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Testing algorithm for the Florida BPHL Mycobacteriol Laborato

’Patient Clinical Specimens (JTT140#####) i.e. sputum, BW, CSF,
urine, tissue, etc.

/

MTBC Sensitivities (1TS140#####) - Isolate of M. tuberculosis
submitted for Susceptiibilty and Genotyping

Y

—

AFB = Acid-Fact Bacilli
MTBC = M. tuberculosis complex
gr+ = culture growth positive

/'

AFB Culture For Idenfication (CFl) (JTC140#####) i.e. MGIT, Versa-Trek,

MB, agar, slant)




Florida TB Laboratory Workload

Monday-Saturday Full-Time

o 2021 Numbers:
o 13,521 clinical specimens: Received,
processed, smear and culture.

o 2,639 CFl—cultures for identification

o 321 cultures for drug susceptibility
testing (DST).

Mycobacterium tuberculosis under the
microscope, retrieved from TB Staff.
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Deeplex® Myc-TB Principle

 The Deeplex® Myc-TB assay utilizes targeted next generation sequencing
(NGS) technology directly on clinical samples.

« The assay relies on a single 24-plex amplicon mix to amplify mycobacterium

genes that are associated with:
o Species ldentification

o Genotyping
o Prediction of Drug Resistance

« Samples are then pooled and run on a single bench-top
NGS platform.

Deeplex® Myc-TB assay kit retrieved from
www.Genoscreen.com
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Deeplex® Myc-TB Principle

Table 2. Deeplex® Myc-TB drug resistance-associated targets. (* full genes) ‘

« 18 main MTBC gene targets that are associated \
with first- and second-line drugs. S,
fabG1 isoniazid, ethionamide

 (Can detect mutant/heteroresistant |

ahpC isoniazid

subpopulations representing as low as 3% of mot  prakasde
tOtaI reads. embB ethambutol

gidB* streptomycin

rpsL* streptomycin

 Works on many complex clinical matrices. sreptomycin,amikacn, kanamycn,

ms* :
capreomycin

. eis kanamycin

1B ID using hsp65 tya® capreomycin
gyrA fluoroguinolones
gyr8 fluoroquinolones

« MTBC strain genotyping -
o Spoligotyping target - inezolid
o SNP’s (Single Nucleotide Polymorphisms) wic inezolid

rv0678* bedaquiline, clofazimine ‘

Florida

HEALTH




Deeplex® Myc-TB Workflow

Nucleic Acid
Extraction

* Promega
Maxwell®

* MP Biomedicals

FastPrep-24™
5G

* 4 Hours

Multiplex

PCR

Amplification

* Deeplex® Myc-
TB

* 3 Hours

NGS Library
Preperation

* Nextera XT
* UD Indexes
* 4 Hours

Sequencing
on lllumina
Instruments
* iSeq® 100

« MiSeqg®

» ~24 Hours

Results
Evaluation &
Reporting

* Deeplex®

Calculation
Server

* LIMS
» 2 Hours

-Deeplex Myc-TB Workflow retrieved from TB Staff.
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Deeplex® Myc-TB Implementation

 Clinical Laboratory Improvement Amendments (CLIA) compliant assay.

o 17 unigue AMR genes are reported clinically.
= gidB is excluded.

« Every TB positive patient gets a Deeplex® Myc-TB test.
o Primary Test: Clinical sample (RT-PCR Ct < 34)

» |f a patient's clinical samples have a high Ct value (Ct > 34) we will
BOLO an isolate.

o Secondary Test: Isolate of Mycobacterium tuberculosis grown
internally or submitted externally from other providers.
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Modified Maxwell® Extraction

« RSC Genomic DNA Kit (Maxwell® Reagent Kit)

Modified to include FastPrep-24™ 5G bead beating.
Developed cooperatively and specifically for this application.
Minimum hands-on time.

O
O
@)
o Minimum transfers to reduce cross-contamination.

« Maxwell® RSC 16 (AS4500) Instrument
o Size (BSL-3)
o Resin-based extraction
o Pre-filled cartridges
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lllumina Sequencing Platforms

Platforms Specifications Run time Numberof Number of tests
P (2Zx150pb) samples (including controls)
Iseq® 100 1,2Gb 19h 13 16
Mid Output
. (2,1Gb) 17h 21 24
MiniSeq
High Output
(6,6Gb) 24h 66/69 72
Nano kit
(300Mb) 17h 1 4
MiSeq® e 19h 13 16
(1,2Gb) o .
Images of lllumina iSeq and MiSeq
Instruments retrieved from
Full kit
(4,5Gb) 24h 45 48 www. lllumina.com.
i Deeplex® sequencing platforms and
Mid Output 26h 372 384 their respective metrics Adapted from
(32,5Gb) Deeplex® Myc-TB User Manual, 2020,
N e retrieved from
extSeq - Not Enough https://emea.support.illumina.com/cont
High Output 29h indices 1333 ent/dam/illumina-
(100Gb) available (theorical) support/documents/documentation/.
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http://www.illumina.com/

Deeplex® Analysis Pipeline

Catalogue of mutations in

» Cloud-based server — transaction based (1 credit=1 uberculesi
sample) with dfugresstang . &
* Reference: Catalogue of mutations in Mycobacterium
tuberculosis complex and their association with drug
resistance, 2nd ed
o World Health Organization

E o w0
£ @ “, cl
® . . < ” ﬁ NTIAL £ 2 Q9 2 9 x 9
" = = & ] 2% Tea] ig & @ ‘E E = =
* Deeplex® analysis options: g (& 1 |} P 0 coweee i 5 0 2 7§ O3
- < !l-}% GRADING € 8 & g £ = | = |2
g 2 Ew B =
o Extended Catalogue Vol
Ei T - L ofotiacs! hH [= - " -
K M t t' Rifampicin = rpoB ¢ 1773G>A rpoB_1synonymous_variant { &%) Uncertain significanc 1 MA MA NA
O nown u a |OnS Rifampicin  rpoB  ¢.1773G>C rpoB_t synonymaous_variant { f 434 1) Uncertain significana NA  NA  NA  NA
Rifampicin ~ rpoB  ¢.1788C>T rpeB_1 synonymaus_vaniant [ &%) Uncertain significana NA M& A
Rifampicin ~ rpoB  c.-179C>T rpoB_tupstream_gene_variant 1) Uncertain significana 0 0 0
Rifampicin  rpoB c.1800C>A rpoB_t synonymous_variant {44\ ) Uncertain significanc 1 WA MNA
Rifampicin  rpoB  ¢.1806G>C rpoB_i1synonymous_variant { &k 1) Uncertain significana 1 & A
Rifampicin ~ rpoB  ¢.1B06G>T rpoB_i1 synonymaus_variant { f 8% ) Uncertain significana NA MA A
Rifampicin  rpoB  c.18004>C rpeB_isynonymous_variant ( f 844 1) Uncertain significana NA & A&
Rifampicin  rpoB ¢ 1808A>G rpoB_isynonymaous_variant {4341 ) Uncertain significana 1 NA WA
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Reading Deeplex® Reports

Limit of detection:
B 1% <limit of detection < 3%

. 3% < limit of detection = B0%

1 20 40 60 80 100%

Drug resistance-associated variant or indel detected in target, with percent subpopulation
according to colouring

Non-synonymous uncharacterized variant or indel detected in target, with percent
subpopulation according to colouring

.

1 2 40 60 80 100%

No resistance-associated or uncharacterized variant or indel detected in target

Targets with suboptimal/low coverage

Antibiotics abbreviations:
RIF : Rifampicin INH : lsoniazid PZA : Pyrazinamide EMB : Ethambutal

CAP: Capreomycin ETH: Ethionamide LIN: Linezolid BDQ: Bedaguiline
Fluoroguinolones (FQ) includes Levofloxacin (LEV), Ofloxacin (OF X) and Moxifloxacin (MOX),

Nontuberculosis Mycobacterium identified
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Reference sequence:
. Target coverad over 95%

. Target covered below 95%

Mutations (text):

L 20 S0 S Sl Drug resistance-associated variant or indel detected in target, with percent subpopulation

according to colouring
L 20 40 5O 80 100%

Non-synonymous uncharacterized variant or indel detected in target, with percent
subpopulation according to colouring

Not associated with drug resistance (synonymous, phylogenstic or benign non-synonymous)

SM: Streptomycin
CFZ : Clofazimin

FQ: Fluoroquinolones KAN: Kanamycin AMI: Amikacin

Reading a Deeplex® Report Adapted from Deeplex® Myc-TB User Manual, 2020,
retrieved from https://femea.support.illumina.com/content/dam/illumina-
support/documents/documentation/.
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Deeplex® Detailed Report

ambB 4247431
katG 2155168 age315ace 100.000

Date of momission  May, 19 2023 07:49:20 pncA 2288827 gigldectg 99830
FRPUUDTI 1 g #0678 TI053 cagezag 5.040
Cualty °°°'""°"" o678 TTe285 43000
Experiment set 20516_MS nO678 TT9315 ddG 0.010

0678 TTR44T  delC 18.600
n0o678 TTR181  insG 8.920

mmmmmm‘

;q"fnru mmm not wma mamorﬁunm

mmmuwmmumm° Category Reference
ol 4407017 _ogodtige 99770 800.50 R9oC__ IR Uncertain signiicance WO 2001

PZA EMB FO LIN BDQ CFZ AMI SM ETH CAP KAN

..Jﬂ......

Spoligotype

~——PBre-XDR-TB XDR.TB Octal code/ Av. coverage ST smaT Clade
Legend L IE — 0ce _'II ce
T00076777760671 2T78.5 70 100 X3

Sample controls and metrics® 1110000000001111101111111111111100001101111

W coernge ceom ot covernge iy [ Tset covernze (. verse 39

=l

SNP-based phylogenetic lineage
Other than 4.9

Potential mixed infection

Mixed infection is signaled by a phylogenetic vanant detected at less than 07%, indicating the simultanecus presence of 1 strain
harboring this variant present at this percentage and another strain sharing the same sequence as the reference at this position,
present at approx. 100% minus this percentage.

Not detected.

Florida
HEALTH

Sample Deeplex® Report, Adapted from Deeplex® Myc-TB User Manual, 2020, retrieved from
https://emea.support.illumina.com/content/dam/illumina-support/documents/documentation/.
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Heteroresistance

A phenomenon where subpopulations of seemingly isogenic bacteria exhibit a
range of susceptibilities to a particular antibiotic.

Years since antibiotic introduction B

Cumulative antibiotic exposure

AN —,
Ry O 2>

>

Susceptible Heteroresistant (HR)

Direct Evolution of Resistance

Proposed model for the evolution of resistance through heteroresistance retrieved from
https://journals.plos.org/plosbiology/article ?id=10.1371/journal.pbio.3001346
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Heteroresistance Example
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Geno%creen
3 DEEPLEX® Myc-TB Report

(Z===T==

w—aan

s T ‘l.‘

Basjing - U THG. .
el
Liaag 2 1M tberentosd

Nyt

RIF INH PZA EMB FQ LIN BODQ CFZ AMI SM ETH CAP KAN

MDR-TB XDR-TB XDR-TB

Sample controls and metrics?

il

. Average cep™ of coverage (x) . arget coverage (%, oeh.im

HI

|I_I

Avcoverage  Consensus
depth (x) gl NSy T viee Bestmatch
1054 4000 99241/ 0.0/6.2e- Mycodacteium fuberculosis complex : 78.5 | Mycobactenum
) 87.342 142 tuberculosis complex - 21.1

Drug resistance associated variants®

Uncharacterized and uncertain significance variants?®
Mmmmmdammwmmmamm
Uncertain significance variants designate vaniants that could not be characterized yet as either drug resistant or drug susceptible
m»hwmmmm
poshion change % Variant  Dx-score  AAchange Drug’ Category Reference
o 1476113 dell 3.080 0.00 deletion  JUNANN  Uncharacterised wa

Spoligotype

Octal code/ Av. coverage s
Binary code depth (x) S_IT occurence Cla_r.h
000000000001771 1285 708 7 Being

0000000000000000000000000000000000011111111

SNP-based phylogenetic lineage
Lineage 2 ( AL udercubats )

Mixed infection is signaled by a phylogenetic variant detected at less than 7%, indicating the simultanecus presence of 1 strain
harboring this variant present at this percentage and another strain sharing the same sequence as the reference at this position,
present at approx. 100% minus this percentage.

Not detected.

Deeplex® Myc-TB User Manual, 2020, retrieved from
https://femea.support.illumina.com/content/dam/illumina- 1 5
support/documents/documentation/.



Results Visualization
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Resistotype

RIF

Sequencing Composite Average Species best match (main population
result target coverage | coverage depth o : X o
acceptability breadth % (x) (il e 2l ()

M M M M
+++ 00.0 Vlycobacterium tuberculosis complex
+++ 100.0 2620.2 Mycobacterium tuberculosis complex
aiats 100.0 2633.8 Mycobacterium tuberculosis complex

+ 99.6 495.8 Mycobacterium tuberculosis complex
+++ 100.0 2352.7 Mycobacterium tuberculosis complex
++ 100.0 1748.6 Mycobacterium tuberculosis complex

- 90.9 126.3 Mycobacterium tuberculosis complex
++ 100.0 2207.8 Mycobacterium tuberculosis complex
+++ 100.0 1971.1 Mycobacterium tuberculosis complex
++ 100.0 2426.1 Mycobacterium tuberculosis complex
++ 100.0 2277.6 Mycobacterium tuberculosis complex

- 98.3 80.5 Mycobacterium tuberculosis complex
++ 99.9 911.0 Mycobacterium tuberculosis complex

-Figure 44. Deeplex® results
visualized on the calculation
server adapted from the
Deeplex® web app.



Deeplex® Myc-TB Cost Analysis

. *Does not include the necessary controls for a thirteen-sample run.
Florida Y P

HEALTH




Deeplex® Success: 2024 Snapshot

RT-PCR CT Value vs Total Sequenced
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Deeplex® Myc-TB XT - In Development

Early 20267

Increased sensitivity across some/all targets.

« Adoption of lllumina DNA Prep streamlines the process.

Adding multiple targets for second-line treatments:
o Delamanid
o Pretomanid
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Future Thoughts
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Affordability and operability will improve
over time:

o Microfluidics library prep

o Full automation
Database with clinical feedback:

o |s a mutation causing resistance?
Global Health:

o Responsibility to disseminate life-
saving technologies.

Clinicians and Laboratorians harmonized:

o Florida TB Control




Contact Information

i

f ot

Matthew D. Schimenti MPH, M(ASCP)
Bureau of Public Health Laboratories — TB Control
Division of Disease Control and Health Protection

Florida Department of Health
1217 N Pearl Street, Jacksonville, FL 32202
Matthew.Schimenti@Flhealth.gov
904-791-1556 (Phone)

TB Staff by Phil Lee, authorized by TB Staff.

» Genoscreen. July 2020 — v3. Deeplex® Myc-TB User Manual
* lllumina. May 2019. Document # 15031942v05. Nextera XT DNA Library Prep
 Promega Corporation. 10/22. TM708. Maxwell® RSC Genomic DNA Kit
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