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Rabies in Taiwan

before and after 17 July, 2013

Andrew Chang-Young Fei, Professor, DVM, PhD.

School of Veterinary Medicine, National
Taiwan University

17t July 2013: Rabies outbreak!

° Experts meeting was held on 16 July 2013,
with expert from CDC/US, at National Animal
Health Research Institute (R & E4EEESGAT).

° Rabies was confirmed at this meeting.

Retrospective study

e Retrospective studies were done immediately
after rabies was confirmed, using the
materials preserved in refrigerators as well as
pathological wax blocks,

* Confirms: rabies epidemics started ever since
234 May, 2012 in ferret badgers in central
Taiwan mountains (Nantou, Yunlin)

Why it could be found

° InJanuary 2013, National Taiwan University
received cases from Nantou. Encephalitis
were diagnosed; Canine distemper (CD) was
suspected but tested negative.

» RT-PCR for Rabies shown positive result.

e Samples were sent to Animal Health Research
Institute (AHRI) for diagnosis, using the
standard process of OIE.

» Four scientists were sent to CDC/US trained.

History of rabies prevention

Starting dog population control programs, no
rabies surveillance

Starting rabieS/iyss’avirus surveillance for dogs
wildlife, and bats, working with US/CDC

Sun Feturay, 2010

Epidemiology

e Since autumn in 2012, many sick badgers were
seen along the roads, or at the base of mountains
in Nantou, Yunlin areas.

The ratio of badgers to carnivores died along
roads is 1:1.6 (61.5% among dead carnivores).

* The epidemics is similar to those happened in
Zhejiang province (i 144), China, during
2002~2004 (ref: Rabies in Ferret Badgers,
Southeastern China. Emerging Inf. Dis. 15(6): June
2009, nhttp://www.ncbi.nlm.nih.gov/pme/articles/PMC2727325/ )




Many dead badgers found on roads

Many sick ferret badgers were seen along the roads, or near the
house in mountains. The right slide said stray dogs ate the body

of ferret badgers---high risky

sbursy, 2034

Many dead badgers found on roads

Dead ferret badgers were seen in the base of mountains. The
altitude (elevation above sea level) of the distribution of ferret
badgers is lower than 1,800 meters, so rabid ferret badgers are
very easily to enter human houses and attack humans.

Sth Feburay, 2014

Many dead badgers found on roads

Epidemics spreads to Tainan (&§ii), Taitung (&%) areas
quickly. People are very fearful.

Pr
befor

Many dead badgers found on roads

Epidemics continually spreads to Kachsiung (#i#i17).

Sn Feburay

Many dead badgers found on roads

Dead ferret badgers were seen along the roads in Nantou, Yunlin,
Taitung, Kaohsiung areas.

F

eburay, 2014

Sent to National Animal Health
Research Institute (F &4 ERFT)




Cross species transmission ---
two cases of spillover from badgers

sppde-balfmvedle
By rahiit Beuied badger, ndeored sablee
Todperd Thase, Visd Bogsrrnlier, 2015

d pupps. it
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Mr. Huang at Taitung (& 5 8%) was
bitten by rabid ferret badger

t.

A 3 pears old Faraner wes bivien
valitel Fezvel b s b pn 248k
Fuly, 2003 wr Tabung, Tabras.

Responses of society: horror !

Abandoning dogs

Euthanasia increases

22 e
&
§;§ wy

Stis Feouray, 2014
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Contingency plan of rabies control:
blocking virus in mountains
 Stray animals control
° Vaccination of pets
o Strengthening border control
e Intensified surveillance on: dogs/bats/wildlife
o Safeguard of human: PEP treatment
* Public communication and awareness
o www.rabies.tw for social education
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Importing vaccines/immunoglobulins
Dogs vaccination >90%

Vaccines/Igs

Animal vaccines:
2,298,000 doses

Human vaccines:
82,500 doses

Immunoglobulins:
2,870 hottles

Horse serum:
2,000 bottles

Mass vaccination campaign

26

High risky people vaccinated
e

Public communication and awareness

Taiwan CDC announces: PEP candidate

Government announce virus data




of rabies

Answer guestions

Posters in subways, etc.

Poster in rural and towns
Drawing competition for rabies . )
g P . CDC: rabies hot line phone No.= 1922
prevention

bel

July, 2013




Prohibition to take dogs/cats into
mountains

manaE

% reErm ks | For the infected areas,
) sight-seeing areas are
not permitted to bring
= = pets to enter, to avoid
8+ K« A being bitten (infected)
®F by ferret badgers.
Because animals do not
know ferret badgers are
dangerous.

Hunting restriction

Places to offer PEP vaccines

Sth Feduray, 2014

Prevalence and distribution

5en Feburay, 2014

Epidemidlogical surveillance:
17th July to 31st Dec. 2013

Totally:

Rabies distributs in 59 towns
in © prefectures (#£98%) at
Taiwan.

Exceptionally grand

The slide shows n : _receives
parcels boom to us just in one day.




MNA cell inoculated
brain emulsion
(N0.2652) on 6 DPL

The Central Epide:

Temporal dynamics of accounts of
rabid ferret badgers in Taiwan
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rabies (pink area) is constrained in
New Taipei Keelung
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Figure was made by Professor Lee

Pei-Fen, College of Life Science ian 08
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S ARG EGFE R RO
P “The known Dislribulion of ferret-
badger
Hualien 2/8

; Townships with confirmed Rabies
cases
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Taitung 13114
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Obstacles of rabies epidemics

e Large rivers, lakes and high mountain chains
functioned as obstacles to the spread. Rivers
were usually crossed where bridges were
available. From: P37 WHO 831 report

° Natural obstacles at Taiwan rabies epidemics:
Kz Da’an river (north), and 5% Gau-
Ping river (south);

« However, rables will distribute sl over the
island gradualiv!

The strategic study for the
prevention of animal rabies in
Taiwan has started from 2007

Human rabies in China

7000 g
~
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$
£ 5000
5
g
E 4000
= e
i /
E 3000 /
- 3
oo ;
2 2000

1000

e

0 - . . A —
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

From: Zhang YZ et. al. (HokiE%WHH). Human rabies in China.
Emerg. Infect Dis, 2005, 11: 1983-2002,

Sth Feburay, 2014 EH
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Project of strategic study 2007~

* Holding >4 expert meetings annually to discuss any possible ideas.

* Updated http://www.rabies.tw, educating people >87,000 visitors visited.
» Initiating facebook of rabies, to answer the questions of fans.

* Introducing new knowledge of rabies, such as: 17 behaviors of rabid dogs.
* Propagandizing rabies knowledge at any conferences or symposiums.

*  Submitting prevention strategy to BAPHIQ when needed: (1) constraining
rabies epidemics of Taiwan ferret badger in the mountain; (2) Discussing
with CDC_US on the possibility of rabid badger strain shifting to dogs. The
possibility is low, but still possible, if the vaccination rate is <70%.

» Dangerous response of pet owners: (1) abandonment of household dogs is
the highest risk of rabies. (2) TNVR cannot solve the risk of rabies.

*  Sampling bats bodies and serum for lyssavirus surveillance.
*  Working with local governments when needed.
 Collecting any informations of rabies in Asia.




Current risks in Taiwan

= Stray dogs and cats---collectors;
° Feral dogs in mountains;

° Los Angeles City 2010 municipal report said,
those who do not vaccinate their pets are:
(1)low income owners; (2)low educated
families. They need governmental help.

Host shift event [{RE T2 HE]

Host shift event: ferret badger strain evolves to

dogs strain

How to prevent:
1. >70% canine vaccination rate;
2. Monitoring suspected cases (dogs);

3. Blocking ferret badgers virus strain to infect
dogs---vaccinating dogs.
4. Controlling stray dogs.

From: Dr. Wallace 2013. personal communication. US CDC.

80% vaccination rate can block the
spread of rabies of dog strain

ey ]
e R
e bR
e
et

febie ¥
=L i it wlih vire

whapwaies

e feaa

Resistant capability to reservoirs

Animals Rabies strains Resistance of (A) Resistant
(A) (8) columns to (B) columns capability
Dog Dog i Low
Dog Fire fox et Very strong
Yellow mongoose Yellow mongoose + Low
Yellow mongoose Dog it Very strong
Raccoon dog Raccoon dog + Low
Raccoon dog Dog R Very strong
Skunk Skunk + Low
Skunk Dog + Low
Firefox Firefox * Low
Firefox Dog ++ Very strong
Fervet badger Farret badger * Low T
Dog Ferret badgar Ersy Very strong?

From: OIE, Jean Blancou The Evolution of Rabies Epidemiology in wildlife.
an,

Reservoir, vector, transmitter

= Middle carnivores(-P % A& Ek) are candidates of the
reservoir as well as vectors, such as: dog, skunk,
mongoose, fox, raccoon dog, raccoon, wolf, coyote,
bat.

° Rodents: are not able to be the vector as well as
reservoir---why? {die when bitten by reservoirs)

» Cats: are good vector, but not able to be the reservoir,
why? (cats are not flock animals---being alone, virus
can not sub-pass in the same species).

* Humans, omnivores, herbivores: dead end hosts;

i Ra
after 17t July,

o
3

uray, 2014
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No dog strain at Taiwan, like in US

° There is only one rabid strain found in Taiwan,
which is: ferret badger strain.

° It explains that only one 1.5 months old puppy
infected, although many dogs were bitten by
rabid ferret badgers.

¢ |t takes long time if ferret badger strain evolve
to the dog strain.

° In US, there are only around 6 strains.

Sth Feburay, 2014

Epidemiology

s, e S 1

.

Temporal dynamics of actual
counts of rabid raccoonsin
initial epidemicof rabiesina
new region. The prevalenceis
3%~7% (Anderson et al. 1981
Nature 289:765) ©

1t will take 30 months to finish
the epidemics. «
Around 40%~50% population
will be cut in the first ¢
outbreak.

Then a series of successively
smaller epidemics may occur. =

Temporal dynamics at Taiwan

areas August, 2013 December, 2013
. difficult to capture
Tainan
. easy to capture ferret badgers
(infected :
area) ferret badgers (population
decreased)
Sinchu
. 2asy to capture | easy to capture
(rabies
ferret badgers ferret badgers
free area)

SthFeburay, 2014

H &LLET Before colonial period

« Colonial period:1895~1945

* VEIEERT—(Sato) SLHEH(Hung) 1923: They
found that aboriginal Taiwanese would use
the bile and poultice of mesentery of rabid
dogs to treat the wound bitten by rabid dogs.

* They tested the neutralizing capability of bile
of healthy pigs, buffalos, and rabid dogs, using *
rabbitsinoculation asindicator. Results
showed that those tested bile were able to
neutralize the rabid virus.

+ Conclusion: They predicted that rabies had

been existing at Taiwan for a long time

accordingly.

J. Formosa Med. Assoc. (JFMA)

All the information of
rabies is recorded in
JFMA, which was
founded in 1902 (BE}&
3548) at Taiwan.

1



Overview of rabies epidemiology and census in Taiwan,
1905~2010

Capita {million)

PP EES S

Conclusions

The epidemics decreases after the outbreak. It is believed
that it is resulted from the population of ferret badger
decreased.
There is only one strain at Taiwan: ferret badger strain.
Spillover infection: very difficult, only two cases: one puppy
and one money shrew.

urveillance programs are continually conducted, especiall
‘?or \éats ang gog% v P v
Strengthenin%vthe control measures, according to the
principles of WHO.

Campaign canine and feline vaccination in the whole
,cofunjt:.ry, especially the mountain areas with rabies
infection.

Continuously conducting public education of prevention.

Feburay, 2614

Thank you for your attention

12
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RN THRILS BRI L TZODOFMEIZ OV TR EIT -T2,

BARBIITIZ,

(262 T ZRR) PERS T

A BB

MR ANIEEFUR (intrabody) %, AZBHIIZ
BA SN HEN TENS TICHEE L, £ 0
SO mICEEL2 L0072 tnTEr 2L
No ., EEHEOHWRERITY —A0, RERDE
BIEOFEME L THER SN TW5, Intrabody
DBRFUTOWTIL, 1Bk, 77—V T 4 AT
A A TEIRT 5 FER—RBOTH
S 7208, FERRAN TR S 7o huikl, BoohuiR
BICHHHBNTIIY AL T 4 REEA R
ENT, MEBENE LI RN TED, B
RE L TOBRERKDOND Z ENENhoTz, £
I TH A OLXFENFEE Th 5 KR KFERFER
TFRER (LF A TP HELOMFIEEE
+iZ, intrabody %R CEB D OE{EIZE
REDFHEL LT kD FEeEeDy 7TV
DEFWFEE LTz T A TZR/IE] 2 AW FiE
R LT, REOSTFRIEEIT, BEAricix
UFTDOESRbDTHD, 1) A bIA %
KIEDY A NI A FEGHEALE | intrabody @
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U a~—HEPERINTWHMBIZEAL
THRAIE D, 2) XA TZREPFIRICES
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iz ko, THIREED R 2 fIE L LT,

ME L FUREREGREE b o 7o fiil) 25T 5
MRz BN TXx 5, AT INETIZ, KEE
ERB A A (Rabies virus; RABV) P EH
Blzxk L TIE A L. % o5 RABV-P
intrabody i+ 42 EE L7, Zhbo
intrabody IZ RABVHEFEAER R Z L7632
ERHIFFESND Z E D FERIFIRER T &
L COIGRIZmT TR EZED b TN D, £
D—J5 T, Fx T intrabody DEH) Sy Ik
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EREE LOHRRAEREEREOREEZIT O
ZEEREMELTVD,
SAEREX, XA TZREEEHEITHEEN
WEAL, 2OoRmWRBEEL DRICHERTE S
FEEBRRET H720, HL RABV-P scFv 77+
(P19) ZHVNT, 2R MAEPNEA 3
BRDOBE 51T > 7,

B. Wik

1) Ht RABV-P intrabody ™ &4R

IL-3 {&fFE~ 7 A pro-B flfatk Ba/F3 |2, T
JFELTHERFEVANVAPEARE (RABV-P)
ERBLSH %, —AKEIUE (scFv) 7477
U &M 2 AR ckit OMIfEN KA A >~
ZEAE L MBEBNEBEE O X AT ZEK
(scFv-ckit ¥ A7) 7477V BRI,

Z D%, IL-3 HFHFAETTHEET LI LT,

RABV-P [ZE M2 # D scFvckit ¥ 27 %
FE LM E . HEEAEE S L CERIRLE,

2) $t RABV-P intrabody 0> PN 6 BRE A v
DIRES
FRoFETEHELN scFvcekit A7 71
— b, scFv BinFZRILMEREEA~ T &
—pCAGGS Iz /7 m—=v7 L7, Bohi=
scFv BRSS9 AI FDHI B 17 a—r»
(P19/pCAGGS) Z&EV, ~ U AP IEH
ok MNA KRN ~DOFRBLE A A 1300 | AR
MO EFREE I Uz, Bl EA
%, Bin T EE#EE~EA ("neclueofection”
1) T& 5 Lonza £ Amaxa Nucleofector I
R L7, A¥EE, AT/ sicx v
N7\ ha— AR EEES TS Z &0
5., Lonza fLOHELET D50 LT, £1EL
TOMAEDLEERR LK,
& b : Amaxa nucleofector kit V
7ar o T-24
FAREIREE ¢ 1 X 108 {E/100ul BLA buffer
DNA & : 2ug
UL, %l (TR 0EEZEM) 5689
2. EREOSMETITMEE DR < | FEIEHE
AR <RBobhiZ b, v b/ Ta s

TLFBEELCEE MBIEEL 1X,2X,3X,
4%, 5X 108 {E (/100pl B buffer) DO&IJH T,
DNA &% 2, 4, 6, 8, 10, 12ug O CTAE) &
., L AR L,

BRTEAO1H, 20, 3HRICHMIEE K
= v (0.4% TritonX Z AN THEE L=
92T, ¥ U7 AH myec FiikEB IO
FITC-conjugate #ii~ 7 A IgG Hi % Fv T4
£, L, EOGBEMEE T intrabody ORI &R L
72

C. WrothE R
1) H RABV-P intrabody M ER

¥ 9 RABV-P %8 Ba/F3 Mifigiz, MR
BAIE X T2 RIK (scFyv-ckit ¥ A7) 47
TV EBHEEIE, IL-3 IEHFET CTHEE L,
FEEFEE L L CGBRIR L & Z A RABV-PIZH
FE & B> scFv-ckit & A 7 & F I L 7=/
aruva— b, ZhbO scFv BIiET
DRINE Y —T T LA 17nm
—E ik A BT 7y =T 4 AT VA T A
TV —EFHWTHRAATERIR LI n—

(P19) ¢FR—Th-olz, BLDFEOLLT
Fl—nrv—rRBRan/l enb, 20
P19 7 v — > %4 7317¢ intrabody {54 & (L& fF
iz,

2) Hi RABV-P intrabody O HIM P FEE A vk
DfgET

o FETHELNTL4L4 7 B — 0O
scFv-ckit % 2 7025 scFvigfa 1% pCAGGS
Ry H—Z ) 7a—=7 L7 (#P6, #P23,
#P24, P19/pCAGGS-Hismyc) . = @ 5 %
P19/pCAGGS-Hismyc % HV T, MNA Hifed~
DIBEATEZRET LT,

%7, Lonza fLDOHELES 5 MNA i~ =
ha— &S0 T, MERE (1X106 #
/100ul A buffer) . DNA & (2ug) ZRE
L T nucleofection £ L7=, £D 1,2,3 H
212 intrabody OB LR LIz & 2 A, Bk
MfEIE 40-50%FRE, MAEAEFRIT 10-20%FH
EToHho7= (data not shown) ,



T, MKREEAS 1X, 2X, 83X, 4X, 5
X 108{& (/100ul HHH buffer) OFiFH T, DNA
B% 2 4,6,8,10, 12ug O TEE S, &
WERMEBER Uiz, TORE, MIBRE 2X106
#/100ul, DNA £ 10pg iR W T, EAD 1 A
B O S THINRAETEE 50-60%EEE, BitEHnia
L YONEE L bo L b BIFRFEREE, A
#% 2,3 B B T, MIRETEIC X v MRS £
7=—7, BMERREEE L (K1)

D. B%

FBANHUA (intrabody) 13, AARIZHIILE
NTRESHEDLZ LIZED, BN TICHESE
L. ZOEHmazHETEs b, #
VXD B DOBEREIEAT TR EE ~ D s 28 T HE
EEZLNTWDS, ITFE, RRFRFR LT
FRER (LFEAEM T FEEROFFIEEE L
ok v B ® & v = AMEGA
(Antigen-mediated genetically modified cell
amplification) Z 535 Z & T, MlaNORE
JTCHIRIE T CHHEEZ FHE L © % intrabody %
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