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Identification of
etiologic agents
without need
of culture.

Characterization
of pathogen
subspecies

variation.

Determination
of viral load

Direct detection
of genes or
gene mutations
that confer drug
resistance

|dentify

changes in a
gene/
chromosome
that may
cause/affect
the chance of
developing a
specific
disease or
disorder, e.g.,
cancer, genetic
testing




Advantages of Rapid Testing for Infectious Diseases

Faster directed therapy to reduce:
A antibiotic resistance
A hospital length  -of -stay

Reduced length -of -
stay in Emergency
Department

Timely application of appropriate
infection control procedures



What are the issues of respiratory disease?

The symptoms of

respiratory diseases
are vague

A Pneumonia
I Cough
I Fever or Chills
I Difficulty breathing

A Influenza
I Cough
I Fever or Chills
I Malaise

A SARS COV2

I Cough
I Fever or Chills
Difficulty breathing
Muscle/Body aches

|
|
:
I Loss of taste/smell

A Bacteria
I Broad spectrum
antibiotic
I Narrow spectrum
antibiotic

A Influenza
I Antiviral
I Treat symptoms only

A SARS CO0O\V2
I Monoclonal
I Antiviral/Corticosteroid
I Treat symptoms

Complications of

mistreatment

A Mistreatment of bacterial
etiology

May increase morbidity/
mortality

May have longer hospital
stay

May get C. difficile

A Mistreatment of

influenza

May have increased
resistance &C. difficile

A Mistreatment of

SARCo0\V2

May increase morbidity/
mortality

May enhance infection rate



Resultsi Flu Negative

®m MD unaware, n =92 =MD aware, n=97

217 27

Bonner, et al, Pediatrics (2003) 112:363-367



ResultsT Flu Positive

®m MD unaware, n =106 =MD aware, n=96

26 26

Bonner, et al, Pediatrics (2003) 112:363-367



Key Operational Metrics

$92.37
m MD unaware, n =106

m MD aware, n=96

Lab/Rad Charges*

Time to Discharge
(min)*

Bonner, et al, Pediatrics (2003) 112:363-367

$93.07

®m MD unaware, n
=92

Lab/Rad Charges

Time to Discharge
(min)



Treating Respiratory Diseases in the Emergency
Department

Is the pathogen Influenza and pneumonia
bacterial or symptoms can overlap
viral? dramatically

Who do you If it is flu season, do you
test? test for other pathogens?

Different age groups are
linked to different
pathogens.

What do you test
them for?

Can treatment

be impacted if Stop indiscriminate use

of broad spectrum
antibiotics.

the appropriate
testing is done?




Misuse of Antibiotics Can Lead to Other Medical Issues

Respiratory issues can be
treated with fluoroquinolone

Disrupts normal intestinal
flora

O27 strain of C. difficile Is
specifically resistant to
fluoroguinolone




Issues with Clinical Samples

Viral titer is highest In first 48
hours

Proper sample collection Is
necessary

Dilution in transport media
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Rapid Antigen Tests

Pro

ATests take minimal time
ASome tests are so simple that they are CLIAwaived
ACan be used to triage patients

APositive results can be used to rule out other issues
| 1 ke pneumonia so dono-tay,gi v
antibiotics, etc.

Con

APerformance is not as good as culture, PCR, or DFA

A Often used as a screening test, usually with negatives
requiring additional confirmation.
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Molecular Tests

Pro

AFor respiratory specimens, high performance
ASame day results
AGood for active infections

Con

ATurn around time from lab may be extensive,
especially if batching specimens

AExpensive

AMay require experienced technicians, labs, dedicated
equipment, etc.

AMay only be a screen for bacteria/viruses that people
may normally carry

ABad for past infection
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Why molecular?

The power of sample amplification

Conventional non -molecular
methods can have suboptimal limits
of detection.

Samples with low viral or bacterial
load could result in a false negative.

.

Conventional
Non -Molecular
Methods

L

False
Negative

Positive Patient
Sample

Detection
Threshold

With molecular , even a few
hundred infectious particles can be
amplified billions of times!

Amplification increases likelihood
of detection, and may compensate
for suboptimal sample collection.

.

Amplified

True
Positive
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IDSA Influenza Clinical Guidelines 2018

What tests should be used to diagnose Influenza?

10) Clinicians should use rapid molecular assays (e. nucleic acid
amplification tests) over rapid influenza diagnostic tests (RIDTS) in
outpatients to improve detection of influenza virus infection (A -Il) .

11) Clinicians should use reversetranscription polymerase chain
reaction (RT-PCR) or other molecular assays over other influenza
tests in hospitalized patients to improve detections of influenza virus
(A-II).

15) Clinicians should not use RIDTs in hospitalized patients except
when more sensitive molecular assays are not available (All), and
follow -up testing with RT -PCR or other molecular assays should be
performed to confirm negative RIDT results (A -II)



Molecular Tests on the Market

PCR1 Polymerase Chain Reaction

A Rely on the ability to amplify due to temperature cycling
A Many traditional molecular companies, e.g,
A Abbott m-PIMA - Competitive Reporter Amplification
A BioFire Diagnostics i qPCR
A Cepheid GeneXpert
A Roche cobas Liati Lab in a tube
A Mesa- Acculai OscARPCR

Isothermal

A Rely on the ability to do the reaction at a single temperature

A Meridian Alethia - LAMP (loop mediated isothermal amplification)
A Quidel Solanai HDA (Helicase dependent amplification)

A Abbott ID NOW i NEAR (Nicking enzyme amplification reaction)
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Introducing the Players in PCR

Patient sample Primers
containing DNA (or Bahar5ie o

RNA) manufactured DNA

AMay or may not that recognize the
have target gene target gene

Nucleotides Taqg Polymerase

Abuilding blocks of AEnzyme that
DNA replicates DNA in a
PCR reaction

B eurenmm ’ Fluorescent dye for (oo s
= reporting results | H_‘

3' Quencher

AScorpions
ASYBR green

Loop Sequence

o Sequence R
Cloavage  ® A TagMan Probes %\@'\
> Probe ® q . Q - S

AMolecular Beacons S AR
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PCR Cycle

Double -stranded DNA

LRI LS S A
\@Aating separates strands
95 ° Denaturation T T I T T
LU L L L L
wlIII|I|IIIIII|I|I|IIIIII|I|. 72° Extension bbb bbbl
@RI YT l
DLELENEREE iy gy IIII
Taq Polymerase reads existing DNA
strand to create a new matching one T
: AU
57° Annealing i
IIII|I|IIIIII|I|I|IIIIII|I|I|IIIIII|I|I|IIII

T / Primers Bind
I it

IIII|I|IIIIII|I|I|IIIIII|I|I|IIIIII|I|I|IIII
Tag Polymerase Binds at Primer Sites
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PCR Amplification

DNA doubles every cycle

1 Cycle

After 30 cycles =

2 Cycles
L

Y

Y
Y

3 Cycles

1,073,741,824 copies

After 40 cycles = 1,099,511,627,776 copies
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RocheCobadtiati nLab I n a Tubeo
20 minutes to results FIU/RSV

15 minutes to results Strep A

Footprint 4.5 x9.5x 7.5
Weight 8.3 Ibs

Flu A/B 7 Waived -Nasopharyngeal

ASensitivity 100%/100%
ASpecificity 96.8%/ 94.1%
ALOD 1027 101/ 10-37 101 TCID../mL

Strep A - Waived

ASensitivity 98.3%
ASpecificity 94.2%
ALOD 5-20 CFU/mL

RSV - Walived

ASensitivity 97.0%
ASpecificity 98.7%
ALOD 4 CFU/mL

SARSCoV 2/Flu A/B i NP, Naso- Waived

APPA- 96.4%/100%/100%
ANPA - 98.7%/99.6%/99.7%
ALOD - 1031 101/10-27 10Y 10371 101 TCID,/mL



Sample processing in the Liat Tube

A. B. C. D. E. F. G. H. 1.
Insert tube, Adjust Lysis, Bead capture,  First Second Release PCR, PCR,
clamp sample incubation move wasteto  wash wash elution Denature  Annealing/
* volume with beads cap buffer, elute Extension
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Liat HIV Quant Assay amplification plot

Fluorescence

Cycle Number

Tanriverdi , Chen, Chen.J Infect Dis. 2010;201:5S52-S58
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Linearity of the Liat HIV Quant Assay
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Tanriverdi, Chen, Chen. J Infect Dis. 2010;201:S52-S58
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GeneXpert - Cepheid

75 minutes to results *

A 2 min hands on time

Broad molecular menu
A 11 FDA approved assays

Footprint 3.7

8.8 Ibs

Battery powered

A WAIVED - Xpert Xpress FIu/RSV (N & NP), Strep A & SARSCoV-2 EUAi 18-30 min

Flu A/B 7 Nasopharyngeal RSV

ASensitivity 100%/100% ASensitivity 97.0%

ASpecificity 96.8%/ 94.1% ASpecificity 98.7%

ALOD 1027 101/10-37 101 TCIDg,/mL ALOD 4 CFU/mL

Strep A SARSCoV2/Flu A/IB 7T NP,OPMT,AN
ASensitivity 98.3% APPA-92.8% (88.41 99.6)

ASpecificity 94.2% ANPA -95.6% (85.2%-98.8%)
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Accula- Mesa Biotech 30 minutes to results

< 2 min hands on time

Footprint 5.7 x 3.9 x 3.8

Weight <1.4 |bs
Strep A, RSV, SARSCoV-2(MT

AN) i Walived
ASARS LODi 150 copies/mL
PPA 95.8% (78.999.9%)

NPA 100% (86.8-100%)

Flu A/IB 7 Waivedi Naso& NP

A Sensitivity 97% / 94%
A Specificity 94% / 991%

Visual
Read
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BioFire Diagnostics 45-60 minutes to results

Respiratory Panelsi 19 tests

' Y FIUA/B T Waivedi Naso& NP

A Sensitivity 97% / 94%
A Specificity 94% / 991%
SARS COM2 i Waived (EUA) i

NP, OP, MT, AN
A LoD 330GE/mL

APPA 99.7% (88.299.6%)
ANPA 100% (95.8-100%)
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Visby COVID-19 Point of Care Test

30 minutes to results

Nasopharyngeal, Mid-turbinate or
Anterior Nasal Specimen Collection Swab

LoD i 435 genomic copies/swab

SARS CoV2 i NP, AN, MT - Waived
(EUA)

APPA 100.0% (95% ClI: 89.0% 100.0%)
ANPA 95.3% (95% CI: 87.1%98.4%)




Competitive Reporter Monitored Amplification
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m -PIMA

Portable bench-top real time (rt) Reverse Transcriptase
(RT) PCR system for processing and analysis of Alere g

HIV -1/2 test cartridges

7.8 kg (3.51bs)

In-bullt battery to seamlessly bridge power outages

Not Available in US
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