SATREPS project:

CONTROL OF TUBERCULOSIS AND GLANDERS

Activity report from the Research Institute of Tuberculosis

Satoshi Mitaral

Professor/Head,
Department of Mycobacterium Reference and Research,
the Research Institute of Tuberculosis, Japan Anti-Tuberculosis Association



Objectives

» To isolate Mycobacterium tuberculosis var. bovis from human with MGIT and Lowenstein-
Jensen (L-J glycerol and pyruvate) in the national tuberculosis reference laboratory in
National Centre for Communicable Disease (NCCD)

 To identify M. tuberculosis var. tuberculosis and perform drug susceptibility testing (DST)
Including newly introduced drugs for new WHO regimens

« To introduce next generation sequencing technology into NCCD laboratory
» To perform genotyping of M. tuberculosis in NCCD laboratory
» To develop standard operational procedure (SOP) to identify M. tuberculosis variants

» To perform risk assessment of M. bovis infection among Mongolian people based on the
Isolation from clinical specimens

» To perform TB screening with LAMP method and IGRA test to workers in slaughternouses
« To train NCCD trainees for next generation sequencing technologies in RIT



mplementations

The Research Institute of Tuberculosis (RIT) has implemented the followings

1

2

. Regular on-line meeting
* Regular on-line meetings with mainly three members (Dr. Buyankhishig, Dr. Oyuntuya and Prof.

Mitarai) were held since 2020. The progresses and problems of the project was discussed in the
meetings.

. Standard operational procedure development

« Standard operational procedures development is one of the key components of this technical

transfer programme. Three different types of SOPs are developed until now.

Overseas trainings

« WGS practical trainings (sequencing and bioinformatics)

* IGRA training (ELISA)

On-site trainings

 WGS device installation and practices

» IGRA test practices

Molecular technical development in RIT

» Targeted NGS for Oxford Nonopore Technologies (ONT)

» Direct sequencing technology development from clinical specimen



2.1 SOP for Lowenstein-Jensen (L-J glycerol and pyruvate)

Though Mycobacterium tuberculosis var.
bovis (M. bovis) grows on normal
Lowenstein-Jensen (L-J) medium with
glycerol as carbon source, the use of L-J
medium supplemented with pyruvate is
recommended.

For the better isolation of M. bovis, L-J
glycerol and pyruvate have been introduced
iInto NCCD TB laboratory and performed
since December 2021.

4. MUKOBAKTEPUUH ©CI'OBOP
4-1. ©CTOBOPJIOX TOXOIJIT OPUNH

3APUVM

MukoGaktepu Hb araapTaii , yypraap 6asnar opuusz ( M.leprea aac Oycaj Hb) yprajir eraer,
M. fortuitum 6a M. chelonei T5X M3T 3apUM MHKOOAKTEPHY/ HyTPHEHT arap IdX MIT yypraap
0aspKyyIaryi TKI2IT OpIHH] yprajar.

M. tuberculosis Hb araapraif, yypraap Oaspkyyincan Tkt opuuny 35 — 37°C -1 ynaas
[yprazar, T®KI9JIT OpYMH]] TapbCHaac XOWII 2- 3 MOJIOOH XOHOIT HY/9H] Xapargax yprait
a)xuriiarmax 6a HOCO® YYCIIXTYH.

M. tuberculosis Hb TXK32IIT OPUYHBI Taapryyraac TOeBUIHCOH, Xyypail €peMTCOH KOJIOH eryj
yprana. DH® Hb mnapaHutpoOeH3oiHbl xyuwn ([THB)-m moapsr Gaiix 6a 25°C xamp
ypragarryii. CypbesruiiH MHUKOOAKTepH ypryyjiax eHAer Cyypbrail OOJIOH LIMHIDH 33pII|
0JIOH SIH3BIH TKIIIT OPUUHTYYA Oaliaar.

4-2. JTEBEHIUTENH-UEHCEHHUI TXK22JIT OPUYMH (enzer cyypbraii)
UTabopatopuza LJ Tok330T opunHr 6311303, THKI2IT OpUMH 033X IIMHD OHIeT, X3
X9I9H JaBC XHIDK, MaJaxuT HOTOOH, MEHHIWLIHHANTOOXUPIOITHIT JapaHryiinax
Bopriroop Xuitar. TK9NT OpurHT X0€p TI003HN Tamryy 03m19H3. Har Tanryy Tak3311 HH
rmnepon aryyican (LJ G), neree ub mupysar (LJ P) aryynua. M. tuberculosis-bin XyHuid
repen Hb L-J G T30/ caiin yprax 6a yxpuita Tepein (M. bovis) ub L-J P 193311 OpumHg
yprajar.
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(d) L-acniuparun

(e) Tmuuepon
(f) Tupysarrait Hatpu




2.2 SOP for MGIT AST for new drugs

Because the World Health Organization
recommends new anti-tuberculosis treatment
regimens employing new drugs for drug-
resistant tuberculosis and has changed the
definition of extensively-drug resistant
tuberculosis in 2021, we need to introduce a
new DST technology to diagnose new drug
resistances.

The new method is based on MGIT automated
liquid culture technology and requires to
prepare drug containing medium in-house.
The SOP includes procedures for levofloxacin,
moxifloxacin, bedaquiline, linezolid,
clofazimine and delamanid.
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2.3 SOP for Genome DNA extraction

This SOP describes a quick and easy extraction
method of high molecular weight (HMW) DNA from
MTB. While short-read sequencing, which
seguences a massive number of short fragments (<
several hundred bp), can yield draft whole genome
seguences, it has restrictions including uncertain
mapping in repetitive regions. Long-read
sequencing is expected to overcome the restrictions
by sequencing longer fragments (> several
thousand bp), especially for high-GC content
genomes such as TB.

Although extracting HMW DNA is required for
successful long-read sequencing, the method is not
well established in MTB. Here, the quick and easy
way to extract HMW DNA from TB that is suitable
for long-read sequencing is described.
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1. Objectives and scope
This SOP describes a quick and easy extraction method of HMW DNA from MTB.
While short-read sequencing, which segquences a massive number of short
fragments (< several hundred bp), can yield draft whole genome sequences, it has

repetitive regions. Long-read

sequencing is expected to overcome the restrictions by sequencing longer
fragments (> several thousand bp). especially for high-GC content genomes such
as TB. Although extracting HMW DMA is required for successful long-read

restrictions including uncertain mapping in




2.4 SOP for MinlION sequencing

This procedure is involved in the method to perform
long-read sequencing with MinlON Mk1B. Most of
procedure is conducted by kits and equipment sold
by Oxford Nanopore Technologies.

First, HMW DNA is fragmented and barcodes are
attached to the end of fragments, simultaneously.

Then, the barcoded samples are pooled, and
seqguencing adapters are attached to the pooled
samples.

Finally, the DNA library is loaded into the flow cell
and start a run. The sequence data obtained will be
analysed separately.
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Implementations

The Research Institute of Tuberculosis (RIT) has implemented the followings

3 On-line training

We conducted on-line new DST training connecting NCCD TB laboratory and RIT
on July 5th and 6th. This SOP describes the use of the BACTEC MGIT 960 TB
System for liquid culture and drug susceptibility testing of Mycobacterium
tuberculosis. The BACTEC MGIT 460 TB System has been found to boost culture
positivity by 15-20% relative to conventional solid media and to substantially
reduce the time to positivity. Liguid culture, however, is more prone to
contamination. Liquid culture is now approved by WHO for use in low to middle
Income countries.

The training was conducted using 20 standardized M. tuberculosis strains which
drug resistances are already known (standard results from Institute of Tropical
Medicine, Antwerp, Belgium). The results are not validated as of October 19, 2022.



Implementations

The Research Institute of Tuberculosis (RIT) has implemented the followings

4 Introduction of interferon gamma release assay (IGRA)

For the screening of M. tuberculosis infection, IGRA is introduced into NCCD TB laboratory.
QuantiFERON-TB Gold in Tube (QFT-4G, QIAGEN) is the 4th generation IGRA detecting
iInterferon gamma release from CD4/8 cells. This is a standard method for IGRA with ELISA
system, however, due to the delay of transportation of equipment necessary of ELISA to
NCCD, the standard QFT system is not installed yet. After consultation with QIAGEN, the
company proposed a simple semi-quantitative version of QFT (QIAReach system) which
employs lateral flow immunoassay for the quantification of released IFN-gamma.

The QIAReach system has been installed into NCCD in September 2022, and validation
test was performed using blood samples collected from bacteriologically confirmed TB
cases, TB contacts and healthy volunteers (12 samples in total). The test was successful.



QlAreach QuantiFERON-TB

Simple QFT-4G test with 1ml
blood

With lateral flow immunoassay
5-20 min to results

Positive or negative results
Ability to reach people in
remote areas for efficient
preventive TB programs with
digital QlAreach technology
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Laboratory procedure (QuantiFERON TB Gold Plus)
..sgg i

« Stepl Blood samples incubation with antigens l
(1-ml sample was dispensed Into each assay
tube, and incubated at 37 = 1°C for 16—24 h)

« Step2 ELISA (using standard QFT ELISA kit) QFT_GIT OFT-Plus

Nil Negative control. Adjusts for background noise or non-specific IFN-y in blood samples.

(Grey Cap)

QFT-GIT Antigen Tube Contains highly specific TB antigens (ESAT-6, CFP-10, TB7.7)

(Red Cap)

Mitogen Positive control (Detects patients immunocompromised subjects, or incorrect blood handling &
(Purple Cap) incubation)

TB1 Contains long synthetic peptides from ESAT-6 and CFP-10 to stimulate CD4* T-helper lymphocytes.
(Green Cap)

TB2 Contains an set of short peptides targeted to stimulate CD8" cytotoxic T lymphocytes.

(Yellow Cap)

The IFN-y concentration of Antigen and Mitogen are defined as follows:
Antigen (IU/mL) = IFN-y (A) — IFN-y (N); Mitogen (IU/mL) = IFN-y (M) — IFN-y (N)
11



QuantiFERON TB Assay

Step 1: Step 2:
Stimulate lymphocytes by Evaluate IFN-gamma
specific antigens production by ELISA
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Laboratory process

* Enzyme Linked Immuno-Sorbent Assay (ELISA)

« An antibody to a target protein is immobilized on the surface of
microplate wells and incubated first with the target protein and then
with another target protein-specific antibody, which is labeled with an

enzyme.
 After washing, the activity of the microplate well-bound enzyme is
measured.
* The immobilized antibody and the enzyme-labeled antibody must
recognize different epitopes of the target protein.

« Sandwich ELISA iIs technically demanding.




Relative evaluation of QIAReach and QFT-Plus

Implemented in Mongolia (Ulaanbaatar)
Comparison of QIAReach and QFT Gold Plus in healthy subjects, contacts, and active tuberculosis patients
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Subject sa(arst?es By Positive % | CIDELI sp | Positive % /n 90.0
P QIAReach y 80.0
70.0
Total 416 57.3% 59.5% c0.0
ota 370 070 50.0
(sample size 600)  ( 69.3%) 363 (208/363) 190 (113/190) 20,0
30.0
Healthy volunteer 196 196 O 87 48.3% (42/87) 20.0
(92/196 ) ' 10.0
0.0
68.5 66.0% Healthy TB contacts TB patients
TB contacts 162 162 50
(111/163) (33/50) volunteer
0 0 m Positivity rate by QIAReach
Tb patients 58 5 00 53 (e Y yQ

(5/5) (38/55) m Positivity rate by ELISA



Implementations

The Research Institute of Tuberculosis (RIT) has implemented the followings

S Overseas training
IGRA training

The IGRA training was performed using negative and positive human blood
controls. The QFT Gold Plus assay kit was used. It was performed
according to the manufacturer’s instruction. The most critical step was
ELISA, and the quality control process was carefully implemented.



Implementations

The Research Institute of Tuberculosis (RIT) has implemented the followings

S Overseas training
WGS sequencing and bioinformatics

The programme included DNA extraction from M. tuberculosis using glass-
beads dispersion method followed by organic solvent purification, DNA
guality and quantity measures, library preparations, and genome
sequencing. The base calling is translated to sequence and analysed
basically using TBProfiler solution.

Bioinformatic analysis of obtained data (fastq) was performed by using
MTBSeq (public domain, github).



Drug resistant tuberculosis (DR-TB)

- Drug susceptibility testing (DST) Is important for management of
DR-TB cases.

- Current standard culture-based DST takes 1-2 months before
results are available.

- Programmatic management of DR-TB (PMDT) using mWRD* is a
standard strategy to efficiently manage DR-TB cases.

*mWRD: molecular World Health Organization (WHQO) recommended
diagnostics



Technical Development

« Targeted Next Generation Sequencing (INGS)

* The targeted next generation sequencing (tINGS) is a technology to
amplify the target sequences which conguer the drug resistances and
perform deep sequencing with amplicons. It can yield the genotypic
DST results within 2—-3 days and cover many drug resistant mutations
and indels including newly introduced drugs.

» Deeplex Myc-TB (Genoscreen, France) is multiplex-PCR based

technology, and one of the tNGS diagnostic kits and can predict 15
drug resistances in one process.
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Deeplex” Myc-TB (1)

DNA extraction and SQ data analysis
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Whole Genome Sequencing

directly from c
* Current WGS techno

linical specimen (sputum)

ogy requires much amount of pure

genomic DNA for sequencing.

* |t will require culture
consuming).

 For rapid utilisation o
epidemiology), direct

orocess with solid medium (time

f WGS information (DST and molecular
WGS technology will be required.



Mycobacterium tuberculosis genome enrichment
method from specimens

Mycobacterium tuberculosis genome enrichment using QlAseq xHYB kit
(Qiagen)

A system that selectively enriches the M. tuberculosis genome by
hybridizing specific regions on the genome using oligo RNA.

QlAseq bead &

cleanup

Library concentration flow

1. QIlAseqFX library creation

2. Pool and hybridize multiple libraries

3. Amplify enriched Mycobacterium tuberculosis genome library — Complete SQ library



Progress

1. QlAseqgFX library creation

1. Some reagents + reaction amount
used for xHYB kit

2. PCR cycle with over amplification

3. Need to reduce by 3-5 cycles (125-
375 ng/sample)

2. PCR process after genome enrichment
1. PCR cycle with over amplification

2. Although reducing by 3 cycles,
conditions need to be considered

3. Genome enrichment results

1. Total number of reads with 3+ smear
samples (8 samples)

2. Mycobacterium tuberculosis genome
ratio increased to 84.1-96.2%
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Implementations

The Research Institute of Tuberculosis (RIT) has implemented the followings

6 Ethical process

The protocols for IGRA study, isolation and identification of M. bovis In
human sample, genetic analysis (typing) of M. tuberculosis isolates including
M. bovis, and genotypic DST are prepared and submitted to corresponding

IRB (NCCD or Ministry of Health or both) in collaboration with NTRL/NCCD.
The protocols have been approved.



Thank you.

RIT

Research Institule of Tuberculosis

ATA

Japan Anti-Tubarculosis Association

Research Institute of Tuberculosis
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