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Leptospirosis research:

o Molecular Biology
o Secretomes

o Serodiagnosis

o lmmunotherapy
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«  Asymtomatic * Acute undifferentiated » Co-infections .

Autopsy
febrile illness (AUFI)  Severe leptospirosis
e  Flu-like illness Leptospirosis Weil's disease
Rickettsia; i.e. Scrub Typhus Acute kidney failure
Virus infection: Dengue, Flu Pulmonary hemorrhage
Bacterial septicemia: Melioidosis Meningitis/ Meningoencephalitis
\WEIENE! Myocarditis
Undifferentiated Jaundice

) Aciite fabrile illfess o Severe Ieptospirosis o Fatal
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Early detection Early Referral Early treatment/ management

Clinical risk » Antibiotics - Reduce mortality
o Clinical diagnosis o Supportive o Improve quality
> Laboratory diagnosis o Adjunct of patient’s life

Early &rapid diagnosis

Diagnostic &3 3PP I

test

7- 10
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' Day 0 7 14 21

: 1t week 2nd week 3rd week 4th week
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gPCR/ RDT IFA Commercial RDT
Early &rapid effective on effective on day 9
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i Acute febrile iliness o Severe leptospirosis \ o Dead y
- Patient o Complications " o Recover /
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7 o Phase o Acu\(e phase Leptospiremia o Immune phase Leptospirinuria
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Diagnostics 2.0 Diagnostics 3.0
Diagnostics 10 Gold standard | Gold standard .
Laboratory testing Laboratory testing
Gold standard = Hematology Immunoassay
= DFM = Urinalysis » Rapid diagnostics
= MAT = Blood Chemistry * |Immunochromatography
e = Culture = X-ray, etc. = Lateral flow
5 Ve o Immunoassay * Latex agglutination
e S ae = ELISA, dot blot DNA detection
‘ " IFA = PCR, gPCR

| Clinical Il Clinical diagnosis lII" Classic description
description « Epidemiology * Epidemiology
* Pathology * Pathophysiology

e Clinical manifestation
* Prevention & Treatment




Diagnostics 4.0
Gold standard

Immunoassay
Flefivate: iy Antigen& Antibody Detection eHealth
v Genetic DNA detection
Ca?rr;ér Rapid Diagnostics
9 Other tools, i.e., modified Faine’s criteria,

A7 THAI-LEPTO score
“1 " New Technolo
The epidemiologic triangle 3 ew Jec

Adapt from Nelson et al. (2007) Pathogen gy

Environment /

Bacterial
Ecology

Changing of Landscape TN TR "
Cinete Crans IV Multidiscipline “One Health

» Medicine « Social

* Microbiology  Pathophysiology

e Environment e Clinical manifestation
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Diagnostics 4.0

Gold standard:

« Culture:
Media
Reagents

Immmunoassay:
-Early detection
-Differential
-Co-infection
-Antibody detection
-Antigen detection
 Antigen: native,
purified native,
recombinant
* Antibody:
PAbs, MAbs

Rapid Diagnostics:
-Early detection
-Antigen/Antibody detection
-Molecular detection
-Point-of-Care
* Antigen: native,
purified native,
recombinant
 Antibody:
PAbs, MAbs




Diagnostics 4.0: Culture media

L. interrogans serovar Autumnalis strain Akiyami

LVW agar I‘iﬂul,‘lﬂ'

(Wuthiekanun et al., 2012)
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Diagnostics 4.0:

Immunoassay ELISA

ELISA
-Early detection

-Differential

-Co-infection

-Antibody detection

-Antigen detection



Diagnostics 4.0:

Immunoassay ELISA (recombinant Groel antigen)

Leptospira IgM antibody ELISA
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Diagnostics 4.0: RDT

IgG Lateral Flow RDT Leptospirosis Latex 7 IMMUNEMED
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Lateral Flow RDT: LPS antigens

www.nature com/fscientificreports
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Development and evaluation of an
“immunochromatographic assay
‘to detect serum anti-leptospiral
lipopolysaccharide IgM in acute
leptospirosis

© Galayanee Doungchawee?, Direk Sutdan?, Kannika NiwatayakuF, Tasanee Inwisai,

: Athisri Sitthipunya®, Naphatsawan Boonsathorn®, Titipatima Sakulterdkiat®, Worachart
. Sirawaraporn® & Visith Thongboonkerd®”

isisa c life-thr ing disease worldwide. However, its diagnosis is frequently

Non-leptospirosis
serum

Leptospirosis
serum

P

- Lep

|nel’f|:ct|vE because the gold standard bacterial culture and microscopic agglutination test (MAT) are
- wsually positive 1-2 weeks after the disease onseLWe thus developed an immunochromatographic
| assay (LEPkit) to detect serum anti-l i polysaccharide (LP5) IgM for rapid diagnosis of
. acute leptospirosis. Uslngleferenced sera of)‘?' irosis and 91 /| irosis cases, LEPkit
. yielded 97.4% sensitivity, 94.5% specificity, 93.8 positive predictive value (PPV), 37.7% negative
- predictive value (NPV), and 95.8% accuracy. The stability of this kit stored for up to 18 months and

its reproducibility were confirmed. Testing in 74 new cases using samples at admission-phase and

. subsequent paired samples (total n =135), overall sensitivity was 98.5%, whereas that of culture

. and single MAT (>1:400) was 15.6% and 35.6%, respectively. When only the samples at admission-

: phase were used (n= 74), the sensitivity remained at 98.7%, whereas that of culture and single MAT

© {>1:400) was 28.4% and 13.5%, respectively. In summary, our LEPkit was far more effective than any
 conventional meth for the di is of acute leptospirosis, especially within the first few days after

the disease onset. The ease of use, stability and reproducibility further enhance its feasibility for clinical

. use on-site.
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Diagnostics 4.0
New Technology; * Next generation sequencing (NGS)
-Diagnosis « DNA sequencing
-Identify pathogen  Bioinformatics
-Pathogen purification/ ~ * Mass spectrometry
concentration * Immunomagnetic separation
* Etc.
"N

el ™

wl A
R SR
| £ s
g <




Next Generation Sequencing:

A Clinical Laboratory Workflow for NGS

Hospitalization Day 42

Hospitalization Day 43 Hospitalization Day 44

. . . . Timeline (hr)
NeurO|eptOSp|rOS|S dlagnosls 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51
(Aug.slt;:tzoll, (Aug. EZ;?IOH,
10:00 a.m.) 10:00 a.m.;
NGS library g i 48 hr)

Bioinformatics Processing Time

Minutes (%)

NGS library

Overnight NGS

4 (4%) W Preprocessing
. ) 4 (4%) M Identification of human reads (nucleotide)
The NEW ENGLAND JOURNAL of MEDICINE 66 (68%) Identification of nonhuman reads (nucleotide) NGS analysis (SURPI) E
) Delioyo sembly 97 mimllltsez.?o7 analyze
15 (16%) Identification of nonhuman reads (protein) 10,196,620 reads)
BRIEF REPORT 6(6%) M Overhead
97 (100%)
Actionable Diagnosis of Neuroleptospirosis
by Next-Generation Sequencing B Mapping of 475 Leptospira Reads
Chromosome 2
Michael R. Wilson, M.D., Samia N. Naccache, Ph.D., Erik Samayoa, B.S., C.LS., 5, ¢ 1 G7% total covarage) (2-2%otal coveragey
Mark Biagtan, M.D., Hiba Bashir, M.D., Guixia Yu, B.S., § 4 1
Shahriar M. Salamat, M.D., Ph.D., Sneha Somasekar, B.S., Scot Federman, B.A., }2 2 ] l |
Steve Miller, M.D., Ph.D., Robert Sokolic, M.D., Elizabeth Garabedian, R.N., M.S.LS., 8 3 LRy
0 05 10 15 20 25 3.0 3.5 01 03 Million

Fabio Candotti, M.D., Rebecca H. Buckley, M.D., Kurt D. Reed, M.D.,
Teresa L. Meyer, R.N., M.S., Christine M. Seroogy, M.D., Renee Galloway, M.P.H.,
Sheryl L. Henderson, M.D., Ph.D., James E. Gern, M.D., Joseph L. DeRisi, Ph.D.,

Nucleotide Position along Leptospira borgpetersenii Serovar Hardjo-bovis Genome

C Sequences in CSF

D rpoB (full-length gene with 3681 nucleotides)
L. kirschneri serovar Cynopteri

and Charles Y. Chiu, M.D., Ph.D. Bacterial (N=589 reads) 299y L kish "
- L. kirschneri serovar Bafani
| LePt°;Pf’3 L. kirschneri serovar Grippotyphosa
(N=475; 80.6%) L. borgpetersenii serovar Hardjo-bovis
Lo ii serovar Castell

Propionibacterium

L. borgpetersenii serovar Tarassovi
83— L. interrogans serovar Canicola
L. interrogans serovar Hardjo-prajitno
87— L. interrogans serovar icterohaemorrhagiae
L. interrogans serovar Wolffi
L. kmetyi serovar Malaysia
L. alstoni serovar Pingchan
L. alexanderi serovar Manhao

(N=15; 2.5%)
First and second W Other bacteria
hospitalizations Third hosgitalization (N=99; 16.8%)

(July 10, 2013-Sept. 24, 2013)

Trip to Fever,
Puerto headache, Uveitis Trip to
Rico conjunctivitis (Oct. 25, 2012-Dec. 27, 2012)  Florida

‘ Viral 7
T T T T T L T T T T L. weilii serovar Celledoni
Aug.  Sept.  Oct.  Nov.$ Dec July Aug.  Sept.  Oct. (N=107,016 reads) 97r L. noguchii strain Caco
2012 2013 2013 2013 2013 Anelloviridae L. noguchii serovar Nicaragua
L. noguchii serovar Panama

2012 2012 2012 2012
(N=106,988; 99.97%)

Immune thrombocytopenic
purpura W Bacteriophage
(N=28; 0.03%)

L. santarosai strain UW
L. santarosai serovar Shermani 0.04




Diagnostics 4.0:  Leptospira detection & identification: MALDI-TOF MS

@ PLOS | TRSHA Bisenses

- I‘iﬂ‘lﬁ @' PLOS | H&H R seases AT WSt o P
Whole cell matrix assisted laser desorption/ 18]

Intens. [a.u.]

ionization time-of-flight mass spectrometry 1 o TR o

s 7292927
o | ‘ l' o 10314436 1525 856

(MALDI-TOF MS) for identification of o I VR

1 4147.281

. . . [ 2% [ o
Leptospira spp. in Thailand and Lao PDR ot o
. 03 |
i PR ST NSO R Y
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Mahidol University, Bangkok, Thailand, 3 Proteomics Research Laboratory, National Center f L MSP Dendrogram
Engineering and Biotechnology, Pathumthani, Thailand, 4 Lao-Oxford-Mahosot Hospital-Wel .m )
Research Unit, Microbiology Laboratory, Mahosot Hospital, Vientiane, Lao PDR, 5 Centre for #Lx_sring ; ‘.W”H’. intermediate
Medicine & Global Health, Nuffield Department of Clinical Medicine, University of Oxford, Oxfc L il . nadai "
. [Leptospira wolbachii
Kingdom ] | ‘ ILeptospira terpstrae
\Leptospira meyeri non-pathogens
* piengchan@tropmedres.ac > lLeptospira yanagawae
1 |Leptospira biflexa
{Leptospira alstonii
I— i +
. . o c ‘— |Leptospira weilii
{Leptospira alexanderi
o ldentify Leptospira spp. from clinical specimen fovtsorn serder | oihogens
. ) {Leptospira kirschneri
o Characterize pathogenic serovars Loospia noguoti
[Leptospira interrogans

o Confirm case

Distance Level

Fig 2. Dendrogram based on main spectrum profile (MSP) of 15 reference Leptospira spp. The clustering based on MSP of
pathogenic, intermediate and path ic group were d. d




Diagnostics 4.0:lmmunomagnetic separation
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Anti-LipL32 specific

iron oxide magnetic

L. interrogans/ Australis 2.46 x107 1.76 x107 2.11x107 6.51

monoclonal antibodies - — Copy e
CO nj u g ated d eXt ra n -Coated gg L. interrogans/ Autumnalis 1.111).(1015 8.7:)(106 9.:::1:05 59.20

i

I [

i

555555 39

L. interrogans/ Hebdomadis 4.96 x10° 4.78 x10° 4.87 x10° 2.98

nanoparticles

L gans/ New 1.83x10° 1.62x10° 1.725x10° 6.02

o"f 4 4*
(Klty a p an et a | . 2 O'] 6) 1 N L. santarosai/ Shemani 2.21x10 3.52x10 2.865%10 07




Disruptive changes: Disruptive Medical Innovations: eHealth

= Education y
_ creates a new market and value
= |nnovation &

network and eventually disrupts an

= Medicine existing market and value network,
= FEtc. displacing established market

Technology
leading firms, products, and




SDG: Goal 3
“Ensure healthy lives and

promote wellbeing for all

at all ages” through health

7
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%@v World Health - ~="
\S¥ Organization  rganization

Regional Office for
South-East Asia
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Thailand 4.0:
Creation and development of

medical infrastructure to promote
Thailand as a Medical Hub of ASEAN
by 2025

—

THAILAND 4.0
Prosperity, Security, Sustainability




Generic drug substitution
of imports

Bio-type
biopharmaceuticals
Biopharmaceutical and
probiotics products

Herbs and cosmatics
Smart medical and devices
robotics to help people
with disabilities

Elderly rehabitation center
Healthy food and products
Health tourism

Driving of eHealth growth

Generic drug substitution of
imports

A new biopharmaceutical for
cancer and allergy

Advanced vaccines

Potential diagnostic
commerce kit

Medical robots that meet
international standards
Quiality reagents for
automated diagnostic devices
Smart village for the elderly
Digital health

Precision medicine

New small molecules
Targeted therapy
New types of vaccines
New
biopharmaceuticals
Medical robots and
surgical instruments
Implanted devices
Autonomous
diagnostic devices
Specialized Target
Therapeutic Institute

Medical
services and
new health
innovations,
throughly
and equality




Diagnostics: 4.0

3D
Printing

Innovation

Diagnostics: eHealth

O

Internet Robotics  Atrtificial Advanced Sp{:lce‘
of Things Intelligence Virtual ~Colonization
(loT) Reality

O O O O

Medical High-Speed Blockchain Autonomous Renewable
Travel Technology  Vehicles Energy
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Microfluidics, micro-sensors
Flexible materials or micro-electronics

/PO ¥ S

Overview of Flexible Healthcare
Substrate-Based Devices @ '\ “ =y
for Point-of-Care e e e
Diagnostics.

Wang et al., 2016

Data
transmission

Data processing

Trends in Biotechnology



Next-Generation Point-of-Care Testing (POCT):

POC Molecular platform
“FeverPhone”

Smartphone based molecular diagnostics platform for

point-of-care differential diagnosis of six common

causes of acute febirile illness.

Co-infections of Dengue and
pathogens
(Latin America, 2007-2016)




Next-Generation Point-of-Care Testing (POCT):
Example of POC Molecular platform

Conle Baliaies i Sl

Han d h e | d PC R The Biomeme Platform

Disrupt The B
B 20, O A
Diagnostics ©) ﬂg A @J
Market? e o hm—

The Philadelphia-based startup Biomeme has developed a real-
time PCR thermocycler that attaches to an iPhone, enabling the
user to perform gold-standard DNA analysis in the field




Next-Generation Point-of-Care Testing (POCT):
Example of POC Molecular Analyzer

Alere g: automated nucleic acid testing
platform (PCR) with multiplexing
capability) that enables point-of-care
access to a suite of molecular assays,

bypassing issues with centralized testing

and reducing patient loss to follow up.

Alere
Develops rapid point-of-care diagnostics.
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Figure 2: Global Sales of Medical Devices by Type

2009
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Figure 1: Global Sales of Medical Devices

2016
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Durable medical device,
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aa o T Figure 3: Importers and Exporters of Medical Devices
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Imports = 3.9% growth p.a Germany 1 USA 1
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lJapan | China
30 China | UK
UK | France
20 Canada Belgium
Belgium | Italy
10 Mexico Canada
South Korea | lapan

a Spain | trillion baht ~ Netherlands trillion baht
2010 2011 2012 2013 2014 2015 2016
0 2 4 6 8 0 2 4 6 8
¥ Exports Hlmports W Single use devices Durable medical devices

Source: Medical Device Intelligence Unit (MeDIU)

B Reagent&test kit
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(Diagnostics survey)
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Others

16.67

Molecular diagnosis 25
Rapid test 33,33

Antigen ELISA |

IgM/IgG antibody ELISA i ': : : 16.67
Culture _

MAT F 8.33

0 5 10 15 20 25 30 35
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(Diagnostics survey)

ELISA Lateral flow ICT
Others/Not use | ‘ . ‘ . : 75  Others/Not use 58.33
IgG antibody ELISA |  |8.33 IgG antibody
IlgM antibody ELISA - 16.67 IgM antibody 41.67
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(Diagnostics survey)

Q Test Performance Q Test Practical QO Options QO Marketing
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-high diagnostic accuracy Aanuamvtutatan Ll -mmmuanmﬂﬁ%ﬁ:

-Sensitivity & Specificity nydl weakly positive . -+
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Summary: Action Plan for zoonotic Diseases Control 2562-2564:
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HUMAN LEPTOSPIROSIS:
GUIDANCE FOR
DIAGNOSIS,
SURVEILLANCE AND CONTROL

Improving the
development and
deployment of diagnostics
in Southeast Asia
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