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C o Hep X DIREval KB (Francisella spp.) (ZREGL R Ryl - SERERTH SE H SR ZACHHER -
EEAPE I R R GE  (Francisellosis) L4 SCHAE Ry JHIT 50 KBS IEHE (Rickettsia-like organism
infection) » B LR —KF LIRS IR IE A Rl BAVE T IR TR AR es 2 A BN ~ FILSEIN RN (L
FEERE) SEREBISR - TR SO S AR T R SRR A R S R B ORI R K - AT
J#A 2009 ~ 2011 4F- S+ Bk R BTy st 28 7 SR 2 F i BV T IR B UE R AN [ 26 (RLEE) ~ BRI
B R K B ERR & B A — PR AR - PSS SR B B st e 2 T SR S e 1 AP T I
B N RS Lo BiERS R o HE S IS S i e BEIK 5 37 8 FL e nE;Ei‘,E;
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H 2008 478 > R H SRk SR i 5
HABEREREICCEL - BUGRERGL 2 FJ
VISR ERHIGTHN - B HER 10~ 50 BAEFNE
%t ET i DG & B SR B S i l$ °

SEYIPEH] - 1 ~ 2 ARG HITRRSEC - #8
%téj_ﬁjﬁé 3,000 ~ 4,000 1 - KIEMEFFZFE5H
PR RRELER IR - SRGRE R RINDL - %
BRI Elnt s BN A AR > TR
BUEDURTE - HH BB DB fokfe d
AR - B H R o e T R AR
gt - BN AR T W SRR R TSI 2 5T - (A
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2009 ~ 2011 4= - BREEEBREIG BRI IGFIT
BrlEE < RERFERIEMW (WIREERETRD) - HET
95 fEEA » HrhRfnitE B ARSI #IH
HAET 40 (EEE > SRIERN I E AR 25 4
BIREAE TN LS

= il A

B Sk g B E B BR P HELA Liw’s
Gram stain (Baso, Taiwan) ~ Giemsa stain jz weak
Ziehl-Neelsen stain (CMP., Taiwan) {744 -

=~ MRRE S A

BEA RS TIRE ST - BREES R B R A 25
B 10% O PEARERE MR DI 24 ho FEC 16
h 57k~ FIR AR - ARG S um B Y
FLIEARS KL (Hematoxylin-Eosin stain; H&E
stain) et - B REITRELE AR A o

VY ~ RS A

HIRRIRE - DURE#0E 0B OB~ FFFBg: ~ 1
Wt b WE T TER AR © ARLL 5% MRABAERRE L I
WESEEL (sheep blood agar; SBA) ~ BREHEFAT
HRES AL (iryptic soy agar; TSA) LA
F& (brain heart infusion agar; BHI) ~ “ERt@EBEESE
F& (cyteine heart agar) ~ Ty JJEsEEL (chocolate
agar) MEER LESEEL (enriched medium) FIE
JEEREEEL (MacConkey agar; MCA) |- » BHRE
Ik 30 C B58 4 ~5 K (MIRESR AR A A
#Hk Difco Laboratories, USA; Oxoid, England 5z
Sigma, USA) -

.~ FRIFERLEE A BT E
HHREEZIT ~ B~ BSEARC R B -20C ok

PR AF O ) > R P R L AL BZ B 2K A E R
MasterPure™ DNA purification kit for blood

versions II (Bio-genesis, Taiwan) » {RIEZEIHEAYHE
TRAE - ZZEUC R ERY -20 °C vkiFE - DUt
RO ERE R -

N~ BRI R S AR S E (PCR)
KFT1SZ DNA {ERy PCR [ERTTR A -

LAV IR — 15 [ ¥ (FLB-16S-180f: 5°-
GCGGATTAAAGGTGGCCTTTG-3’ ¢ FLB-16S-
456r: 5’-CCTGCAAGCTATTAACTCACAGG-37)
232 Hsich et al. (2007) -

PCR [ JFEFZFUI T : Initial denaturation
94 °C ~ 10 min > Denaturation 2 94 ‘C ~ 30 sec °
Annealing 5 58 C ~ 30 sec » Extension £ 72 C ~
30 sec » 3T 35 EEER %Ry Extension & 72
C ~ 7 min - 2 DNA FE#LAER B LA/
#J %y 286 bp

-+~ PCR &Y Z K3 HT e 16S IRNA 4
HEE

HY 5 ul:z PCR MR B 1 pl;.2 DNA dye 35
ZREET > TIA 2% agarose gel AL > 2 0.5X
TAE buffer 97> DIEERR 100 fREFHEfTE Kk 30 min 7%
T EEVKIE A B SRV MBI AR % -

#$ PCR B Y% AR AEVIRIAA IR A
HEFT 16S rRNA ERIEFF » B E P 2 & H T
fifs A NCBI #fgii.2 BLAST EfTLEES -

Mook

— RS

AREREH 2009 4 3 A% 2011 4 8 HHEARM »
AR EIRG ST i 40 {EEE A [FITR R R 29 A
FLUGEE 95 fEREA - Hrh 25 A Ry B ERAS
DR RS BARS 1 e 0 2 75 5 B Sy A
JERE - SR EURG M Bt AL A E E
86.7% (26/40 £3) -

RERERNTE S M B IREAR S ETE

H ~ eI ST E ~ RHARIE E B R R AR - DA
EREAN Ry iR BAPEHT G 2 YR - B8R A EER
PREEAR © 1 ~ WkZEAIEE -~ BBEORTE - Bk -
FZ RS BER B ~ IRERZEH ~ msECREIRR A
PEREAR o PRRYp R R R AP g R 2 B i 52
o EE -~ RS ~ Mg R AR e R g AL A I B
WAL > BRI F R R R S -
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At (Fig. 1) o EEMes < T ~ R0 ~ B ~ O
gk - R > EBA/NA—HTHERT (Figs. 1~2) -

Fig. 1 Severe granuloma, articularly in the gill (G),
liver (L) and head kidney (K).

Fig. 2 Gross pathological changes of the spleen: large
and small white nodules (arrow) were found in
enlarged morbid organ.

(D) REBRIER

E R SRR BT IR 43 R0 iR B ARGEE T TR B -
LA FR T RS AE AR AR T T R 2
FERGERY) > SRR rEbEH Hiln e - ST

et (Fig. 3) -
(=) RREDE

B Rl ~ PPl ~ PR b B Mgt 7 B e
B2 BA-MCA SH S L Bl cystine heart
agar ~ chocolate agar ~ enriched medium Z£JE—f% 4%
BrehL o BN 30 C ~ 558 4 ~ 5 Kk 0 i
HE FIPa T IR B S HA SR MR B - HiRf
IV ~ o e Mk ~ Pl o B i B Bk LA i

Bk Fr o JELL Gram stain 57 Giemsa stain > 1] ARG
E7 A il k= R it | Ol NS RN = A MY )
BRI (Fig. 4) -

Fig. 3 Wet mount smear of infected tilapia: mucus
hyperplasia and multiple nodular material were found
from gill (100X).

Fig. 4 Spleen smear of infected tilapia: Francisella spp.
bacilli were found in the cytoplasm of phagocyte
(Gram stain, 1000X).
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R 2 2R MO SR ] AR AR
AR bR YA SR SL R Rk
RN B2 A RS (Fig. 5) - HEE ~ M ~
FPmE ~ Ol - 2R BETE A IE - Sk R R AT
RSt - R 2 LI ~ SRR R
I BB RERT AT (Fig. 6) » DL H-E 3¢
MYIREE - BRI AR A A SRR
REETERRIRE - B0 B EE R T R
NG



Fig. 5 Histopathological finding of francisellosis in
tilapia hyperplasia and hypertrophic primary and
secondary gill lamella (H&E stain, 100X).

Fig. 6 Histopathological lesions of the spleen reveal
multiple necrotic granuloma (G) formations (H&E stain,
40X).
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K 286 bp

Fig. 7 Polymerase chain reation (PCR) product of

Francisella spp. from lesion tissue of infected tilapia. (M:

100 bp ladder marker; Lane 1-11 different head kidney
from infected farmed; PC: positive control; NC:
negative control).

(B) REEMERCERRERIE

i PCR EYJLL 2% HIHRIEFHY 100 fR%F T3
1T > WK EYIET TR E Y (Fig. 7)

#& NCBI  ELKIEHEC ¥ » SEFp iR A% HIR 5 B
F. noatunensis subsp. orientalis strain FE51] 5% F fHT
(FELIRE identities = 100%) (Figs. 8 & 9) -

e DL b gt s et ~ BRIRAEAR ~ s
Wk ~ dHEORE e - B EmEE - RIERE
i S 85 [ R s 5% 5 Il 5 8 B B FE W O S
B WE2 K% By F. noatunensis subsp. orientalis &%
e [ 2 FEEAPEHT ECEERE (Francisellosis)

Percent Identity

________ {2 3 41576 T 810N

4 0010001000087 1086 1047 047 (0363087 1§

200 JR0001000:067 1086 4T 4T 1036080 2 &

300000 -1 0863047:047:036:980¢ 3 10
o 4 000000 - 11906047 10471936 1902 4 Francisella noatunensis subsp. oriental
REREERRER R 18 947 987 5 Francisella philamiragia subsp. noatune
g 6 14 P14 1414 6 Francisella piscicida
017 (55 5555 58 7 Francisella tularensis strain

§ 1556555 65 8 Francisella tularensis subsp. novicida

9 (5B (56 5656 9 Walbachia persica

(SRR EERERRERR Francisella philamiragia slrain

11203 4

Fig. 8 Case of positive samples 5, 9, 10 Francisella
strain with reference strains of sequence similarity. Use
DNAstarMegAlign software compared to 16S partial
gene sequence (nucleotides 180-465), which are 100%
similar.

5
[
10
Frantisella noatunensis subsp. ariental
Francisella philamiragia strain

|: Francizella philoriragia subsp. noatune
Frantisella piseicida

— Francisella tularensis shiain

Frantisella tularensis subsp. novicida
WWolhachia persica

Nueleotide Substituions it 00)

Fig. 9 Phylogenetic tree is based on partial 16S rRNA
sequences of Francisella spp. gene in the NCBI.
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TR R ek BV 37 EC R PR St S 81 2 e ot
PERRRETE - LNl ROk e R Z B £ > 2011
TR EPRTRAE R L OSBRI S AHRA | T
PREIAY 125 BIE S T B A -

JEAEHIFEA 12 SR > 65 fElsiyE - R A
4 3,886 ha » FHEARIURLLEIS A < I3 A
9 KR - 25 [EE (Fig. 10) > FALRERATT -

JEAIE TR 1 STRRIA 4 1th - 1-2 3R
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Fig. 10 Distribution of tilapia farms in Taoyuan and Hsinchu areas. White figures indicate main canals, 1-12 are the

canals in Guangfu, 13 is the lateral canal in Xinfeng. The ponds with Francisellosis outbreaking are marked in red.

Downstream infected ponds are marked in orange.

it (B IR - 13 & 14 5 HEG (F
TR B RES » (EAEPHRSAE) - 2 STRRIEE 10 1t < 2-2
it > 2-3 K 2-9 EERRGE - 3 SR 2
it o 3-1 kR e - 3-2 IR - 4 SRS 3
it 2 4-2 Wl B - 4-3 [ 4-5 EEREGE - 5 ST
A 5 i 51 HhiER > 5-2 MoREwEI 0 53 K
5-5 EAIEGL - 6 ST 3 ¢ 6-1 R Bt
6-2 J¢ 6-3 EAIEGE - 8 ST 17 1 ¢ 8-4 3t
8-11 #iIEH, - 8-12 R mith > 8-13 K 8-17 #
JEGE - 9 IR 3 1 9-2 W kB > 9-3 A
JEHE < FTEAEERE 2 WORBE T - KDEEYIK
EREEARINZ K - HEERREIRIN 12 SRt
HETTERER MRS - 12 SRS 20 3t - 12-2 Wl B
fth > 12-6 I RHIBRERE - FRE IS /KR BOE R
SIS T IREAE Y - FHLL ARG HEH]
AL -

= RO B B
2009 ~ 2011 4ERF9 3 ~ 4 AR 10 ~ 11 A

B KRy 23~27°C [ 24~27°C > BriFHEATE
BAPS T FRBE # i il b >  th B A B R

FERIERRIET 3 ~ 5 AR 11~ 12 H3E 5 B A
TSI - SIS AASRIBEE - 6 ~ 8
FI B0 BHIE R 0  LLRHELEETH 25 C A
33 °C (Fig. 1)~ 2011 4 6 ~ 8 A& 5315
03 ELARFEC T S TR » J651 25 43 -
PREREIRR £ + 10 BERPOIRLIEE 15 S5 R
D EASH » TTE 25 SRR RIS R B HIRY)
PR AT S A I L -

SUI

PR RE (Francisella spp.) H RTEREER
Bacteria B
Gammaproteobacteria #fi - Thiotrichales H -
Francisellaceae £} ~ Francisella & - & —fEfE %5
Ao FRMEIRAEAE  SOEEE - SRR R
ERISIIRE - HETHEINY catalase 1ESE » oxidase
BIE - REEL AR E IR EZ - BfE%
2 200 ZREIHALENY) (BFEASE) - B - Wik
KH ~ FBEE R BEZYSE (Sjosted, 2005) o fEEREEH
Y43 ~ kR EERIAR - Rl RS EE

Proteobacteria Fq
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Fig. 11 The average water temperature curve and numbers of francisellosis outbreaks at tilapia farms in Taoyuan

and Hsinchu from 2009 to 2011.

MAEEE (Anda et al., 2001; Fryer and Hedrick,
2003; Petersen et al., 2009; Foley et al., 2010) - &
B HRnAIRAT IR0k 3 |
& - 535k F. tularensis ~ F. philomiragia k F.
hispaniensis » FH iy Ry A At N0 I B Ry F.
tularensis - 25 [EUERBYFAYR - Z2EZERA
wHHREGYRE - BRER A LRI TERE
(Ottem, 2007; Foley and Nieto, 2010) - 235k FAZER
W 2RI Ry F.ophilomiragia JEYRERE - F.
noatunensis subsp. noatunensis Jz F. noatunensis
subsp.orientalis » i3 - BERYUS /KIS ~ fihfa
& T 2GR IE /KIS R0 (Nylund et al,
2006; Olsen et al., 2006; Birkbeck et al., 2007, 2011;
Ottem et al., 2007) -

15 BAPE T I RE AE F M R Ry e i B iR Y
JRA - 2 Bi— B ER R EEER I - &
B F. noatunensis subsp. noatunensis k2 F.
noatunensis subsp. orientalis ¥15%5#2 Eoilk B bk 5] » 4
R E B R AR A B A RS A - A E
Olsen et al. (2006) Jz Hsieh et al. (2006) 435#E3%
TR E A B K Fa BRLEZ K ~ IR /K B 2R AR
B 3 B i TR I 8 L R A B T IR % [
FELEEFATARZRN ~ £ ~ ] ~ EJe SR E S
fa o~ R ELIRBRRAEZNE B (Soto et al., 2009;
Jeffrey et al., 2010) ; HAth i FEANSEEIRIREA (R

i~ HAR=fsE AR ny %A (Kamaishi et
al., 2005; Mauel et al., 2005, 2007; Jeffrey et al.,
2010) ° it H B R BB GK AR B Y — B s ]
(Kamaishi et al., 2010; Birkeck et al., 2011) »

S PRI HIAE 1992 4 10 H - &
i 52 20 At — e Y P9 B A G A ) P IR B
B o EEAPEHT IR 2 — e S A A P 2 AR I B A
Yy SR LI EERARIR - BN s R EAHE] - 2
e AN RE 2 - i R DL — iR AR RS B
HE o KB — B R R 2 EH L X iR
(rickettsia-like organism) (Chen et al., 1994; Chern
and Chao, 1994) « ELETH » K53 FEW R
A& BECEHTRETE & SRR IIAEY) - RH
FEHTENMTESLE F. noatunensis subsp. orientalis
(Ottem et al., 2009) - 4147 S 2 UG UL BAPE B B
Tl e 25 NG e R /K Bk 2 I S 2
SRR AETE (R4, 2006; 15, 2011) -

TR BPE T FCB  SEAR SR AR & H B
o PRZEAIEE ~ fetslE - Ll - RSB e

i}

SYHU U RRET TR R P BAR - T SIS SR &G
VRO 5 3 I > TR AR [ P L 2% S MR T AR
Yy EE R AT R B OS]
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Fl e A B 3 K/ — RS AR - BRI
TR T2 158 2 38 1 A 2 RS T A A B R R R B
BN R EKEAE  (Nocardiosis) ~ 47 ¥ 15 & iE
(Mycobacteriosis) ~ & S JiE
(Photobacteriosis) ~ Piscirickettsiosis Jz3EHLEIERHE
% (Atypical furunculosis) - 4% - G ] Ly fafd
FEREEIZ - NEBIR/K B IR IR - HA HE
Yum ) - Nocardia asteroides ~ N. seriolae (7 FijfH
E5 N. kampachi)~N. salmonicida Ef N. crassostreae
S i B R g 2s /0B (Labrie et al., 2008) - [
PR 1A B3 £ B A8 o K 1 S - (R ~ B
Bk ~ Lol ~ FPMeE ~ BRI PR 2 i s - L
JRHRESE - DA fite Sbilisett » v L2 BRGSR5 14 S
JEERERAR B BOIRRARE (8055, 2011) - N2
TR BB K ST S G AR B H RO
HOE 160 THAYFRERE ARG - 5 [ RS 53
B EH Mycobacterium marinum ~ M. chelonei
M. anabanti ~ M.
neoaurum ~ M. poriferae ~ M. scrofulaceum ~ M.

piscarium ~ M. fortuitum -

shottsii ~ M.gordonae ~ M. pseudoshottsii ~ M. piscium
K M. platypoecilus &£ -

e 2T S e o A S R N B A B T 1 R
e o TEAIIRERZEIR - w] AR I MBS - %
2B R M S B T L PR 2 T A o 7
BRI R R 2 B Y T 2 3 M N A
i {H RURE B BAPE I G ERA FE  IN A E
AN ANA - LA Ziehl- Neelsen HTFEGL ] FLES
MG BAR A - FOUR ES AN
B RN A YIRS RE SR o G R R
J®tLL Photobacterium damselae subsp. piscicida #x
R NG - 18T BNl R L H 2
g 5 B Mgk - T L2 IR 1 A A e o BT
UG B - R B R R g v LR
PR YAy e A5 ES - Piscirickettsia salmonis FLH
— ELAR KL S B R R T KRS R A AR
Fr 5 Y BE ¥ o B AE B OB R H B O A
Gammaproteobacteria #f - Thiotrichales H -
Piscirickettsiaceae £} ~ Piscirickettsia J& - salmonis
T o A R - SRR AR - B R B
IRRE R o/ NERES - BRI 0 1E
18 e FE R 1] - P ERLEIE K - R b T
JEA - FFBBER s 1 HA 23 A 0 ke - #i

AP ER U] P WA RO B T e ) 7 B A 2 e
RNE I FEEBCE MAHNRTRE - RILERIR L E
PR Piscirickettsia salmonis & EA AR
%t (Fryer etal., 2003) -

JEBRRIERIENR (Atypical furunculosis)igs il gk
L7955 I I b atypical Aeromonas salmonicida » 7F
MR T - LR AIER AR S Bl iR BAPS B I RE
FER AL - KR ~ SIE R RS, - BE
IR e ~ TR Mk B Co kY AT 2 e A - B I EAGRHL
Brteds - nE SRS AR A S LS M
SR > T DU M I A A 90 e 26 UM I
BREIVENELE - R UAEAL A D A 1 - BESE
TV I B E SR R A g 28+ RITW] Bk B
W REAEAFTER] (Soto etal., 2009) - JFHAYERE
I A B PG 0 SR B T & R RS 998 ] HE B
(Mauel et al., 2007; Colquhoun and Duodu, 2011) -
BESRE Z A & 5 | BB R BV T R G
I HARHA R RE T RIEERE ~ R
i 53 Pl B T Bl AR AT AR < REUE S A A
WEVERIRZHET « AR B B U s A3 B
TR T BESN - B DA UG e IRR Gt R
ek PR 4 B 1 T 3 3 B2 T DA BR R LR IR B 43 A
PR EGL GRS R Ry IPE T R [ 5
PG R o SOR0 GRS A R A
HR T LB SRR R ~ BRAIRER - S BARE Feik
BAPEHT RGBS -

KR53 B P T QR i A R A — A B B
EHEBRE AR R L EEPaE TS
FHRR AL TR SR EC TR AR SN U D = L R
cysteine HYRSEEAHHIHEE BREMIFEHTR AR
(Olsen et al., 2006; Mauel et al., 2008; Birkbeck et
al., 2011) « RS2 Bl e & o i — i R g Ak
BeURIN cysteine @EFRAVESERR - IFENE WK
30 C BE BEmMEATKEEARRS -
Kamaishi et al. (2005) /& B 174 EEAPE AT G
L HARZ et o - BERIURIN 1% IMALEH
Z cysteine heart agar EITESE - IRARBER T/ Bl
FIHLE - {EELEGH (2006) $REEEEEIGRIEIRNC
RIS — MBI T A LR » &R
23~ 30 j¢ 35 C=MEAERRE T - 5588 7 K > A
MRS E  HEFERY Thayer-Martin agar A 23
CHR3~6K  aEBHETDEE - IKHBREL



Eiv% © [K Francisella spp. 42 Rl R#EE © —
st B o AR R AT 23 ~ 28 °C - T AR 35
C DI EAE - K > B2 Duncan B, Birkbeck Jf&
FEVRAN cysteine BRI SRSRARFIR SR HE R T 2%
B B A RANA 5 AT S SR g
KIRAV SR BN A B TE F. noatunensis subsp. orientalis
f* 30 C DLERIAEAERZH <ilEm - HRICHA

AR HEBIEHIG 5 ~7x 107 cfu/ml (YEE
TS S0 B B B A e th I 3ok 5 ol o B B )
g A HEB BN > BRI - KIECHERT
3 ARG E AP I RN A e G A & 3
FEYYR (Duodu and Samuel, 2011) -

R AN BRI F —fike < B B AN B 50l - A
SYHMNARIN cysteine ~ A= BRIM R AENC T HI%E
RRSEREL » fEEGHE TR - fiE A gE RS
B o KIER 16S rRNA K 16-23S internal
transcribed sequence J7 =S AsHI /T AR Ry AR
IR E F 2 2B /% (Soto et al., 2010, 2011;
Duncan et al., 2011) o 748 2K H B e oK 8 40 5 2]
Francisella spp. #liE » {ERHRAE TEARZEHGIE
FH# (2007) P8 sl S EEREEE I E - PR
CEBFEY R E F noatunensis subsp.
orientalis strain f£% 5 EAHT (FH{LUE identities =
100%) » 38 BEA K SE g HH R ER AR AR B 7 2
BElFEH F.noatunensis subsp. orientalis Fff g
G- Hhig Hsieh et al. (2006, 2007) FJFH R S EGHEE
[z FEARI IS 2 FEMA R B f S S 3 fa > H 168
rRNA EKFyEYEL Francisella philomiragia
F. tularensis subsp. novicida J F. tularensis subsp.
tylarensis FH{ELE 43 BI3E 98.7% ~ 97.4% Ed 96.2% -
HEERR R HHEE fy Francisella spp. ZJ&4L - 1
B/ 2 #5 A 16S rRNA -~ loop mediated
isothermal amplificatiom (LAMP) &, RT-PCR 5
A1 F. noatunensis subsp. orientalis &4y f
T Pl fa B = e - B AR I R R AR e
&4t F. noatunensis subsp. noatunesis Ef&E (Ottem
et al., 2008; Duncan et al., 2011) » FERIFFEHRE SR
Fh bl 5 R S T AR FRS SRAE IRk R B PR
R Pl ARG EfE Ry F. noatunensis subsp.
orientalis - EL#% Hsieh et al. (2006; 2007) FEH—F
AL B R pRAE » JRBAE S N A AT -

T 25 SCRKAIE B I BIPE 17 PR B A AR 38 S
A R EOIREERT - BB SRR B - thEnd
Ji¥ & G £ 19 % 9§ 8 1 o Colquhoun and Duodu
(2011) EEFEH F. noatunensis fE5&:& 8 C ~ 30
KB 12 °C ~ 16 RAYERSE T - sl IR H S
JIHIRRE - DA _EBUARFFEREET 2009 ~ 2011 4 8 H
Fy e 1 it 52 9 91 IR D e T 4 f [ AH [R] - (Flig.
10) » RIIRHIRRALL 3 ~4 H e 10~ 11 358 4 |
A RsRmenle ] - ERFIRI AR AR By 23 ~
27 C > FoyBAVEHT IR R b R Rl - [RIBLAH
BRI BB - 23T A R
B o AE 1~ 2 A7k I 20 CLAR » 7~9
A7k RIS 30 C o BIG3RIEE KT %E
Wi 1k - SHEEREN 6 ~ 8 HIRERAHE TR
B BN EE R B R B A A ST
B e RN B R L 2 AN ERA 1% 5 {HLL
AR B NS ] R RN R
15 B RRFE HiE IPa i R AR I Rl TR R 2
BRIRAIRIAT & -

AL W EE A P T R RS Kk e
835 R B K AR B ) L R e (Mlignani et al.,
1988; Duodu and Colquhoun., 2010) s [LFEHAPYIE
E/INGEMR ~ BB SR BiERS 3% - JEAH] PCR A
W5 = e P8 Ry L BV i IR B (Jensen et al.,
1969; Forsman et al., 1995; Anda et al., 2001) - 1994
R FEE BRI R RIE T Z BT e K
ARG PR B B A AR FT L (Chern and Chao,
1994; Chen et al., 1994) - (HE& & 7T R A 5E
BASZ B R RS RS E T 3 o 4 2 2 i e B L S
e ARSI T A VBRI B R [ B Ry iR B P 3T
KB (Hsieh et al., 2006) - 1ERAPG T FCEEHIE R 2
JERE B R i G AR AN ) ~ TSy
IR BRI BT e » (HENR fkE - ST
R - HA IR — KR —EIER 4
HERERIS - R B E IR S AH R R A
IBC A - BTAD&EE AR E4: (Forsman et al,
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The Investigation on the Infection of Francisellosis in Farmed Tilapia in
Taoyuan and Hsinchu Areas
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Hui-Ping Tsai' and Chin-I Chang'
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ABSTRACT

In recent years, climate changes accompanied by unstable water quality have often caused outbreaks of
diseases, followed by mass mortality of farmed tilapia in Taiwan. Francisellosis was previously known as
piscirickettsiosis (rickettsia-like organism infection), but now the pathogens involved have been renamed to
Francisella spp. The disease has been reported as occurring in different countries in Europe, North and South
America, and Asia (including Taiwan), causing infections among a variety of wild fish and farmed fish, and
resulting in serious economic losses to the aquaculture industry. This paper investigated the francisellosis
infections of farmed tilapia in Taoyuan and Hsinchu areas during different seasons, considering clinical signs
and the relation of water transmission from 2009 to 2011. The results showed that Francisella spp. found in
Taoyuan and Hsinchu areas cannot be isolated on common artificial media. The pathogen can be identified as F.
noatunensis subsp. orientalis by polymerase chain reaction and DNA sequence assay. Downstream pools may be
infected by water transmission from the drainage of upstream farms. There are two peak periods for
francisellosis outbreaks, March-April and October-November, due to these periods are the most suitable

temperature for the reproduction of F. noatunensis subsp. orientalis.
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