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)
¢’ Epidemiology of CNS infections in

Taiwan, 1996-2008

« The incidence of meningitis: 12.6 cases/100,000

A
S

population

* The incidence of encephalitis: 3.3 cases/100,000
population
Meningitis cases Encephalitis cases
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The Incidence of Meningitis and

Encephalitis in Taiwan

Cases/100,000 population

~
o

(o2}
o

wn
(]

S
o

w
o

N
o

[EY
o

o

Total CNS infections

Meningitis
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Age groups
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‘u‘?»;} The Trend of Meningitis of Unknown
- Cause in Taiwan, 1996-2008
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““The Trend of Encephalitis of Unknown
' Cause in Taiwan, 1996-2008
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The maijority of encephalitis cases are unexplained

:
S

across countries
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Pathogens Causing CNS Infections

Pathogens

Viruses

Enteroviruses

Herpes simplex vinas (HSV)
Varicelln-zoster virus (VZV)
Epstein-Barr vinus (EBV)

Cytomegalovirus (CMV)

Human Herpes virus 6 and 7 (HHV

NT)

Mumps virus
Measles virus
Rubella
Adenovirus
West Nile virus

Nipah virus

Rabies virus

Lymphocytic choriomeningitis virus

(LCMV)

Tick-borme encephalitis virus
Japanese encephalitis virus
St. Louis encephalitis virus

Mumay Valley encephalitis virus

Human immunodeficiency virus (HIV)

Influenza virus A and B

Bacteria

Sm'p.'m VACCHE Crmoniay
Netsseria meningitides
Hemaphilus influenza
LISIeria monocytogenes
Chlamydia spp.

Mycohacrerium ibercwlosis

Mycoplasma pnevmonia
Boreelia burgdorferi
Leptospirosis
Legionelln

Tropheryvma whippeli

Navardia actinomyces

Trepanema pallicdem

Salmaoneila rvphi

Rickettsia
Rickeststa ricketrsia
Rickestsia phi
Rickertsia prowazeki
Caxlella burmernt

Ehrlichsosis

Fungl
Cryptococcus
Aspergillosis
Candidiasis
Coccidiomyosis
Histoplasmaosis

North Amenican blastomycosis

Parasites

Toxoplasma govdil
Cercbral malaria
Echinococous granulosus
Schistosominsis

Human African

trypanosominsis




2@ Clinical Presentations of CNS

Infections Are Non-specific

Encephalitis

and/or seizure focal
neurologic deficit
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¢’y Laboratory Assisted Syndromic

Surveillance

» Diagnostic Strategies

— Culture
— Microscopy
— Serology

 ELISA, immunofluorescence, neutralization,
Western blot

— Molecular (nucleic acid)
 PCR, DNA sequencing, nucleic acid arrays




>,

Center for Infection and Immunity
Columbia University

Mailman
Scheol of
Public Health

Allan Resenfield
Suilding



The New York Times /
Science Times

Scientist at Work:
Dr. W. lan Lipkin




Microbes
Infectious diseases
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“~) Molecular Investigations of CNS
‘ Infections of Unknown Cause

» A staged sequence-based approach

Nature 2005;441:376-380

High-throughput sequencing

MassTag PCR Greenchips DNA microarray
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*y A Staged Molecular Approach for
Diagnosis of CNS Infections

Clinical
specimen
Single Candidate < 30 Long candidate list
candidate agents
(-) (-)
Single plex PCR Multiplex PCR Microarray
(-)
*) *) 3
(+) iah-
Sequencing High-throughput

Sequencing
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Cycle repeats
around 35 times

Polymerase Chain Reaction
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l 1.Denaturation
l 2. Annealing
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=7y A Staged Molecular Approach for
Diagnosis of CNS Infections

Clinical
spec['men

Candigate < 30

aglents

Multiplex PCR

(+) l

Sequencing
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MassTag PCR Panel for Encephalitis/Meningitis

RNA pathogens (11 plex)

Japanese Encephalitis virus

Enterovirus
Nipah/Hendra virus
Parechovirus

La Crosse virus

Lymphocytic
Choriomeningitis

St. Louis Encephalitis virus
Mumps

West Nile virus

Rabies virus

Influenza A virus

Mass code

582/698

702/495
519/566
606/357
590/686
614/654

658/423
586/704
539/499
558/475
690/618

DNA pathogens (15 plex)

Adenovirus

Cytomegalovirus
Epstein Barr virus
Varicella Zoster virus
Herpes Simplex virus 1
Herpes Simplex virus 2

Hemophilus influenzae
Streptococcus pneumoniae
Neisseria meningitidis
Cryptococcus neoformans
Leptospira interrogans
Mycobacterium tuberculosis
Candida albicans
Toxoplasma gondii

Human Herpes Virus 6

) B 0 7 At e

Mass
code

503/630
626/610
570/463
471/515
666/706
527/642

734/726
714/694
439/730
638/650
634/383
395/475
602/670
548/562
718/357



Multiplex Mass-Tag PCR

0 0, 1. PCR amplification with Mass Tag primers 4. Automated sample injection, photocleavage
O/u\0—N —> Cleavage of Mass Tags
from amplicon
o + 5"NH ,-ACGTCGTTTAAACCGTAGT-3'
O,N '
F Amino-PCR Primer \\
Mass Tag NHS ester . m Purified samples
\l 96-well thermocycler plate
i !

O/H\NH-ACGTCGTTTAAACCGTAGT-S'

O,N

HO HO HO HO
omé OZNbF ow«é—}:‘ O,N OMe
F

MW=120+47
(v-1)

2. Product purification on filter plate

I

. 5. Detection and pathogen identification
MassTag-PCR Primer
= A B
3. Elution into 96-well loading plate I |I

for mass spectrometer analysis
Mass

Abundance

OMe
MW=138+47 MW=156+47 MW=180+47
(V-2) (V-3) (v-4)

Emerg Infect Dis. 2005 Feb;11(2):310-3.
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Tag Read by Mass

Spectrometry




Signal Plots by Agent for Plate #90597
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“y A Staged Molecular Approach for
Diagnosis of CNS Infections

Clinical
spec['men
v
Long candidate list
Microarray

(+)

Sequencing
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” GreeneChips PanViral Microarray

* Over 66,000 genetic probes on a glass slide
— A comprehensive diagnostic tool
— Screen for all known viruses

HYBRIDIZATION AND DENDRIMER LABELING
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o Universal Amplification:
cDNA Synthesis

PIRTIT

cDNA /
population random f
octamer 17 nt

el L)

Sia primer
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Random PCR Amplification

Sia primer

. =TT =T
Low stringency cycles “ NRRNRNEN Ll
(8 cycles at 25 C)

Extend-1 primer ‘

High stringency cycles | W |
(40 cycles at 55 C) l

Extend-1
primer

Unlabeled random PCR products
M- 4% HE
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Labeling PCR

:‘P
Dendrimer
Capture sequeye

C9 spacer |

\ y,
v

Extend-3DNA
primer

By
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B —————————

Capture sequence labeled randorfg iPC%IL‘?;iEpqub}es = o
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) Hybridization and Dentrimer Labeling

Dendrimer capture reagent

(375 fluorescent dyes per bead)

&Dendrimer capture sequence

60mer oligonucleotide

Array
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Center for Infection and Immunity
Mailman School of Public Health
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GreenePortal -.*

[ | LOGOUT] scontan;gidl, sdmin

Wikis - Collaborate on projects

= Pathogen Discovery
m Mass Ta
= Filovirus Immunosuppression

GreeneLAMP - Software for GreeneChip analysis

e e Y

= ... Reports in labuser Account

= Upload array data for analysis

n GreeneLAMP Help Wiki

n Greenel AMP specifications document (Word)

= Hybridization submission form (updated 11/02/07)

High Throughput Sequencing - Pathogen Discovery using 454 Sequencing

= High Throughput Sequencing Results

= High Throughput Sequencing Results (beta)

= Upload sequence data for analysis

= Explanation of HTS Data Analysis and Report Format (Word)
s CD-HIT - Huang & Madan (PDF)

m CAP3-Lietal (TXT)

GreeneTools - Tools for Sequence Analysis

s SCPrimer

= Classification of PCR Products by Needleman Wunsch Alignment
= Local BLAST (on Tako)

= Sequence Mask and BLAST (Instructions)

= Tools from Dekka

= BlastGrabber

m Perl scripts

= Greene_chip Analyzer 2005




" Scan and Analysis of Microarray

Accession  [taxid  Description P_value q Probe_countTotal
NC 006360 10317  Cercopithecine herpesvirus 2, complete genome,  |3.7457297898065 1e-11 - 19271294
NC 004812 10325  Cercopithecme herpesvarus |, complete genome.  6.84626259287499¢-10 19071315

NC_ 007653 340907 Cercopithecine herpesvirus 16, complete genome, 5.20677520195196¢-08  191/1289

NC (06151 10345 Susd herpesvarus [, complete genome. R.TIN66T9TTIR22Ie-AT 191996
NC 001806 10298  Human herpesvirus |, complete genome: 9.739972630292T1c-06 2131614
NC_001798 10310 Human berpesvirus 2, complete genome 1.29079422744542¢-05 | | 221/1577
NC 001847 10320 Bovine herpesvirus 1, complete genome 3.7091340240379¢-05 1821029
NC_002794 [10397  Tupma herpesvirus, complete genome 0.0010849560689833 149,

Probe plot for : NC_001506 Human herpesvirus 1, complete genome.
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“y A Staged Molecular Approach for

Diagnosis of CNS Infections

Clinical
spec['men

v

Long candidate list

!

Microarray

l ()

(+) High-throughput

Sequencing <

of bt

Sequencing
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e Pyrosequencing with 454 platform
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L\y L Anneal sstDNA Emulsify beads Clonal amplification Break micro
{ } to an excess of and PCR reagents occurs inside micro reactors,
; g DNA Capture in water-in-oil reactors enrich for
Beads micro reactors DNA-positive
Trancslgr;\llp;t\ome Shearin Adaptor
g Ligation Emulsion PCR

R -
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7 High Throughput Pyrosequencing

Library preparation One fragment Emulsion PCR
=one bead amplification

One bead=one read

Fused optical fibers with etched wells
Dimensions: 70X75 mm

Number of wells: 1.6 million

Well diameter: 40 microns

Source: 454 Life Sciences

M- 3% -8 %
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Time

Sequencing on Synthesis

 Light production for
each base incorporated

e Data captured as
movie of flashing lights

« Known nucleotide
addition pattern used to
infer nucleic acid
sequence
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-y Pathogen Discovery in Unexplained
Meningitis and Encephalitis in Taiwan

131 CSF from cases of
unexplained meningitis (n=94)
and encephalitis (n=37)

|

Multiplex MassTag PCR

(+) / \ (-)

Classical dideoxy 16S ribosomal RNA PCR
sequencing (+)
(+) (-)
(+) GreeneChip panviral
microarray

(-)

High throughput
pyrosequencing




Emerg Infect Dis. 2013;19:1470-7
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Use of Staged Molecular Analysis to
Determine Causes of Unexplained
Central Nervous System Infections

Chisn-Chin Hew, Rafal Tokarz, Thomac Erlecs, Hung-Chin Teal, Phanix-Lan Quan, and W. lan Lip&in
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yUse of Staged Molecular Analysis to Determine

Causes of Unexplained CNS Infections

Virus
Enterovirus
Herpes simplex-1

Herpes simplex-2
Varicella zoster virus

Epstein-Barr virus

Cytomegalovirus

Bacteria

Mycobacterium
tuberculosis
Escherichia coli

Total

2 (6.5)
2 (6.5)

1(3.2)
3(9.7)
16 (51.6)
1(3.1)

1(3.2)

5 (16.1)
31 (100)

Emerg Infect Dis. 2013;19:1470-7

Meningitis Encephaliti

cases (%)

5 (20)
25 (100)

s cases (%)

0 (0)
2 (33)

0 (0)
3 (50)
0 (0)
1(17)

0 (0)

0 (0)
6 (100)

o O

©o ©O© o O

MassTag PCR

MassTag
PCR/Microarray
MassTag PCR

MassTag PCR
MassTag PCR
MassTag PCR

MassTag PCR

16S rRNA PCR
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& Syndromic Surveillance :

a Staged Molecular Approach

« Syndromic panel by Mass Tag PCR
— Respiratory panel
— CNS infections panel
— Diarrheal panel
— Hemorrhagic fever panel




Respiratory Panel

RNA agents

FIuUAM

FluBM

FIuUBHA

Respiratory syncytial virus group A
Respiratory syncytial virus group B
Human parainfluenza virus 1
Human parainfluenza virus 2
Human parainfluenza virus 3
Human parainfluenza virus 4
Metapneumoniavirus

Enterovirus

Coronavirus-OC43
Coronavirus-229E
Coronavirus-SARS

DNA agents
Adenovirus

Chlamydophila
phemoniae

Legionella pneumophila
Mycoplasma pneumoniae
Neisseria meningitidis
Haemophilus influenzae

Streptococcus
pheumoniae




CNS Infections Panel

RNA agents 14 plex

Eastern Equine Encephalitis virus
Nippah/Hendra virus

Japanese Encephalitis virus
Parecho virus

Powassan virus

Lacrosse virus

Lymphocytic Choriomeningitis virus
St. Louis Encephalitis virus
Enterovirus

West Nile virus

Western Equine Encephalitis virus
Venezuelan Equine Encephalitis virus
Rabies virus

Influenza A virus

DNA agents- 14 plex
Adenovirus

Cytomegalo virus

Epstein Barr virus

Varicella Zoster virus
Herpes Simplex virus 1
Herpes Simplex virus 2
Haemophilus influenzae
Streptococcus pneumoniae
Neisseria meningitidis
Cryptococcus neoformans
Leptospira interrogans
Mycobacterium tuberculosis
Candida albicans
Toxoplasma gondii
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Hemorrhagic Fever Panel
Ebola Zaire virus * Yellow fever virus
Ebola Sudan virus « Kyasanur Forest virus
Marburg virus
Lassa virus

Rift Valley fever virus

Crimean-Congo hemorrhagic
fever

Hantaan virus
Seoul virus
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/ Diarrheal Disease Panel

Virus Bacteria

Listeria Monocytogenes
_ Clostridium perfringens
*Rotavirus-A -Clostridium difficile
*Rotavirus-B *Campylobacter jejuni

Rotavirus-C *Campylobacter coli
*Samonella (genus)

*Norovirus-Gl *Samonella typhi/paratyphi
*Norovirus-Gl| *Vibrio (genus)

«Saporovirus-GI/Gl| Y A
*Yersinia enterocolitica

*Saporovirus-GIV/GV *Yersinia pseudotuberculosis

Adenovirus-F *E. coli- O157:H7
*E. coli-EPEC/EHEC

*E .coli-EPEC/EHEC (026:H11)
Protozoa *E. coli-EPEC (typical)

-Giadia Lambia °E. coli-EHEC
*E. coli-EIEC/Shigella

*Cryptosporidium *E. coli-EAEC
*Entamoeba histolytica

*Astrovirus

*E. coli-stx (shigatoxin)
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