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History of Rabies in Taiwan

• http://en.wikipedia.org/wiki/History_of_Taiwan

Dutch/ 

Spanish 

Formosa
Kingdom 

of Tunging Qing rule
Japanese 

rule Taiwan

Imported from China
during Qing Dynasty?
(no official record)

China, 
Dog,
1947

11 human cases
782 human cases

• CH Liu, History of Rabies Control in Taiwan and China. Taiwan EB 29: S44-52, 2013.

No native case in 
50-year interval
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Background 
• Taiwan has been considered a rabies-free country since 1961

• Three imported human rabies cases were identified in 2002, 
2012, and 2013, respectively

• AHRI established the first rabies diagnostic laboratory in 1999
– 2 researchers took rabies diagnosis training in CDC, Atlanta, US(1999) 

– Carry out dog RABV surveillance in 1999: over 10,000 cases be tested

– Carry out bat RABV surveillance in 2008: over 400 cases be tested
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Organization of AHRI

Rabies Diagnostic lab 
TEAM leader: Dr. HU

Rabies Research lab
TEAM leader: Dr. HSU
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Profile of RABV diagnostic lab in AHRI

• International communication with :

 Anses Nancy (France), US CDC, AAHL (Australia), NIID (Japan), APQA 
(Korea), and China CDC

• Quality Management System got TAF/ilac certification since 2007

 ISO/IEC 17025: 2005

• Being qualified by passing International laboratory Proficiency 
Test (PT) twice in 2014 and 2016 to identify:
 RABV

 EBLV-1

 EBLV-2

 ABLV

 Bokeloh bat lyssavirus (BBLV)
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RABIES  VIRUS SURVEILLANCE IN TAIWAN:
IN CARNIVORES AND OTHER WILD ANIMALS

Topic 1:

•7



History of the first case

• Three Formosan ferret-badger bodies were found in middle 
Taiwan

• Submitted to the pathology lab in National Taiwan University 
(NTU) for wildlife disease survey 

• In histopathologic examination, all cases showed severe non-
suppurative encephalitis, but both RT-PCR and IHC for canine 
distemper virus (CDV) gave negative result

• Molecular diagnosis:
– pseudo rabies virus (－)

– rabies virus (＋)   REPORT to the authority
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Results of AHRI

FAT (+) IHC (+)

RT-PCR (+) Sequencing showed 90% identity 
of China RABV strain

1. The final diagnosis was rabies
 Belongs to genotype 1 lyssavirus: RABV

2. Reported to the OIE in July, 2013   
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Massive surveillance

 3 rabies diagnostic laboratory:

 AHRI

 Regional labs in NTU &NPUST

 Wild carnivores

 Dogs and cats 

 Other wild animals

Crab-eating

mongoose

Formosan gem-

face civet 

Small Indian 

civet
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• From 1999 to August 2018:
– 11,265 dog samples were examined: 1 positive
– 243 cat samples were examined: 0 positive
– 2,617 wild carnivore samples were examined: 715 positive
– 515 other wild animals were examined: 1 positive

• Among 717positive animals
– Ferret badgers:  709/717 (98.88%)
– Gem-faced civets:  6/717 (0.84%)
– Shrews: 1/717
– Dogs: 1/717

• 1.5 month-old puppy bitten by a rabid
ferret badger

Ferret badgers 

(98.88%)

Statistics data refer to public website of Bureau of Animal and Plant Health 

Inspection and Quarantine, Council of Agriculture, Taiwan •11



Ferret-badger surveillance from 2013-2018                                 
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>=30 cases

>=15 cases

>=8 cases

Dog case

House shrew case

Rabies Surveillance 
Map-2013: 

60 townships
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>=15 cases

>=30 cases

>=8 casesGem-faced civet case

Rabies Surveillance 
Map-2014 :

64 townships
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Gem-faced civet case >=8 cases

Rabies Surveillance 
Map-2015:

72 townships
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Rabies Surveillance 
Map-2016: 

77 townships

Bat case
-Taiwan Bat Lyssavirus (TWBLV)
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>=8 cases

Rabies Surveillance 
Map-2017:

79 townships  

Bat case
-Taiwan Bat Lyssavirus (TWBLV)
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Rabies Surveillance 
Map-2018:

84 townships

>=8 cases
Bat case

-Taiwan Bat Lyssavirus TYPE I & II 

(TWBLV-1、 TWBLV-2)
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FFB RABV strain
TW-E

TW-CS

Other Asian 
countries

N gene identity
91.4%~93.5%

Phylogenetic analysis of RABV isolates in Taiwan



 台灣中南部株

 台灣東部株

台灣狂犬病病毒株

 CTN181 CTN181

 Asain 2a HuNDB02 Dog 2005

 Asain 2a Guizhou Al03 Guizhou Dog 2005

 Asain 2a GX09 Guangxi Dog 2003

 Asain 2b 04030PHI Philippine Dog 2004

 Asain 2c 9913BIR Myanmar Dog 1999

 Asain 2c 9910LAO Laos Dog 1999

 Asain 2c 01017VNM Vietnam Dog 2001

 Asain 2c 8734THA Thailand Human 1983

Asian 2

 Asain 1b SN01-23 Indonesia Dog 2001.seq

 JX09-17(fb) JX09-17(fb)

 Asain 1a CQQJ07 Chongqing Dog 2007

 Asain 1a SDDZ01 Shandong Cow 2006

Asian 1

 Asian 3 EU086156.1 94257SRI Sri Lanka d Rabies virus isolate 94257SRI 

 Asian 3 JQ685992 SL-cow Sri Lanka Bovin Rabies virus isolate SL
Asian 3

 Arctic-related 9901NEP Nepal 1998 

 Arctic-related SKRBV0404HC South Korea  
arctic like

 Cosmopolitan 3AG 1931 

 JiangsuWxO(H) JiangsuWxO(H)

 Cosmopolitan M13215 3AG 1931 

cosmopolitan

Molecular epidemiology 
combined with GIS
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TW-CS
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RABV



Summary 
• The surveillance showed that ferret badger had been the 

major rabies affected species in Taiwan.

• Our phylogenetic analysis revealed that the FFB-associated 
RABVs had evolved into two distinct groups, and the diversity 
may result from segregation of geographic barriers.

• Dramatic decrease of submitted samples, increase of spillover 
animal cases (dog, shrew, civet), and the enlargement of 
rabies endemic area were situations we observed in the 
surveillance program.
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Topic 2:
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Development of a quantitative real-time
RT-PCR assay

• To detect FFB-associated RABV nucleic acid by using a sensitive method, a 
quantitative real-time reverse transcription polymerase chain reaction 
targeting the conserved region of both genetic groups of FFB-associated 
RABV was developed. 
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Tissue suspensions

• In total, 54 mouse and 24 ferret 
badger brain and ear specimens 
were collected. 

• To obtain the ear specimens, 
bilateral whole-ear tissues from 
each mouse and a specimen 
piece of approximately 1 × 1 cm 
from the apical margin of one ear 
from each ferret badger were 
collected. 
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Results and Discussion

• This method had a limit of detection (LOD) of 40 RNA copies/reaction and 
can detect viral RNA in brain and ear tissue specimens of infected and 
dead FFBs and mice with 100% sensitivity and specificity. 

• This highly sensitive technique does not require facilities or instruments 
complying with strict biosafety criteria. 

• It is a promising technique for epidemiological screening of Taiwan ferret 
badger rabies.
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Topic 3:
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Intracranial inoculation in mice
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Masseter muscle inoculation in mice
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Discussion
• Compared with the typical street rabies virus, the overall mortality 

patterns developed later onset and slower progression. 

• FFB-associated RABV was unable to produce peripheral infection in the 
experimental rodents. 

• Taken together, FFB-associated RABV was less virulent to experimental 
rodents than typical dog RABV strains. 

• To provide more appropriate strategies for epidemics management, the 
pathogenic properties of FFB-associated RABV should be further 
investigated using ferret-badgers and sympatric animals as models.
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ORAL VACCINATION OF SAG2 AND FFB-
ASSOCIATED RABVS

Topic 4:

•31Plos ONE,2017



Joanne Maki et al., 2017

2 Million baits/ year
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Conrad M. Freuling et al., 2017

12 Million baits/ year

Even 30 Million baits/ year
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• WHO recommended oral live vaccine

– SAG2 (Virbac)：Rabies live vaccine

– V-RG (Boehringer Ingelheim)：Vaccinia-
derived recombinant rabies vaccine

• Other vaccines
– ONRAB：Adenovirus-derived recombinant 

rabies vaccine

– SAD Bern

– SAD B19
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Philippe Mähl1et al., 2004•35



Philippe Mähl1et al., 2014

Safety studies in 44 

species, including Chacma

baboon
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Safety, efficacy and immunogenicity 
evaluation of the SAG2 ORV in FFBs

• Three groups (direct oral instillation)
1. safety study group (n=10): 10 doses of SAG2

2. efficacy study group (n=15): 1 dose of SAG2

3. negative control (n=8): PBS only

• Safety study
– virus isolation of saliva (day 1-7 post application)

– euthanasia (day 266 post application)

• Efficacy study (virus challenge)

– challenge  time：day 198 post application

– challenge group： negative control  & efficacy test group

– challenge dosage： 102.5 FB IM LD50 (100-1000 FB IM LD50)

•37



No. Animals Application 

Group 1 10 10 doses of SAG2 
(109 TCID50/animal)

Group 2 15 1 dose of SAG2 
(108 TCID50/animal)

Group 3 8 sterile PBS

D-2

D7

(Oral swab collection for virus excretion analysis)

Euthanasia for 

rabies 

diagnosis

D266

Safety study

SAG2
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Number Application 

Group 1 10 10 doses of SAG2 
(109 TCID50/animal)

Group 2 15 1 dose of SAG2 
(108 TCID50/animal)

Group 3 8 sterile PBS
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No. Animals Application 

Group 1 10 10 doses of SAG2 
(109 TCID50/animal)

Group 2 15 1 dose of SAG2 
(108 TCID50/animal)

Group 3 8 sterile PBS

Euthanasia for 

rabies diagnosis

Efficacy study

SAG2

D-2
D198 D205 D378

102.5 FB IM LD50 
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20.57 ± 3.05 days
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No. Animals Application 

Group 2 15 1 dose of SAG2 
(108 TCID50/animal)

Group 3 8 sterile PBS



 European Pharmacopoeia 

monograph No. 0746

• a mortality of at least 90% 

• in a control group of at least 

10 animals 

 The U.S. Code of Federal 

Regulations 

• 80% of mortality in controls
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No. Animals Application 

Group 2 15 1 dose of SAG2 
(108 TCID50/animal)

Group 3 8 sterile PBS



Neutralising antibodies after SAG2 application 



Results - Efficacy study of SAG2
• Results of animal challenge

– Challenging at 198 days post SAG2 application,  then observed for 180 
days

– mortality rate of Control group: 87.5% (7/8) (all 7 cases were confirmed as 
rabies)

– survival rate of Efficacy test group: 100% (15/15)

• Criteria based on Nancy laboratory, Virbac company, and AHRI’s 
agreement:
– observed 180 days
– 87.5% mortality rate of Control group
– 93.3% survival rate of Efficacy test group
– European Pharmacopoeia monograph No. 0746 (a mortality of at least 

90% is required in a control group of at least 10 animals)
– the U.S. Code of Federal Regulations (80% of mortality in controls)
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Results – Safety study of SAG2
• The safety of SAG2 was assessed by directly instilling into the 

mouth of ferret badgers a dose 10 times that of the 
recommended dose (i.e. 109 TCID50 per animal):
– virus isolation (-) and real-time RT-PCR (±) (20-50%) of saliva (day 1-7 

post application)

– All the animals in Group 1 remained perfectly healthy and did not 
show any symptoms up to 266 days post-instillation.

– After euthanasia, no viral antigens, RNA or any replication-competent 

SAG2 virus were found in the animals’ brains or salivary glands.
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LYSSAVIRUS IN BAT POPULATION IN 
TAIWAN

Topic 5:
(photo by：Bat Conservation Society of Taipei)
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Basic Facts about Lyssaviruses

• Rabies is caused by the genus Lyssavirus, family Rhabdoviridae

• rabies in nature is maintained primarily by carnivores and bats

• Rabies is rabies, there is not “rabies-like” disease

No. 16 lyssavirus in 2016:  
Gannoruwa bat lyssavirus (GBLV)
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GBLV

TWBLV

KBLV

Global distribution of bat lyssavirus
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• Owing to bats can be the natural host of lyssaviruses and other zoonostic
diseases, lyssavirus surveillance program of bats had been conducted 
since 2008 in Taiwan.
– Direct fluorescent antibody (FAT)

– RT-PCR 

• Two novel lyssaviruses were found in four bat cases in Taiwan during 
2016-2018. 

Aims of the study

Case no. Species Location Submitted by

2016-2300 Japanese 
Pipistrelle 

Tainan Bat Conservation
Society of Taipei

2017-1502 Japanese 
Pipistrelle

Yunlin Local resident

W107-1396 Mountain 

Noctule 

New Taipei Bat Conservation
Society of Taipei

W107-1872 Japanese 
Pipistrelle

Yilan Bat Conservation
Society of Taipei
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Phylogenetic relationship of lyssaviruses

 NC 001542.1 RABV

 NC 031988.1 GBLV

 NC 003243.1 ABLV

 NC 020808.1 ARAV

 NC 025251.1 BBLV

 NC 009528.2 EBLV-2

 NC 025385.1 KHUV

 MF960865.1 Kotalahti bat lyssavirus (KBLV)

 NC 020810.1 DUVV

 NC 009527.1 EBLV-1

 NC 020809.1 IRKV

 JX442979.1 IRKV-THChina12

 w107-1396 絨山蝠

 w107-1872 東亞家蝠

 TWBLV/TN/2016

 TWBLV/YL/2017

Phylogroup 1

 NC 020807.1 LBV

 NC 006429.1 MOKV

 NC 025365.1 SHIBV

Phylogroup 2

 NC 025377.1 WCBV

 NC 031955.1 LLEBV

 NC 018629.1 IKOV

Taiwan bat isolates
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Different Taiwan bat lyssavirus’s (TWBLV) antigen 
distribution stained by FAT test with 2 rabies conjugates 

5 fold dilution of Millipore
conjugate

5 fold dilution of Fujirebio
conjugate
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Suckling mice inoculation

Case no. Genus Strain 
Incubation 

time
FAT/ RT-PCR

CVS-11 RABV fixed virus dpi 4 ~ 6 (+)

2016-2300 TWBLV dpi 9 ~ 11 (+)

2015-6671 RABV TW-MS dpi 11 ~ 15 (+)

2016-507 RABV TW-MS dpi 11 ~ 15 (+)

2015-4538 RABV TW-E dpi 13 ~ 16 (+)

2016-1260 RABV TW-E dpi 13 ~ 15 (+)

2016-777 RABV TW-E dpi 11 ~ 21 (+)
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Summary 
• Two new lyssaviruses were found in Japanese pipistrelle (Pipistrellus

abramus) and mountain noctule (Nyctalus plancyi velutinus), respectively, 
in Taiwan in 2016-2018.

• The phylogenetic analysis suggested that the Taiwan bat isolates belonged 
to Phylogroup 1 lyssavirus.

• The concatenated coding regions of the Taiwan bat isolates showed 63%–
79% nucleotide identities to those of the other 16 species of lyssaviruses.

– the newly isolated lyssaviruses may be representatives of two new 
species.

• TWBLV does cause rabies in mice, and the pathogenicity seems no less 
than the ferret-badger-associated RABV in Taiwan
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Conclusion-1 
• As we know, there are two kinds of rabies exist in Taiwan, ferret-badger 

rabies and bat rabies,  which caused by RABV and TWBLV, respectively. 

• Nature barrier could be the cause of high genetic diversity of Taiwan RABV 
strains and prevent the spread of virus to the Northern part of Taiwan.

• We faced a situation that people were gradually getting used to current 
condition and ignore the risk of ferret-badger rabies and bat rabies issues.

• Education of public and enhanced surveillance are urgently needed to avoid  
human rabies re-emerging in Taiwan.
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Conclusion-2 
• According to our studies, the FFB-associated RABV is probably less 

virulent to non-host species

• The developed real-time RT-PCR assay contributes the surveillance 
measures of our country as well. 

• The SAG2 live vaccine assessed in this dissertation will make a good shoot 
to control and even to eliminate of FFB-associated rabies in the future. 

• Finally, two novel lyssaviruses were identified in Taiwan during our 
survey . 

• Persons in Asian countries should be aware to seek proper prophylaxis 
immediately if bitten by a bat. 
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International Training/ Conference/ Workshop
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Thanks for your attention!
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