood for postpartum hemorrhaging; 40% for treatment of severe malaria

Buzz as World's Biggest Drone Drug Deliveries
Take Off in Tanzania

By Kizto Makoye
August 30, 200

Tanzania launched the world's largest drone delivery network in January 2018
more than 1,000 health facilities across the Tanzania connected
delivery of blood, vaccines and malaria and HIV/AIDS drugs

modified Zipline International drones flying at 100 km (62 miles) per hour;
drones parachuting blood and medicines with biodegradable parachutes




Can Unmanned Aerial Systems (Drones) Be
Used for the Routine Transport of Chemistry,
Hematology, and Coagulation Laboratory
Specimens? PLoS One 2015;10:¢0134020

Timothy K. Amukele'*™*, Lori J. Sokoll"™, Daniel Pepper’™, Dana P. Howard "™,
Jeff Stre

three paired samples obtained from 56 adult volunteers; chemistry, hematology,
and coagulation testing

168 samples held stationary vs. 168 samples flown in the UAS (6-38 minutes)

33 of the most common chemistry, hematology, and coagulation tests performed
a mean difference of 3.2% for glucose and <1% for other analytes

only bicarbonate did not meet the strictest performance criteria.

transportation of laboratory specimens via small UASs does not affect
accuracy of routine chemistry, hematology, and coagulation tests results

Drone Transport of Chemistry and Hematology Samples
Over Long Distances Am T Clin Pathol 2017:148:427-35

Timothy K. Amukele, MDD, PhDD,' James Hemandez, MD,* Chyistine LH. Snozek, PhD,
Ryan G. Waate, FPC, Matthew Dowglas, MD," Richard Amini, MD,” and Jeff Street'

Sample transport and rent-a-POC concept

POC storage, maintenance, calibration and QC

clin micro lab

POC = point-of-care

Optimizing a Drone Network to Deliver Automated
External Defibrillators

Circulation 2017:135:2454-65

Boutilier J. J., Brooks S. C., Byers A. J. A., Buick E. J., Zhan C., Schoellig A. P., Cheskes S.,
MorrisonL. J., Chan T.C.Y.

- —A- successful in-flight PCR amplification using convective thermocycling
!'mge“ 23,'!8 SEHd%E‘one of two different DNA targets (16 min in-flight reaction time)
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Lab-on-a-drone

time-resolved fluorescence

detection and quantification

using a smartphone camera and
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Lab-on-a-drone

Drone-based centrifugation

benchtop centrifugation
processes are challenging to
miniaturize

d fixture for spin column| 0

by removing the quadcopter
propellers and replacing them
with 3D printed centrifuge
rotors designed to fit the
motor shaft threading

n
extraction and sample prep

Drone-based sample preparation
standard centrifuge-based workflows allowed in lab-on-a-drone

3D printed attachments transform the quadcopter into a centrifuge capable of
rotation speeds up to 10,000 rpm

standard column-based extraction of Dengue viral RNA from human serum yielded
results on par with those obtained from samples processed using a benchtop
centrifuge

Loop-mediated isothermal
amplification (LAMP)

Ustar Biotechnologies (agzhou, chine)
Cross Priming Amplification technology developed by Qimin You, while conducting research in Canada & US

- instrument free specimen processing

- isothermal nucleic acid amplification

- visual read-out detection and easy data interpretation
- cross contamination prevention

- reagents stable at ambient temperature

The Journal of Infectious Diseases 2010;201(S1):865-S71

Paper-based microfluidics for DNA diagnostics of
malaria in low resource underserved rural communities

Julien Reboud™', Gaolian Xu®', Alice Garrett®, Moses Adriko, Zhugen Yang®, Edridah M. Tukahebwa®, Candia Rowell,
and Jonathan M. Cooper PNAS 2019; 116:4834-4842
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Handheld isothermal amplification and electrochemical detection of DNA in
resource-limited settings

Maria-Nefeli Tsaloglou™, Alex Nemiroski’, Gulden Camci-U)
Lara P. Murray’, John T. Connelly”, George M. Whitesides™"

", Dionysios C. Christodouleas”,
Anal Biochem 2018;543:116-21

@ § HIGH | oe isothermal § Low .ééé
3 SIGNAL gg@ifine DN ampliication 3 sionAL <
voltage > Volage
electrode surface
5§ dsONA s (Ru(NHak]"| modular
contact i —_—
() hediog S-S
module spacer 3 test

. =

contacts
spacer

uMEDNA
connection
pins

test

2008, ceramic

bottom
. ) planar . reagent substrate .
not to scale ) heating mat (ii) zone (i)

the first fully integrated, POC device that combines isothermal
DNA amplification with electrochemical detection on paper

Visual detection of isothermal nucleic acid
amplification using pH-sensitive dyes
Nathan A. Tanner, Yinhua Zhang, and Thomas C. Evans Jr.

DNA Enzymes Division, New England Blolabs, lpswich, MA  ecswrrcaes 5850 fronaey 2

rapid (<30 min) and sensitive (<10 copies) visual detection of amplified products using pH-sensitive
dyes with minimal buffering capacity achieved with loop-mediated isothermal amplification (LAMP)
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Single-use, electricity-free amplification device for detection of HIV-1
Kelly A. Curtis**, Donna L. Rudolph*, Daphne Morrison’, Dylan Guelig"”,

Steven Diesburg”, David McAdams", Robert A. Burton”, Paul LaBarre”, Michele Owen

« HAAIDS, Hepatti. STD,and T8 et

entersfor Dsewse and
J Virol Methods 2016;237:132-7

non-instrumented nucleic acid amplification, single-used disposable (NINA-SUD)
devices for the detection of HIV-1 in whole blood using reverse-transcription,
loop-mediated isothermal amplification (RT-LAMP) with lyophilized reagents

NINA-SUD heating device harnesses the heat from an exothermic chemical
reaction initiated by the addition of saline to magnesium iron powder

lyophilized HIV-1 RT-LAMP reagents stable at 30°C for up to one month

Ten-minute direct detection of Zika virus in serum samples by RT-LAMP

Paulo Felipe Neves Estrela”, Geovana de Melo Mendes”, Kézia Gomes de Oliveira”,
Alexandre Melo Bailao”, Célia Maria de Almeida Soares’, Nilson Anténio Assungao®,
Gabriela Rodrigues Mendes Duarte™

* nsitut de Quimica, Universidade Federal de Goids, Goldnia, GO, 74690-900, Brezil
*Inainao de Citnetas Bioldgieas, Universidade Federal de Gods, Goidia, GO, 74690.900, Brazil
“ Ininuto de Cincias Amblereas, Quimicas ¢ Farmacéuticas, Universidade Federal de Sdo P, Sdo Pale, SP, 04021001, Brazil

RT-LAMP and visual detection of amplified products

reaction thermally controlled with a thermoblock for 10 min at 72 °C

5 10 15 20 min 5 10 15 20 min

Separation of Plasma from Whole Blood by Use of the cobas
Plasma Separation Card: a Compelling Alternative to Dried
Blood Spots for Quantification of HIV-1 Viral Load

J Clin Microbiol 2019;57:e01336-18
Sergio Carmona,»® Britta Seiverth,* Dieketseng Magubane,” Lucia Hans,*> Matthias Hoppler

Spotting Layer
Whole blood
Filtration through
membrane
.”.I
T
1 Plasma
CarrierLayer

revolution ?

MALDI-TOF mass spectrometry

(matrix assisted laser desorption ionization-time of flight mass spectrometry)

MALDI-TOF in clinical microbiology in 2019

speed (<3 min/isolate; 96 isolates/17 min); easy to perform; low cost

identification of bacterial/fungal isolates - revolution
(libraries regularly updated/enlarged)

@@ direct identification of pathogens from clinical samples

(positive blood culture bottles, urine, positive clinical impact proved)

@. antimicrobial susceptibility testing and detection of resistance
mechanisms
(limited number of resistance mechanisms can be identified or delayed response time,
lack of established and standardized routines in detecting antimicrobial resistance,
limited range of commercially available kits, lack of studies on the cost-effectiveness of
incorporating resistancedetection by MALDI-TOF MS)

in
. (experiences vary substantially, standardization needed)

revolution ?

Direct detection and identification of bacteria using
non-molecular, non MALDI-TOF technologies




T2 Biosystems (Lexington, ma)

- magnetic resonance technology (supermagnetic nanoparticles coated with target-specific binding agents
cluster around the target, altering water molecules and their T2 relaxation signal)

- detects DNA, cells, proteins directly from specimens without extraction or amplification

- alow limit of detection (1-3 CFU/ml vs. 100-1000 CFU/ml for PCR)

- not impacted by the presence of antimicrobials

- printer-size detection device

- result in 3-5 hours

Currently available assays:
T2 Candida Panel

T2 Bacteria Panel (ESKAPE pathogens)
T2 Resistance Panel (Ex-US launch end 2019)

T2 Candida auris
T2 Lyme

revolution ?

CRISPR-Cas - based diagnostic assays

Nucleic acid detection with Gootenberg et al. Science 2017:356:438-42
CRISPR-Casl3a/C2c Science 2017; 356: 438-442 GoOTEN %Ogglgf al. Science 2018;360:439-44
Myhrvold et al. Science 2018;360:444-8
Roy et al. Front Genet 2018;9:240

s ecerieromy Chen et al. Science 2018;360:436-9
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CRISPR-Cas Biology and Its Application to Infectious Diseases
J Clin Microbiol 2019; 57:e01307-18.
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Programmable Inhibition and Detection of RNA
Viruses Using Cas13

* Cameron Myhrvold,’ ' "% Chloe K. Boehm,' Aaron E. Lin,"* Nicole L. Welch,'* Amber Carter,’
Cynthia Y. Luo,’-* Omar O. Abudayyeh,'-*-" Jonathan S. Gootenberg,'*-"-" Nathan L. Yozwiak,'-*
+'% and Pardis C. Sabeti'-**1%.11.%

Molecular Cell 2019; in press.

Catherine A. Freije,

CARVER - Cas13-assisted restriction of viral expression and readout
- an end-to-end platform that uses Cas13 to detect and destroy viral RNA
- programmably cleaves RNAs complementary to its CRISPR RNA (crRNA)
- Casl13's potent activity demonstrated against three distinct ssRNA viruses:
- lymphocytic choriomeningitis virus
- influenza A virus

- vesicular stomatitis virus

4 viral sSRNA
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revolution ?

total laboratory automation in bacteriology

Demonstrated advantages of automated specimen processing

specimen processors compared to manual streaking:

- produce more isolated colonies
- exhibit enhanced reproducibility

- provide decreased hands-on plating time

J Clin Microbiol 2009;47:1101-6.

J Clin Microbiol 2012:50:2732-6.

J Clin Microbiol 2014,52:796-802.
J Clin Microbiol 2015;53:2298-307.
J Med Microbiol 2018,67:1581-1588.

- decreased requirement for sub-culturing

- significant decrease in time to result, laboratory workload and costs

J Clin Microbiol 2015;53:2298-307.
J Clin Lab Anal 2018:32(5):e22373.




Current and future developments

- automated colony-picking modules
(for ID by MALDI-TOF and suspension preparation)

- intelligent digital imaging
development of intelligent algorithms and expert systems with different applications
- microbial growth detection and quantification (BD Kiestra urine culture app)
- presumptive identification of species growing on chromogenic agar
(WASPLab image analysis software for MRSA, VRE detection)

plates with negative results could reliably be automatically read and reported by the
system to reduce the time and cost for large-volume screen laboratories

- fully automated disk diffusion AST

revolution ?

syndrome-specific testing

Syndrome-specific testing

comprehensive panels of probable pathogens causing a particular syndrome
highly multiplexed PCR platforms

one sample - multiple results

designed to directly probe specimens (respiratory, stool,
CSF, blood, urogenital) and positive blood culture
bottles for an array of microorganisms ALWAYS

can have significant impact on patient care
and management

redefining the diagnosis of infectious disease ?

antimicrobial susceptibility testing
2PP222722227777?

genomic vs. phenotypic

revolution ?

genomic antimicrobial susceptibility testing
(targeted assays)

Genomic antimicrobial susceptibility testing

nucleic acid amplification detection of resistance genes or mutations

that are correlated with resistance to antibiotics plays an important

role in clinical microbiology laboratories and will continue to do so

molecular testing will evolve versus syndrome-oriented multiplexed

detection of pathogens including genomic AST

commercial competition will increase, prices per test will go down and
in the end all tests will be of the "sample in - result out” format




Detection of Isoniazid-, Fluoroquinolone-,

Amikacin-, and Kanamycin-Resistant w
Tuberculosis in an Automated,

Multiplexed 10-Color Assay Suitable for k w
Point-of-Care Use e

3 Clin Microbiol 2017:55:183-198 -
Soumitesh Chakravorty, Sandy 5. Roh* Jenaifer Glass” Laura E. Smith,*

filter-based cartridge with an integrated sample processing
function; testing directly from sputum

INOVATIONS:

- four new large-Stokes-shift fluorophores developed
- 10-color probe detection in a single PCR tube

- anew three-phase, double-nested PCR approach

- newly designed sloppy molecular beacons

32 commonly occurring mutant sequences tested in gyrA, gyrB,
kat6, and rrs genes and the promoters of inhA and eis genes
responsible for resistance to isoniazid (INH), fluoroquinolone
(FQ) drugs, amikacin (AMK), and kanamycin (KAN)

the rate of detection of heteroresistance equivalent to that by
Sanger sequencing

compared to the results of phenotypic suscepfibility testing,
the sensitivity of the assay was 75% for FQs and 100% each
for INH, AMK, and KAN and the specificity was 100% for INH
and FQ and 94% for AMK and KAN

revolution ?

genomic antimicrobial resistance testing

(whole genome sequencing)

Prediction of Susceptibility to First-Line Tuberculosis Drugs
by DNA Sequencing

N Eng J Med 2018;379:1403-15

10,209 isolates, genotypic predictions of the susceptibility of M. tuberculosis

to first-line drugs

resistance correctly predicted with 91.3% - 97.1% sensitivity

- susceptibility correctly predicted with 96.8% - 99.0% specificity

England, the Netherlands, and New York discontinue phenotypic drug-
susceptibility testing of isolates that are predicted by sequencing to be pan-
susceptible to first-line drugs

Building the Framework for Standardized Clinical
Laboratory Reporting of Next-generation Sequencing Data
for Resistance-associated Mutations in Mycobacterium
tuberculosis Complex Clin Infect Dis 2019:69:1634-40

Jeltrey A Tornheim." " Angola M. Starks."* Timothy C. Rodwell * Jemniter L Gardy.** Timothy M. Walkes, Danisla M. Cirllo* Lakshmi Jayashankan”
Paolo Miotto.” Matteo Zignol” and Marca Sehito”

phenotypic antimicrobial susceptibility testing will

remain core technology in clinical microbiology for
multiple decades to come for majority of human
pathogens

revolution ?

Emerging technologies for phenotypic
antimicrobial susceptibility testing

Phenotypic antimicrobial susceptibility testing
(short history)

agar plate methods

(large macroscopic colonies visible by naked eye required, time consuming)

|

conventional turbidity methods
(107 CFU/mL required; bacterial must grow 16-20 h before reaching a detectable level)

|

near future alternatives

(use of ultra sensitive alternative approaches for bacterial growth measurement)

10



Accelerate Pheno System
ID and AST direct from positive blood culture

FDA approved Accelerate Phen system and Accelerate PhenoTest BC kit for ID and AST testing of
pathogens directly from positive blood culture samples in February 2017

indi d for AST of patt ic bacteria most I

9 d with bacteremia/sepsis

New emerging technologies with great potential
for phenotypic antibiotic susceptibility testing

flow cytometry
resonate mass measurement
microbial cell weighing by vibrating cantilevers + atomic force microscopy
isothermal microcalorimetry
asynchronous magnetic bead rotation
testing in microdroplets + epifluorescence
digital time-lapse microscopy
time-lapse single-cell imaging (SCMA)
high-throughput nanowell antibiotic susceptibility testing
forward laser light scatter technology
phase-shift reflectometric interference spectroscopy + micropillar architectures
gradient-generating microfluidic AST devices - chip based
gradient-generating microfluidic AST devices - hydrogel based

AST methods based on bacterial death

Forward laser light scatter technology (BacterioScan)

Rapid Antimicrobial Susceptibility Testing Using Forward Laser Light
Scatter Technology

Randll T. Haydan.* Lani K (\lnlon'caw\ynmwm Terri Koyamatsu.* Yilun Sun.® Ginger Jamison.® Rosalie Perking * Li Tang.*
Stanley Pounds,® Matthew J. Bankowski

7 Clin Microbiol 2016:54:2701-6

rior fo visual assessment

bacteriophage-mediated killing Cavstts

Detector,
(Disposable)
La\ r / l

limit of detection: 1x10* CFU/ml
undergoing FDA clinical trials

216Dx UTI System - UTI screening
BacterioScan 3100R/AST/Dx

1310 E o St

Resonate mass measurement (LifeScale - Affinity Biosensors)

- mechanically resonant structure with a microfluidic channel
- microbes suspended in broth and passed one by one through a microfluidic channel

- mass (and growth curve) measured by the change in resonate energy by ultra-high resolution weighing

- FDA clinical trials started Q4 2016
- first FDA-approved test on market in 2020

- Gram negatives, 14 antibiotics

Microbial cell weighing by vibrating cantilevers + atomic force microscopy

Nanomechanical sensor applied to blood culture pellets: a fast
approach to determine the antibiotic susceptibility against agents of
bloodstream infections

P. Stupar "7, 0. Opota “*, G. Longo ", G. Prod'hom *, G. Dietler ', G. Greub
S. Kasas ™ 2

LOGOBYED DALY

Cantilever

cantilevers containing small canals which facilitate microbial passage can be made to vibrate continuously

when metabolically active bacteria pass through, their weight (in the femtogram range) will cause a
change in the frequency of cantilever movement

atomic force microscopy capable of detecting movements of biologic samples at the nanoscale
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Asynchronous magnetic bead rotation

Asynchronous magnetic bead rotation (AMBR) mi 22 T
for rapid, sensitive and label-free studies of bacterial growth and .op
drug sensitivity Anal Chem 20128452506

T

renis Sinn’ 22, Theodere Albertsen' . Paivo Kinnunen! %, Oavid M. Sresisure’. Brandon .
McNsughton' 1. Mark A Burns?, 354 Racul Kopelman' 3 £©

Ry
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Rotatonal Period (T/T))

Zr— ™

when magnetic beads are brought into a revolving magnetic field, they self-assemble and assume a
specific rotational spin - the frequency of rotation can be influenced by the binding of bacteria

if the beads are equipped with a ligand that specifically captures bacterial cells, the rotation of the
beads changes at the moment of capture - this change can be measured

an increase in the rotational period suggests bacterial growth/proliferation whereas a constant rotational
period suggests growth inhibition

this process can be observed directly by illuminating the culture broth (in the form of a hanging drop)
with a light-emitting diode or laser - the hanging-drop format also acts as a lens fo create magnification
of up o 100 x such that the structure and rotational rate of the bead aggregates can be observed
microscopically or when projected onto a detector

revolution ?

non-microorganism detection based

molecular diagnostic approaches

(host response diagnostics)

direct detection of the presence of microorganism(s)

in clinical specimens

determination of gene expression patterns in patient's blood

mononuclear cells specific for particular microorganism(s)

Bacterial
infection

Infected

Patient with
acuteillness

Viral
infection

signature of host response that distinguishes between bacteria and
viruses and between infection and non-infection

identification of several expression-based “classifiers"

low-density arrays
reduction of expression-based “classifiers"

FilmArray/Xpert style
validation on well-characterized cohorts .
real-time assays

real-life validation .
point-of-care tests

Diagnostic Test Accuracy of a 2-Transcript Host RNA Signature

for Discriminating Bacterial vs Viral Infection in Febrile Children
JAMA 2016;316:835-45

PhD: Hannah Shailes, BSc: Hariklia Eleftherohorinoy, PhD: Clive J. Hoggart. PhD
Janes, MD; Stuart Gormiey, MRes: Chisato Shimizu, MD: Adriana H, Tremaulet, MD:

Jetheo A Herberg. PhD: Myrsini Kaforou, PO Victorla J. W
Miriam Cebey-Lopez. MSc; Michael J. Carter, MRCPCH:
souk M. Barendregt, B5¢; Antonio Salas, PhD; John K.
Tace Kuijpers. PhO: Fedierico Martinén-Torres, PRD: Jan

j3ye, MO; Andrew J. Pollard, PhD; Saul N, Faust, PhO; Sanjay Patel, FRCPCH;
Burns, MO; Lachian J. M. Coin, PhD: Michael Levin, FRCPCH; for the IRIS Consortium

2-transcript signature (FAM89A and TFT44L

23/23 patients with microbiologically confirmed bacterial infection classified as bacterial
(sensitivity, 100% [95%CT, 100%-100%])

27/28 patients with definite viral infection classified as viral
(specificity, 96.4% [95%CI, 89.3%-100%])

Host Gene Expression in Nose and Blood for the Diagnosis
of Viral RBSPiI‘ﬂtOI‘y Infection J Infect Dis 2019;219:1151-1161

Jinsheng Yu,' Dorick R. Poetorson.’ Andrea M. Baran,' Soumyaraop Bhattachatya * Todd N, Wylie,* Ann R, Falsey.’ Thomas J, Mariani and
Gregory A Storch!

nasal gene expression signal = epithelial cells + variable leukocyte contribution

nasal gene expression signatures good or better for discriminating between children with
symptomatic RSV infection, symptomatic non-RSV, asymptomatic, and uninfected children

Diagnosis of Childhood Tuberculosis
and Host RNA Expression in Africa

. . N Engl ) Med 2014;370:1712-23.
culture-confirmed tuberculosis vs.
culture-negative tuberculosis, diseases other than tuberculosis, latent tuberculosis

51-transcript sighature
sensitivity: 82.9% (68.6 to 94.3)

specificity: 83.6% (74.6 t0 92.7) for the diagnosis of culture-confirmed tuberculosis

Xpert MTB/RIF
sensitivity: 54.3% (37.1 10 68.6)

specificity: 100% (100.0 o 100.0) for the diagnosis of culture-confirmed tuberculosis

A Novel, 5-Transcript, Whole-blood Gene-expression
Signature for Tuberculosis Screening Among People Living
With Human Immunodeficiency Virus  cinmfect bis 2019:69: 77-83

Jayast V. Rvjan. Fred € Semitala. Tejas Mebta,) Mark Seielstad  Lani Mostalvo * Alfred Andams *Lucy Asege.’ Martha Hakaye !
Jane Katende’ Sandra Mwebe.* Moses R, Kammya." Christins Yoon.” sed Adithya Catiamanchi®

94% sensitivity and 75% specificity
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A 20-Gene Set Predictive
of Progression to Severe Dengue

Makeda Rebinson, ' 1° Timothy E. Sweeney, ina Barouch-Bentov,' Malaya Kumar Sahoo,* Lamry Kalesinskas, ¢
Francesco Vallania,’* Ana Maria Sanz.” Eliana Ontiz-Lasso,” Ludwig Luis Albomoz,” Femando Rosso.”
Jose G. Montoya, Benjamin A. Pinsky,' * Purvesh Khatri,'*'1-* and Shirit Einay’ 117"

Cell Reports 2019;26:1104-11

three retrospective and one prospective dengue datasets
100% sensitivity and 76% specificity for severe dengue

generalizable across ages, host genetic factors, and virus strains

Diagnosing and Managing Sepsis by Probing the Host
Response to Infection: Advances, Opportunities, and
Challenges

J Clin Microbiol 2019:57:¢00425-19
lan L. Gunsolus,* Timothy E. Sweeney,” Oliver Liesenfeld,” Nathan A. Ledeboer®

two transcriptomic sepsis scores validated in independent cohorts using locked algorithm
SeptiScore - FDA cleared - 4 mRNA based test - SeptiCyte Lab (Immunexpress, Seattle, WA)
Sepsis MetaScore - test based on expression levels of 11 host mRNAs

revolution ?

non-microorganism detection based

non-molecular diagnostic approaches

A Novel Host-Proteome Signature for
Distinguishing between Acute Bacterial and

Viral Infections PLoS ONE 2015:10:¢0120012

ugo™, Paul Feigin'?,
Adi Kisin', Isea¢1 Potasman®®, Eron Eden'
Training-set Validation-set
Signature Performance
phase A phaseB. anabnis
<amtruction

207 patents

600 proteins
17 proteins

— pcterial patients
Viral patients.

host-proteins measured using ELISA, Luminex, protein-arrays and flow-cyfometry mmsap ImmunoXpert

A host-protein based assay to differentiate between bacterial
and viral infections in preschool children (OPPORTUNITY):
adouble-blind, multicentre, validation study

Chantal 8 van Houten, foris A H de Groo, Adi Klein, Isaac Sugo Irena Chistyokov, Wouter de Woal, Cemens 8 Mejssen, Wim Avi, Tom F WWolfs
Yoel Shochos- Meyoubas, Michal Stein, Efsobeth A M Sonders, Lovis| Bont

Lancet Infect Dis 2017; 17: 431-40
Summary

Background A physician is frequently unable to distinguish bacterial from viral infections. ImmunoXpert is a novel
as: proteins )i

induced protein-10 (1|

and C-reactive protein (CRP). We aimed 10 externally validate the diagnestic accuracy of

i
ions and to compare this test with commonly used

this assay in differentiating between bacterial and viral i
biomarkers.

rospective, double-blind, international, multicentre study, we recruited children aged 2-60 months
I presentation of fever e at four hospitals in the
fih ienced paedi dard

P alue) of
test negative) infection by comparing the test classification with the

Findings Between Oct 16, 2013 and March 1, 2015, we recruited 777 children, of whom 577 (mean age 21 months,
563 male) were assessed. The majority of the panel diagnosed 71 cases as bacterial infections and 435 as viral
infections. In another 71 patients there was an inconclusive panel diagnosis. The assay distinguished bacterial from

i ha sensitivity of 175-8-93.1), ity of 9119 (57-9-93-6), a positive predictive
value of 60-5% (49-9-70-1), and a negative predictive value of 97-% (95-6-95-9). In the more clear cases with
unanimous panel diagnosis (n=354), sensitivity was $7.5% (74-5-94.7), specificity 93.0% (89.6-95.3), positive
predictive value 62.1% (9-2-73-4). and negative predictive value 98- 3% (96-1-99.3).

isex - Jue of P o o differenti
between bacterial and viral infections in children with lower respiratory tract infection of fever without source. This
diagnostic based on CRP, TRAIL, and IP-10 has the potential 10 reduce antibiotic misuse in young children

Classifier based on 8 short peptide only!

Nasopharyngeal Protein Biomarkers of Acute Respiratory Virus Infection @.w..,..

‘Thomas W. Burk
Micah T. McCl
M. Arthur Moseley *
Christopher W. Wood

icardo Henao ik Soderblom ', Ephraim L. Tsalik **<, J. Will Thompson ',
Marshall Nich Bradly P. Nicholson °, Timothy Veldman %, Joseph E. Lucas ™,
Ronald B. Turner, Robert Lambkin-Williams ", Alfred O. Hero Ill '

“ere, Geoffrey S. Ginsburg **

B et
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Transdermal Diagnosis of Malaria
Using Vapor Nanobubbles

Ekaterina Lukianova-Hleb, Sarah Bezek, Reka Szigeti, Alexander Khodarev, Thomas Kelley,
Andrew Hurrell, Michail Berba, Nirbhay Kumar, Umberto D’Alessandro, Dmitri Lapotko

Emerg Infect Dis 2015;21:1122-7
Computer

H-VN

20-second noninvasive diagnosis of jum falciparum infection without drawing blood or using any reagent
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Narrative Review

Sniffing animals as a diagnostic tool in infectious diseases

Emmanuelle Cambau,"* Mario Poljak’

Diagnosis of Tuberculosis by Trained African Giant Pouched Rats
and Confounding Impact of Pathogens and Microflora of the
Respiratory Tract

J Clin Microbiol 2012; 50: 274-280
Georgies F. Mgode.+* Gart J. Weetjens Thorben Nawrath* Christophe Cox. Maureen Jubltana: Robert 5. Machang s
Stéphan Cohen-Bacrie,* Marielle Bedotto,” Michel Drancourt.,® Stefan Schulz.? and Stefan H. E. Kaufmann®

rats vs. confirmed cases of TB:
sensitivity: 80.4%
specificity: 72.4%
positive predictive value: 41.7%
negative predictive value: 93.8%

REAL LIFE EXPERIENCE

- Belgian non-profit organisation APOPO, which uses rats to detect landmines

- large-scale tuberculosis research programs in Tanzania, Mozambique and Ethiopia

- from 2007 to 2018 more than 550,000 sputum samples were screened by APOPO
rats: 14,000 tuberculosis patients detected in addition to standard methods

Detection of Bacteriuria by Canine Olfaction

Maurcen Maurer,' Michael McCulloch? Angel M. Willey Wendi Hirsch? and Danielle Dewey' Open Forum Infect Dis 2016; 9:ofw051.
"Assistance Dogs of Hawai, Makaweo, Hawaii; *Pine Street Foundation, San Anselmo, Califomia; *Kapiclani Medical Center for Women and Childeen, Honoluly, Hawaii

687 individuals; 34% culture-positive and 66% culture-negative controls
dogs detected urine samples positive for 100.000 colony-forming units/mL:
Escherichia coli (N = 250 trials) = sensitivity 99.6%, specificity 91.5%
Enterococcus (n = 50) = sensitivity 100%, specificity 93.9%

Klebsiella (n = 50) = sensitivity 100%, specificity 95.1%

Staphylococcus aureus (n = 50) = sensitivity 100%, specificity 96.3%

Using Dog Scent Detection as a
Point-of-Care Tool to Identify
Toxigenic Clostridium difficile in Stool
Maareen T Taylor . - . 4
Hardon Lotz and Jo Powis'! Open Forum Infect Dis 2018;5:0fy179

operating characteristics of 2 comparably trained dogs as a
"point-of-care” diagnostic tool to detect toxin gene-positive
Clostridium difficile

aalthough each dog could detect toxin gene-positive C. difficile
in stool specimens with sensitivities of 77.6 and 92.6 and
specificities of 85.1 and 84.5, interrater reliability is only
modest (Cohen's kappa 0.52), limiting widespread application

A Breath Fungal Secondary Metabolite Signature volatile
to Diagnose Invasive Aspergillosis » organic
Clin Infect Dis 2014;59:1733-40 co mpounds

Sophia Koo,"** Horatio R. Thomas,"* 5. David Daniels." Robert C. Lynch,' Sean M. Fortier' Margaret M. Shea,'
Preshious Rearden,' James C. Comolli,* Lindsey R. Baden,'*” and Francisco M. Marty'** (VOCS)

O s Brgrom it Worer's Hosptal Do FberCare oo Moseol Schuc Boton s Drager Librey
Cambedge. N s

thermal desorption-gas Vol Orgaic Compouds

chromatography mass spectrometry  prestnpmnsen T Y

B T gurytons A Ao,
!

e pwers (7
D. ons beramotene ‘L‘)‘:'V'V

=0,

prospectively collected breath
samples

Patients with 1A

patients with proven or probable
pulmonary aspergillosis vs. patients
without aspergillosis

Pationts without LA

947% sensitivity (95% cr, 81%-98%)

93% specificity (95% c1, 79%-98%)
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