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WIS ¢ ERE S A% A R e i

RRE - BRIAE

R=NE

BREE - HEE - HFET

RRENEA B I

HE
MEOL R AR E 2R S

& P % p 3k A (intranuclear coccidiosis of Testudines ; TINC ) 3 e e
FERRE RS BEBOES o A bR

J}E‘an fﬁ‘-ﬁ\ﬁii}i 5\3,3_—;2;‘?’7% 4 ﬁv;}'ﬂl‘]{ﬁ = .91(57\9}*}2&3{5 (Geochelone

elegans ) R

A"
EICEEJR ll - A ,.‘-E'..f.i‘«-‘}?i

p?/;»/}%‘gcp-‘l.mf/]ﬁ

I\J ;.EL—" }E!IML ° q—
(I8STDNA) A B 7] R H B
2 &P A (AFIREAS:

% ;*‘3‘ 5§J‘?§Eﬂ7mx o

i o B

4

m

ENEE$E ( Geochelone e/egans) =fEERZ
EBE HmalE  EEHBRERHFEFEFNZEM
& FEERERE  BERERATEEY  HE
EERNEERTEHVIFEZESPRRIRZHN
ER— -

PEsE BRI EE B ZANEKaE (intranuclear
coccidiosis of Testudines ; TINC ) &2/ 1990
FHREEIR - BRICHAZEEEEEEZNERR
[2,9, 20] - &E=E - BOMKPEEREXRES [2,

13] - BAMBGRHNEHROFEENAE (Astroche/ys
radiata )~ MEBEHEESE ( Indotestudo forstenii ) ~

RASED PR SRA G R g
B oA FHE2 617 TR E S BIATE
FEFS OTRAE RIMPT f AR s RFT B ML T
RRPERER  BR S 5 48.6% (300/617)
AR R RIS R -THRI T ¢ PR TF R ER TR
WEE FOAFER S B R LISV AV H WU e
TR 0 T8 AF F e P F
A S HAEE A RS ME B ‘zmng;{rpx & imie b v
TAPTiE 3 ERXRAMEEZ RA)TE P BRETBERT

T E R A 2 P E R
PO EEY ]l Es o B

RS -
AR 5 11.3% (70/617 )< p p

LafEH k2 L Eeh
LIRRGR B

47

2 P 27rE 6 (Indotestudo forstenii) #7ip| 1%
AY728896) F 7|
B “L% P FEIRF P R & 4 1?517' | 2 4 TINC -

LT e L i L TR
P GIAR L T IE S B A 6 g

AHRITIE ~ 77 FEYEGH ~ IEEE

W EE ( Stigmochelys pardalis )~ &

B W% BEsB ( Manouria
impressa )~ fi|$E ( Heosemys depressa )~

MAIE S5 %E ( Chelonoidis niger becki) - RES
785E ( Terrapene carolina carolina )~ WA #FE &
( Pyxis arachnoides )~ IREEFESE ( Pyxis planicauda )~

#Z#IESE ( Testudo marginata )~ THEkEsE ( Testudo
hermanni’) ~ FEPESE ( Testudo graeca )~ U]T\FESE
( Testudo horsfieldii ) - #RiZEZR®E ( Centrochelys
sulcata) &=l ( Chelonoidis denticulatus )
#IMEZRE ( Centrochelyssulcata)- ENEEEZE |2,
3,8,10,11,13] -

( Chersina angulate )~

* HHENAREUEE
BB BRI TP
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TINC 838 23k s - BRI ARmE M RE
HEEEIE (genus ) KBRS /NREMZIEIRZ
HEZBEER ( 18SDNA ) BAIRG D TERR - 2B [R
77K Eimeriidae A Sarcocystidae 2 [11] - H
N LA Eimeriidae REE % % %% ( basal lineages ) &
W= [10] -

TINC Ry BB RS o) R AERE  (BFE R TERRES
NEFEPRIRANENEFELUREBNERNERE - #
AT EERAHERCER [10] - EEREIZ 30 2
47 X ALEBERBERAEZOE 43 £ 133 XsSlE
2T BrEFEPOEREFELDR 10 EZ£ 40,000 fE
OREE [10] - SPEBEEEHLE KB 3~4 XRE2ER
ZF{t ( sporulation ) ZFR{EWIPEFEE 4 @8
T8 (sporocyst ) ERZTRZAE 2 EMEFR=E
( sporozoite )[10] - FETBELENVRO A AR A - TI883R
AEEBMERNIkES - B115 % &5 (trophozoite ) B
LK 2~5um[8,11] ; HFEEE ( meront ) B OJE
7 um REKSZIEF ( merozoite ) [8,11] ; HEF
EFEEN4x L5 um - BEE—FOERP O
#% [2,8,9, 10,11, 20] ; KBcF#8 ( macrogamete )
KNBL 782 ( microgamete ) 23K - B OE
6 um[8, 11] -

TINC WA BB MR B HBERMA - TR
2% DMERS  WREBERFARKLEZRSR (2,89,
10, 11, 20] - SZRCRPEEBRERIRAEA - BIERE - 18
BE - REERIES - BT - WIREE: - ABEWA - IRES
WYNIEIN - BEK - BERE PR BFEE - K EB/KIE/Bm S [2,
8,9,11,13] - BRIRAEAR IR - OIREMEIRRIET [2,
8 9] - BRNAIRFEE - elEMEED  OBREMRAE
W RN HEPERAL - 83X BREXER
AEHRKERE HRHEE0EREE - BHiER
HEBRRE  2BFEFKES [2 8,9, 10, 11, 20] -
AARIEET  TENRFRER/MEIKERARMRK
TERERIES - HREEdRARZAIKSE - UKD
FRARE RS ARIMIIKSRRER (2, 8,9, 11, 20] -
ARzNE REEARRENIKESE - HPpRIERE -
R ANe ~ FRARRE - BEE R ARRR - BRIREE R EA
e~ BBRAIE ARG - B/NE A7 AR Re R E R R AR
RER - B o IEERR - B LR - &5 - M

ERERMEDIIRZAIKESE [2, 8,9, 11, 20] -
ZAIK g2 PRI PEEB IR - MB TS [7,18] -
SBUNSFE ( Australian geckos) [6] ~ & [16] & Fa%E
[171#%3RE - b9 - WELERES [15]REEE [14]
tMEWBEARKRBARKERE -
AEAIHRENEEBEF TINC WRIRFE - A
BRIBERERS FEVERAIGER  HEEHaH
BEBYSEEERBEISE -

e

617 EBBUKEESENINEESE R112F9H
24 HERBURBRRMBEABREETEHYWE T
DR - ZMEESHREEBRAEES - £ 113 F
11 AN ERREELIRZERBELT  HEAREE
EBHHREARENTECHEFEEHEEESRY
B2 2114 F 3 A% HEETHT0E  FFTX
#11.3% (70/617 ) - 88fm=#%) 48.6% ( 300/617 )-
RREBRAL2RIRE RO YIB - KBS
B ES - BENE - Re  [BEFER - BARPE
w3 EESE  ETREZE (F%K1-2-3)°

PBR
HtolREEREZEBEEARE (B 1-2) M
EWeEMHEREXN  BEEUVHE=AEHREE (
4) BRHE=NECEBREE BEMEEAEEEE
MRS CURE SR (B 1~3 ).

(R TRIREGE

BliRE 10%PHREEMNEER - AMETE
Bk AEEIERY R - BETHRAE-FAER
Rte . BAMRIZENE -

i - MESEZ2RSUF/EIRT - BHXE
REERXEARREEZRE BKAR
( melanomacrophage ) = E45 - & KA o
( phagocyte ) B4R AR A AR IR & K AR AR A 7N O
RAXIER (meront ) WFE - RIERBAZEEA/ )
ZEFSHEEFEE—ZWHIEF ( merozoite ) -
EELrFARNARZZERER  EARAES
( bizarre ) WEARA - BLEEENARZAT
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RIS : ENEEBZRAIRERIE

£ 1 ZE @ %= ( trophozoite ) - i F 52
( gametocyte ) KEER - AR ZREEIN O
ERFEENELE (B 5~10)- FEE EEMARD
ERER - AREEEEROERSRILFE (B
11-12)-

fRE . IEE FAMAMZEZIRIESE - BA -
EARER - MEBARAEEE - 7o REZRME RAZHK

HWILHE - ARz R%ZER - M FRRRE

- MEEAEZKEARRE (B 13-14)-

BB\ E2RSEF/MRE M HEREERT
EIERABRNIRAMEIRE L EMARRE - B/NE L
RARZEIREX - ERER - TERARZATR
HER KIS - WY EARERARZA - B
HAN 2R EELEE—ZNEAET - BRNE
BE  FAAPSHE~L  seRuEit REEKEm
SREEMNIRSE (B 15~18)-

i - BRERE 22X B REMMARIRT - e
ABZIEXR - EREE - 2R R FRSHEE &
AlpE RARZAT O REE T - EBEAPER
Erd#gmE (E19-20)-

T 2 48
DFEMERA - AP SEEERE (PCR) &
BB RERZNIKEZZE - BPRENSIF2£%E
VanDevanter £ AKX [22]25|F - MAIKR S E
Garner £ A [8] K& Innis & A [11]%&XK25|F -
— - APRESERAERAEY -
- AIKEa R
1. #ZBEERE : DUMEEJJIRE 200 mg 44 - B
A2 mLBEE - MA 0.7 mL R EE %
4 IR BB K ( phosphate buffered saline,
PBS ) 9B EEAABMIIBHKPIIE 4R
BR13IY - BHERNERABLENRN - U
T8 2,000 EERER O 15 0E - NREYT
MEH EER&R - HBEZEERER
MagPurix® Viral Nucleic Acid Extraction
Kit ( ZINEXTS LIFE SCIENCE CORP.) - k&
BRIFDEETT RN -
2. #ZA¥Ksa PCR K 18S rDNA R3S HT : Ptk

AR EREER 25 uL - 88 125 uL =
master mix ( Quick Tag™ HS DyeMix -
TOYOBO CO,, LTD. Japan ) 1 yL Z5I+
(10 uM - forward + reverse )+ 9.5 uyL 2%
FRK K 2 ul ZEEEENR - S2ESRERX
Rt [8,11] FET 3 ARELSEI3ERE:
PIRER 1,769 EiE % (bp ) 2 18SrDNA
Fol - 85— 1,128 bp KZE 3 & 451 bp 2
SIFRMERERS50°C- 5 2 370bp Z51F
MERES 55°C  BABGHEYEAEMIE
£# (TOPO® TA Cloning® - Invitrogen )
KELE R AAETTERNEE - BIEPISEYLL
BEERERFS ( Sanger sequencing - A
REYIIL ) - FRIGFIITIRERFIIE - U
SeqMan &3z ( DNASTAR , version 7.1.0.)
HEXRRLN 1,769 bp ZFF A EA Basic
Local Alignment Search Tool ( BLAST, National
Center for Biotechnology Information,
https://blast.ncbi.nim.nih.gov/Blast.cgi ) &
EREL ZYE - 3 BERRERMMEZFIIL
MegAlign ( DNASTAR, version 7.1.0. ) Ek§8
ClustalW 732 17tEY - 3REFSIARLUE
112 99.5~99.7% 2 - ol ATEA (Intra-
species ) =& - ERAHE—¥1& - Ll BLAST
BEUEH7ER  REAOELSRRER
HiPESE ([ forstenii) FTAIR 2 B B AEK
52 (accession no.: AY728896, cover: 97%,
identity: 99.42% ) HEZENMOBBERNZE
2.
MEESsZAXREGZEG DN
( phylogenetic analysis ) : £% Garner &
A [81% Innis A [11]81T 2 fR&BEZ D
- FTHEHEREE ( GenBank, National
Center for Biotechnology Information,
https://www.ncbi.nlm.nih.gov/genbank/ )
H BRI F & F( Sarcocystidae ) R EHR
( Eimeriidae ) [R£2 2 18S rDNA FE&F3I -
T %825 ( Hepatozoidae ) Z KFF#% &2

( Hepatozoon canis, accession no.
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MK091088 ) &9ha% - 3£ 24 1RFH - EITHR
#ZEAG DT - YL MegAlign 32 ClustalW 75
AETT alignment 2% - UFIIEEEERLL
MEGA 11 32 [21]Z Maximum Likelihood
7 %5t & Gamma Parameter for Site Rate
7 017 [12] - BLIE—##8 2 Neighbor-
Joining 7& [19]1# B EEH ( bootstrap
test 1000 replicates [5] ) - & 1k B 8 X
Kimura 2-parameter 7575 [12]5t8 - FRfS
2B RFSIAFRSIMNE 21 Fir - & b
DEERE Garner £ A [8]K& Innis A [11]
FRS 2455 - Bl TINC - AfEFaRI R ER
ZRBZBEMERBE ( monophyletlc
group ) M TINC BAX =R 7 [Raa B0

A 7 Bt R E
PR AS MR EERETAES - ALAE

#® - LL16S rRNA ERAFIILEH A EEAH -
REIDHERBR  HE 1 ZEEBAEEES
Morganella morganii~ Pseudomonas aeruginosa;
W5k 2 7% Aeromonas hydrophila ~ Citrobacter
freundii ; #5% 3 % Myroides odoratiminus -
Morganella morganii - Lt iEIIIEBERER Y

A A

i 3 EHEEERLAMRESRRE - RN
W BRABRESERESREAMIRIERE - NE
HABEAR TBEARZARDEEMREAL
MpRsh - BIREBEARERNRBESTESR - £0F

TWBREINDIH - DA TINC B -
TINCHRR A B MRER BESIES R MBRERN
mE [2,8,9,11,20] - RAREBIH - BILIKTHE - B
FRRRIEREERRE - £MARZA - MRER
FAIRSMIRIR A S B ARMERINIKERER - HPlL
HRZzARSREER - MAREAKARINIIKEE
WBRAEDR [2,8,9, 11, 20] - ZAIKSRHERRK S T
BEREMER DRAR - RIDEEE ERMARAE
INE ERAE - MAARRERRASRIRIKER

R - #A3ks%E periodic acid-Schiff ( PAS ) 36
T =R (8] EEMW 3 £EEE - ARKER
ReRETE R R AT A B E 2 3ImALBIS [2,8,9,20] &
BRIl RAREEE B FEAS ORI BERN S
CHREREERSIEERE - EEEREEMEA

HOMAMAKEE TEHESEANE - BK - Bl
KIEMEE R EAR [4] -

=ER TINC &0l - &F 1% 2019 F8ER=IE
MUBYEB BN EE AR S [1] Hig
HEZERA 17 Bk - REONE - S HERE
FRAR - ET PCR WAl - BIRERITESR 28%
(n=22)[1] - AREFERRRBEEFEHYINS
hOBRERED M - AR E P OR B EBEAE TINC
BBl R R ZRCGRERR B EETVEASZRITL
IR - TINC WERIBE R L - BFESRS B4R
Binhe - DURIRENORE - BRES - S EAHIEERIRMN
HFET PCREA - HEEBBERIER 2,9, 11] -

#HZEHA - TINC BRI RKER - BRISH
Btz ( caryotropic ) WIks:E & EI¥E Eimeria
Isopora K Cyclospora - £Z/VE 111 - 1901
BRABIRZBARREENT L (8] BAICSHHN
RARBZ LAY RERI TR  SFEBW
E. hermani [18] ~ BN =M
I nucleoheteronotis X I oedurae. [6] - 581
I lieberkuehni[16] ~ BRI £ vanasi[17] ~ B4
B £ alabamensis [15]A K BEER C talpae[14] -
AREGIHENEEBFTAFZAIKSRRER 18S rDNA
A RINN DL - REREZRGRIL HTERE
DM RERBEFRREYERN R - HERE
Garner A [81K Innis A [1113E1 - &k Innis
ZA [11]WEE - TINC BRIDE  EERHW
B amiEikes 2 EXan B R(BESF a8
- BEIER TINC 24EERTAEE - HiEEie
AW D - IPEFEENER KRt RETE 7T -
BEREINEIFER/ ( RFAEINEE 6-7 uym ) B
HNBEBYRES SRR - MERNEHATRERE
@t [10] SEFESREERBANRRRAHAE
FIEARERY [23] BLERREEM 2 K EWE
E

E. stigmosa [7]#2
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RIS : ENEEBZRAIRERIE

HraiEaE TINC WIS ERE . 6F
toltrazuril ( 15 mg/kg PO every 48 hours x 30 ~
45 days ) 8k ponazuril ( 20 mg/kg every 48 hours
x 56 days ) [2] - MR TFRIEEABEMRERE [2] - Wi
toltrazuril RUAEREIEMEE 2 BN - #EBERK
fEAR - BEREA NS EMRIEMRE  REHE
PExT [2] -

EMHREAPHEBESTHEEENERRBE

B 1. 651 EREEVEENEE  BREEA
EROCEMERLURRELS (e
) -

3 R 3 BRI ERAEE AR RAIRKE

BEAES (AR ) -

% BZENARRBESYRAIEEETAEHE
EREBHEREPOLNBREE - WEARKSAIZES
fimER  NEBEEERNALRS  ERS
(ranavirus )~ BIRES®IR ; IES - TINC TNEETT
18Rl - HEFREEAREG R SRR S I A B S RIABE
MEBRARZE 22%E  WRESBEEHN I IRER
KBREFEBWAE -

/; i '
=

2 #wmeR 2 EEERVEFARE  BRRAERE

RERR RBRPEAVECERUUKKELR
& (A esR|) -

4~ MRt 1 FREREMPERERX -
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e

5. M5 1 M - 2RZBEIERL - 6 #S% 1 FTHE - disRMIRIE R ERSEMMR

R

7~ A 1 B MRaTRETE (RER 8- ik 1 M REFERESE (FEH
) - ARRER (EesR ) kMBS (=e BR) -
AlEE ) JREIET -

b"“

Tk Ny e

10 ~ 4w 1 - BTHE - FTARARROAR AR E A R AR S
(Re#sE) - ORRIEF (REFE ) - AEEATRE
T (SeHR|) -




RIS : ENEEBZRAIRERIE

11 #R5% 1. BT - BEE ERAIIREIR RS
& - BHREZEX - RARARA - BEEREA RO RAER (ReHE) ErE (58
BREMRE - IR AN K B AE AR AUEE ) -

s -~

13~ #Ro% 1 MBS - ERMRREIEE - =RERIR 14~ 4R5% 1 PESR - MiRZAYRRIET ( REBA
5 - 58 ) -~ BoFiS ( BB ) REMAREER
ZiKa3 -

v B
P

15 %5 1 B - B/ EEZRIRT - BEEK 16 ~ &5 2 - Bl - B/)\E LKIET - BEEK
At - PE - #AERPERRKAMEINRE -

St

15
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B/ 17 - 4w 1 - & ; B 18 -

AiEE ) - AR KREANDRRIET (B2H AiEE ) BT (=B ) - MRZEEA
g) - ORKET (SBFE) -

ke > ol % o

20~ #RmE% 1 BRBE - IRAEZHRIRFEAEEFE
A - -
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ROIERES : BN EBZAIKSERE
U94787-Isospora-belli =

86|- AF106935-Isospora-belli
AY618555-Cystoisospora-cf-ohioensis

KF854252-Cystoisospora-suis
AY279205-Cystoisospora-timoni
DQ227420-Besnoitia .
U03070-Toxoplasma-gondii >_ Sarcocystldae
MZ329386-Sarcocystis-halieti
99 [ MG272290-Sarcocystis-lutrae

77 OR921254-Sarcocystis-svanai

OR553292-Sarcocystis-cruzi
98 |: PQ536471-Sarcocystis-tenella

61

N

AY728896-Intranuclear-coccidium
85} 0564-TINC @
49%70373-TINC [ ] TINC
100 0371-TINC @

GU479655-Eimeria-subepithelialis
E[ GU479650-Goussia-balatonica
MK809543-Eimeria-taggarti
AY613853-Eimeria-arnyi >— Eimeriidae
KT184331-Caryospora-cf-bigenetica
KT184350-Eimeria-papillata
99 - MW649139-Isospora-sp )

N

95

96

99

MK091088-Hepatozoon-canis

& 21 »

0.050
ENEEEZAIKE 18S IDNA MZBEH O - MEBEGHOMEREIR - BEBZAIKE (TINC ) 978

F=atl (Sarcocystidae )~ =% ( Eimeriidae ) Z/R2ZBEME 2 ( monophyly ) - HBEBZA
eV EMN 7 [RR BB - AR THAREANTFAFZ 3RINEEBZRNIKEFI - KRS
%L MEGALL 8383047 [21] - £ A Neighbor-Joining [191A# MR &R % - B BT T REN
E{ER (bootstrap test 1000 replicates ) #HEA N RETRET —ENEERBNBDLEBRESX T
73 [5] - EERRRtbAEH - HXRENEMNEBREEE(CHRECERNEMNERE - E(CERE
Fi Kimura 2-parameter 75)% [12]518 - EMIABEUMIOBESRE - UMBWEREZRD gamma
distribution ( 28= 0.17 ) &1 [12] - ARPITER 24 FREEFS - B2 EUMBRERNWAIE
BRMIER - RAABERERHA 1,562 EE -
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Case report: Intranuclear coccidiosis in Indian star tortoises
(Geochelone elegans)

YC Tu, IW Chen, CH Wu, YW Chen, SC Hu, YC Chuang*
Veterinary Research Institute, Ministry of Agriculture

Abstract Intranuclear coccidiosis of Testudines (TINC) is a newly emerging pathogen found in
tortoises. It can cause severe systematic infection and is capable to infect multiple species of tortoises.
In this case report, we described gross lesions, histopathological changes, and molecular
characterization of TINC infection in three Indian star tortoise (Geochelone elegans) sheltered in
Pingtung Rescue Center. They are individuals among a total of 617 impounded illegal trade G.
elegans. One year after residence in the rescue center, sporadic mortality started to appear. Clinical
signs included increased eye, mouth, and nose discharge, urine retention, weak, weight loss, anorexia,
and lethargy. The morbidity was 48.6% (300/617) and the cumulative mortality reached 11.3%
(70/617). Gross changes included fluid accumulation in the body cavity, mottled liver, yellowish-
white and firm kidneys, and accumulation of a large amount of yellowish-white crystalized granular
material in the bladder. Histopathological examination revealed multifocal necrosis with infiltration
of predominant mononuclear inflammatory cells in the liver, kidney, and pancreas; and the presence
of an intralesional protozoan parasite of various stages, including trophozoites, gametocytes,
schizonts, and merozoites, in the nuclei of the parenchymal cells. Schizonts and merozoites were
observed within or outside the cytoplasm of the parenchymal cells. Following the analysis of the
partial sequence of the small subunit ribosomal RNA gene (18S rDNA) of the protozoa found in the
three infected tortoises, it appeared to be the most similar to that of TINC detected in Celebes tortoise
(Indotestudo forstenii, GenBank accension no.: AY728896). Based on the results of various tests, the
Indian star tortoises were thus confirmed to be infected by TINC. This case report can be used as a

reference for wildlife and exotic pet veterinarians.
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