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Tuberculosis (TB)---more than 10,000 years history

»TB is a potentially serious infectious disease that mainly affects the lungs,

which is caused by Mycobacterium tuberculosis (Mtb)
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TB is the world’s top infectious killer

Top causes of death worldwide in 20192"
Deaths from TB among HIV-positive people are shown in grey.

Ischaemic heart disease
Stroke
Chronic obstructive pulmonary disease
Lower respiratory infections
Neonatal conditions
Trachea, bronchus, lung cancers
Alzheimer disease and other dementias
Diarrhoeal diseases
Diabetes mellitus
Kidney diseases
Cirrhosis of the liver
Road injury
Tuberculosis [ ]
Hypertensive heart disease
Colon and rectum cancers
Stomach cancer
Self-harm
Falls
HIV/AIDS
Breast cancer
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Mtb genome

» Mtb has circular chromosomes of about 4,200,000 nucleotides long, the

G+C content is about 65%, the genome contains about 4000 genes

» Genes that code for lipid metabolism are a very important part of the

bacterial genome, and 8% of the genome is involved in this activity
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The primary applications for whole genome
Sequencing (WGS) of Mtb

a Surveillance

b Strain and subspecies typing . “
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T € Drug susceptibility
Whole genome sequencing Drug Phenotype
RIF Resistant
INH Resistant

ETH Susceptible
PZA Susceptible

d Clustering and outbreaks

Meehan CJ, et al. Nat Rev Microbiol. 2019



Standard workflow for WGS of Mtb complex isolates

Assembly pipeline

Drug resistance

Position | SNP | Gene

761109 C rpoB

Culture Sequencing Data file
\\- Onlinl?
t ﬁf deposit
|
Read mapping Variant calling
G C A
A G I
SNP table
Position SNP
18253 C
23007 T
Clustering Strain typing
Mutation | Drug Position | SNP | Gene |Lineage
Asp435Tyr | RIF 5520 T gywB 4321
Ser315Thr | INH 1473079 | A rrs M. microti

2155168 T katG

|

Reporting

M. tuberculosis sequencing report

Patient: John Smith
Birth date: 27 Feb 1959

Drug susceptibility
RIF Resistant
INH Susceptible

Cluster detection
Cluster 48

Strain information
Lineage 4




Case report
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Diagnosis efficacy of Mtb via metagenomic NGS of
direct clinical samples

Sensitivity Specificity
(95% CI; n/N) (95% CI; n/N)
All samples
Conventional 29% (0.16-0.44; 13/45) 100% (0.94—1; 60/60)
I Xpert 42% (0.28-0.58; 19/45) 1 100% (0.94-1; 80/60)
Suspected for active TB 1 ) 1 )
[ infection (n=123) ] | MNGS 44% (0.30-0.60; 20/45) | 88% (0.91-1; 59/60)
s ' RPN ] Xpert and mNSG B60% (0.44-0.74; 27/45) 089% (0.91-1; 59/60)
—_— = No Xpert results (n=6) Pulmnnary samples
ncluded In analysis
[ (n=105) ] Conventional 38% (0.14-0.68; 5M13) 100% (0.77-1; 14/14)
+
{ 1 Xpert 62% (0.32-0.86; 8M13) 100% (0.77-1; 14/14)
[ T8 cases (n=45) ] ( Non-TB cases (n=60) ] mMGS 62% (0.32-0.86; 813) 100% (0.77-1; 14/14)
/ \ | Xpert and mMNSG 69% (0.39-0.91; 9M13) 100% (0.77-1; 14/14)
Pulm: TB (n=10 er infections (n=
E;ragzﬁ;{’"arynTB (’)1:35) S Bc;cteria(l |n$estztlon (n=18) CSF samples

i S A Viral infection (n=9) Conventional 19% (0.04-0.46; 3/16) 100% (0.89-1; 33/33)

3 Pleurisy (n=6) Fungal infection (Nn=8) | o e e em e o m— o o o m— = —
Disssiminated TB (h~5) Malignancies (n=8) . I ¥pert 19% (0.04-0.48; 318) 1 100% (0.88-1; 33/33)

B8 peritonitis (n=3) Noninfectious inflammatory diseases (n=7) I 1
aff;;§5$r2;3T$Fn232) Miscellaneous causes (n=10) | MNGS 44% (0.2-0.7; 716) 97% (0.84-99; 32/33)
Spinal TB (n=1) Xpert and mMNSG 56% (0.30-0.80; 918) 97% (0.B4-99; 32/33)

\ TB lymphadenitis (n=y

Other extrapulmonary samples

Conwventional 31% (0.11-0.569; 518) 100% (0.75-1; 13/13)
Xpert 50% (0.25-0.75; 8/18) 100% (0.75-1; 13/13)
mhGS 31% (0.11-0.59; 5/16) 100% (0.75-1; 13/13)
Xpert and mMN3G 56% (0.30-0.80; 9/18) 100% (0.75-1; 13/13)

*The combined senzitivity of Xpert and mNGS reached statistical significance compared
to comventional methods Mdchemar-test F - 0.007).

Zhou X, et al. Front Cell Infect Microbiol. 2019



Outbreak investigation and genetic diversity

THE LANCET
Infectious Diseases

A cluster of multidrug-resistant Mycobacterium tuberculosis

among patients arriving in Europe from the Horn of Africa:
a molecular epidemiological study
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A national survey of clinical Mtb complex isolates

Sites of Surveillance A

Liu D, et al. Clin Microbiol Infect. 2021



Mtb lineage distribution in China

» Lineage 2 is the main strain in China
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Clusters within Clusters across Total

provinces (rate) provinces (rate)
265 (53.5%) 230 (46.5%) 495 (100%)

DR_type
[l Sensitive [786]

[] Drug-resistant [277]
B MDR [92)

B XDR [8]



Predicting susceptibility and drug resistance in Mtb

The NEW ENGLAND JOURNAL of MEDICINE

Prediction of Susceptibility to First-Line
Tuberculosis Drugs by DNA Sequencing

The CRyPTIC Consortium and the 100,000 Genomes Project

Table 1. Numbers of Isolates According to Country of Sample Origin and Drug-Resistance Profile.

Country
Australia
Belgium
Canada
China
Germany
Italy
Netherlands
Pakistan
Peru

Russia
Serbia
South Africa
Spain
eSwatini
Thailand
United Kingdom
Total

Period Isolated
20062016
2007-2015
2003-2014
2009-2012
1998-2015
2008-2016
1993-2016
2014-2015
1997-2009
2008-2010
2008-2014
2012-2014
2013-2015
2009-2010
19982013
2009-2017

Enriched for
Resistance

Yes

Yes

Yes

Yes

No
Yes and not
Yes and not

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes and not

Susceptible to
All Four Drugs

0
121
11

248
82
420
47
24
282

593
45

2

0
3,036
4,911

Susceptible to Isoniazid-Resistant,
Three Drugs*  Rifampin-Susceptible
0 4
0 2
1,118 164

-- 0
0
1 9
42 24
5 11
12 49
0 116
0
11 37
3 5
130 14
53 7
a2 167
1,501 618

Isoniazid-Susceptible,
Rifampin-Resistant

0
0
14

13
15

69

140

Isoniazid-Resistant,
Rifampin-Resistant

38
97
24
236
13
132
149
345
199
407
105
151
8
116
188
442
2,650

Other
Pattern

0
14
12

0

2

2
31

1
13
22

0

130

154
389

Total
42
234
1,343
280
273
226
667
415
315
842
105
991

273
252
3,887
10,209

* |solates in this category were missing results for pyrazinamide.

T More than one collection was derived from Italy, the Netherlands, and the United Kingdom, some of which were enriched and some of which were not enriched for resistance. Details
are provided in the Supplementary Appendix.

I Until recently, eSwatini was known as Swaziland.




Predicting susceptibility and drug resistance in Mtb

The NEW ENGLAND JOURNAL of MEDICINE

Prediction of Susceptibility to First-Line
Tuberculosis Drugs by DNA Sequencing

The CRyPTIC Consortium and the 100,000 Genomes Project

Table 2. Prediction of Phenotypes of Resistance or Susceptibility to Individual Drugs.*

Analysis and Sensitivity Specificity PPV NPV Sensitivity, Specificity,
Drug Resistant Phenotype Susceptible Phenotype (959 Cl) (95% Cl) (95% Cl) (95% Cl) Ally All§

R S U F Total R S U F  Total

number of isolates percent
WGS, all iso-
lates - =
|
Isoniazid 3067 90 93 44 3294 65 6313 215 117 €710 | 97.1 I 99.0 97.9 98.6 93.1 94.1
| (96.5-97.7), (987-99.2)  (97.4-98.4) (98.3-98.9)
Rifampin 2743 69 7 84 2903 85 6763 232 147 7227 ' 975 | 98.8 97.0 99.0 94.5 93.6
| (96.9-98.1)1 (98.5-99.0)  (96.3-97.6) (98.7-99.2)
|
Ethambutol 1410 81 94 55 1640 468 6835 781 70 8154 I 94.6 I 93.6 751 98.8 86.0 83.8
| {93.3_95.7}: (93.0-94.1)  (73.0-77.0) (98.5-99.1)
Pyrazinamide 863 82 117 77 1139 204 eol4e 197 108 6655 | 91.3 | 96.8 80.9 98.7 75.8 92.4

| (89.3-93.0), (963-97.2)  (78.4-83.2) (98.4-99.0)

NGP RP

4.7

4.6

10.2

6.4

329

28.7

16.7

14.6




Prediction of phenotypes of resistance to ten drugs
and multidrug resistance

Drug Resistant phenotype Susceptible phenotype Sensitivity (95% Cl) Specificity (95% Cl)
R S Total R 5 Total

[soniazid 668 41 709 A1 4127 4171 94.22 (92.50-95.94) 98.95 (98.64-99.26)
Rifampicin 350 12 362 52 4466 4518 96.69 (94.84-98.53) 98.85 (98.54-99.16)
Ethambutol 105 8 113 90 4677 4767 92.92 (88.19-97.65) 98.11(97.73-98.50)
Pyrazinamide 49 46 97 19 2230 2249 50.52 (40.57-6047) 99.16 (98.78—99.53)
Moxifloxacin 182 32 214 A1 4622 4666 85.05(80.27-89.83) 99.06 (98.78—99.34)
Rifabutin 313 13 326 4 4510 4554 96.01(93.89-98.13) 99.03 (98.75-99.31)
Amikacin 27 3 30 3 4847 4850 90.00 (79.26—100.00) 99.94 (99.87-100.00)
Kanamycin 35 2 37 4 4839 4843 94.59 (87.30-100.00) 99.92 (99.88—100.00)
Streptomycin 550 80 630 38 4212 4250 87.30(84.70-89.90) 99.11 (98.82-99.39)
Ethionamide 75 8 83 100 4697 4797 90.36 (84.01-96.71) 97.91 (96.36-98.34)
Multidrug resistance 29 15 306 28 4546 4574 95.10(92.68-97.52) 99.39 (99.16-99.61)

Abbreviations: R, resistant; S, susceptible.

Liu D, et al. Clin Microbiol Infect. 2021



resistant phenotypes
= susceptible phenotypes
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Profiling lung microbiota using Metagenomic NGS

..................................................................................................................................................................................

9 Key point: Characterizing the Lung microbiota profile and investigating its
. association with development of pulmonary TB

..................................................................................................................................................................................

Classification Abbreviation No. Definition Samples

Healthy controls HCG 8 negative chest radiological signs and Throat swab &
IFN-y release assay (IGRA) BALF

Untreated pulmonary TB UTG 12 not taking any antibiotics BALF

Treated pulmonary TB TTG 15 receiving more than two weeks of BALF
standard anti-TB treatment

Cured pulmonary TB CTG 11 bacterial negative conversion and BALF
finished long-term anti-TB treatment

Lung cancer LCG 7 confirmed by cellular or tissue BALF
pathology diagnoses

[

metagenomic next-generation sequencing

Xiao G, et al. Microbiol Spectr, 2022



CAP2

Overview of the microbiota sequencing data in all groups
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,ACE index

Shannon index

Microbiota profiles differ significantly between throat swabs and
BALF samples in HC

o-diversity
p.adj=0.053 p.adj=0.053 . .
| ' B-diversity
500 % 500
=]
=
o
U 0.2
400 5 400
0.0
q
BALF __ Throat_Swab BALF __ Throat_Swab .E. ® BALF
p.adj=0.029 p.adj=0.80 | 8—0.2 @ Throat_Swab
3.5 0.9 o ®
gos I ~0.4
3.0 -é :
8.0.7 -0.6 ) o
2.5 E -025 0.00 025 0.50
? e Pco1(49%)
2.0
BALF Throat_Swab BALF Throat_Swab

» A divergent composition of the microbiota between the upper and lower
respiratory tract



Microbiota profiles differ significantly between throat swabs and
BALF samples in HC

80

60

Relative abundance (%)

20

BALF Throat Swab

Bl BALF [ Throat_Swab

Rothia_mucilaginosa
Ne¢isSeria subflava

-5.6 -4.5 -34 -2.3 -1.2 -0.1

Haemophilus parainfluenzae
Rothia dentocariosa

Bacillus cereus

Selenomonas sp. oral taxon 478
Neisseria mucosa

Veillonella dispar

Veillonella atypica
Streptococcus mitis

Lautropia mirabilis

Paracoccus mutanolyticus
Tannerella sp. oral taxon HOT-286
Streptococcus salivarius
Pseudomonas putida
Methylobacterium sp. C1
Methylobacterium sp. 17Sr1-43
. Schaalia odontolytica

_ Rothia aeria

Salmonella enterica

Ralstonia insidiosa

_ Neisseria subflava

| Burkholderia pseudomallei
Ralstonia solanacearum
Ralstonia pickettii

Prevotella melaninogenica
Staphylococcus haemolyticus

. Methylorubrum populi

.| Pasteurella multocida

.| Staphylococcus aureus

| Rothia mucilaginosa

Klebsiella pneumoniae

1.0 2.1 3.2 4.3 5.4

LDA SCORE (log 10)

..................................................................................

- > The top 30 species in throat

. swabs and BALF accounted for
61.58% and 84.03% of the total
bacteria

- »Top 3 in BALF:

. Klebsiella pneumoniae,
Staphylococcus_aureus,
Pasteurella_multocida

»Top 1in throat swab:
. Rothia mucilaginosa



Shannon index

The pulmonary TB displays an unique lung microbiota profile

Species level

Genus level
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. » K. pneumoniae, S. aureus and P. multocida

. were the three most predominant species
within the three groups, accounting for
56.04%, 72.06% and 43.89% of the total
bacteria



Anti-TB treatment increases the diversity and abundance of ARGs
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» The most common antibiotic
resistance genes (ARG) types
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Processing of mycobacterial samples and WGS

Rapid molecular
diagnostics:
RIF/INH resistance
within 24h

Whole genome sequencing: Phenotypic
preliminary report with genotypic susceptibilities
susceptibilities within 9 days

\\ 7

AFB smear

X

Sample taken: | ~ Culture: .
24h to perform Incubation up to 8 / Final report




CRISPR system---powerful tool for pathogen diagnosis

The Nobel Prize In Chemistry 2020

Emmanuelle Jennifer A.
Charpentier Doudna

“for the development of a method
for genome editing”

THE ROYAL SWEDISH ACADEMY OF SCIENCES
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The Cas proteins behind the CRISPR diagnostics
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Cas12a/gRNA-based Platform for Identification of
Mycobacterium Species

Mycobacterial species  gDNA extraction Cas12a/gRNA/ target DNA/ssDNA-FQ Fluorescence detection

SRNA probe
Amplification of rpoB by PCR =

1
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9
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—_— O
80 40 50- 150
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50 M. intracellulare gRNA probe 1 807 M. intracellulare gRNA probe 2 80, M. avium gRNA probe 1 1607 M. avium gRNA probe 2

g

100

204

Background subtracted
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s 8 8
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Background subtracted
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8 8
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°o 8
T
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fluorescence
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Xiao G, et al. J Clin Microbiol. 2021



Cas12a/gRNA-based Platform for Identification of
Mycobacterium Species
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TABLE 1 Identification of clinical isolates using FnCas12a/gRNA-based platform

No. of No. correctly No.
Clinical organism strains identified (%) misidentified dRNA probe name
M. tuberculosis 10 10 (100) 0 MTB gRNA probel
M. tuberculosis 10 10 (100) 0 MTB gRNA probe2
M. abscessus 15 15 (100) 0 MAB gRNA probel
M. abscessus 15 15 (100) 0 MAB gRNA probe2
M. intracellulare 15 15 (100) 0 MIN gRNA probel
M. intracellulare 15 14 (93.33) 1 MIN gRNA probe2
M. avium 10 10 (100) 0 MAV gRNA probel
M. avium 10 10 (100) 0 MAV gRNA probe2
M. gordonae 10 10 (100) 0 MGO gRNA probel
M. gordonae 10 10 (100) 0 MGO gRNA probe2
M. kansasii 7 7 (100) 0 MKA gRNA probe1
M. kansasii 7 7 (100) 0 MKA gRNA probe2
M. fortuitum 6 6 (100) 0 MFO gRNA probe

Xiao G, et al. J Clin Microbiol. 2021



Background subtracted fluorescence
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Casl2a mutant-based module for detection of Mtb
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Casl2a mutant protein purification
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Cas12a mutant protein recognizes non-traditional PAM
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High sensitivity and specificity of Cas12a mutant-based module
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High sensitivity and specificity of Casl12a mutant-based module
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Future direction

®\WGS: Aim to characterize mutation profile

CH within 1 week

@ CRISPR: Aim to enable accurate testing at the

Point of Care
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