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急性感染症症候群

• 呼吸道徵候群 (Respiratory syndromes)



急性感染症症候群

• 呼吸道徵候群 (Respiratory syndromes)
• 腹瀉症候群 (Diarrheal syndromes)
• 中樞神經系統感染症候群 (CNS infections 

syndromes)
• 出血熱症候群 (Hemorrhagic fever 

syndromes)



台灣傳染疾病監測系統 

• 法定傳染病監測通報系統
• 學校傳染病監測通報系統 
• 人口密集機構傳染病監測通報系統
• 院內感染監測通報系統
• 症狀監測通報系統 
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急性感染症症候群之監測

• 急診呼吸道症候群



急性感染症症候群之監測

• 急診腸胃道症候群



Epidemiology of CNS infections in 
Taiwan, 1996-2008

• The incidence of meningitis: 12.6 cases/100,000 
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
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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 majority of encephalitis cases are unexplained 
across countries
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Pathogens Causing CNS Infections



Clinical Presentations of CNS 
Infections Are Non-specific

 

Meningoencephalitis

Fever
Headache
Conscious disturbance

Nuchal rigidity

Meningitis Encephalitis

and/or seizure focal 
neurologic deficit
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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



Microbes Hunter in 21st Century



Microbes
Infectious diseases



Molecular Investigations of CNS 
Infections of Unknown Cause

• A staged sequence-based approach

MassTag PCR Greenchips DNA microarray  High-throughput sequencing

Nature 2005;441:376–380
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A Staged Molecular Approach for 
Diagnosis of CNS Infections

Clinical 
specimen

Single 
candidate

Candidate < 30 
agents Long candidate list
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High-throughput 
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Polymerase Chain Reaction



A Staged Molecular Approach for 
Diagnosis of CNS Infections
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MassTag PCR Panel for Encephalitis/Meningitis
RNA pathogens (11 plex) Mass code DNA pathogens (15 plex) Mass 

code

Japanese Encephalitis virus 582/698 Adenovirus 503/630

Enterovirus 702/495 Cytomegalovirus 626/610

Nipah/Hendra virus 519/566 Epstein Barr virus 570/463

Parechovirus 606/357 Varicella Zoster virus 471/515

La Crosse virus 590/686 Herpes Simplex virus 1 666/706

Lymphocytic 
Choriomeningitis

614/654 Herpes Simplex virus 2 527/642

St. Louis Encephalitis virus 658/423 Hemophilus influenzae 734/726

Mumps 586/704 Streptococcus pneumoniae 714/694

West Nile virus 539/499 Neisseria meningitidis 439/730

Rabies virus 558/475 Cryptococcus neoformans 638/650

Influenza A virus 690/618 Leptospira interrogans 634/383

Mycobacterium tuberculosis 395/475

Candida albicans 602/670

Toxoplasma gondii 548/562

Human Herpes Virus 6 718/357
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Multiplex Mass-Tag PCR

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





A Staged Molecular Approach for 
Diagnosis of CNS Infections
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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
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Sia primer

17 nt
specific tail

random
octamer

cDNA 
population

Universal Amplification:
cDNA Synthesis
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Random PCR Amplification
Sia primer

Low stringency cycles 

(8 cycles at 25 C)

High stringency cycles 

(40 cycles at 55 C)

Extend-1 primer

Extend-1 
primer

Unlabeled random PCR products



31

Labeling PCR 

Extend-3DNA 
primer

Extend-1 primer sequence

C9 spacer

Dendrimer 
Capture sequence

Capture sequence labeled random PCR probes
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Hybridization and Dentrimer Labeling
Dendrimer capture reagent

(375 fluorescent dyes per bead)

Array

60mer oligonucleotide

Dendrimer capture sequence
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Scan and Analysis of Microarray



A Staged Molecular Approach for 
Diagnosis of CNS Infections

Clinical 
specimen

Single 
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Candidate < 30 
agents Long candidate list
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Pyrosequencing with 454 platform

Transcriptome
cDNA

Shearin
g

Adaptor 
Ligation Emulsion PCR
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High Throughput Pyrosequencing

Source: 454 Life Sciences

Library preparation One fragment 
=one bead

Emulsion PCR 
amplification

One bead=one read
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Sequencing on Synthesis

• Light production for 
each base incorporated

• Data captured as 
movie of flashing lights

• Known nucleotide 
addition pattern used to 
infer nucleic acid 
sequence

T x 3

Lu
ci
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ra

se
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ig
na

l

Time
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131 CSF from cases  of 
unexplained meningitis (n=94) 

and  encephalitis (n=37)

Multiplex MassTag PCR
(-)(+)

Classical dideoxy 
sequencing (+)

16S ribosomal RNA PCR

(-)

(+)

GreeneChip panviral 
microarray

(-)

High throughput 
pyrosequencing

Pathogen Discovery in Unexplained 
Meningitis and Encephalitis in Taiwan
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 Use of Staged Molecular Analysis to Determine 
Causes of Unexplained CNS Infections 

Pathogen No. of 
cases (%)

Meningitis 
cases (%)

Encephaliti
s cases (%)

No. of 
HIV (+)

Molecular 
methods

Virus
Enterovirus 2 (6.5) 2 (8) 0 (0) 0 MassTag PCR

Herpes simplex-1 2 (6.5) 0 (0) 2 (33) 0 MassTag 
PCR/Microarray

Herpes simplex-2 1 (3.2) 1 (4) 0 (0) 0 MassTag PCR

Varicella zoster virus 3 (9.7) 0 (0) 3 (50) 0 MassTag PCR

Epstein-Barr virus 16 (51.6) 16 (64) 0 (0) 9 MassTag PCR 

Cytomegalovirus 1 (3.1) 0 (0) 1 (17) 0 MassTag PCR

Bacteria    

Mycobacterium 
tuberculosis

1 (3.2) 1 (4) 0 (0) 0 MassTag PCR

Escherichia coli 5 (16.1) 5 (20) 0 (0) 1 16S rRNA PCR
Total 31 (100) 25 (100) 6 (100) 10 　
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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
• FluAM
• FluBM
• FluBHA
• 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 

pnemoniae
• Legionella pneumophila
• Mycoplasma pneumoniae
• Neisseria meningitidis
• Haemophilus influenzae
• Streptococcus 

pneumoniae



 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



Hemorrhagic Fever Panel

• Ebola Zaire virus 
• Ebola Sudan virus
• Marburg virus
• Lassa virus
• Rift Valley fever virus
• Crimean-Congo hemorrhagic 

fever
• Hantaan virus
• Seoul virus

• Yellow fever virus
• Kyasanur Forest virus



Diarrheal Disease Panel

Virus
•Astrovirus
•Rotavirus-A
•Rotavirus-B
•Rotavirus-C
•Norovirus-GI
•Norovirus-GII
•Saporovirus-GI/GII
•Saporovirus-GIV/GV
•Adenovirus-F

Protozoa
•Giadia Lambia
•Cryptosporidium
•Entamoeba histolytica

Bacteria
•Listeria Monocytogenes
•Clostridium perfringens
•Clostridium difficile
•Campylobacter jejuni
•Campylobacter coli
•Samonella (genus)
•Samonella typhi/paratyphi
•Vibrio (genus)
•Vibrio vulnificus
•Yersinia enterocolitica
•Yersinia pseudotuberculosis
•E. coli- O157:H7
•E. coli-EPEC/EHEC
•E .coli-EPEC/EHEC (O26:H11)
•E. coli-EPEC (typical)
•E. coli-EHEC
•E. coli-EIEC/Shigella
•E. coli-EAEC

•E. coli-stx (shigatoxin)
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Thank you


