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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 slaughterhouses
* To train NCCD trainees for next generation sequencing technologies in RIT



Inputs

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

1. 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.

2. 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.

3. Technical transfer to NCCD
* NGS capacity (GridlON, Oxford Nanopore Technologies)
* IGRA(ELISA)
* Drug susceptibility testings (in-house MGIT, MIC)
4. Overseas trainings
* IGRA
* Genome sequencing and in silico analysis
5. Diagnostics development (RIT)
* Metagenomic NGS



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

Though Mycobacterium tuberculosis var.
bovis (M. bovis) grows on normal
Lowenstein-densen (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
into NCCD TB laboratory and performed
since December 2021.
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yprana. DOH> Hbp mnapanutpoOensoinsl xyumn (I[THB)-n maapar 6aiix 6a 25°C xomp
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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.

Minimum Inhibitory Concentration by broth
microdilution method is installed, including new drugs
to evaluate drug resistance mutation/indels.

Place logo here

MGIT Culture and DST_TB 05-02_V1.0.doc

Bapumt 6uurninH
Tepen: CA3

BapumTt GUYrMinH KoA:
TB 05-02

Hyyunan: Yryn

LWWMHI9HUA ©CreBeP EOJIOH SM3HA
M3AP3I YAHAPBLIH COPUN

TaHunuyynara

Xampax xypaa

Yypar

3eBnemx

o gk w b o~

>Kypam Torroox

Aryynra

Topopxounnont 6a ToBuYnonyya

5.1. EpeHxvii aloynaac ypbadunaH Caprumnax

5.2. CopbL xynasH aBax, 60noBcpyynax, Typxaw, 6anTrax

5.3. YHAC3H ecreBep

5.3.1. PANTA gaxuH awwurnax

5.3.2. MGIT T2X331T OpuMHAg, ecreBep Tapux

5.3.3. UnHkybauun

5.3.4. MGIT-uitH 2epar ecreBepuiiH TOWM

5.3.5. MGIT-uitH ceper ecreBepuintH  ToM

5.3.6. BoxupgonTon TaMLax

5.3.7. Tepen 3ynnuitH TaHnx




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 sequences a massive
number of short fragments (< several hundred bp), can
yield draft whole genome sequences, 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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Objectives and scope

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




2.4.1 SOP for MinlON sequencing

This procedure is involved in the method to perform
long-read sequencing with MinlON Mk1B and
GridlION. 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
sequencing 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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2.4.2 SOP for lllumina sequencing

|solated and cultured Mycobacterium tuberculosis
Genomic DNA was prepared from the strain. A
library was prepared from the genomic DNA using
the QIAseq FX DNA Library Kit (QIAGEN). The
resulting library was sequenced using an lllumina
sequencer to identify M. tuberculosis Obtain the
genomic DNA sequence of the strain.

Libraries are simultaneously prepared by labeling
the genomic DNA of up to 96 strains with different
DNA sequences (indexes) using the adapters
included in the kit. To improve the quality of the
sequencing, libraries of the appropriate size are
purified by agarose gel extraction.
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1. principle
1.1 Overall
Isolated and cultured Mycobacterium tuberculosis Genomic DNA was prepared from the
strain. A library was prepared from the genomic DNA using the QlAseq FX DNA Library Kic
(QIAGEN). The resulting library was sequenced using an [llumina sequencer to identify M.
tuberculosis Obtain the genomic DNA sequence of the strain.

1.2 Preparation of genomic DNA

M. tuberculosisisolated and cultured from a panent The strain was grown on solid
medium. The M. ruberculosis strain was cultured by vigorous stirring of the cells with glass
beads in the presence of chloroform. It efficiently dissolves and disrupts the thick lipid-rich
cell walls of bacteria, and extracts genomic DNA. Impurities such as RNA | proteins, lipids,
and sugars are removed by RNase A treatment and phencl/chloroform treatment ., and the
genomic DNA 1s recovered by 1sopropyl alcohol precipitation and dissolved in buffer.

* Commercially available genomic DNA preparation column kits can also be used. In this

case, be sure to nacuvate the tuberculosis bactena.

1.3 Library preparation
the QlAseq F X DNA Library Kit, DNA fragments (libraries) with molecular structures that
can be analyzed with [llumina sequencers such as 15eq, MiniSeq, MiSeq, and NextSeq are
prepared from the extracted genomic DNA. Libranes are simultanecusly prepared by
labeling the genomic DNA of up to 96 strains with different DNA sequences (indexes) using
the adapters included in the kit. To improve the quality of the sequencing, libraries of the
appropriate size are purified by agarose gel extraction.

1.4 Library quantfication, denaturation, and dilution
Mix libraries to be sequenced simultaneously. Quantify the double-stranded DNA
concentration of the mixed libraries using Qubit ( Thermo Fisher Scientific ). Determine the
molar concentration of the library from the library concentration and average size (bp).
Depending on the sequencer platform, denature to single-stranded DNA with NaOH
treatment and dilute to the recommended loading concentration. Calculate the molar
concentration and dilution accurartely to obtain good sequencing results.

1.5 Mlumina sequencer run
Load the prepared library into the [llumina sequencer. Run the run under conditions such
as bp paired-end and sequence the library.




Inputs

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

3 On-line training (during COVD-19 pandemic)

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.
Liquid 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.



Inputs

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

4 Installation and implementation of interferon gamma release assay (IGRA)
For the screening of M. tuberculosis infection, IGRA is introduced into NCCD TB laboratory.

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.

QuantiFERON-TB Gold in Tube (QFT-4G, QIAGEN) is the 4th generation IGRA detecting
interferon gamma release from CD4/8 cells. This is a standard method for IGRA with ELISA
system. It was installed into NCCD in 2023.

Screening of TB patients, TB contacts and healthy volunteers are conducted. High IGRA
positive results indicated the active tuberculosis transmission in the community.



QIlAreach QuantiFERON-TB

Simple QFT-4G test with 1ml
blood

With lateral flow immunoassay
9-20 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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QuantiFERON-TB Gold Plus

Since the T1 tube induces IFN-y from CD4 positive cells
and the T2 tube induces IFN-y from CD4+CD8 positive
cells, four reaction tubes will be used in addition to the
positive and negative controls.

* The criteria for diagnosis have also changed. Previously, IFN-y concentrations between 0.1 [lU/ml and less than
0.35 IU/ml were considered "indeterminate," but this category has been abolished and the cutoff level is now 0.35
IU/ml, with only positive or negative results being determined.

=20.35 and 225% of

the Nil value Any

Any the Nil value

<0.35 or
20.35 and less than 25% of the Nil value

Any

Nil (1IU/ml) TB1 value (IU/ml) TB2 value (IU/ml) Mitogen (1U/ml) Interpretation

Suspected tuberculosis

=0.35 and 225% of

Any Positive infection
20.5 Negative No tuberculosis infection
<0.5 It is not possible to determine

Indeterminate = whether or not someone is
infected with tuberculosis 12



Inputs

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

5 Overseas trainings

A total of 9 trainees from NCCD received training at RIT (2022—-2024)
* Basic GLPs for M. tuberculosis in BSL3 laboratory

DNA preparation for genome sequencing
* Genome sequencing technologies by illumina and nonopore platforms

Genome data analysis in silico

Interferon gamma release assay (ELISA)

Broth microdilution method for Minimum Inhibitory Concentration



Inputs

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

6 Genome sequencing of M. tuberculosis isolates from patients
* For the detection/identification of M. bovis in human isolates.

* A retrospective study using stored M. tuberculosis (complex) isolates in
NCCD.

* Atotal of 2,000 isolates for genome sequencing.
* 1,000 in RIT and another 1,000 in NCCD



lllumina sequencing results (RIT)

Species/Lineage analysis (N=1,001)

La1

lineage2
lineage2;lineage4
lineage3
lineage4

M.canetti;lineage2;lineage6

XDR-TB

1

819

13

166

1

M. Bovis BCG

M. africanum?

Susceptible
HR-TB
RR-TB

MDR-TB
Pre-XDR-TB
XDR-TB
Other

135
10
260
37
3
54

Drug resistance analysis (gDST) (N=1,003)

Drug resistance category m Proportion (%)

50.2
13.5
0.01
25.9
0.04
0.003
0.05

rpoB
p.Asp435Tyr
(1.00), rpoB
p.Ser450Leu

(1.00)

607 lineage2 I|neza%eZ

rpoB
p.Asp435Tyr
(1.00), rpoB
p.Ser450Leu

(1.00)

rpoB
p.Asp435Tyr
(1.00), rpoB
p.Ser450Leu

(1.00)

1005 lineage2 '"%79%2

lineage2

864 lineage2 21

inhA c.-777C>T
(1.00), inhA
p.Ser94Ala
(1.00)

inhA c.-777C>T
(1.00), inhA
p.Ser94Ala
(1.00)

inhA c.-777C>T
(1.00), inhA
p.Ser94Ala
(1.00)

embB pncA gyrA gyrA
p-Met306Val p.Asp12Glu p-Asp94Gly p.Asp94Gly
(1.00) (1.00) (1.00) (1.00)
embB pncA gyrA p.Ala90Val gyrA p.Ala90Val
p.Met306Val  p.Aspi2giu  (1.00).9yB - (1.00), gyrB
(1.00) (1.00) p.lle486Leu p.lle486Leu
’ ’ (1.00) (1.00)
embB pncA gyrA gyrA
p-Met306Val p.Asp12Glu p.Asp94Gly p.Asp94Gly
(1.00) (1.00) (1.00) (1.00)

mmpR5
c.141_142dupT
C (0.86),
mmpR5
¢.198dupG

mmpR5
¢.198dupG

(0.89)

ddn ¢.172dupC ddn c¢.172dupC
(0.24), fbiC
¢.1617_1618du c.1617_1618du
pCG (0.11),
fgd1 c.273dupCfgd1 c.273dupC
(0.12) (0.15)

rplC
p.Cys154Arg
(0.39)

rpsL
p.Lys43Arg
(1.00)

rpsL
p.Lys43Arg
(1.00)

rpsL
p.Lys43Arg
(1.00)

mmpR5
¢.141_142dupT inhA c.-777C>T
C (0.86), (1.00), inhA
mmpR5 p.Ser94Ala
¢.198dupG (1.00)
(0.12)
mmpRS5 inhA c.-7?7C>T
¢.198dupG (1.00), inhA
p.Ser94Ala
(0.89) (1.00)
inhA c.-777C>T
(1.00), inhA
° p.Ser94Ala
(1.00)



Inputs

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

[/ 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.



Shotgun metagenome sequencing

* DNA extraction: MAGicBead ™ cfDNA Isolation Kit
* Library preparation: QIAseq FX Library Library preparation

* Sequencing: NextSeq 500/550 High-Output v2.5 Kit (300
cycles)

* Data analysis: The obtained fastq read data was analysed using
CLC genomics workbench (Qiagen, CA, US). A curated
database (CNBI) for detecting M. tuberculosis was used for
metagenomic analysis after filtering out the sequences of
human origin (hg38).



Results of shotgun metagenome

* All samples tested are MTB fragment positive.
* Controls: Positive (+), Negative (-)

* ADA: 29.1+£26.6 (0.92 — 120.85)

* MTB fragments: 87.1£300.5 (7 — 2278)

* Coverage: 0.0025+0.0092 (9.50E-5 — 6.9E-2)

* There should be a threshold for MTB fragment number?
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Thank you.

RIT

Research Instifule of Tuberculosis

ATA

Japan Anti-Tubarnculosis Association

Reseanch Insfituie of Tubeiculosis
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