Specimen Type Smear Result
TB PCR : | Respiratory and non- | Smear positive and
— i Y smear negative®
MAC PCR Respiratory and non- | Smear positive only
respiratory

*Smear negative requires approval from the TB program for fee-exempt testing

TB/MAC PCR Specimen Types @
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Who should be tested? @

= CDC recommendation: first sputum of all
patients suspected to have TB for whom the
L test result would alter case management or TB
3 control activities
= Should not be routinely ordered when clinical
suspicion of TB is low.

= Not to be used in place of smear to remove
patients from isolation!

|\ Updated Guidelines for the Ur e of Nucieic Acid Ampiification Tests in the Diagnosis of TuberculosissisMMWR 2009; 58 {01); 7-10

Wisconsin NAAT Criteria (fee exempt@

= Patient must have signs and symptoms of
pulmonary TB

= Patient must be reported to the local or state
public health department as a suspect TB case
as required by Wisconsin Statute Chapter
252.05 and Wisconsin Administrative Code
Chapter HFS 145.04 (3)(a).

= Patient rnust be in respiratory isolation (for
pulmonery disease)
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Wisconsin NAAT Criteria (Cont.)

= Patient must not have been diagnosed with TB
or a non-tuberculous mycobacterial infection
within the last 12 months

= Patient must have received <7 days of anti-
mycobacterial therapy or no such treatment
within the last 12 months

0

Interpretation of PCR Results

WSLH Lab Report Interpretation

Positivefor 7B -

fy ium avium Positive for MAC
DNA detected”
“No Mycobacterium tuberculosis

“No Mycobacterium avium complex

Advantages of NAAT

= More rapid diagnosis

= Diagnosis in smear negative patients
= Initiation of earlier treatment

= Cost savings for patient isolation .
= Faster reporting to TB programs ‘ }|
= Fewer transmissions

12



WSLH TB/MAC PCR Goal @
Identif smear positive TB patients within 48
hours (HP 2020 Goal—Target: 77%))

= Respiratory isolation

= Start therapy
Identify smear positive MAC patients

= Release from isolation

= Alter therapy decisions
Presumptive rapid results for about 60% of
smear positive patients

11/1/2019

Percentage of Culture-Confirmed Pulmonary TB Cases @
Detected within 48 hours (HP2020 Goal) by NAAT in
Wisconsin
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Mycobacterial Culture

= Used to detect viable mycobacteria from
patient specimens
= Most sensitive method for mycobacterial
detection (“Gold Standard”)
= ~ 10 viable bacilli/ml for culture compared to
>5000 bacilli/ml for microscopy
= Slowest method
= Average time to detection for MTBC = 15 days
= Range ‘or detection of MTBC = 8-30+ days

13
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Mycobacterial Culture

Incubation

Broth - ; + In automated instrument, rea
“MGIT” tube—Mycobacteria hourly for 42 days .
Growth Indicator Tube - « 02 consumption detected

~ through fluorescent pad
Solid « Visually inspected once per week
Middlebrook 7H11 plate (only on for 6 weeks
non-respiratory and known TB
patients)

Bactec MGIT 960

7H11 Plate

11/1/2019
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Mycobacteria ID Methods at WSLH

Method | Benefits | Limitations \
TBor MAC |+ ID from scant growth |+ Canonly ID MTBC ‘
PCR « Rapid ID for >60% of and M. avium |
new positive MGIT complex ‘
tubes
MALDI- * Good identification * Need good, pure
TOF from solid media growth
* Good ID of rapid « Extraction method
growers + Poor ID from positive
MGIT broth
DNA * “Gold standard”, good |+ Labor intensive
Sequencing ID to species level * Slow

11/1/2019

o

Significance of MTBC culture results

= MTBC identification is the most important
finding in the clinical mycobacteriology
laboratory
= MTBCis not found in the environment
= Isolation of MTBC almost always signifies disease
= Necessary for species identification, drug
susceptibility testing, genotyping
= Monitor patient response to treatment

o

2-3 weeks for TB result

Mycobacteriology Testing at WSLH

Patient Specimen

24 hours for TB result

Decontamination
and Concentration

4_ ;
P;mear Microscopy Culture

Referred
— [ AFB positive | | positive
‘ AFB Smear ’ AFB Smear ‘ growth cultures |
Positive Negative
= | D by PCR, MALDI-TOF, -
e o8 | [NAATesngtor || ONsonencrg
(TB/MAC PCR) ‘ patients with TB

risk factors | Drug_ susceptibility |
— Testing

15
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Drug Susceptibility Testing (DST) for~
MTBC ‘

= Automatically performed on all new culture-
confirmed TB-patients in WI (do not need to
order)

= Used as a guide in choosing treatment plan—
provide the best chance of a cure

= Stop transmission of TB by ending infectious

period as quickly as possible

Initiate appropriate treatment for contacts

Culture-based DST ’ @

+  WSLH is the only laboratory in the state that
performs culture-based TB drug
susceptibility testing (DST) L
« Rarely, DST for a WI TB patient is performed
l at Mayo

WI Statutes require that an isolate from each
culture-positive TB patient be submitted to
WSLH for DST, genotyping and repository.

Culture-based DST @

A.K.A. phenotypic or conventional DST

Principle: Incubate a standardized
concentration of M. tuberculosis isolate with a
known concentration (“critical concentration”)
of a drug and observe for growth or inhibition of
growth

11/1/2019
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First Line Drugs

= MGIT 960 broth system
= INH (0.2 ug/ml)
= INH (1.0 ug/ml)
= rifampin (1.0 ug/ml)
= ethambutol (5.0 ug/ml)
= PZA (100 ug/ml)

= Confirrn resistance by
repeat testing

11/1/2019

;\\MGIT Method

)

7

: ‘ o
X 8 a8 a
X :

\\

5 mL of organism - ‘;J = ‘,n e i 0.5 mL of organism

suspension diluted suspension undiluted

1:100 |
| | 1

=7 w v
Growth )
Control INH INH RMP EMB

low high

=

Critical Concentration

Lowest concentration that inhibits 95% of “wild strains”
of MTBC that have never been exposed to the drugs.
= Does not inhibit strains isolated from patients
failing to respond to therapy

= Ideally the critical concentration is the lowest
concentration of a drug that discriminates between
susceptible and resistant strains of MTBC

— Inhibits growth of all susceptible strains

AND

- Allows growth of all resistant strains

)

17



L

Critical Concentration

Growth of MTBC at critical concentration=
RESISTANT

No Growth of MTBC at critical concentration =
SUSCEPTIBLE

11/1/2019

. Interpretation of Drug Susceptibilitif%
Results

Interpretation
| Strain s likely to show
- | responsiveness to the
Strain is unlikely to show
responsiveness to the drug
T f no help in prediction of
_ | responsiveness tothe drug

2-4 weeks after positive culture—How do we get quicker results?

i)

Molecular Detection of Drug
Resistance
AKA: genotypic testing, DNA-based

Principle: Use DNA amplification and detection
methods to identify specific gene mutations that
are known to confer resistance to

. antituberculosis drugs.
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Molecular DST @

Advantages:

= Rapid turnaround time—result in 1-2 days vs.
2-3 weeks

= Test can be performed on mixed or non-viable
cultures

= Characlerization of new mutations

Disadvantages:

= Interpretation of uncommon mutations

11/1/2019

Examples of Molecular DST @

Method
Cepheid Sanger Pyrosequencing
GeneXpert® Sequencing

Varies but can
nclude rpoB,
_ linhA, katG, aphC, i
~_lembB (EMB),
pncA (PZA), gyrA
Q),and rrs

| | DNA sequencing

FDA :\pprv}vcd ¢ N/A

| - (laboratory
developed test)
| 1-2 working days

Expected
turnarous
time from

MDDR Testing at WSLH @

= WSLH performs GeneXpert MTB/RIF assay
on all new TB patients identified in WI
(sputum sediment or broth culture—MGIT)
= Any otaer specimen type is sent to CDC or

Milwaukee City Public Health Department for
testing

= Used as a rapid method to detect potential
MDRTB

19



Workflow: Seif

GeneXpert MTB/RIF @

itained cartridge - just add sampie

Insert cortcidge and start assay.

‘TOTAL HANDS-ON TIME = 2 MINUTES

MTB DETECTED;
Rif Resistance NOT DETECTED

F Likely Susceptible to Rifampin

If RIF resistance mutation is detected, specimen is sent
to CDC for full MDDR panel and 2" line drug agar
proportion testing

= s DA : o 53
CDC MDDR Result Interpretation @
- Results for Molecnlar Detection of Drug Resistance (Sanger Sequencing, complete panel);
Conventional Susceptibillty Test in progress.
Locus (reglon) examined® | Result Interpratation (based an ln-house evalustion of 450 clinical solates)
Wutator: Rifemoin reaisant. Hical
08 RROR) TCOTOG: Sersaty | HOES WD o i s R )
A promoter) No mutston
(B8% of NH-R. ¢
atG (Sera15 codon) No mutaton Ll Pomlocl
—
PE——3 e Gt TR oTEMBR
et ——
PncA (promter. coding reglor) | No mutation LCnnnhmmm Mfm*—numm
| Carrot rue out fucroguinlone resistance. (80% of FQ-R isoiales n our -
avA QROR) Nomudston | vt o 530 v i e i & iy e
- - pre— nkacn).
ki i 0n our -house eveiuson of 550 cnical moietes:
T B gy s
| « 67% o KAN ho s locus;
| #ya forire 0RF) No raeion + 86 o CAP. )
A \ b g
A \

11/1/2019
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Agar Proportion (AP) Method @

Growth control
(no drug) quadiant
90 colonies

INH quadrant
30 colonies
INH 30 /90 = 33% resistant

RMP (R) quadrant
23 colonies
. RMP 23/90 = 25% resistant

Streptomycin (£) quadrant
. No colonies = susceptible

11/1/2019

3 weeks incubation at 35-37C

AP Limitations

= Slow---2 week incubation
= Compzred to 4-12 days with broth method
= Media preparation—cannot purchase
commercially
= CDC goal

= Report RIF DST result within 17 days of organism
ID (impossible to meet!)

21
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AP Result Interpretatioh Y @I

Scacaptbity Testing Method: Indwect ager peoportion, 7Hi0 medhr; Suscectibaly & dufined 28 < 1% resstance comgared o
coonies tha develop on argr-froe media .
. ResuLTs:
Percent Interpretation Percent Interpretation
Resistance Resistance
Isonazid 0.2 ug/mi 0% s Kanamycin 5.0 ug/ml 0% s
Isoniazid 1.0 ug/ml o% s Ethionamide 10.0 ug/mi 0% s
Isoniazid 5.0 ug/mi o% s Capreomycin 10.0 ug/ml 0% s
Rifampin 1.0 ug/mi 100% R PAS 2.0 ug/mi 0% s
Ethambutol 5.0 ug/mi 0% s Oftoxacin 2.0 ug/mi 0% s
Streptomycin 2.0 ug/mi 0% s Amikacin 4.0 ug/mi 0% s
Streptomycin 10.0 ug/m 0% s
Rifabutin 2.0 ug/mi 50% R
Ciprofioxacin 2.0 ug/m 0% s
\ [Soscomarity s e RGi7 380 }
Pyrazinamide 100 ug/mi : Susceptible
ofOng repert was et 627/2017.

These convencional agar proportion (eSURS #jres AR the MDOR resulls.
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Questions?

Laura Louison
WSLH - TB Laboratory Program Coordinator
608-224-4265

Laure.louison@slh.wisc.edu
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