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@ OUTLINE

*TB diagnostic testing in W1

*WMLN and current state of TB
testing

*WSLH TB testing

* Additional testing options
outside WSLH

*WSLH testing updates and plans
for the future
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@ WISCONSIN MYCOBACTERIOLOGY LABORATORY NETWORK
(WMLN)

* WMLN was started in 1998

Mission: Ensure state-wide access to
rapid and reliable TB testing

* Coordinated by WSLH, collaboration
between public health and clinical labs, local
and state public health departments, and
other healthcare professionals

Infrastructure for communication
Education and outreach activities
Assessment of state lab capacity
Annual conference
Laboratory-based surveillance
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ISSUES FACING WI MYCOBACTERIOLOGY LABS

*Reagent shortages
Procurement of both liquid and solid HOLOGIC

\r;”nvIe\;l:lll_?\lhlasbbeerc1j 3vr5e|fl|i|mng issue for AccuProbee
abs an MYCOBACTERIUM TUBERCULOSIS
. ) ) . COMPLEX CULTURE IDENTIFICATION TEST
* Discontinuation of AFB testing
INTENDED USE
prOdUCtS The ACCUPROBE MYCOBACTERIUM TUBERCULOSIS COMPLEX
CULTURE IDENTIFICATION TEST is a rapid DNA probe test which
: P tilizes the technique of nucleic acid hybridization for the identification of
Despite global significance, atlzs s echnigue okl i ybizaton o e dntcatn o
: : : : : Compl ists of the followi ies: M. tuberculosis, M. bovis, M.
mycobacteria testing is not financially  Coer ot o lowin s i uoecoss i o
attractlve In the US https://www.hologic.com/package-inserts/diagnostic-products/accuprobe-culture-identification-tests

Discontinuation of Hologic
Mycobacteria Accuprobes in late 2022




© MYCOBACTERIOLOGY AT THE WISTATE LAB OF HYGIENE

*Full-service mycobacteriology laboratory
Fully commissioned BSL-3 lab space

Primary diagnostic facility receiving clinical specimens from:
2 large Madison-area hospitals

Public Health Departments state-wide

Reference laboratory
Mycobacteria ID and NAAT testing for clinical labs in WI

Public health laboratory




MYCOBACTERIOLOGY TESTING AT WSLH

Patient Specimen

¥

Decontamination and
Concentration

(NALC/NaOH)
Smear Microscopy Culture
(Auramine Q) (MGIT; 7TH11)
Referred l \ \
AFB- Referred
positive AFB Smear AFB Smear AFB-positive AFB-positive
sediments Positive Negative growth cultures
Same Day Nucleic Acid NAA Testing for Mycobacteria ID
Amplification Testing patients with TB ‘
(TB/MAC PCR) risk factors
TB PCR Positiveq 2 TB/MAC PCR
Sond to CDC for MDDR ‘ PCR Negative
end to or Rif
) MDDR MTBC
nd MALDI-TOF
and 2" line drug Gmm— | oneXpert MTBIRIF)
susceptibility testing mutation ID :
‘ ‘ Inconclusive results
t : DNA Sequencing
Mixed, non-viable, Conventional Drug * (16S/rpoB)
poorly growing, or multi- <4 Susceptibility Testing
drug resistant (MGIT IIRE/P)

\ 2

MTBC Genotyping




@ RAPID MTBC ID: WSLH MTBC NAAT TESTING

*  Detect M. tuberculosis complex and M. avium complex directly from
processed sediment

*  Automatically performed on all new smear-positive specimens from Wi
Respiratory and non-respiratory sources
Fee-exempt testing for up to 2 specimens per patient

* Testing of AFB smear-negative respiratory specimens at request of WITB
Program

* Diagnostic testing only!
Positive TB PCR results are confirmatory for tuberculosis disease

Testing not acceptable on patients with mycobacterial diagnosis in last 12
months or patients on TB treatment for >7 days




MTBC DRUG SUSCEPTIBILITY TESTING (DST)

* WI has low TB rate with low levels
of drug-resistant TB

* Guide for choosing treatment
plan—provide the best chance of a
cure and lower development of
resistance

* Initiate appropriate treatment for
contacts of infectious cases
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Bedaquiline Resistance after
Effective Treatment of Multidrug-
Resistant Tuberculosis, Namibia

Alarming levels of drug-resistant TB found worldwide
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TESTING FORTB DRUG RESISTANCE IS SLOOOOOOW

N Genotyping from NTMSC
Positive culture TB ID, relatedness BCGID

(2 weeks) (>2.5 weeks from culture) (5 weeks from culture)

PCR ID for smear PCRID
positives <1da .
Smear (<1 day) ( ) Culture-based 1%t-line AT Culture-based 2" Line AST

(hours) (3 weeks from culture) (5 weeks from 1%-line results)

| I S N N S N

Specimen  Week1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Weekg  Week1io Week11
receipt

Phenotypic AST: Incubate a standardized concentration of
M. tuberculosis complex isolate with a known concentration
of a drug

* Doestheisolate grow?

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN



@ WSLH DRUG SUSCEPTIBILITY TESTING: METHODS

* Phenotypic — BD MGIT IIRE/P
Performed weekly as needed, one isolate tested per patient
Resistant isolates confirmed by repeat testing

Rifampin-resistance, or resistance to multiple drugs, is reflexed to CDC for
additional molecular testing

4-13 days from when AST is set up to results

* Molecular — GeneXpert MTB/RIF

Performed on newly identified TB PCR-positive sediment (respiratory sources
only) or TB-positive cultures (in-house or referred)

Rifampin-resistance prediction reflexed to CDC for additional molecular testing




@ MTBC DIAGNOSTICTESTING OUTSIDE Wi

* National Reference Laboratories
Mayo Clinic Laboratories
National Jewish Health Advanced Diagnostic Laboratories
ARUP Laboratories

* Regional or National Public Health Laboratories
Centers for Disease Control and Prevention TB Reference Laboratory
California Department of Public Health Microbial Diseases Laboratory
New York Department of Health at Wadsworth Center




Centers for Disease Control and Prevention
National Tuberculosis Reference Laboratory

MTBC Agar Proportion Susceptibility” % Resistant Interpretation
Molecular Detection of Drug Resistance  sonizzid 0.2 pa/mL 100 % Resistant
] . Isoniazid 1.0 pg/mL 100 % Resistant
Ta rgeted next-generatlon sequencing Isoniazid 5.0 pg/mL 67 % Resistant
(tNGS) Rifampin 1.0 pg/mL 0 % Susceptible
. Ethambutol 5.0 pg/mL 33 % Resistant
15 gene ta rgets cove rlng 11+ drUgS Streptomycin 2.0 pg/mL 100 % Resistant
RIF INH EMB PZA FQ AM K Streptomycin 10.0 pg/mL 33 % Resistant
d d d d ! d Rifabutin 2.0 pg/mL 0 % Susceptible
CAPI |<'A\NI BD()l CLFI LZD Ciprofloxacin 2.0 pg/mL 0 % Susceptible
Molecular data confirmed with Kanamycin 5.0 ug/mL 0% Susceptible
. . . . Ethionamide 10.0 pg/mL 0 % Susceptible
henotypic testing for majority of
p yp g .J y Capreomycin 10.0 pg/mL 0 % Susceptible
d rugS PAS 2.0 pgg/mL 0 % Susceptible
Ofloxacin 2.0 pg/mL 0 % Susceptible
Amikacin 4.0 pg/mL 0 % Susceptible

**Pre-approval required for all testing



© CDCINFECTIOUS DISEASES PATHOLOGY BRANCH

* Pathologic or Molecular Evaluation of Fixed Tissues for Possible Infectious
Etiologies

MTBC PCR from fixed specimens (FFPE blocks)

If MTBC is detected, will forward DNA for MDDR testing

Useful in cases where patients are culture-negative, but may have tissue
blocks available from biopsy and MTBC confirmation is important to care

**Recommend working with State Lab to submit these specimens, as the
requirements and paperwork are very specific




A

o) California De partment of

PubtheaHh

MICROBIAL DISEASES LABORATORY BRANCH

* National MTBC Drug Susceptibility Testing Reference Center

* Phenotypic MTBC DST
Standard first-line drugs

4-month rifapentine-moxifloxacin regimen
Second-line drugs AMK, CAP, ETA, KAN, RFB

* MDDR by whole-genome sequencing

**Enrollment restricted to public health laboratories performing MTBC DST on
fewer than 5o isolates per year OR requires pre-approval from APHL



@ WSLH MTBC NAAT TESTING UPDATES: GENEXPERT

* WSLH currently performs GeneXpert MTB/RIF assay on
all new TB patients in WI

Sputum, BAL sediments
Broth or solid media culture isolates
Reflex testing only!

» Coming soon: validation of GeneXpert MTB/RIF from
tissue specimens

Don't currently have a fee-exempt referral lab able to
test extra-pulmonary specimens

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
e



TESTING FORTB DRUG RESISTANCE IS SLOOOOOOW

NGS from MI
Positive culture TB ID, relatedness BCGID
(2 weeks) (>2.5 weeks from culture) (5 weeks from culture)
PCR_tI_D forsmear | oer D
positives <1da .
Smear (<1 day) (<2 cay) Culture-based 1%t-line ABT Culture-based 2" Line AST
(hours) (3 weeks from culture) (5 weeks from 15t-line results)

Specimen  Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Weekg  Week1io Week1a
receipt

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN



HOWEVER...

MTBC is an excellent organism for molecular drug

resistance prediction Catalogue of mutations in
TB mutation rate is very slow (0.3-0.5 complex and their association
with drug resistance
SNP/genome/year)
. . . . Second edition
No evidence of recombination or plasmid
transfer

WHO has compiled extensive list of MTBC
mutations and their significance

144 pp, >52,000 isolates sequenced \ \

@“&\3 World Health
WEWZ Organization

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN




O WSLHTESTING UPDATES: MTBCWGS

WSLH was one of ten Antibiotic Resistance Lab Network pilot sites for
validation of MTBCWGS for prediction of drug resistance

Currently working through a CLIA-level validation for use of WGS for diagnostic
TB DST prediction

Results reported for individual patient care

MTBC ID- including M. bovis/BCG

Drug susceptibility prediction- 15t line drugs (INH, RIF, EMB, PZA)
Relatedness/genotyping reported to public health only



MTBC DRUG SUSCEPTIBILITY PREDICTIONS

Taxonomic report: rpoB: PASS CLIMS SECTION:
katG:
Unclassified reads: 0.09% f:rﬁ-k:::spromter region: PASS
® 5 R-ahj it ion: P
T el T OB RS sample ID WI257
Mycobacterium tuberculosis complex 99.89% mabA-inhA promoter region: PASS 3
hieosdinpb iyt roba: piss Analysis Date 12/21/2023
Mycobacterium bovis BCG 2.72% ErcA Drombter FegloniiPASS . . - -
embe: Pass " Tes Proper Notation REsU
RD1 i bsent, likel: bacterium bovis BCG embC-embA promoter region: PASS = = £
TR e rosipass WGS_HI_CONF_MUTATION rpoB  PASS  No high-confidence mutation
B e e A rrs uoéthA;s ~ e WGS_HI_CONF_MUTATION kate PASS No high-confidence mutation
pasectmlnnesierSrteconls Mot mions Sl max oo WGS_HI_CONF_MUTATION  oxyR-ahpC promoter region PASS  No high-confidence mutation
EIE gyr8: PASS : : s :
Mapping Statistics (Downsampled ratio ©.980630565600288) : SLha: PASS WG5_HI_CONF_MUTATION inhA - PASS No hlgtl-COﬂfldence mutation = - "
D WGS_HI_CONF_MUTATION mabA-inhA promoter region PASS No high-confidence mutation
;ml ¥ of mapped reads : 2249634 rplc: PaSS WGS_HI_CONF_MUTATION mabA PASS No high-confidence mutation
ercent of mapped reads: 99.40% ndh: PASS p
Genome Coverage = 0.969308 E;‘;gi :::: WGS_HI_CONF_MUTATION pncA PASS H1s57Asp
Average Depth = 111.326 foix: pass WGS_HI_CONF_MUTATION pncA promoter region PASS No high-confidence mutation
# Homozygous positions = 4213184 foic: pass WGS_HI_CONF_MUTATION embB  PASS  No high-confidence mutation
# Heterozygous positions = 331 e s WGS_HI_CONF_MUTATION  embC-embA promoter region PASS  No high-confidence mutation
Percentage of Heterozygous Positions: ©.0079% pepQ: PASS e o : : :
WGS_HI_CONF_MUTATION rpsL PASS No high-confidence mutation
T WGS_HI_CONF_MUTATION rrs 512, 513, 516, 986 PASS No high-confidence mutation
575 7 GTG -> GTA val -> val Rve2S gyre Fluoroquinolones 1/1 (Pure) (silent) mS—HI—CONF-—mTATION I‘f_‘S 14% ?ASS “o hlgh_conf!‘dence ml_‘tatlon <
orello B o< o R e Rl et S e e WGS_HI_CONF_MUTATION  eis promoter region ~ PASS  No high-confidence mutation
e w o Hnw e s V1 (purey (heutra, WG5_HI_CONF_MUTATION EYrA PASS No h}gh-confa_,dence mutat;on
ek HaE an Nel pRmnn  Ghaem WGS_HI_CONF_MUTATION  gyrB  PASS  No high-confidence mutation
e Bl R e D Deaiiee e WGS_HI_CONF_MUTATION  ethA  PASS  No high-confidence mutation
s o o e Si;‘::‘::?é?ﬁii’:::,m 12 (rure) (sitent) WGS_HI_CONF_MUTATION  rrl PASS  No high-confidence mutation
B Gha ik meeow et e i) WGS_HI_CONF_MUTATION  rplC  PASS  No high-confidence mutation
776101 794 ACC -> ATC ™ -> Ile Rves76c mapLs Clofazimine/Bedaquiline 1/1 (Pure) (Neutral)
775639 948 ATT -> GTT Ile -> val Rvee76c mmpLS Clofazimine/Bedaguiline 1/1 (Pure) (Neutral)
ﬁ:*sl:ga ?207 :(c>; o }:zer;e::; uvus.:z?:gn :S:;uc-ﬂ?:ﬁ:’&:r n:&(’"rgnﬂﬁ:? 1/1 (Pure) (Neutral) WGS TB RESISTANCE Rifampin PASS Susceptible
1917970 11 CTA -> CT6 Leu -> Leu RV1694 tlyA Aminoglycosides 1/1 (Pure) (Silent) — w - 5 e
2102106 313 GGG -> (GG Gly -> arg Rvissac ndh  Isoniazid 1/1 (Pure) (Neutral) WGS TB RESISTANCE Isoniazid PASS Susceptible
2103174 -131 Intergenic deletion -G intergenic ndh ndh x_zr:oter region r:sonl:z:: 1/1 (Pure) (unknown) i _. s . "
s EIER Ty e nend Oioen e WGS_TB_RESISTANCE Pyrazinamide  PASS ~ RESISTANT (predicted)
es Soo Buw RS BEl Mmne WGS_TB_RESISTANCE Ethambutol PASS  Susceptible
T35 365 A G T s Als RvaEic adln Efi;g?ﬁi:éﬁe I (ure) uevtraly WG5_TB_RESISTANCE St"eDtO'_!'YC1"_ PASS Susceptible "
Gasiro 6 MC L AT T oM Rams e Doadstol 11 (pure) (uevtra) WGS_TB_RESISTANCE Kanamycn_\/ Amikacin PASS 5uscept§b1e
Giaens o GGGt Mg A Ry emc  Eoemwtol 11 (owre) (shent) WGS_TB_RESISTANCE Fluoroguinolones PASS  Susceptible
proveveirrslil s i oM ol onsc Sl ok s WGS_TB_RESISTANCE Ethionamid PASS  Susceptible
e Mo Waw Ml bl e WGS_TB_RESISTANCE Linezolid PASS  Susceptible
proii iR R ?5; :{::;mii Vi (rure) Ei§t¢§i> WGS_TB_RESISTANCE Delamanid/Pretomanid  PASS  Susceptible
4507590 205 GCA -> GCG a -> Ala RV3919¢ B Strey cin 1/1 (Pure Silen - - - - -
X P | NinPRREheR WGS_TB_RESISTANCE Clofazimine/Bedaquiline PASS  Susceptible
WGS_TB_RESISTANCE Bedaquiline PASS Susceptible
Nunber of mutation(s) found in screened loci = 37

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
e



NON-TUBERCULOUS MYCOBACTERIA: OUTBREAK

INVESTIGATION A
RELATEDNESS HEATMAP (# SNP)

. 21MM001439
21MM003368
21MM006200
21MM001152
~ 21MM003064
23MM1923
= 21MM006429
22MM005536
21MM006405
22MM005149
— 21MM002649 1
—— 22MMO05826
22MM005822 §
22MM005824 1
22MM005821 §
22MM005827 {
22MM005829 {
22MM005828 1
— 22MMO05830

23MM1922 1

23MM1920 1
B 22MMO05823

2ZMM1924 4
23MM1921 1

30000

20000

10000

= Suspect patient isolates

PHYLOGENETICTREE

p Environmental isolates (surgical equipment/suite)
Outgroup (species-matched; from other hospitals in WI)

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN




© WSLHTESTING UPDATES: MOXIFLOXACIN DST

* Phenotypic moxifloxacin susceptibility testing for MTBC
4 month HPMZ regimen

Centers for Disease Control and Prevention

MMWR Morbidity and Mortality Weekly Report

Weekly /Vol. 71 / No. 8 February 25, 2022

Interim Guidance: 4-Month Rifapentine-Moxifloxacin Regimen for the
Treatment of Drug-Susceptible Pulmonary Tuberculosis — United States, 2022

* WSLH has begun validation of phenotypic moxifloxacin testing by MGIT

Will become part of the standard TB DST performed at WSLH; no need to
order separately!

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
e



@ WSLHTESTING UPDATES: RIFAMPIN DST

* In 2021, WHO published updated critical
concentrations for phenotypic susceptibility

testing _ - _
h _ _ _ Technical Report on critical concentrations for drug

M.O.St Fl) enotypic t.EStmg USInlg CU_rrent susceptibility testing of isoniazid and the
critical concentration (1“g/m ) Misses rifamycins (rifampicin, rifabutin and rifapentine)

low-level rifampin resistant strains

. : | \
Treatment outcomes for patients with "M World tealth - FIND WS
these strains is generally worse = s o ot

Tuberculosis Laboratory Strengthening
* Change has not been adopted by CLSI or
other US reqgulatory agencies

* WSLH has begun validation of the lower RIF
critical concentration in preparation for
potential switch

é&{{‘.\

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN



| : .
Patient Specimen

WSLH MYCOBACTERIOLOGY: ¥

Decontamination and

FUTURE VALIDATIONS

(NALC/NaOH)
Smear Microscopy Culture
(Auramine O) (MGIT; 7H11)
Referred
AFB- l ‘ ‘ Referred
positive AFB Smear AFB Smear AFB-positive AFB-positive
sediments Positive Negative growth cultures
Same Day Nucleic Acid NAA Testing for Mycobacteria ID
Amplification Testing patients with TB "
(TB/MAC PCR) risk factors
TB PCR Positive q 2 TB/MAC PCR
Sond o CDG for MDDR ., PCR Negative
end to or Rif MTBC
and 2" line drug — GenengnDnF:Ts RIF) MALDI-TOF
tibility testi i
susceptibility testing mutation ‘ ID ‘ Inconclusive results
t : DNA Sequencing
Mixed, non-viable, Conventional Drug (16S/rpoB)
poorly growing, or multi- <4 Susceptibility Testing
drug resistant (MGIT IIRE/P)

l' \ Proposed: WGS for

MTBC 1%t line drug
MTBC Genotyping susceptibilities, MTBC

genotyping
(lMumina NextSeq)

Proposed: Moxifloxacin
susceptibility testing
(MGIT)
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O WSLH TB LABORATORY TEAM

Nate g
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QUESTIONS
& ANSWERS




Please complete the session evaluation using the QR
Code or link below. We appreciate your feedback!

http://tinyurl.com/WITBApril2

APRIL 2, 2024
SESSION
EVALUATION
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