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B, PU XY —=<R Y X =B YN TN Y N X = VHEICE
% Trypanosoma equiperdum \= X > TH| EFEZ I3, 7 ~RENY) O BRI HR <
» % (OIE, 2013; Gizaw et al., 2017; Ahmed et al., 2018), HIAR TIZ, U=, v I
THREDHEDD 205, v~iFu e T Nicl_CRcEZErsE . BEELLST
WEINTWS (OIE, 2013), T equiperdum 1. &GS O ERGE CHERICIE L Y R D
Bic v ~BlEPIME oo fg S i, BEREE AR OVRIE, K2, BmORE, MU
DIEE, I X OB EDSRAIERE R LA, By A ~BUEHL TR 4 ICHET
LCWE, JEEHITH 50% & #EE LT 3 (OIE, 2013; Schlafer and Foster, 2016), &
D XS ICEIC R TH D WE X, HRTOREIREI N TWARnWb DD, Y
TARVRARXZR Y pLHE, FEVIAMICHTFTCOT I THE, =54 7923
LT REDT 7 ) AEER EOREREEICEWTEEL T, KE RRFNEY
2 Tw3 (Gizawetal,2017), HEGREDO—DTH 5TV IV T, BERES BT
AHEE (ELISA) Z W TIThN L EIRLOE AR Tld, ERE T 4.8%., Hifkic X
> T 10%A LD T =23, BEEDEEDLNZIRIICH 5 Z L HBHLLIC o TEY, %
DFREFHE T 10 B EICDIT 2 EHEE I TW B (Mizushima er al, 2020), D X
5 7 FENC 31 2 B EIC D 2 hb b3, IR RIS IO 3 2 B0 e ia ek |6
VAINTESLT, FROERLE BIE T H8 IR ER o s X ks E—o FB
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LCHEAEBEEINZBREZA O ANTERBSE T 5N T WS (OIE, 2013), L2 LIEE
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T. equiperdum &ofgx7sfie L ClRROHEICIZ, & M7 7 Y AHERFZ 5 2k
T brucei gambiense 5 X U8 T. b. rhodesiense, HZ R EEHPNIC + ) X ) Y — <
(FAHFRFCA—TK) %5 ER T T b. brucei % T. evansi BEEN L, ThbDJF
PZY 2y o AZRIFLOETI2RMERIC XV EFES A, ENRROART 2E%
TN P Y X Y —<EOEIEIC X ) K& fiEE 2T CT& 72 (Maudlin, 2006;
Desquesnes ef al., 2022), FfIZ, & + ORMERRIFIE 1900 FACHTH: 2> & RIS 22 1T T, R
PRIEBEBE MR L T\ 5 7213 THER 30,000 ALL EDFECHI AR S T/, LA
L. 1900 FEAY & 0 A B O A FHkIE & L 722030072 TPiiks X il 272
WL 23T X, IR BT S L LAEEEUE 1990 R KX D 3000 AL 22D
TD 107D 113 EDRNETHERE L T3 (Franco er al., 2014; Kennedy, 2019), T @
TRICIE, BARFEGI ORI 2EF TS & & bic, BEIRE O BRRAEIR
R E T L - KRB T L O & 2 b F o 7 EERREAE TR 08 A I
i, HERFEOIRENSIH L ICINTELZI EAE T 5N S (Bouteille er al., 1998;
Antoine-Moussiaux ef al., 2008; Rodgers et al., 2019),

L7285 T, BEICE W T O AN RIBENER 3 2 BT, IO E-C 5 K5 &
TH 5 T. equiperdum DZFEMBEZ RS 2 2 L REETH L, LrL, HABEH O
S BR AT (2R 0E DIEFIHR & ISR ST B (Vulpiani e al., 2013; Mungun-Ochir ef al.,
2019; Yasine et al., 2019a), 7z, MR EIE 2R SRR PCIRAE 2 HEL L 7= EEREY) €
7 OVIIARHESZ T, JRREMRIAZ HIY & L = EERE AR 3T b TE b 3, ED
JRREICIZZ K DR E KR I N T E /2, T equiperdum 12, > + V%) v —<]§D
Jie ZzoMEEZRELRICLTWB I EBHILNTWS, 20l LT, T

equiperdum (IERIC X > TR I b 2 &2, PRMRBICHELZIPR L w2 &, 18
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N3 (Barrowman, 1976; OIE, 2013; Ahmed ef al., 2018), Zh b DOEH 65, b b OREIR
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SV LTw Y AETAERWT, v v ADOETEERICE T B T equiperdum D ZFAEEIAL %
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IR EE T, B0 A~ BUFEO R OB 2 Y R b RAICEHLTHL, &
DIETEHFEIE DERRFS®IZ, T3 DDIRA T —VIicRillEn, ZNETND AT —
TR IERARD b D, AT — Y 1 TRAMEER L & v o 72 4MF A bR O
FHEZRD, IOICHETLEZRAT—Y 2 Tk, KERESHRIEREZ, 27— 3T
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N3 (Claes et al., 2005; Ahmed et al., 2018), HEEP AT = 2H 5 VWIERAT -3 T
B9 5 MR . B O R LRI DR i b — AT H D (Hagos er al., 2010b;
Vulpiani e al., 2013; Ahmed e al., 2018), T3 5 DAEIRIZERE % NI & 2 #HBFE S ©
ELWET 2R, Lz o CREBSET 2 0fER L. BEBOEROHZKT
T TR, WESREECEZIRFAMEOTERL b hoTWw5, HED
MREIR % B L 72 T RS O SEFIER S <13, TS o AR R IC IRIY 35 X OVHLER
FHNTIRZ TR D D NTah> o 72—77C, GEIR & BIE S 2 Bz 0 R e IC ) v 3Bk Es
LU~ 777 =Y FROKIEMIGRE, —HclikLEdRd b 2WME LT
B IEERH OMEERIZ o ORMMRIRZIGER T 2 L FE 2N T3
(Pascucci ef al., 2013; Mungun-Ochir e al., 2019), L2 L. 35K HFHFLICE W
T, BT 2 RIEMIEOFEM 22 7 % 4 7 % SRk 0 IR L 72 e T ge i3 7

. % OIREFAERFICOVWTH RIHTH B,

~7u 77— M & R e O W CHEE A% E & 5 B AR
—D2TH 3 (Oakes, 2021), + VX7V —<hEZ & T4 7 Jf HIESYEIC B30 T b FlAE
TR, v7m 7 7 = VIERICNT 2 EFREO R CEERMEE D TW5
(Wink ez al,2011), T, =278 7 7 =Y DKL REEREDIH L 22 1T B iDL, £ D
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95

96

97

98

99

100

101

102

103

104

Koo T&, M7 u 7y —VIFEARBICEN, RIEEYA P A4 v d
32 ORIENRE~- 7 v 77—V L DI IR, RAEVIHHICEZ DO, —TTM2~
ra 77 —=VRERENRI~s a7 7= Xidh, BAEMGEIS A4 A4 v 250
L. GEINMBOBEZHS 720, RIEDORICEBIERIEHREICL CROONDS
(Sica and Mantovani, 2012; Atri ez al., 2018),

RETIH, BERESE O O RN TR O N KRR O WT, REg
I X DR T 2 EMILO 3 7 X 4 TR FEE L7z, 135 M7= KRR 28 o Sz i ik
FIEIRZ . BER A 7 — JRITC. T o ICHFEIR & BE L CTwv 2 KRR B X OB
L T 7o W IR AL C LU L . IS5 i B G CRE D 7o R IR R DI BRFE AR %2 %
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BEOEETGRETH 2y INITEWT, B LB & Nk, Bl <
BB LM ThbN T 4D 7~ DR Z AR L 72, &b, HEOZ
Wiix, ERREREREBRORE L2 TTHciiv, 1) A Y 78 X OEEEGRA Y 7IcE
J 2 EEMEE T co koMM, 2) BiA b Y ox Y —~<FHIC)A  Hd 3 % tDNA ©
ITS FEIR ZAEAI L L7ZKIN 2 WIEITSI 794 ~—+t >y b ZfnRY 27—l
FOGIC B B HRAGEG T OB (Desquesnes er al., 2001; Njiru ef al., 2005), 3) FEE#E
BRIEBGERIEE (Thuy et al, 2012)® 5034 L7 7a~= 757 4 — (Nguyen et al,
2015; Davaasuren et al, 2017)Z FHW7zHL M V% v —<HikoH, 4) BEEIRT
FRE) 7o BRRREIR. (OMERAESE RS D-IE, BOEIRZS. MRIEIR. £ 7213 AR L) D 4
M LEANICITbI (OIE, 2013), £7/2. ThETOMEICEKE I VT, BEEIVR
L7ZBEREIR 2 b Lo, BIEFIORKA T -2 27— 1 25 3 I L 7z, Bk
M iE, Dl OIFIED B % R0 2 HERB I A T — 2 11, BRI PURDOFRE L v o
HRERE BT ABER R AT -V 21, MRERS & B L, & bRk
RED EE I L L - BEE 2 27 — 2 31T L 72(Claes ef al., 2005; Hagos et al.,
2010b; Vulpiani e al., 2013; Gizaw et al., 2017; Ahmed et al., 2018), & 5B 2SI FREL
PUBRE 72 & DO MFIER % 2 L T 7285613, B0 & 072 RN PR % BRI RLic B o

WC, MIREEIR & BT 5 R E 72 (ZBEE L e RIS L 72,

SR B 5 1 R AT
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BRI IC BT & 72 R 1L, 15% P MRl R v < U~ CREE L 2. EEICiE
WZ 7 4 validin, BE3umicEY), ~~bFXv ) v - kY (HE) %

. A It T,

BARR D> & B X 72 R IR 3 5 SOEMAE O i 2 R E 3 5 72 1 e
MEFENEL 72, RBARMIE I, MR 1 CIIERR S X OCIER AR, GER 2 TI3E
RS, XA, 3 X O ERRE. AEW] 3 CIRBARRS. SEG] 4 TR S X
DAL AR % SRR A AR IS BEF L 72 REECER L 2 iR o FE. &Ptk cH
W 72 PURBRIE (L 1L Table 1 ISR 338 Y TH %, HLCD3. CD20, Granzyme B, Ibal $T
etz ZN T Y o8Bk B U vovBk, NK#Mlifld, ~2w 77— 280 L.

I HIZT Y v o¥BRIZPT CD4 B X U CD8 fifAZ A>T CD4'T J v »¥Ek& CD8'T Y v ¥
BREEH L7z, £/, ~Z7u77—YEMl~vZuryr—YtM2~run77—YKC
BRI 27201, Ml~2077—Y~—h—0DPLINOS fiifk, BXUM2~Z2un7 7
— ¥~ — 7 — DY Arginase I L ' CD204 Fiik % 7z )Rt % 1T 5 72 (Lee, 2019;
Zhang et al., 2021), PURBRIE(LE, HRES VA F 2 X —ERED 72912 3%EE{LK
FKCTER 10 L% L7z, T 0IIFRF RG2S & 5 72910, i 20 77f#]
1% 78y 7 T—ZFW (DS 77—~ NAF AT 4 hr, KB HAR) ClL% L
2o D% 1 RIEFREZ <Y ¥ L £°CT—HIGE &7, TR & o
HEITIZZENEFN, LRI T 7A VS VYTALZTFTA Y MAX-POF v + (=F1L 4
NAFF ATV R, B, HEA) BXUW33-UT7 I /Ry PV v REeERAE (=514
NAFFA TV R) BTz, REBRTE, BEay br—ricidy <o ) Vo,
Mahs, %7z IR A V2, BiEa vy be—riciz, —XtkomRiEo b Y
2, —RIEDFELEEYICIE C T~y 2D IEH M (Dako, Glostrup, Denmark) % 7z 13
¥ FOIEHIME (Dako) %ML 72, FRMMREICENE S 2 SSEMIE O BN %5 7 X

A 72T 7201, ZNZNDOMBYI R IC IV TRIED Ik b BRAI e i 2 3 5E
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BRI S & VKRR T — V0

FEG] 11k, 7 RO CT R OFNEDED b vz23, Z LA DELIZFRD biind
o 7zo 2 (X, 9 OMECERTNICHRE S X N HHO TEARD bz, Gl T
BRI 2L, MEPREICHECH o7z, T, Hlllo FEEH O FiEc
LY. B ERRFAEMNCER L Tz, BRI 3 13, 4 RO MECliflo BT &
BLXUOEOME .Y 2L Tz, GEF 4 1. 9molffc, Adfas OFE, Wfllo g
DRRE, WO MRS b, HARIEEE T, LR LHES HECTH -
7zo HIREFICIZ 25 DR CBMRE O B I Nz, U EDZ h b, FAEHID
BER A 7 — UHAEG] 1 827 — 2 1, FERI 2 B X OFERI 3 1Z AT — 2, fEFI 4 1Z AT

"—.‘/3& iﬁ‘[/ﬁ_o

BRER I FH o 72 AR e D AHRRAEIR & o BHEE

FRRTHER & 0 . SEG 2 oI CHHED 3 X=X CHHED | EF] 3 OEmE
e, AEG] 4 BRI #RE I X AR 1RE 2 MRRAEIR & BEH & 2 R MRE, AER] 1 DEA
I fHRE F X IR e, AEBT 2 O AR ffiE 2 AHERAE TR & BEE O 70 W ORAF AfiRE & FIT L

7= (Table 2) .

FAEG] D RAHFHRER D

FER 1-3 TlE, IR ORI T b AR RS 3 X ORI PG SRS 350 TR
MR AR RO b Tz, RIFMHREL TlE. RIET 2 ZIEMIE X H 55 230088 Fi s
KO L CTH Y WA O MRERHER NI 35 10 2 RAEMIERE b iU S h e
(Figure la-d) . F7z. fEHI 2 I X U 3 ORMEMFRIC I WV CTUE, MEER & BE 55K
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MrEE GREW] 2 35 X O° 3 OEAMEAFRR £ 72 12 = ) CiRERAE D BRI
(Figure le) o SiEf 4 TlE. FEHI 1-3 & 13872 0 RASHR S X 0% o JE B R ARk
9 2 RIAEMIEDOEUI D ETH o 72, FHFERRMER] D R~ — Z1ZHE5R L [FFERIC 134 IR
DIEWE SR b, FEEZEL Tz (Figure 1f) » Zad, SRR ICH T 4
FEGI S FNORMHRETH . ¥ 2 7 VI O KN R il R R NRAE T 5 &
o7, BEINLRHMROFABRRIRD bNA D o7z, T2, WTFhoRMRD
RIEF T, BRI S s d o 7,

i3 % AL D [FE

R AEMAIX, GEF] 1-4 o2fc CD3 BT U v 3Bk, CD20 G B U v ¥
Bk, Tbal ik~ w7 7 =2 CH o7 (Figure2; Table2) , ~7 1B 7 7 — ¥ DO KRSy
IZ CD204 ¥ X U Arginase ICf51E%Z 7~ L. iNOS [BEMIREIZER® S wnd, oo
TbbIT 2 THo7 (Figure3a,b) o  OHAIIIER] 1-4 DL TORMRECHIBE L <
W7z 23, FRICHER] 2 O BHIAIAHRE - = e, ER 3 O BHIFRRE &\ o 72 SRERREIR 1< B

3 2 IR T Arginase FFUEMIIE 2 S BGRO bz, £z, CDA' B XN CDST J v o¥
EREHEERL7zE 2 A, fEH1-3 TiE, CD3 IKBMEZRLZT Y v iB5ko 5 & Kok
CDS ICHGHEERT T Y v NERTH YD, CD4GHED T U v BRIZIZ L A LD b
2> 7= (Figure 3c,d) . 7xBfEf] 4 TlX, CD4, CD8. Granzyme B MR IZ V3
bBEI NG D o7z, Fie. MRAER & BIE I 2 KRR, BhE L 7 AR R0
KEWThH, v7/u 77 —YDOY 7 X4 7T Arginase F 7213 CD204 G~ 27 v 7 7 —
UBINOSE~ 2 v 7 7=V XD b S TY v NEROY 72 A4 T CDSGIET U

VORERDB CDARGHET U v oERX D b % h o572 (Table2) o
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205 ~r7u77—VI3ZOKECEEI»S, FICMI v /e 7 —YEM2YIRT 7
206 —VICKAIENDED, WTOHF T XA THEDITE V)Y =~k EDAERRYE
207 ZIEFLD, MEP Y AV ZAEGIEDOROE ERZICE W THERE I ZH - T b
208  (Liueral, 2014), T3 6 ORRYUE T, BEREVIHHICITEERE ICEN, RIEWEY A b
209 HA4 VEEALCKEERRETIMI~ou 7y —VUREMNAY T L4 T TH L, L
210 L. RIEVPHETL T &IRAIC, PIRIEMEY A4 A A v ZEARL T RIE % #IH]
211 T2 ANIENEI M2~ a 7 7 —UBENGY T4 T b, oM~ a7
212 7=V ORREIL. RIEOBR R ZIH L. KAEIC X 2 GEMROBECEFET 5
213 [EEMHBZRET 27-0ICHFTH S (Sica and Mantovani, 2012; Atri et al., 2018), AHF
214 FECHOGTIERNZ, FEHI 1 52T —2 1 (IR T =) | JEfI 2 B X U3 B8R T —
215 V2 (BT =) | JEHl4 PR T =3 CRART =) ICHIRMICHES -,
216 L DKRAT—YIcBb LT, floRMMRtIc~y v 7 7 - ORERAD S
217 Nz, ELICRMETE2~27u0 77 —=VDF 724 713, A7 =Y 1 DEHI 1 25 2T
218  — 3 0JERI 4 ECoLfloRMHETM2 s n T 7 =Y RFRT, Ml w2777
219 —VORMIIDL TN TH o7, FHICHKWICRAT =2 1 DIERI, 72X 7—22Th
220 HRERICEIEO o WIRHR T Cic M2 w2 v 7 7 — U EROEM RIEDO S %
221 RLTCW3 Z L FHEMECHIRTH 2, Thbb, MEREEDET 2 RER 13K
222 BBEHADOEKEA (A7 -2 F7133) TRONZIEIRZZ A, RIHRE ST HRAER
223 R 5 X0 D270 LIATORERE LB P RIS T Tl U T2 ATREED#E 2
224 oNn7z,

225 M2 =27 u 77— 3, RIEICBWTEE I N OBEICEERKE 2 H - Tv

226 % %3 (Sica and Mantovani, 2012; Atri et al, 2018), Al fHESELR & B 3~ 2 KA FE
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FREM BRI N D DD, WENORMMRE TS FHAEEELIRED bhad -
Too EL M2 72707 7 —UDRIEZFFT SHEMED H 2 C LB ERiIh T2
Fricig iRt~ 7 22 W72 TR Cld. FLRIEMY A+ A2 4 vIcRfeiic
bandiM2~27u7y—YOKBNERESEMELI NS AIREMEZ R LT3
(Mylonas ef al., 2009), L22L, ThbD~27 1 77— DHAREDZEAL % Rk 1

ICHER 2RI R L T 2 0 ABRTH O | BERE S O KM ICRE T 2 M2
~7u 77— O M EEREEIIRHTH L, M2~ u 77—V 3T 4 b4V
VTN K o THRIERWHIT 2 720 T {EET 2 REM R S Tz w3 b @
D, % DOHEEIC D 02b b T RIAMEE I 2 18HERIEICH T 2B AR TH 2 L »

5 AR EATIF R T b —3 L T3 (Arnold er al., 2007; Mylonas et al., 2009; Sica and
Mantovani, 2012; Xu et al., 2013), Bl D Z & X b | MEEHREEE TR O N7z KRR
RiCHnT, BETIM2~2 077 —VORMABERIIAHELS, wFhice Xz
NORMHRR ZBEREOUE 2T Vb0 TH L LEZLND,

CD4'Tfifidds X O° CDS' T MifldiE & b ic, FHEGUTN 3 2 RERICICHEE TS 5
(Allen and Liu, 2004), ABFFETIE. T V v SERDZMEAH L - 72EH] 1-3 Tlddhi L
T, CDAGHET V) v BRoFEIZbTrThH Y, Ko CD8 G T U v Bk Tdh
27z, —HXIIC CDY'T U vosBkiZ, MIfEPRIRMAE, & i b Y3y Y —< o
X T cruzi D X 9 N AR RICHF E S WMl 2 KB T 20iIchHTH 5
(Tarleton e al., 1992; Tarleton, 2015), L2 L. T. equiperdum DHMRENZF A 13 ST
BoF. E7. T equiperdum D invitro F5# T b Bl - HH D 7= © OMANIEET X 7 —
PIEBEE LRI EPRINT WS (Suganuma ef al., 2016), T equiperdum & [FEEIC
SEEMIEASNEFAED T b. brucei <0 T. congolense Tl, CD8'T Y v NER& b Y ¥ vV ——
L DRIFRICOWT, CD8'T U v 3 BRME AN DR 2 WS 2 -0 ICHETH 513

2>, CDS'T U v NERHED IFN-y % + ) X7 vV —< FH2SEFHICHH L T3 & v
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TeERENR I N T3 (Olsson et al., 1992; Pentreath, 1995; Mwangi ef al., 2005; Coustou et
al., 2010; Laperchia et al., 2016; Onyilagha and Uzonna, 2019), L2*L., ARECTHREL -
PEE RS O KM MR C ik, R AIICEED LT, CDS'T U v S ERELL 7023
DERICOVWTIEHL AT TE b o7z,

T E CHESZE LIS O RM RS R 2 W BRAAR A A IS BER L 720198 (Pascucci ef al.,
2013; Mungun-Ochir et al., 2019; Yasine e al., 20192)TiZ. W3 b RKAEHFRHRE S S R
A AR TE Tk v, 7272 L, RIEMRER %2 5880 7o Rttt i 2> ©
Hi L7z DNA 2> 5. T equiperdum @ DNA 28HlE S 7= 2 E BB I N T B
(Pascucci et al., 2013; Yasine et al., 20192), TN O DEFFH b, WHEEEHERE O RKERER
T, REHRICRA L ZEHICN T 218 EOREICE DR L DD H 5\ »IdHIDR]
REME (T equiperdum IEF35| 2B L h o - ACRERE R L) ICERT 2 b DD h
ICDOWTIHKA L LTAHDE £ TH 5, EFFIH T, Campylobacter jejuni <% A
FAA BT AR ER A TRIREIR ORGSR L 7 D Bl R Z X 5 KA RS &
LT, FT7UYNL—JERBERAIONT WD, X7 v oL —fEEREE O R
CHREARBRIImE I N CTE L T, RBERERT & L URR 22 L LA R
HAHR L BT % (Pytel and Anthony, 2021), HEMBETIZT V v ER0iR iM% Fr
e 325, KihorH CDA'T U v oiBkE ST 5 (Sheneral,2018), ARETHEKL
T ISR S ORI MRE ClE. WM DSERI D RAER T b fEfefic T CD8 H1ED T
Y YREDBFRTH o722 Lo, IEREE ORMMHER ¥ 7 v oy L —JEREE &
TR 2RETH 5 LRI LT,

PLEX Y GEERERE TR0 O N 3 R RIS WT, RIET 2 RIEMIED 5 5
~sm7 7 —VICEHT L. ZOKREABEM2 o077 =Y THD I EHHLH
Lot TO=27 177 — Y ORIEHBANIERIE, KR T —Y2Mb3HmL

THk Y., WRVICHIAR 7 — Y DREE ORMHIER T 3 TICBMERAEOMH %24
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275 UV CTw3 Z e ohicholz, LA L, RIEHEER OB AT OIICIZES
276 I, X o7 5 HAFRAEBI O 2l S 2 ER D 5, T INBIFAEMAZET 21
277 H7= Y, KMAFER 2 BT 2 ZEEY) € 7 4% o 72 EEURBLEI AT b OF ¢ CH
278 L T BERH B LFEZbNT,

279
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280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

INEE

RETIE. BEREESE T 2 RIER S X R R K ORI % 1H S 20
T35 L BHMIT, BB SNz~ 4 DR GRS i ff T L
oo WHEREIR 4UHE, Z0 OB LAEREZITIC, FZ KIS 2R A T — 1
253D 3EMICHTL 7z, EHIT. ZNEND Y~ DR E MRER & B
% KA MRE B 2 W ITAPRER & BIE L 22 ARSI L. KA IR T 5 %
SEAH e o A 2 AR A IC [RE L. B L 72,

Z OFER, BKRA T — ¥ 3 X CHEER & oBEMEICBD & F 26T T U v Bk,
B YUV EBLUO~7 w77y =Y ERORIEMIERREIRO b, HIC, TV
SNERIZCDS B T U v %8RS, =2 1 7 7 — 13 Arginase (51 £ 7213 CD204 Bt
M2~=2m77—Y BENENEELRY T XA T THLLBHL2ICR ST,

~7u7y—YOHTEATELTM2~Y 707y —URMERRTH L Lk, K
HTRD DN KRR PEBURIETHZ L ERET DD TH 5, MHER%E
NI, BRIICRAT =Y 1 ICpEI N ERTD, T TIEBERIEZ RS T 5 %
TE R DR D bz, L7zdsio T, WEREEIS 2 RIER 201 3 0 1 LG I~ R
(R7—=v23) TH2H, KMHREZILEREO BT VBT Tt Tnaa]
BEVEDYE 2 bz, AW TR O AR, 5%, B EE OMRER % B

2 AHERR R IBRE AL LTl o, EEAERICAZ EEbNS,
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299 FEINE
300 Trypanosoma equiperdum EERREG M~ 7 X icB3 %

301 R B FRT
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302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

i
il

A IC BT 5 b U oN ) Y —<EYYiEE L C. T b. gambiense £ 7213 T. b.
rhodesiense I X > TH| Z R Z TN MERIFAH ONT W5, TALFHITHARRTIE
E MCORERL, BF DL IIBSEOREZMW S (Maudlin, 2006; Desquesnes ef al.,
2022), L2>L. 1900 FACHTH X 0 . MRS ICHER L 72 3 IR BIAERIMFT IC X 2 W1
D HED & & bic, =7 2 Edul & L2 EBRE & v 72 36 S BRI I T h
. o EBREY) % 7RI HABI DT O 2 ClfE o AR 2 =2t L,
REARSR DR BEMEIHIC K & < HHBRL T & 72 (Bouteille er al,, 1998; Antoine-Moussiaux ez al.,
2008; Rodgers et al., 2019),

KW DH 1 T Tl MERES IR SHREIRICER L. 2 DR & 7 3 KA
T DIFREFEEMET & RIS % 2 & & BIVIC BARFEAER % BRI FRAT L 72 28,
BB OREOLEMINCTIIES oz, MRERMINC b, HEREB I
MRS DIFER BE & oo Te kA iER 2R L. B EOREFIHE CTld, Zh o))
P32 N MR I, EIERR O RAES L O, KEOBEERIC X - TR O
b3 LEIRINT WS (OIE, 2013; Pascucci ef al, 2013; Yasine e al., 2019a), L 2
L. FIETHY - 2K MR EZED., ChLORERED XS CHERISh
2003 APDOEETH B, X 5IT T equiperdum 1, D b Y5y —<JFH L g
T 5 LEEORMIMICEE L T\ % IR 23% < “tissue parasite” L JER S L5 238, [ %
PR BEB O & olfigts X OCHARICE A L T 2 2 3 RAICHEIH E LT v n e
(OIE, 2013; Ahmed et al., 2018), T b OFEBICIZ, HIRFEEG D T % ke L < F
LTw e edbic, b OREIRE & [FERIC, #E ORRRRE LS 251 SEIR

BT A2 RAETAZHCENERSLETH 5,
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325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

INE CHEBOMIER & BHNIC, ~ 7 RIC T equiperdum % %53 % FERIIEHIFT
bNTELD, vV R34 D T equiperdum HRICIEREZMETH V. &5 L TH AR
FXSZ L 72\ (Gizaw et al., 2017; Pascucci er al., 2013)e —HBDHRIZ. ~ 7 I EYL DS AT
T2b00, B~y 2@ FRMEL E L, K%k 2~8 HTHLE TS (Hagos
et al., 2010a; Perrone ef al., 2018; Gillingwater, 2019), L 72232 T, ~ v R I H AL
U D DU RIS 2398 3780 H AL O RIIE O BF R ¥ %2 FHELC & 3 T equiperdum
HiZHIonvTninv, 72, BED T XA~D T equiperdum &G 1%, JHHOWEE F
HIJCTH b (OIE, 2013), &Y~ 7 2 DFRBLBARIT I T b T irwn,

INE Ty RICKEG I NTE 2 T equiperdum WWEHIEETE BB 0 MR 2 L <
B XN/ D DTH o7 (Perrone et al., 2009; Hagos et al., 2010a; Pascucci et al., 2013;
Perrone et al., 2018), % D X 5 e, STAEEIA O IC X o TR B O A THERRE R 7
7 %o T. equiperdum % 3BEL . T 7w — RAFERFEM 2 AW CHEE T 2 FHEE. S
7z (Suganuma et al., 2016)s In vitro THiEV[RET: T. equiperdum PROBZIC X Y | KIE
B2 E B I 5B ORI AIHE L 72 5 72, SRIOWIFE T, ZOFHEHZH T
BV INDOETEEE OAETEERIE R 7 75 & B E X Wi T equiperdum IVM-t2 #k
ZEML 7,

Fk% 7RI R < 7 ADHTH BALB/c ¥ 7 A5 L U C5TBL/6 = 7 A 1E, b b DORER
WEIE LD LT B RV Y —<JEICET % invivo TR TR DFEHINTE T X
RMTH L, TNDDILRHR~Y A T b. rhodesiense. T. b. gambiense, T. b. brucei.,

T. evansi, T. congolense & \>> 7447 b VX))V —<[FHOREERFICHHA I N TE
7o, R B H RO F 72 3R IC X 5 TH BALB/c ¥ 7 A & C57BL/6 ¥ 7 AT
AR ZSK & < B 5 T % (Antoine-Moussiaux e al, 2008), £ 7z, T D 2 R
DIFIFAICBE 3 2 BRI, VAV A O FEERCTDOIME TN T WD (Cheers

et al., 1978; Henderson et al., 2015), T. equiperdum IVMt2 FE D~ 7 A ~DJE|F 42348 T

19



349 Ho7z72®, LI BALB/ ¥~V AEB XU C5TBL/I6 © 7 AD 2 R DIAR %~ T A%
350 fEH L7z, RETIE, TD2RMD~ 7 RIT T equiperdum IVML2 1 % FEIEN $5¢ 5- Tk
351 B, REHMERE. AIRRZ, HRZICOWTRE Lz, S O ICiERER T
352  HEIN T BAHMIRZA L IR L, EREE cllo b n 2 WADOHBIMEICOWT D

353 FEHEL T,
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354

359

356

357

358

359

360

361

362

363

364

369

366

367

368

369

370

371

372

373

374

375

376

3717

Mkl X U

AR CHWEZ R YR ) —=

T A u — RFERKEH TR B A N7z T equiperdum IVM-2 K2 FEH L7z, 2O T
equiperdum FR1Z, IEEOBEEHFRE DO —~DOTH 5y IAICE T, MHEREEE DK
B R EERIEIR T H 2 TIE DS S X Of2gE &L WR OFE (OIE, 2013) 2 2 L 72Hfv <
DIRBEART 7h oot X i, BiE O DML L 72 FH (Suganuma er al., 2016)ICF2nC
FEREHIGHEIGXE72bDTH S, b, AFERIZ, Y X—villgIcRrRRN 7
75 4=—T»5% TBR 774 ~— (Masiga et al., 1992; Ashour et al., 2013)F X N> — 2
TVRIC LD, PN X—VHiETH B &, T equiperdum & BRI %
FETH D T evansitype A DIBILT~— 7 —"TH % Ro Tat 1.2 VSG (Urakawa er al.,
2000 EMETH B Z EBFER S NT WD, IR T equiperdum & T.evansi % PAHEIC X 3]
T& 2 PCR 774 v —R#laF~—h—DHLIN TR0V, b Dy TAEYY
NG SR, RESRR L COZRERER, JRERY 7000 N7 HTH o 72 5

o, KRIFRHIE T equiperdum &€ X L7z,

REES

C

6 DO MfED BALB/c ¥ 7 X (BALB/cAlcl) ¥ X UF C57BL/6 ¥ 7 X (C57BL/6JIcl)
D2HHOEL SRy ReRASHAEAZ LT Ginl, HE) 208 AL7, 1HRH
DOEIBIAM D%, ZNENDRKTOLT ORERREL L, v a—2mY v g
ABfEEK (PBS) < 1x 107 parasites/ml (CFHHL L 72 T equiperdum IVM-t2 #£% 0.1 ml
BERENIC 5 L7z, ZNENOZRMTHEY o 5PLicid, MIEREE LT Bl L 2354
Bloi e UCHWwW72 PBS % 0.1 ml FERENICHES L7z, 5 H XD 122 HRERET. 2%

AV TN VIRAMEET T~ ADRIHEH 28] T 1 mm BREVIRT L, FE XL 1
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378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

399

396

397

398

399

400

401

wl MR %I L, 2 v 22— PBS T 100 57Kk, trh v v 2 —fF v v S—
A A4 F & ORI O REEFHE L 72, ¥, SRR ERERE b §f¢ 3%
ML 7z, BESEBIIEIZ 60 HE L, 60 HE O EEHE TRHCAERL T = v R 5%
kD4 v 70T /ic X 2WAMEE T COMR L Y BRIME 1TV 2588 D JLE 23 & 1

720 FEBHARI O B 20 B BAK T - s X MR EBD Z R L 2 —fo~w v 21D
WTh, NEWEEZ TV LR O FETHELER L 72, wIho< v X b REKE
WL S FIRRIC A X A, TR, R, BN, GOREL M. EEE. e B N A

B, AFPRE, B X OEEHRE M L. 10%h EEE L~ ) v CTEEL 2. %

B, WS 60 HEER L~ 2D Ap LM S e, Bl HH B X O
ZELDTHEALY VEEL, ZD%E— AR T2 HEBUKEEZITW, 5573
Blis X O 3 BEREM Y5 cHMis L UCHER 2 A b B 2 V) Y L T2 0k oM

FTICHEA L 72,

R ) AT

F= Y VEEROMESR L. R FRIC LB o TN T 7 4 v EliR, K3 u
m IZ Y] & HE Ytk MFrBEcft sz, SEEs L OB ics T 3%
TEMARE OFRE % - RAEMAL ORI Z o v, + B0 RIS I KREMAE
REERD 5, ++ FIEMIREIZERE 722, LEMEICREIRED 5N, +++: BHE
200 BRI RIEMIIIRIE 20 b, D 4 BABECRHli L 72, % 72 A8 Bfikk o Ak
B TIE, RIEOREITI A EREMEOA M D 59l L. HE Bt CaMli R 2 5561 1%
Luxol Fast Blue (LFB) -HE 3¢t % B H{T > 72,

Hhias 5 L CHRKIC BT B T equiperdum OFEDEEZHL M ICT 7201, LT
equiperdum 7 ¥ ¥ IMiE % AW/ B REEFER L 72, X S, oMYA i3,

RT3 REMIEEFEST 5 2 & ZHE L TPt CD3 (clone SP7, 1:400, Abcam,
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402

403

404

405

406

407

408

409

Cambridge, UK) ¥if&3s X UL Ibal (Polyclonal, 1:500, Wako, KBR) $iik% FH v 72 %
Rt LG L 72, RIEROCOFESIUHWAZE sy Pe -k, FIETHLE
bDEFERTH B, 72, VLT equiperdum v 3 ¥k % W 7z BERPUAE O H G
TlX. —# ol TIEIFFREEICH B 22 L2 b, 2 OEAITHEERERE D ff
L7z, #tREia oz, —XPiik & L T Alexa Fluor 488-conjugated goat anti-
rabbit IgG (1:400, Thermo Fisher Scientific, Rockford, IL, USA)%Z {# [ L 37°CC 1 IRfEl SIS
X7z, WYt & L T 4°6-diamino-2-phenylindole (Vector Labratories, Burlingame, CA,

USA) Tz E L 7,
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410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

R

AR, RSRTER, JSHUNE, 3 X PR

BALB/c = 7 RIEREETIZ 6 FeD 5 b 5P EEHAM @ 60 HREAEFE L. 1 IEIZiREE
RIfCcHo7zd 0D, EY 31 HHORIMFFO R CH L L7z, BALB/c ¥V R
PREOMRER 2 AT, MR L L CHL 2 A2 13580 bk > 7= (Figure
4), —7J5T C57BL/6 =7 ZIEYPFETIZ, 6 /CD 5 b 3 PEFEERMARM D 60 HREAETFL 72
boo, 3PCIFEGR 12 HEICHT F 7213, s X EBEREAIC X ) ZRE S
7o 12 HHIZHETC L 72 C57BL/6 = 7 RIEGLRED 3 PLiE, 60 HEIAEAF L 72 G o0t
o~y 2L L T, FH L WIKRERD 2520 bz (Figure4) o FEERIAR 28 L
THFF L 3ED CSTBLI6 = 7 RAERMED 5 b, 2IED~ 7 AT, HE KGO ES
LURFRzEhZN3I HEH, 3 HEH»OEBKTD 60 HHE TRD 72, wmHIDHH
MfEIX. BALB/c v v REGEREARTHC 10 HHIC, C57BL/6 ¥ 7 RIEREHETIL SPLA 8
HHEIC, 580 1752510 HHICBRI I N7z, £ D8, AN ML RO R i< B 2

DR L 72235 60 HH £ CHiRH O REME~ v X THkRER I X L7z (Figure 5) o

LA N fEATT

BRAFE D~ 7 202 Flifgs 5 L O CBH & 1722 OEE 1L, Table 3 ICFIHk L
EYTHD, BEMROREEL X, BALB/c ¥ 7 RIREFERIH T, CSTBL/6 ~ 7 A&
PAESIE TR b, MIRERICERE () I8 S 0 2 R RIRE S P 8 13,
C57BL/6 =7 2 (3/6 /L) TBALBc~v7 % (1/6V8) X b dEMEICAD bR, &
NOMRFHREDOFHRTIZ, ~27 077 —YBIOY v BRETEARE T2 KIEMEDE
AR S X A E Rt P o f A Hfk cRlo b7z (Figure 6a) o JEIIE 2> & JE FAGE

BRI ZAE S04 $ 5 —J7 T, MR PIIR FRERHERTIC (3 SAEMIIZ D 1R 13580 &
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434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

Nhdolz, WFho~y 2T HEE A%
B 7 8BTS 2 RMEMRE R &L flllsER o
b [FERICRERE D & JE PR A AR I 3515 5 4%
HEICEZITFRD b NTnd o 72,

fER 1. BALB/c v 2 X I8N C57BL/6 <~

EYBE I N GEr o7, $72. KED
FHARAEA T TR0 & A7 A HFEWT I C
TEMIAL DRI D370 & A1, P FHFERR

7 ARl DRGSR TE T, R A AR

TRd bz, BE (+) 3XUOPRRE (+) ICHBEcEI BRI, R

JRIEHTE 3 X O E o M & P AR i
RTIEL FIEMIE 2 KEIR R TE 2> © fifE i< 2

6b) o RIS 2 RAEMALIZIARER T3 Y v o¥EK,

IS MIREEE b £ > T w7z (Figure 6¢) o
WG OF e L OBREEZ R 72 2 LD
IR T B S B T BT
VSEROFZM AR btz Rk, G
DREMBEIRBZEM L. DD L T (
Tho~y 2T AR KERZEIZZRD S
MESPED 5 b 20T, HREEDO<wI/n 7 7 —
RSB TNz,
JECix. MEFEH~D ) v Bk, ~27 1

Wz, BE () oI nE
JCEHEIRBE L Tz (Figure

~/mu7 7 —VRERTHY, bTh

JEIFE D CSTBL/6 ~ 7 ATl JRAH T
BUORE, XU~ su77 -t
TEORE L ik 2 & Ba L KRR &
Figure 6d) . BALB/c = 7 ZJEYLFETIT
Nixh o 7228, BN % MR L 72 &4

Ve ) v AROEE I X URT Ak~ D

77—, LD BROHEMIEORE

23, 3VCD BALB/c v 7 A&t X N5 PLd C57BL/6 ~ 7 A ERYRE Tl STz,

ZDORIFEDEE X, BALB/c 7 A TIXRENTEE CH 2723 H - 7=—J7 T,

C57BL/6 =7 A TlI X Y B, JAHEIPHIC KA

TH Y, —H DA T D EREE

TEb - Ta7z (Figure 6e) o FE & Rk o I & B~ o S REMIAEIRIE 13, B~

TR D #iH < BALB/c 7 A % 7= 1% C57BL/6

AU X7, P C I3 SR D iR R B 13

25
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458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

2o 7223, HRME O EILETE S X OB EI (Figure 6f) 234 T d BALB/c ¥ 7 A K
BT, ST C5S7BL/6 v 7 AR CRO b Tz, b, BEHE~ v 2 DHE.
TE. s X OBEBEICH S 2 R RRAIIRZ 13580 O Ll b o o, IR T,
BALB/c ¥V 2B XU CS5TBL/6 v 7 ADWITNDEERTH ., EPHTED LN LD
73 JENRE SR W D IE T ik B & OBEYMEIMIZ B X Linds - 7,

HIREREIC, 2 P8 BALB/c v 7 23 X U85 LD C57BL/6 ~ 7 A THMIM A & K H 23
Bt an, chbo=y 2Tk, M E X ORI R R IR
(BALB/c: 0/2 PE, C57BL/6: 1/5 PE) | ALEHfEE S X O B o A5 &R (BALB/c:
2/2 PE, C57BL/6: 5/5 ) (Figure 7a) . € (BALB/c: 2/2 P'E, C57BL/6: 5/5 L)

(Figure 7b) . HEBE G DB B X O MM (BALB/c: 1/1 PE, C57BL/6: 2/2 PL)
(Figure 7c-e) &\ o 72 RIEMILRIEDZ D S - f A ClE S iz, 72, Sl
JRHRIMEZ 2L Cwindofzw v A ThH, HELIME (BALB/c: 2/4 PE, C57BL/6:
0/1 %) | AEMRERE S X 0RO A (BALB/c: 3/4 PL, C57BL/6: 0/1 L)
& (BALB/c: 0/4 PL, C57BL/6: 1/1 VL) | iFEBEE D E L B X OB T A% (BALB/c: 1/4
PE. CS7BL/6: 1/1 PE) & \» o 7= SSEMIALIRIE 23580 & N7z 50 CRIZ & iz, HliRik
CHBIMEZ 2L T s 221cBb b3 BALB/c v 7 A8 XU C57BL/6 ¥V A
D FEF R P O G, B X OCHIRICTER L IE %2 RO 72 CSTBL/I6 vV A DT

BB E o BT ARk C . MARER ISR I N iR IZ % o, . Shofih T

|

B b HRE, BGAR RN I CRED & - iR (Figure 7f) & FIRkIC, b
Vo) —< AL ZEHiEEOEL & 5Tz, k. SNEETITVWT

NORMD <7 XA CTH IR T Do 72,
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482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

200

901

202

203

204

205

L

T. equiperdum (37 < FHEMYNICIER L, gz 5 2 3, MZICEE L 28113
122770, RWb O TREERICH B LERIADHKEE 2 Y 22 ofRcI1cs=5g LT
W< (OIE, 2013; Vulpiani ef al., 2013), BRI L 78 T, equiperdum ¥ % ~ 7 21253
ZEBPTHONTELD, L DfRiZ~y RIS 2 2 L 8 TE S (Pascucci er al.,
2013; Gizaw ef al, 2017)y F 72D L TH =7 2 T—@EoFRME 2 L 2-8
HTHLET 3R LIEEICAEREZILS 2 & MG XN T WD (Hagos er al, 2010a;
Gillingwater, 2018; Perrone et al., 2018) L 72435 T, TN E TORY~T X Tld, HE
AL RS 2500 HHEMAOERKREEZ HET 5 2 e A TECnrr ok, AWIET
I, D BALB/c v 7 A 5/6 P (1 PEIZRRIFFICHEE) 5 X O CSTBL/I6 w7 A
3/6 PEASFERIAR @ 60 HiMl 2@ L CTHEF L. 2 b~ 7 X TIEJEHARNIC IR % 4 Y X
TR RIMAE SRR 28 L TR I Nz, T o DR . T equiperdum IVM-t2
FRiZ BALB/c ¥V A% X N C5TBL/6 = 7 Zic/h 7 &b 60 HREIZEST 2 2 L A TE
3 LEZ BN, T equiperdum (X, D+ V%)V —<BOJFH L LKL CTEEOR
I HBL S 2 BRI 23 & ST Ww 2 88 (OIE, 2013; Gizaw et al, 2017)y V=% W
72 RERGL FE IR CE WA IS AR IR HR A & BTG U 7298 < ik, R IR I —E Tk e
W DD AR RTRRIMAEZ 232 2 L 23 I N T3 (Hagos er al., 2010a;
Heébert er al., 2017)s L 72235 T, T equiperdum IVM-t2 FRIES e~ 7 2 TR0 b U727 H
MAEDOBHRE X, WX ICHEREE G I d o LU FF2dboTh o7, &
7oy ERRERICORMIM A I R AR S Wz &5 pich b 63, MkE I kL
OAME, ALE PR E P o fS SRR, I8, TS OB s X UK M HfliciEo o5 n
oo L7edioT, I Dfikdrs X HRKIZ. T equiperdum IVM-2 kD~ ANICE

7 2 FAERRAL & HEE T e
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206

207

208

209

210

911

212

213

214

215

216

o17

218

219

920

921

222

923

924

925

926

927

928

929

KRETIE, <V R CHEFICERZ AL X &5 L % BRI 5 © 5 % g
X7z, ARR T, T equiperdum \ZTERIC X > TIRIG & 11, EFHERIE D JF U3 A4
FHERREE 2> & 15 FAIEA~ L REA L. MRICD - TR B s L Ok~ L i#E <
W EEZLNTWS (OIE, 2013; Gizaw et al, 2018), 7272 L. 7 =% v 72 &Y= B
DIE Tl T equiperdum % FEME - THIEE I 7256 L. BIRNESG CRE I 7
Be OEfIRRGE, JRRIMTEDHER, WAED M Z I L, 5 IC B\ CREGAER D
HEWIC X ZUMER AR RN E BB I N T WD (Yasine ef al, 2019b), ARBFFE Tl
MERENIRG CRP X B 7= 7 RTRRA RIRE PR DTz h3, D7 &b v =TIk
PRI X o TREEDKECER 2 2 L i3 vizy, BEENESG CRE I g2~y X
N5 L IIEREDLI DD L EDbNS,

I e BB S D REBU AR BRIARAEIR & U <. AMEIEER OIFIE, BB D 7T — 7 RGN

22, All, MER2H T o5 (OIE, 2013), @ED~ v A% H W72 T. equiperdum

g

DREPEFCIX, B~ AFAENICENA2ZE L2 e AREINTVEH, 21
LIS D EGRFEIR 1T D TR & U T Ze vy (Hagos er al, 2010a; Perrone et al., 2018),

AR TIZ, ~=F2 Uy MEZHIEL TW AR o725 DD, WRHEDELEED~ 7
2 CHURR I I R BEVE MR b2 T & h b, BYRE O~ 2 31BN AE
Mickzo TWwieb o LR INT, T/, WEREENRTKED T 7 — 7 [%E

IZ. “trypanosoma sand” & b JEA X 4L, MHARFERNICERICEE T 5 L & BHE 7 RAER
JGIC X W EHE O ST B (Scacchia eral, 2011), AHFFETIE, C57BL/6 ~ 7 R JEKG
Ho—Hofifkc, HEEBEOME L FKRFED b, FERCIABANICERK &

BT AHARIC RAE & R OFAZ RS @RI T R L O trypanosoma
sand” DAHFHA L T 2D D TH o 72, 7272 L. T. equiperdum IVM-t2 FRIEY e~ 7

ATt REOBERICIZE TIEICE T 2JREOEFAE & FIERICHRD bivz, t

N DREIRIN = 7 R E T DFATHIIE TR, 28 DRI L LASL D ik o BRI
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230

931

232

233

234

235

236

237

238

239

240

941

242

243

544

945

246

247

248

249

250

951

252

953

AL e LClids s . EHRE Eo R e R L LTHFEL T3 L3
LI INTW S (Trindade er al, 2016), HEZEHEEE O EMHMST IC BT 2 JRHOZF A
DHEMEIIFM I N T o o7, B~y A TETHEMICb FESRED LN &
2> 6. T. equiperdum b FENGHHAK % 2 EER A & LRI L T 2 [REM S E 2 b7z,
St IEPERRIEIE O RBINA & T 2B IE, BT AIC D B e T CHEML Tw»
B D B,

IR SRR O MEPE AR TEERR A 12, MR IS T E R X BRI X o TREUT I S
RIE DA TR E I RIS E A e 5 X O, oM R i %
(Pascucci et al,, 2014; Yasine et al., 2019a), AWFFETIZ, BALB/c ¥ 7 AF X U C57BL/6
TURLHITFEIC RO ONIEPoT2b DD, % DR~ ¥ X THED KL
B s L OB ICRIERS B E Nz, 2720, EREBLEAY | Bo FKIic
TR IZFED N5 T2, ARG TIR. =7 RIC T equiperdum 7% JEFENI% G CREYL X
B, BECRIMRICDO > TFHRPEELZbDEE2LNE, —/FTHARTIE. T
equiperdum 1%, TEZRIC X o TIIEE 12 L AFEGE X W AL, MIRICA % & HER
INTWD (OIE,2013) L7232 T, AKIfFED~Y R & v =ICHIT S EDRIEL DK

A DB, BP0 IR T 2 [REERH 2 L E 2 bt
EYFED BALB/c ~ 7 A% X O CSTBL/6 ~ ¥ AR DAAF R TI, RS X O
& 0 A A AR C IR R 0 F 4R & SOEMIIRE 03300 b7z, — 75T, AR A
FERRHER I SEMAE O IR R RO FERZRD bk d o7z, TXTCOKREHEDO~ Y
T — IS FF L 72 R R AR D AT H o 72208, G oMY A 72 & o
I N TR ARE C b RO A PR AR~ o SOEMII R s B S s b . B
RO AR TR, EORMHECHMOZE A RE T A AEELEZ bW,
72 L. RIS TR O N RIEMEIRZA TIE, UV vy ke~ r T 7 — YU ERD
RIEMAL DA JEEE~ DRI 2 T, fifERAER ~oREb Ao oNn 5, £/, &
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254

959

256

957

258

259

260

961

262

263

264

269

266

267

268

269

270

971

272

NS RAEHE D B ITABRAA I RIRI3320 b 7R\ (Mungn-ochir e al., 2019; Yasine e
al, 2019a), L7245 o T, WEEREE & T equiperdum IVM-12 BRI~ 7 2 D R4 %
WAIE, RAEMIIE DRI S 2 5T, MR IR T 2 R oG L v o Bl
POREIZEEODDLEEZ b,

IR B RS BIAR 7 — VLR TR 2 MRER L. KRR O ZIEAKRTIE
L Z OFERICKRRE S 2 Bk O JEARCHI L & v o RBRATEIC X o TR SR T
3L HER XN T B (Mungun-Ochir ef al., 2019), AREFFETIZ, W OEY Rt~ v X
T R 7 & ORI IEEED S E . F AHERE & B U CHA O A Tl sk A T
QBRI NRD o772, L7225 > T, T equiperdum IVM-t2 FRIBY ~ 7 213, TEEEEE
DRRFFIL & ER TS 2 b D Tldh v FE 2L b,

S al D FEERIEGIT X Y | T equiperdum IVM-t2 ¥k 13 BALB/c i~ 7 25 X )N—F D
CS57TBL/6 it~ Zich 7 { &b 60 HiE & v o 7o REAIEKS 32 & & 0 T & 2 Hf 7 bk
THDHILEDPHLDICTR o7, THENOLREB~Y XTI, BIETEHH L 2 KEM
T L FRROMRERITFED ONA» o7 db DD, BRPEEAVBIEIN, ZhbD
TS (I T R A3 B 3 2 AHAN A & A I LT 2 b D CTH o7z, T
equiperdum IVM-12 WRIEG M~ v 2 13, IR RIS TR0 & L 2 18R R BR IR R &
R E O — 2 BB CTE 2 2L h b, BEORED -2 HETE 2wy RER=E

TNHELTHMRRLEZ LEZ LN,
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2173

574

975

276

977

2178

279

280

281

282

283

284

289

286

287

INEE

Wi ice Yy INCoiE S, JEREEHECREERIRE & 72 o 72 T equiperdum IVGM-12 ¥k %
HERENT G- T~ 7 RS X & 7245 F. T equiperdum IVM-12 #£1% BALB/c ¥V A ¥k X
U—#d C57TBL/6 = 7 A A 7a &b 60 HiE & v ) RIAMER S22 0TE 2
BETH D DAL I IR 0T, B~ T AT, WERERTHREINTVE D
DL FEBED. IR E Y RS RBRIMAES R & vz, £ 72MkEm e, B
LR O BN X IR A & — A H 2 RO R E R B XL VR B~ 7 2T
RO LNz, 72720, YY), JREOHEE B L 28R E S R T HREIR . %
DJFRA & 72 2 KIEMHRREDOFHRICIE S b o7z, BLEDZ & X0 T equiperdum
IVM-t2 ¥R % JEE N5 TR X & 72 BALB/c ¥~ 7 235 X U CSTBL/6 ~ 7 A1, &
BEAR TR s L CHBREZ0 — 2 BT 2 2 L 8ARETH Y, 5B T
equiperdum D T HEIE 2 I DR REMEIA 2 S UHIC 3 W 7RSI B 2 W 3R R A

invivo FFREICEWTEHERYVRAET L LERL LEZ LN,
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289

290

991

11 E
Trypanosoma equiperdum EERREGL <7 X icB3 %

JREL RN - ATESRRER 2L LT
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292

293

294

299

296

297

298

299

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

5\&
il

Trypanosoma equiperdum & BARFHNC Tkl & L C, T brucei brucei, T.b.
gambiense. T. b. rhodesiense. ¥ X ' T. evansi BPHI S LT3 (Gizaw et al., 2017), T
equiperdum UAND ZN LD AFED + ) %) v —<FHIZ, WIMEHRIC X WA T3
(Auty et al., 2015; Biischer et al., 2017)o —75 C T. equiperdum 13 1HE331C X - T D ALK S
., InE UM ERZ N L 2B IERE S vy (0OIE,2013), 51T, T b
brucei. T.b. gambiense. T.b. rhodesiense. 3 X O T. evansi |3, 18 EIMEN % F 7 ZF4E
Hhr L 32729 KM 2 SHEEBICRRBMEB N5 —7C. T equiperdum 13 % 1
SIEH & LT, RIMH 2 RSN EHEMEE I NTVWE, ThbD LD
s T. equiperdum ¥ DVEE 2 5| T equiperdum 1%, i + V%) v —<Fli L 13K E
CEAZFEUMEERL CWBLEXLNTWS (Gizaw et al, 2017; Ahmed et al.,
2018),

T R KR D AR BRI S % R BEAH AR A IS AT L 7 JERIRE < lE, w2 m 77—
BLOY v NBRER D RAEMIRE 2 R L T 2 K B L R HE LR 2R 5
N, EHiczNBEaE»S, VT AVE A LPCRICEY T equiperdum ® DNA 23HIE &
N7 L ZWELTWD (Yasineeral, 2019a), £ 72, FIOATHFFE T, HEERE B
v~ DIER D D RIEBB S Nz T L BB I N T WS (Ahmed eral, 2018), L 2>
L., TXTCONRDOEICHADEESELE 23 Tidinl, BEEIET 28 AH
fLORVGEEREEOHR T, vwo, Yo X 51 L CREBRAERF IS 2 02 13K
T®H 3% (OIE, 2013; Gizaw et al., 2017),

WA FE N FE T, T equiperdum IVM-2 ¥EH3~ v 2 RIARIFHE IO R T X 2/
BHRTH B & TR~ v R IR R Y ~ 2825 2 A diEds DA AL D —

WEzHHTcE 52 ZR L7z, L2 L., T equiperdum \ZMEY <7213 Tl (v ~ D&
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616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

THERIC D RIEZ B & &F (Yasine eral,20192), & HIC, JRHOMWRIC X 2{6ikix. M
T biffr X b, e bMEY ~~DEEOT AL VHEICKZ 5 LI T
W3 (OIE, 2013; Gizaw et al., 2017) L7223 T, T. equiperdum [EZ M~ 7 2 721F Cix
<L B~ v A DEIHERINA Z BRI ENT 2 & L 13, T equiperdum DIGfEHE
Fr o FF ARG 2 RS 5 L CHEEAMIERECH 5, X THIUIETIE, T
equiperdum &GN~ 7 A D AHEZIRZ % IR B EIC T L. IEREE AR5 2
A Gt AR OMMIRZ O BN AT L 720 & DB o N7MERD O, T equiperdum D5
BT 2 ERL 72,

¥ 7o BT REE ORI A ERREIRTH Y (OIE, 2013), ThE CRE~Y
A CIRAEHICEINZ 2 L7722 L3 RE SN T3S (Hagos ef al., 2010a; Perrone et al.,
2018), L2» LRI L 2= v 2 CTH FARRICEMAHE T Tw 2 2100 0»TidER
HE2 T\, B E T T equiperdum IVM-t2 FRIC 60 HEY & &7z i~ v 2 CiX, FHik
FIIC PR CREYMEIM SRS b N7 2 &b, B~y X FEIMICf > Tnizd D
MR I NI, Z 2 CRBECIT o B ER Ik, BREEBEHMh~~ 120 v Mi%

HIE L. BEic~y A8 EIMICH> TW 3289 e onT st L7,

34



632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

659

ke X U

R ER

6 s, kD BALB/c ¥ 7 2 (BALB/cAlcl) 3 X UF C57BL/6 7 A (C57BL/61Jcl)
EExNZEN 11, RASHHARZ L7 2 08A L, 10 HREFEEEICHIEL 7%,
Fe T ARMD §PCHESAEL LT, 7 — R NIEE PBS #iAMEE LT 1x 10
parasites/ml ICFABL L 72 T equiperdum IVM-t2 ¥k % 0.1 ml BEPEN LS L 72, SHRREEE L
T, &~ U ARHMD 3 IEICI3IE PBS % 0.1 ml BFEN G L 72, ERYFEROHART X,
RONCJFHRMAED v — 7 M E T2 5 30 HE & L7z, KA o J5 s % 3l 5
% 72010, BYMEHEG%2 6 12 HRERRE TRk SRIME TV, 5 1 E & FkD
FECHREEEAY v b L, ZoRIMIEIC, FEHED FEEL 72, 5. 7 HN
b CREEIR2? 5 ~~ 2 Y v & (Hirschmann, Eberstadt, Germany) % F\>TH1 70 ul
DERIMZ TV, 12,000 rpm T 10 3L EITV, ~~ 27 Uy MEZEIE L 72, JRH
MAEDME, FEH, BXU~~< 27 Yy MAETPOEEERFAECORL, KEE XU~
~ b2 Yy HERERGEE L B OB D2 % Welch @ ¢ BUE TREM L 72, FEERIARIK
TR, B L RO T ECRIEREIT . HIREITo 72, 7. FEAR g
BXOEESERD, FELWEERD 2RO 2581, TOHICEREEmL, HD
ICHIBRZ AT o 72, HUBRIRE, MEVEARGERR ORSSL. KSR LMk, K2, BIZMD) 280425
AR Z B L. 10%HHERE S L~ ) v CRIE L7z, SOl XEER. Hikicht

WoXT 7 4 I, Y X, HE Y LT IcEE T s,

Se PR 1 b

kP O R 2R 3 2 729010, $1 T equiperdum 7 3 FIMiE % A\ 72 B e e 2 17
o7z, 7o, —HROMMRYI T CIEIIFRERICHE S Hi7z & 2 b dt e b &b

35



656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

HCEML 7z, /2. KEOUREOHINT CHM L 72 —XPUKDFEM I, Table 4 ICFLH
L7720 Th b, R ERIGRET 2 el o2 e+ 5 72»ic, HlCD3. #i
PAX5 (B V) v SBk~—H—) | $ilbal. ¥ X Ui FOXP3 (HlfHME: T i~ —7—)
iz 7z Rt 2 Ei L 72, MEMROGRET 2~/ n 77— 097247
RRET 2201, MI~20 77 —=YD~—h—ThBPLINOSHUE, FLUM2~
sm 77 —YD2—Hh—"Th 5P CD204 JUK (Lee, 2019; Zhang et al., 2021)% H 7= 4
EREEFEM L 72, 72, MI~270 77—V ORI 594 b A4 vo—fETH?
Tumor necrosis factor- o (TNF- a ) (Martinez ef al., 2006; Oakes, 202139 5 ot s
X OHOERIEG % 4T 9 72010, PLTINF-a YUk L 72, K3 AR o JKEfhE
IS 5 72010, Hi laminin Fifk % AW 72 SRR E L ML 72, X 5 I1CHT Zonula
occludens-1 (ZO-D)Fitk % v 7= o et 2 47\ MUE-AE R HABIM o g0 /e & U
T3 28l L 7z, R BRI T, BT caspase-3 PRI X UL cytokeratin-19 HT{A
RO REREEZITVL, TR P =y 2o T 2 fifdoBt., B X KR LR
NTTHF =2 RIfio COMIEOHRDOEIE %2 1To 72, b, NHBEORE Lk
DAY A I BT H P CD3. PAXS, Ibal, FOXP3, laminin, ZO-1, ¥ X U caspase-
3R E 72 RIER D 5 W ITHOLRERE 2T, ORISR & L 72,
TR EOFHIIFEIE TR L@ Y TH S, 7272 L. FOXP3 DRIELE T,
ZRPUEE LA F UBRRITT v b A L 7w 7 ) vHUE (1:200, Vector
Laboratories, Burlingame, CA, USA) X UF =R T T 4 v ¥ a2 « LI F o X —LHE
@A b L7 b7 ey (1:400, Dako, Glostrup, Denmark) % % 1V Z 1L 30 3G
X7z, PLINOS 5 X U CD204 ik D EEEEM)E~ T A TH 072720, Thbiifkz
Fi 72 509 4% 6 C 12 Mouse on Mouse Polymer THC Kit (Abcam, Cambridge, UK) % i \»
720 WS HEDMMYIA Lo, 7R b — 2 2ICHi o 72 BRI & M- AR o

FRYE O BEE M % BT 3 % 72 91T, BT caspase-3 I L U ZO-1 Ik % A 7= R Pk IC

36



680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

X3 EREROEERL -, ZEGERETIX, RYICH caspase-3 Pk % W72
FEqetak DAB FEth CHEMi L 721, FURBRZWLE B X OHUFIRIE L 2 3t < 97°C15 4>
M7 zvig~Arny o —7CUBL, §T20-1 FilkZ v iz flEf i 2T 5 72, ZO-
1 DGR IE I, VIP Peroxidase Substrate Kit (Vector Laboratories) % F > TfT\vy, A F L
27" — v (Vector Laboratories) TXTHLYta % EhE L 72, #HRIERE TIX, LI
IgG (H+L) Fluorescein (1:400, Vector Laboratories) % 7z (¥ Alexa Fluor 594-conjugated /T
7 % ¥ IgG (1:400, Thermo Fisher Scientific, Rockford, IL, USA) % Xk & L CfEH
L. 37CT 1 ARG S 87z, ZhZnofEthay b e —icix, —RFUkD#EES)

MG CO X ERII~7 ZADIEFIME (Dako) &iEXHLZ 72,

S gE G it G 0 P E BT

¥ ERICE T 3 bal, INOS, ¥ X O TNF-a OREREYI R IC BT, BiEKIE
LM EREE L, BEEKGRET 2~ 07 7 -V OBEE LERNICHITL
oo 1DYIR H7- 9. Olympus BX51 BE{M(#i. DP72 7 A 7, B XU 20 fEONPL v
2T S MOBEE#HFE L, Fiji ¥ 7 F 77 (Schindelin er al., 2012)% T,
S 2 R THE 2 B L. CPIOE EARERRE (pm) TR L2, F20 4
H EARICE T B caspase-3 B % R 3RS EAE EEMIIEO%0% . Olympus BX51 B
BoOMYIL v X205 10 HEFCTAH Y v b L, FEEEEHERE TR L 2, BYHs
X O HARERT C D SuE R (I 35 1T 2 IR, 5 X O caspase-3 51D L EAINE D %L
1%, Welch @ ¢ 1RE CTHELL 72,

C57BL/6 ~ 7 A DIEKYLHEIL, EFRYIHRA T — VB L OERBIIR T -V IcnMEL.
AT — VR CREREZ IR L 72, EERPIIAR 7 — 20k, B 10 HB IS D 72 0 %5

BONRE o723 L%, EEBRPIA T — VIS % 24 HHICHE % 2 L ZEEK O N

Rélmol 1 kb XUEBIIFK T ECEFLEZ2IEZ2ED T,
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704

705

706

707

708

709

710

711

72

FE MRICB T 3T EF—v XICfio Lo

W ERICBT 27 R —v 2o T2 Mlifa 2+ 2 2 & 2 HNIC, 3T
caspase-3 PUAR % F W 72 S0l 45 ICH 2. Apoptosis in situ Detection Kit Wako (Wako, K
B, HA)Z W CREtZ21T-> 72, AF v bIE, Terminal deoxynucleotidyl transferase-
medicated dUTP-biotin nick end labeling (TUNEL)iEICHD Wz DTH Y, T 7 4 v
OB R Ec. TR P v RCfio T afilak T 2b D TH L, AF¥ v b

FHRWEREH, AFL7) — v Ottt %2175 72,
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M3

714

715

716

7

718

719

720

721

7122

723

724

7125

726

127

728

729

730

731

732

733

734

735

736

R

R, KR, FURIE, X 0~< bt 2 ) v Ml

EYRED 2T D BALB/ec = 7 AT FEEE T (%38 HH) £ CEFL, —77
TRRYFED CSTBLI6 7 A3, 8PED 5 B 6 EAEYAL 10, 13, 17, 24 HHIC, #
BFLORERDEZ R L2720 REK S, 2EPERK TR E CEF L2, MRk
2 U AR CTHI T 2 &, G L W IR OB ICHRE AN B BRI D b s
7> 7= (Figure 8) o EYHED BALB/c ~ 7 A Tld, YO JFERIMAEDS 2 VT TG 3
HHIC, 6 LTSt 6 HHICHMH X L7z, CSTBL/I6 ~ 7 A Tlid, TSR~ v
ZADNEG% 6 HHICRYIOFRHEIMAES £ L 72, WRHOETOEREH~Y 2T, &Y
DIFHIMFED v — 2718 HHTH V. Z OREIAMICHIR % 4 0 K3 HIlfEA, &
BRI TR E 7 R EBIRLE P o S 3 Tk IciZ® b7z (Figure9) o %
7oy WRATD BT OREGRE~ 7 2 Tld, B DFHRIED v — 7 2538 & 11 TLARE,
WHEEEX 0 b Fifefic~~ b 2 U v MEIZEfE% R L 72 (Figure 10) . 4§ BALB/c
~ 7 A TGN 15, 22, 29 HHDHIERE, C57BL/6 v 7 A CTRES% 8. 15, 36 HHD
HIEREIC I, B~~~ F 27 ) v MERNEHO D 0 X ) b HREIEWEEZ R
7o TG TIX, BALB/c 7 A X D CS5TBLI6 ¥V AD A, FHElic~~

P27y MEIREKWEEZ R L T,

<«

HHARA AR SR

A~ v A QMRS O 5 B WRRO 2T ORI ORE LikT, FHE LA
DIRER, RE. B X VORHICH T TOEMICLDS 2R EARRPED bl fHHRE
R I 13 % B O AEMIIE 23R L. NHIEHEO RSB B AR & HEi L CRIE D& 39K L

TWw7z (Figure 1la-f) . 7ads, MR EERLOBREICOWTIE, w7 ARHKEITHL 2
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137

738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

760

RAERFRD LNRDP o7z, BALB/c =7 A 1 Pl X UM C57BL/6 =7 R 2 PE (&4 10
B U3 HHICLKHER L 2filfk) <ld, FEREAEZ AT, K EARE oG
D AR L KT RFEEOTE R0 b v (Figure 12a) » 72, —ifOREHE LAE ©
iE. BN L. SRR A B L BESE L 7o MR 2 R o BRIRAL U 72 b BCHIIE A3 IAE 1 A
ORETEICBIZ E 7z (Figure 12b) o MR EARENICEBEL 2/ n~F v 2 G55
Bl Mgt oFHE L - MR 2 F o M2 iU iz (Figure 12¢) o 26D
MR E I ZE X, TR O IR T IkEED bt o 72,

R BARLSLCld, AEESREF O B IC 5 v T L HEEO PR b HEE D %
TEMRE S 2 CORYEE~ Y AT LTz,  DOEIHHE DL X, BALB/c <V
A & C57BL/6 vV AT L 721370 bl o 7223, 2 LD C57TBL/6 =7 AT
FNERGEE S o Tz, . RTORER ~ T A CHHE, HKE. XUz
FHICELRIIRD o Wind o Tz, ATHERLAIL D £ Ot D fides i< 3513 2 W% D534 I,
BUNETHE LD DLFAKODHTH -7z, BRI T 2 L. PR, BhE. O
B, & X OB D SRR O AE R S X O o ARk, B8 DB
B LR TP RE > b HE O MEMIE ORI 20 72, k. BE. B,
B X UM I S 2 AR AL IR b o 7z, MO & TD~ Y 2 D4

S 3 O 2R R R BIE S W a o T,

HEMEAEERRIC BT B F Y 3 Y —~ DFERAL

YL T. equiperdum 7 ¥ F i % AV 72 o o ds X ONHOE R EIc X . BRREC
RO L NN MR O & —BL <. R LAMEICSBORROFAEED S
N7z (Figure 13a) . MEQMENICIZREEIRD bd o7z, METED bH
iz, PV —<REOEE L B OEEEZ L Tz (Figure 13b) . ¥

7oy HOLRBERETIE, R EREE cERoBIEesmtiEhz s sema, &
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761

762

763

764

765

766

767

768

769

770

771

712

713

774

715

776

1717

718

779

780

781

782

783

784

Bciid s b0, KEERENICHBGIERIGSRD 57z (Figure 13¢) o BRI
35 O IR B 2 <. A fuds A PR O NGRS 255860 b M7z iz
THRIE I N, —J7 T FEE. KE. BXUHINZIROEE Tk, BERFE T ok

Yot I X N RERE O W T NICB W TH BIHERIGIZERD bk - 72,

R EARICRIE S 2 SAEMIEY 7 2 A4 T DRE

R DGR~ 7 R T, KFER RRE IR T 2 RIEMIE O K& 5 23 Tbal 1 51
TH Y., CD3, PAXS., & 2\ it FOXP3 IC5E%Rm T RIEMILIZZR D Sk v, 32
HDONTZELTHITL DT TH o7 (Figure 14a-d) o MiAMONIERE <Y 2 DREH
FEEE TS I AHD Ibal GHEMIEABRHI TN d DD, Tbal ICHEZ R IRHE L
RHEEOHEE B L2 5, WA CREEE OS2, MIREEX v O EHENIcs
BICEWEEZR L TWiz (Figure 15) o £72. C57BL/6 = 7 ADEYPFEDHTI1E, £
SREARHIII A 7 — ¥ 35 K OBRIAR 7 — 2 DT, Ibal IR ICHEHARICH B k7
13780 b b - 7= (Figure 15) o

JEAFEOREE FRRIE I X, iINOS Gt~ v 7 7 =Y B XU CD204 Gt~ 27 v 7
7 =Y ORI HRE L Tw7z (Figure 16a,b) o iNOS [5G % 7~ 385 8 LR RIE o HiE
I¥. BALB/c ¥~ 7 A TR KT, C5TBL/6 ~ 7 A EBBEIAR T — . C5TBLI6 ~ 7 A EEH
PR T — Y DIETKE WNMEAMICH 572 (Table 5) o FEEDOMHRIIZ. iINOS [k &
Ibal PR O L% i L 72 BRI b 3280 bz (Table 5) o MR DOBEGA~ 7 X
TR O N7 M FRISFIERPIC 1. REFEEZED BT X 5 1C bal Bt~/ m 77—
BEMLTEY (Figure 16c) . T b~ v 77— INOS ITIZFEET (Figure
16d) . CD204 IZ x5 ME% /R L7 (Figure 16e) » TNF-a IZH3 2 gt cix, Btk
BGIE % Btk 2 & BRI, TRAE D BRI ORE B LR E ol S e (Figure

16f) o TNF-a iICBGPE% R L 72 K53 FARRTE O Hif& 1. BALB/c ¥V A TIRAT
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785

786

187

788

789

790

791

792
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799

800

801
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803

804

805
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807

808

C57BL/6 = 7 ZAEERBIAZ 7 — 3 C57BL/6 = 7 AEEWIH R 7 — L DIETH 72,
L22L, WIENORR % LI L TO PN B E A 1T 5N d o 72 (Table

5) .

RS AR o A EDE O AR IR

P laminin A% W 72 SOEREGE Ik, SIBFFORGE Lk cld, B LRE o5
JEE AT S 5 —HOMERE & L CHEBICH i S -0 L (Figure 17a) . BT
DREHR LR T, RS XA TR T H o 72 (Figure 17b) o

SHERE X, FEE BRI caspase-3 R TERIG I3 & 7 A - 7= (Figure 18a) —J7
T, A CTIILED caspase-3 [GHERIEH 72D b AL7z (Figure 18b) o caspase-3 1[5
WxRR LDk, KBS APHEER ERE O LRI TH > 725, —HoME IcRET 2
RIEMIL T D GIESICZ R L7z, £ 720 FEHE EEREWNICD o L7z FIZHIIE S caspase-
3 Chtkic e 7z (Figure 18¢) o Mo MIEMINLIZ,. F¥ LAY FEHINO ~—
71 —Td % cytokeratin 19 12 b 1%/~ L 72 (Figure 18d) . caspase-3 (C[5i: % /R 44
B ERE O ERMEORIE, wIhoRGHE (BALB/c =7 A, C57BL/6 ¥ 7 A EEH]
WA 7 — [ C57TBLI6 vV AEEZIAR 7 —) MITOHL 2 %ZEITRD bNin o
7= (Table 5) . Apoptosis in situ Detection Kit Wako % fF L 724t clt, WEEHECIZ 7
b= 2R E N h o 72 (Figure 18¢) o — /7T BEYEECRRIGMRIGA E
B & e, B O EMIEE X ORR EFREN TR o - FTEMiR T b o
b7z (Figure 18f) o Z DFERIZ, caspase-3 [GHEMIIEO A & —34 2 b DTH -
726

SHRE DR LR TIE. ZO-1 Bt ROC IRRE 3R A o b RN o 48 RqR] o #H s ¢
Ao, ZN6FHEHRT 2 ~EOD X ) IChE EARENEO KT > Tz

(Figure 192) . — /7 TR T, B EAE TR 5N 5 20-1 OGHRIG IZAHE
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809

810

811

812

feTch b, —ETHAL Tz, BT caspase-3 5 L UL ZO-1 Hiik 2 7z —ERE T
X, ZO-1 BGERIGDH KL, % { DEA T caspase-3 I %2 /R 3~ ER T Dk &
B L T 7z (Figure 19b) o 7272 L. caspase-3 [551h  EEAAEASEE D & e WiEIE ©

b, BREIC ZO-1 BBHERIG DIH K20 b 55 f77E L 7= (Figure 19¢) o

43



813

814

815

816

817

818

819

820
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822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

L

KETIE. T equiperdum % &G X ¥ 7= BALB/c =7 25 X UF C57BL/6 = 7 A Dtk
Bl % R EEARAR A ISR L 720 2 OREER. RO EREREC. ME ~ D 2SEMIE
FEE R e T2 EE AR LREDPED bNE Z EBHL TR o Tz, WEDEE
T Y ~ DFEGIFRE < I1d. BE O SEMIGREIC X o> TR T b 2 HE R B X
UHER ERR DA b2 E BB I N T W3 (Yasine ef al., 2019a; Yasine ef al.,
2019b), E7z. O DML S T. equiperdum ® DNA %3 PCR IC X WIEIE I iz &
2o, FEHEPHE MAICFRAEFE L TWE T EAHERINT WS (Yasine ef al,
2019a; Yasine et al., 2019b), AT DG~ v X TERD b N AFHR FRR X, ERE
ey < Tt SN KER BARR LB ICEL T 2D TH o7, I DT, PIT
equiperdum 7 ¥ ¥ I35 % Fl Vo 72 et s X DG RE o3, IR IR |
RETE O RIERICFHFEL TWE T EDBHLDITHR - T2,

KR TR R TORGAE < 7 R TRER AR b iz—77 T, HHRCEIAGER
FEICITMRANICE LR IR0 F, B R T b BRI S e d o 72, HHERER
MY ~ OIRERFENT % 17 o 72 JeATITSE Cld. WL Y ~ OREMEAGER T IR R L EH
ERERED LN EBHE TN TS, L L, THSIERNIZARREAEFITH
. FEH 7R RROBIZECE T T Wk d o 72 (Yasine er al., 2019a), —ARAY I I 7E B
5 2% 2 BEIRFGE 1380 A Ao R WHIfEIC©H 5 (OIE, 2013), —/7 CARIFE TR, &
TORERE~ 7 RLIEG 40 HUANIC ZEHR S nfRIc it T iz, RIS~ Y
AT THHERIIED b o708, ZOFEE LT, BN FERE)
DEZX, H50VIE~TRELRY~D T equiperdum (313 3 B2 DE IS L <
WBHEEMERE 2 b D, 727 L. S E OB RS o TR O JREE T O St

e IZ. B OIEFIRE ICBRO N T WL 2 2 EET L &, BBy ~ICB T 28K
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837

838

839

840

841

842

843

844

845

846

847

848

849

850

851

852

853

854

855

856

857

858

859

860

RBRB LOIER AR OEWRE LD 2213 5 720 O KB 2 AR ZITSE b HEE T
»Ho,

R IR R O RSMIE CfE o, KSR EARE TR A ISR L T, ISl B X UK
HEARE RS 2 EEMIE, ez 4 vy vy sy avic X WAL, ME-F
HEM 3 X M-S 3 HERBF 2R L w3, 2h o oM, K2R HRE %
K EAREICRAT 20%P &, BEEORERMEIIEFIC@E o w5, L
Teh3o T, REMIE PAEER LR O B IL . 15 T O REEROG A BUE 75 o SRR AL &
722 T\ % (Hedger, 2011; Foster, 2016), AT THEM L 72 TlE. 610 0D ok
NZZLDOTEIRELRBENCHFETZ Y N Y —~RBDTILTHo7, —H
T, R EAOMEICIIZED M V%) V=R AEL TE Y, FEFCiIRECHEE
FIERIG L CHERO~> 7 v 7 7 —URREL Tz, I HICHRHEDO~ T 2AD—F
DHEIDOREHE LK TR, BTRFEOTER D o T/, MTREFEIE, K123 M-
FEERBIM & 2 I IMAE-FE S EARBEIM 2 2 CHIE IR A L 254, EEofEr 1
IR R SN B b DTH B (Foster, 2016), L7223 T, BHEND LY Y
—<. BLETRFEDOIE &\ o 7= AT R, IR-RE 5 B ARBEFT o A % iR ik
TEMATH S, 61T, Pl ZO-1 itk v 7z g ta <l B0 kT
3% BB RG2S A LT Tz, ZO-1 13, IME-KE S EARBAM 2R L T v 285
BERE EEMEEO 24 F Py v oy a VEBBRT A EEL Y SO —FETH
5, YRR 7 AN 7 7 v OGN~y RO LEOKREICS 2 5 8 2 Rat L 71T
R VAT ANREG T A DETERENIC G 2 R E R AT L 7 BT T .
FEH RIC 51T 5 Z20-1 OFFUKT 3. MK LA oMK T L BES 2 2 &
D XN T B (Fang er al, 2017; Sheng et al., 2021), A ED Z & X b KIFFEDOHT
ZO-1 itk % v 72 e e o 5 R L, B~ v X CLIIMIR-AE 3 EARBIFT o BERE 53

BEPIFL T/ e2Z /I3 Th 3,
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865
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867

868

869

870

871

872

873

874

875

876

871

878

879

880

881

882

883

884

il CD3. PAX5. FOXP3, & X U Ibal §ilkz V7= fZREORIR I b it~
v ZADKE R FARME IR T 2 AEMEIE. K~y —YCTh D T L3
LT 0T, —MRINIC, =77 7=V X ZDEENA DL, MI HDEWIETM2~v 717
7 =YD 2MEICKIE NG, Ml ~7 a7 7 — 3K AR B R & PURIEREEIC B
N, RIEESA b A4 vEDWL, REXZEET 2, —/ATM2~27Rr 77—V I
FIEMET A P A v amdi L, SIEZIHIT 2 & Lo, BECEHE I Mz
189 2 %E % #H > Ty 3 (Martinez et al., 2006; Sica and Mantovani 2012; Atri et al.,

2018)s TNF-ald, Ml ~27 07 7 =YD OREAINIRENEY A P24 vo—ETH
% (Martinez et al., 2006), AETIZ, Ml~vZ7u7 7=y M2~27u077—Y DN
25, FEH EAMEICGREL TB 0, 200 RAER TIX. T TNF- a Jiik % v 7 e g
B CRHER IS 3% B & EBIEICER® b7z, TNF-ald Ml v 27 v 7 7 — Y ofthic
., MEEHIES 2 WIE T Y v oSBRICK > CTHEREINBEEDNDH S (Oakes, 2021), &K
Wrgecid. FEE EARE I B EEED S, CD3 ICHEERT T U v osBRiZ
YRCHo72 o, KR EAREICE T 2 TNF-a OFEER I, MEIRBEL T
ZMl~oru77—=YThbEEz LN,

TNF-a 3 RIEZXRHET 2 I A4 P A4 vOo—HTHDEH, ZOfoMEEE LTx A4 T
Vx vy avOERERET I AL D 5 L AMERIE N TE Y. FricZz O
T e o BIEMEEE  (Inflammatory bowel disease) TJi  BFFE X LT\ 3% (Bhat
etal,2019), RAEMERGZERIL. MLE ICE T 2 HEATEOBER & B2 Th Y. <
WO IR RE O NEY] G Eic X o THIZE R I ND EEZ LN TS (Gill and
Kakar, 2021), ERRICIZ, BEEEEICE T2 Ml ~2 07 7 = ponlhEns
TNF-a 28, BRI EEMIIC T R = R 2FEX 2 2 P HEIN TS
(Lissner e al., 2015; Gill and Kakar, 2021) & 512, TNF-a lx. BEREO EE AR O

ZAN VI a VRN 52 VNV EREEIICEET S, 24 PP vy
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907

908

2 VOBRER R T S 2 AMREME D IR E T w3, oz ki3, KEWBEERED
58 ERAIIC B0 5 Z0-1 DFRBRIIH 5 WIFHEL T3 2 b b EANT S
T3 (Lissner ef al., 2015; Gill and Kakar, 2021), ¥ 72 RIEMIGRE DIGE TR 5
T e oMo~y 22T VICE T Y. EEHEEEE T AME R KRG LT
R ADIEREZ I LD LT 5, FRA alidds T TNF-a 28 EREHINERE O ZO-1 S8 2 1K
T2 EPMEINTWS (Mazzon and Cuzzocrea, 2007; Ghafouri-Fard et al.,
2021), AFFEDEYEE~ D R TIX, 7T b —> RICHi- 7258 LS o FR Il %
HHICERo 5Tz, /2. $ caspase-3 B L U ZO-1 Yk & F v 7z ZE g et <13,
THRPF =V RERI Lz EEHIIESER L T 2300 T 20-1 DBERKIEMET % 72
FHRL T2 2 RS 2% 572, YT TNF-a 35 X U1 INOS Pk z Fl v 7z g e
BORDEFERET 2L, BERIMMMHEEICRBEL T2 MI 2707 7 =V b0Wd
7z TNF-a 23, K3 FEEO FEMIEO TR = 225|232 & C, MiR-K
B EABEMP L CO AR H 2, T, TR P =T RIZHio T 2 fllldo &
BHRD LN WEFTTD Z0-1 BHERISOET 2RO bz, 2D L h b, TNF-
a 23 EEMREO MR /ES % 20-1 0FBE, TH b —v 2% L BN R
Tk, EENIUET IS T 2RSS Z 2 b iz, T equiperdum OIRHEHEE
FEZDH e, BMEEAMEICHFEL TS F YY) Y —< IR ERERENICE AT
LRERB LN, ZDOBRICIE MY N Y =~ HETL-0ICRBELTE ML <2
077y —=Yh oI ns TNF-a OMMREERZ MM L CTw 3[R E 2 b7,
—fIIC, RAERIGRET 2~/ m 77—V O T 24 TE, RIEORT—VICK
STRELENT S, RIEDYIRRAT —VICIMI =207 7 —IBEEERD, &
FEDSEIT LA T —Y b3 M2~27u 77 —UREMNAY 724 7R3 (Liu
etal,2014), ARIFFETIZ, C5TBL/6 =7 A DIERFED 5 b 6 LKL 10-24 HITIRAE

BCZ P Ic LI I N, 2IE R 38 HH & 2 EFE TR CHEF Lz, L
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922

923

924

925

926

927

928

929

930

931

932

L. WFhoBREHEcHRICt I Nz~ T 2T HEREER AR D b,
FRETEY /87 7=V EMIBIUOM2Y /BT 7=V D2ODY T XA TD
~7n 77 —=VMREEL Tz, CS5TBLI6 =T ADELREICE VT, FEEYIIZ T —
VRGP 10 HH TREHEINZ 3 D) L OEBREBE 27— (BYRg 24 HH £ 7212
38 HH TREHK SNz 3D cRERE O EZ KT 5 &, INOS ICfGE% 7R3
HfE, TNF-a iCBME%2 R 3HE, 35 X O INOS BEPERIRE & Tbal Gk o R i34
T IR T =Y XD D BIIAT -V TEWEER R L2, WTNLOBEREHETD,
K LRI P Y X Y =< DFERED LN L 2FET L L, PN Y ==
37 L b EGYR 10 HH X 0 FE3 EARORIEICH A LIF EoRERIC e ERT 5 &
Edic, Ml =w7nm 77 —YofElaREs L, By 724708 M2<2 07
7 —VICTERICHTT 2 L 2T w2 AREESE 2 b7z,

Zolal, BYHED 5 H 1 /LD BALB/e =7 2B X U2 Lo C57BL/6 = 7 A (BG4 10
HH %7213 38 HHICZER S 7 ifF) TRFRFHEOBKRSED bz, 2hbdd
FiF AL, BREHEC~ Y 2ARICBD 53 CD204 ICHtEZRT M2 w27 1
77—V TORAETN TNz, EFOHBRY . HFRIFFERIEEL TN ERTENR
EWMYVHO =07 7 =Y OH 724 TORLE S 2 L 72 5EATH R Id v, i+
AEFIE L — D B3 2 1E ERIEDINETH 5, ZD XD RERIGOFTH =
rm 77— V3EEREEZHES 23, BN T 2 0BT BT, BT~
077 —=YOY 724 TOMEC, ZNBED XS ICENL T It W»TIIIFE
BICEEEH Y, —EDHABEOLNTHARVOREIRTH B (Martin and Garcia,
2021)e L7235 T, B~ Y R TR ONEREARRTCEIMI BIUM2~ 7 1
77 = VRIGHBEEICREL W e— T, HTRFEIM2 <7077 -2 TDh
HENTORBBICOWTEHLAICTE o/, TR X, BREZI0HEHD

S YURATT CICHTRFEEIZED N b, P EDRERBEZRIOHEH LD L

48



933

934

935

936

937

938

939

940

941

942

943
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950
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956

RO, B0 & W R DB C 3 CICE TR & LT 72 & & 3k
WETH 5,

RETIT o P ER <L, ERIAMPERRIC~~ 2 ) v MiEZFHE L 72 &
2. WRFO~ 7 A TREREFISREE L D D Rv~~= 27 ) v MEER#HRICRL
7zo F72. C5TBL/6 ¥ 7 A& BALB/c =7 A% KT 2 &, MEFECIIRFEHEI TR
BP0 T, R TII CSTIBLI6 vV ATL VR~~~ 27 ) v MEZE
L7co L7357, T equiperdum IVM-2 BRIEH = 7 X CTld, HEREE BN ICE
T2 EBELRERERDO —2TH 2 A (OIE, 2013; Gizaw e al., 2017) 2 FHHT 5 2 &2
AIRECTH 2 T LR ANz, TR T, AMOREE & JFEHRIAE D & DB
HPEZRD b NTa o Tz, TNE CTHIEREE SRS 2 AM ORI LR AT
B 2. T equiperdum (IR S FTEMIIMD + V%) Y —<ETH AL RSN 3 EEKAE
RTH %, FFIC T b. brucei TIIWIFEAHED &AL, B O FIERET O FEIAAEEA T U
%, T b. brucei BFENY)<IZ. BIKICHT 2 RBICEMEBT 2L, A v & —Tzm
YEMNLMIwI a7y —=VREELLEI NS, oMl v a Ty —VHRO 34 b
A AV, HEHROVE L &b IHERAT 2 LRIMIRD F i A 5HET 21200, PR
THigic B0 3 M1l =27 07 7 =Y ORMIREREZEHEALL, 2 X WV EMPEL 2
L ¥ T3 (Stijlemans ef al., 2008; Stijlemans et al., 2010; Musaya ef al., 2015; Stijlemans
etal,2018), ARETIE, CS5TBL/6 ¥V RELHETIE BALB/c v 7 RREHEL b b HEE
REIM% 2L Tz, C57BL/6 ~ 7 A3 Thl #H7D, BALB/c = 7 A3 Th2 #H7o %
EFREHLTHEY ., FFIC Thl L7 CSTBL/6 ¥ 7 A IRIFAREERFO 4 v 2 —7 =1
VEARBLUMI w2707 7 = UEEEER RN LB SN T WS (Mills e al.,
2000)s L72285 T, KRETRED LN CSTBL6 vV ACEB T 2HEAAMD, v 7 X
MO RIEZRDE NI L > TH ER INTWBHRENED D V| T equiperdum 735 E1C

Az 2R ITEEFICOWTY, T b brucei & —E3LBTH 205D H 5, 7277
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957 L. AECRAMDKHIHEERFHNZAATZ DD TR, ERMEREE TOM

958 HbZlLwIlnrb, AMORHEBERFEHRITICIZZ O R MRILHATDH 5,
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965

966
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968

969
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971

972

973

974

975

976

977

978

979

980

INEE

ARECTIE, BFUNECH~ Y RICRIABRESIT 5 2 L PERI N T
equiperdum IVM-2 ¥k % fiff = v 21T X & R~ v ADBFHENICEINZ 255
EEWHOPIC LTz, £, BYE~ v 2 O MRS A SR ICRER L2 L 2 A,
R LS TR O N 2 K VAR SERIR A D — D T H B KGR R 58 LAY
ICHRLT 2R H FAR AR TORGE~ Y R CHD LTz, X 5IC RIS st
2T, BRI~ 2B EARREICHFEL TV 2L 2P 2IC L, KR
7V AT, BN PRORGERED b2 & KR LAE O FEMIES T R
F—=vRICio T3 & IMHE-K5 S EARBIFT 2 M3 5 2O-1 DFBUKT % 72 1378
KBEDONI=Z L, —HO~ T ATIHEFRFMABBRH I N Tz L FE
AR-IR B D e % 2 3 2 B O FT RS20 b iz, FEE HMAMEICIE, M1~
7077 —=UREEERBL, Ml ~27 877 =YW d % TNF-a I3 % gt
T RS B2 & OB IR b iz,

AR TIE T equiperdum 1 ZHERIC X > TG IN D2 2 L2 EFET L. v~V RADNF
B EARE ICE A S 2 R M-RG SR B AARBFT 2B 2 CTEIENICR AT 2 B0 &

5, RECELNEHEREIN, ZOBRICIZNI N Y —<2IXES 270103 BL T

il

XMl w2077 —UbMWAI NS TNF-a DFHEEREZ A L < 5\ gEE 2

N

]

Ezbhlz,
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982

983

984

EIVE
Trypanosoma equiperdum D~V AR YT 57 VHESLIT

7 1) 7= TR HURRET
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988

989
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992

993

994

995

996

997

998

999

1000

1001

1002

i
il

FU Y =< BIRHOFTTH, T equiperdum ZAGIKICHE N R R Z HE L L 70
—DFY N Y —<FRTHY, WRICXVEHINE Z EBFETH 5 (OIE, 2013,
Ahmed et al., 2018), T. equiperdum DLIEIZ, BT ~ 2 bV~ X 0 b &Yt
~2 LMY TX Y EMHEICKRT 3L I NT B, RHEIETHERD S EEOM~ &
AT DWITIIAATH B (Gizaw et al, 2017),

AFROHE N B L N M E Tk, BYENES T T equiperdum % FERINICTEG X & 72
< U R &R BRI T L 72, RIS, B I BT, MEMEAERERR I E AT 2 R s
MRREGP RAL S & 2 72010, MMOFEIMCIE T 2 BF D —dmic DLW TELL
7o LA L. IEHENEEG CREE X ¢ 2= 7 23, FHEAEIICRAT 315 % LK
BUPICRT T 2T 0 8 LTI Th 5, JHEBEFEOMBICRAT 287 %
HH O 22123 2 72 1T, T equiperdum @ HIRF T D ERGLRERE & [FIERIC, FIHERAEH T
JFH A BRI~ T AET VO IAEEND, AECTIE, BENKSGTT
equiperdum " EIRIBG X 72 lff~ v 2 % M~ v 2 L RELE &, JRH2 ~ 7 2Tk

IN B DWET L 7
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1007

1008
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1010

1011

1012

1013

1014

1015

1016

1017

1018

1019

1020

1021

1022

1023

1024

1025

1026

MR U5

REES

6 JBfin D BALB/c ffi~ 7 2 5 Pl X ' BALB/c i~ 2 9 Pt (ML & ic
BALB/cAlcl) ZHASMHAZ LT 2208 AL 72, AR OB 0%, 5 VLol
~ 7 AT T. equiperdum IVM-t2 ¥ % 1 x 107 parasites/ml (ZFH%L L 72 % 548 % 0.1 ml f82
JENIC G L7z, B 10 HH £ CF I 3 X O E & A O T8 CARM MR R %
A L. ERE 10 HE2 S 14 HEL, 202 nolff~ v 2 2 SALEM~» 2 1 Pt &
B IC S & &7z, FENE. ey 23E 0 F X O IE & FED Tk TR5EM
L. BB T, HEEAETRSR 2 B L 72, M~ v 203, MRS S HEEEH ., KA
MFERE TG L. 2 ORFERRO FECRER L, FREiT v, MRS 2 86 L
7z

F MRS CIRHBERE S N B ATREE 2 HER 3 2 72 0 YL~ 7 R & AL
~VADFEES, Ll AT Y a—neHbETTolk, Thbbilff~v X 2TiC
1x107 parasites/ml (ZFHEL L 72 T equiperdum IVM-t2 Bk % 0.1 ml JEFEPIC#% 5 L, J&YLt4
10 HH £ TR MR 80z 57 L 72, &5 10 HH 25 14 HREELEE~ v 2 & [F
R X7z, FENE. BN EG CRE S S~ Y TR L. BLEME~
ALK B % FE RN 2> & 5 R HEHE U 72 28 L. MR ARl % £7

L 7=,

AR A AT

bt & - 3 X O AT 1X. 10% BB A< ) v CHEER. FiEICHE
WX T 7 4 ICE Y X HE CHE LR A IC it I -, HE Bt H A v

7R o 2, MAkF o 2R3 5 2 & 2 HIIC, $U T equiperdum 7 ¥ F Ml
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1027 EHERHOWZZRERE LI CHEEL 2, b, REREOTFRIIFIZRICKELZDD
1028 ELRBETHY, A4 T4 73 v bu—nici3 v 4 FIEEIMF (Dako, Glostrup,

1029  Denmark) Zf#HF L 7=,
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1031

1032

1033

1034

1035

1036

1037

1038

1039

1040

1041

1042

1043

1044

1045

1046

1047

1048

1049
1050
1051

R

MNP G CRRP X 72~ T A SPED S b 1 EERE 3 HE X 0| 4 PEpt &g
%S HHE»D, BULEM <Y R L [FEE 2GS 2 &34 10 HHOWE £ ¢, [ dmfiE
DRI TR D BTz, Bt~ v 2 L ALE M~ v 2 D[RR, vy 20K
MR R 5 HEBEBICEHEI L 7228, wWiho~y 2205 b BRI H S e
> 72 MURFRIC, MEMENIRS CRR X 22~ T 2T, FE ~ 0 RAEMIe e %
R & 3 2 AR5 8 LA R 03 2 c8®» b7z (Figure 20a) » 72, 2 b OFEHE AT
1. I E & ERRIC BRI 7 AR b — o ZUMEDEL R X e, BREPLICITE L T
WM D B S iz, NS CRE S w2~y 2 LR S22t~ 7 R
DEL L UIFETIE, WINdEFELIIRD LN v o7z (Figure 20b) , 72, B X
VT EOFRELCHIEIC BT RGO CHKIIRE I Nk - 72, s X OHLEE
BT, WInolt~v A CTHILIRITHEZ I kb o 7=,

MR 5 TR & w72 i~ v 2, B X LB~ v 2 O EFEERTI. B
~ 7 A TG S HE 2> O REZBB S22 10 HE T oiibe i ic FERIME2 o b h
720 MEPENBG G~ v 2 LR & 2 72 ALE R~ 7 2 Cid, FEEEE S HEE
HIMFEDF AL L 7225, WIFhoMIEH TH R I Nind o 7z, kAR I R
W GRS~ T ZCld, B U E L AR, EEED S I 210 T D U TED RIEH
R 2 R & 3 2 IR 23R b7z (Figure 20c) — /5T, [FJE & & 72 SEALE M~ &

ADFEB X VECTEL IIRED bind -7 (Figure 20d) .
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1069

1070

1071

1072

1073

1074

1075

L

T. equiperdum % <=7 ZICIES X ¥ 5%  DATHIFEIZ. RREOMIEZ HI & L Tw
7=, BEENEES CRHEZ > 7 RTE X F T B (Hagos er al., 2010a; Perrone e
al., 2018; Gillingwater, 2019), EZAHRDOFE N B LR NMETDH, ~ 7 RIS A EE
ISR E & 5 72D IR G CIR R 2 R T 27z, Ledio T, HARLFEKD T.
equiperdum DVERIC X 258k % . ~ v Ak &0 - ERBY) B 2R TH
NTwgv, LaL, FHROME M~ DRAFIEI & w5 B IRz Y T2

HERICEVERRET 2T RETAEELT 2 EFRIIKE W,

~ v A DFEME NI FG AT, FEREW, FEI R, FEMERIM O 4 BRFEIC X 3
4-5 HFEBA T IR XD (Allen, 1922), RETIX, Mo~ 7 X% 14 HREEKENIC
FiEzx¢Teh, i~y A3FRERCEERZ 23 B2 2 2 e xFINE, 5
Fl, WFNOMEED =T THIHIRIIHEZR I N T, HROEFE MR I N 72, T
equiperdum ¥ HIRFECIXTESIC X o TIERE T 2 28, RIS H ICAETRZR N IEIC Fr 42 L C
WD TIEAR L, BERER E R T AEFEICFERBAERI N DT TR
(Vulpiani et al., 2013; Gizaw et al., 2017)s ¥ 72 T. equiperdum D IEERERE O ET 2R
WERRFEE O T, EORHICAEIETRAPEICRA L. R X o TRIEE L 2 2131
HHC® 5 (Gizaw et al., 2017), A, B 10 HH 2 S 14 HEE. Bk~ v 2 % AL
B~ A LRSS B REBOEEBBL L ozl b b, Dl b 2ol
M3t~ 7 A DAEREGRNEICHUE S I L 2 b o v REMED B 2, =V RAETT
equiperdum DVEZRIC X B ik % AL &€ 5 720103, BRA RIBPER T — 2 IC X 250
AT BERDH L EEZ LN,

e~y R e~y 2OERFEFICHBED O TR KL RwiGEE, 14 HEAR

TOEBEOHRT L TN T3 (Jimenez, 2014), KETIEWTNDRT T LIRD KL
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Lo/l L EET 5L, 2RI~ Y 25 L O~ v 2RO X 57
BEVEIZMK S . HE~ 7 RDOAFERENI 2ME T LT 3 ATHEMEAS % 2 & 7z, RS Bk,

KR IR S N2 Mo KGR B 2 3 2 fic . SZRGRE R OB I 2 153 2 4
ke LCEETH B (Orgebin-Crist, 1967; Bedford, 1967), T I3MEHE HAE 2 @@ 3
ICZAG I 2. etk olBig, HIIA/NRE OJRTE. & X O o AL 2Rtk
REZLEEZ ZLBHMONT WS (Comwall, 2009), TS FDOZEAIZFICHERE B
RE RS 2 FEMIE» S Eng 2 v 28, EomME» b3

a2 ricXoChilfflichcnd, ZnbpFofilfilicswc, LEMaofch
Bh3% < ibhe 1 oo e, BRI 2 MR-G5 ARBET 13 2 7 e
S (Turner er al., 2003; Dubé and Cyr, 2012), 55 Il T T T. equiperdum FEERIE G IfE~
7 ATlE, RRICEZ IR T OIS o b nfz—77 T, K Eclx bR
BT HE =y Ao T3 Z RS, MIR-KEHE LABIFI OBREAMET L T\ 3
ATREMEDS R I Tz, AT TH, B~ 7 A TIE, B N BORELEM~ 7 2 TRD S
N7 KGR BARSE L AR O MR 2 B3 2R LA sZ0 o, Thb iR b
RO, P bR S NARE R TR T ORAS X O~ v 20 4jilifE )

ISR LTS RIRENE S B 5, — )7 CRYETREME Y < Tk, MEEKREIZD o2

2

TEPHEINT VDD (Yasine eral, 2019a), FEHR _EARRKPEIERE S 15 2 % 2
DWTRIRFI TN T Wi, St~ Y R T T equiperdum DVEZZIC X 2 {58k % 0L X
572003, B EER L~y 2R 0BhHRE)) & O BEME O b HETH B LE

A BNz,
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HEWENT 512 X o> T T equiperdum % &G X &7z lff~ v 2 %, MEALENM~ v 2 & R
X270 2 EMFE X B, T equiperdum ORI X %5~ v A ORI&EZ AT,
LA L., FEREE, M~y 2ok o FHRmE s, $2BsX07EIC
RE IS E R R R I N o 72, T TROM~ Y 2T ITIRIIAERE &
N o7z, —)7 CHEPENE G CRE X &7z~ 7 2 Tld, 5 15 & Ao SE ik
ROBBD NIz, Sl IR L 7l - 728l & LT, K8 AR 2K 1 0 Bk
ISR R AT L ARTERE S 2 KT S - 2 WIREEDS B 2 b T,

Slal, YL 10 HHE A 5 14 HIE & IER ISR S Nz A 2 QR & L CaE L 72
25, B e b oM IZE~ v 2 D EFRERNIPEIC RSB L 7220 o 72 ATREME D
FEZbivb, S5, T equiperdum O~V AMERRIE G T TN ZMENL T 5 72901013, RG
2 OB E COYIR MG T2 5 & & LR 2 (THMETH 513>, T equiperdum 7

Mt~ ZADEEREIC G 2 2 B 2T L T RLE DD 5,
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REER

15213, Trypanosoma equiperdum DEFIC X V5[ &R X3 v ~<REYD + U o~
)V —=IETH 5, REHIZ, AHEds O FHE-CHRIER 22 E SRR RER 2 2 L.
$ F AL DRI R RO B O h O 4 1ICET L. 3 CTREE KL BT
3% (OIE, 2013; Gizaw et al., 2017, Ahmed et al., 2018), WHEED R WBIEX P, REH D
R okl hb, BIEETEREERSKE RITREZZ T T 2ICHDL
. Y IBEELHETZIN TR VORERTH B (OIE,2013), Z D5, IHE
TEEER R T 24 ERSLHIRS X CHERZ ORI ERT, 51T
equiperdum D FFEBIZICOWTAHLERBL AR IN TV L I e BE T L5, Aiff
ZETIE, TTEEREELETZERD I B, v~DOFREEFENS QOL (Quality of
Life) 10 d 8% T TMRIERICER L. Z DWW ERF AL HIICE 1T &
W% FEhi L 72, 55 1 E CHAFEGI O 2D 2T, 3 5 7 256l gt D 7=
DITIE, TNE CTRIEZTH o LIFEREENET 2ERCWELD —H 2 BT 5~
T AET VDML L TR ASEATH L L Ex, BIL I, BLXTIVED
Wtz 56 L 7=,

FBIFTIE, WECRBELZEBEENZ Y~ 4 BIORMPRREERIT L7z L
2. BER AT — (Claes er al., 2005: Ahmed er al., 2018)ICB b &3, F 7= EHIH FEE
D RRIE & o o 22 HERAEIR & OBhEICB D &3, BT 3 KIEM o 7 & 4 TIE
— T, TUV2NERTIECDR[GIET U v o38RkAs, w27 v 7 7 —13 CD204 & Arginase
BlEoOM2~270 77— REEAYF TE24 T THotz, TOIBRFICM2~27a7
7 =V IR—RIICIE, RIEQBRIAR T — I B WTERM Y 7 24 7L 7t 3 RAEfil
TH 3 (Martinez et al., 2006; Sica and Mantovani, 2012; Atri et al., 2018), 4 El. ERKZ T

=Y 1 (WA T =) CHEI N5 7~ ORMRELHRER & B U 2w R R pf
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1160

BcdhM2~vr7u 77 VBB TH o7z, Lo T, MIHERIZEIKRAT - 2
25 3 DRGSO KR 7 — VTR LN BERIERTH 2 23 (Hagos et al.,
2010b; Vulpiani et al., 2013; Ahmed ef al., 2018), AR B IZEGA % O AR
KHACTT TICAE LTV AREEAE 2 bz, L L, S0 KRR E OfEERE
BPICOWTIEHL IS TE o7z, RIHMRERZIT L O & L 2SR EE o
b 2R OIRIEF AT & R 2 o003, EREERFE ORE 2 BT 5K
BRENI e T VDML & ZNEH X LR DB E L E 2 bz,

B ETIE, T equiperdum IVM-2 FRICIK S L 72 BALB/c M~ v 25 X U —& o
C57BL/6 fff= 7 2 1%, 60 HIEICH 7z o THIJM &2 #8 0 )RS HRMiEZ 2 L Cw/zZ & A
5, ZoOIEM~Y RicEAIHRMLORMBERT 22 boTE3MAELRKTH S C
ERPHL IR o7z, SO DR~ T A BRI L2 T A BIE
THB L 2K ik, KR o B S X OB SHMIC Y v o BkB L U 2
17 7 — Y EROREMIGIEA GRS &, FFEGAHEB IS R0 RiksRH S
Tz —J7C. WETEESIE TR O 2 RIMRER T I3, RAEMIE O B 1T pREARMER
Blic ¥ TRE% & (Pascucci et al., 2013; Mungun-Ochir et al., 2019; Yasine et al., 2019a),
RIEMIE D D HVAIEDL D o 72, Z D720, T equiperdum IVNM-t2 FRIEG e~ 7 2 TE®
O AR MR A 3, TR T O N3 BRI & 13 7 2 AR A
MIRcdH o7, BEKOERIT. HHBANICHER G O B8 ICE 2 £ To% 5k
D RIEMILRE R TH 5, TN HAfkD D 1T T equiperdum © DNA 23 & T
WBZ ENL, HERBICHFEL TV Z L5EDNT WS (Yasine ef al., 2019a;
Yasine er al., 2019b), 7z, FEEEORMINZ X, M ANICERIC I T 3 ZAEfE D
R L RIKOFEDLFHRTH % (Scacchia er al., 2011; Pascucci et al., 2013), T,
equiperdum IVM-2 #HRIES e~ v 2 CThH | HIKDOFAEZIE S R, BRI X K THRIC

NERDFEZME I KERPRD b, b OB ENRIEIEEREE TR o
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250 N Tz, UEDZ e X0, T equiperdum IVM-t2 #RIES M~ 7 %
X, IEEREEA R T 2 HRERE X OB A0~ e mElcE 2 e, iBE
DIFREZ AL T 2D DAMZRY — itk b EE 2 b,

B FE Tl T equiperdum IVGM-t2 FRICI&SL L 72 BALB/c fiff~ v 2 & X UF C57BL/6
M~ 2 DIEEAETRIICEH L, Bt~ 7 2 TR® b1 5 K EARK o i #
MIREHS 220 Lz, BEREH Y ~ i3, BEREGRCERE2IZD O, 21 b
D O T equiperdum ® DNA 2 E N3 T & S8R X T 2 25, LA 7 bf
ZIER O N, JFHOFEGAIZRHATH o 72 (Yasine e al, 20192), &l T
equiperdum IVM-2 FRIEGL M~ 7 2 Cld. KR BERREICREITFAEL Tw 5 2 & 3
ST o720 T equiperdum \IVERIC X > TIEREX L5 (OIE, 2013)2 2 %E 2 5 &,
RS ARRE ICE A3 2 U R 3 RIREENICR AT 2 0803 5 5, B~ T 2D
Rt EACId, WS EAREO FEMBEA TR —v 2% LTk Y, EEHEED
AN YV I a Vv EBRTLEEL VNI ETH D Z0-1 (Fang et al., 2017; Sheng
etal, 2021 DRIEGEIC BT 2 GVHRAMET £ 72 13HE L T, 6, BT
JE DT E NI RS 0 2 7 &0 IR-KE 3 B ARBEFT o fifdE % R ve 3 % T L
BRDONTz, T2, HREEMEICMI~2707 7 —YB3%¥RBLTEY, U
REICTML w207 7 =I5 WT 5 RIEES A S A v D—TH S TNF-a
(Martinez et al., 2006; Oakes, 2021)~DBGHARH % BEED & B ICRRD b vz, B4 7x
PREICBE T 2 AT Tld. TNF- o ld BRI 7K b — o X & & LRI ZO-1
FREABET I, 24 v v 7y avyoE2RII I3 e afBEInTn?
(Mazzon and Cuzzocrea, 2007; Lissner ez al., 2015; Gill and Kakar, 2021; Ghafouri-Fard et al.,
2021)s MLED Z & XY T equiperdum IVM-t2 FRIEY:~ 7 2 DFEH FAATH TNF-a i
LV EA MY vy a VBRI E IR ECHEIEEZ LN, Thb

H, BEICWEERIZ, A2 KHET2720ICGRBELCEZMI 207 77—V R0
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W35 TNF-a OHFREREZ FIF L <. M-S E LARBIM % idhe & & O 3 LAFRE
FEPITRA L T S ATREME DS H 2 b 417z,

Sl BHNETEHM~Y X, FB U ETIRHE~Y Y 2% H O ERREERE T - 7225,
MElE L 1C BALB/c ¥ 7 ADF 03 C5TBL/6 ¥V AR CEWAEFEE LR LT, T
equiperdum AL D b Yo%)y —<BFEHE DO~ 7 2 &% O EREER T, B v 2
DFER & U CTeB D BAERICIEMERE (Shi er al., 2003; Magez et al., 2004; Shi et al.,
2006), AL, BARL (Menezes er al., 2004), £ 72 13FE RO~ DEHIC X 2 Mgl 23
ZF 5N T3 (Antoine-Moussiaux ef al., 2008), T. equiperdum IVM-t2 FRIEGL M~ 7 2
B LU~y 23, BICEA SRR T 2 AR 22 iR <L Micd JRdo
FIFR LN h o7z, —J7TH I E TR M~ 7 2 0 P chisbEMm 2372 &
N, B FETIRERHEOBREHECE~~ 27 ) v MEPEE S, FFIC C5TBL/6 ~
7 A TZ DEIIMEEE R L 72, L7225 5 T T equiperdum IVM-t2 ¥RI&S: C57BL/6 M~
Y AB XU~ AR TFER E LT, AIll2XEZ b,

B IV ETIE. T equiperdum DRI X 25k ~v A THET 2 L wilHh 7z,
R X BIRIEIX T equiperdum DFFED—2>TH 225 (OIE, 2013; Ahmed ef al., 2018),
JEYLffi~ v 20 S i~ 7 AR ORIB IR S N d o 72, IETREEMEY ~TH
HAEPFEHICHER T 2 FHHICOWTIFHO A Ic I L TE DL T (Gizaweral, 2017), <
7 2 THRIC X 2 RBOEIEEZEHET 2 7201013, B 5 £ oM 2 Bt
LI THBELEZ LN, Lo T, BURTIE T equiperdum DTEZS
BAEZHB T2~y RET VG, JEERNREG TRES -~y 208, SHROFEER
JRELAR TR I IZBRICTH 5 L FE 2 b T,

ARFFEIC X0 | RS TR0 N 3 KRR X, BRWIIIR 7 —Y T3 T
BURIEOWEEZET LI LBHL IR >72b DD, AFEICOVTIFYT A TYH

BT 2 2 e cE | NERERTOMIICIT X 572 2 ARG DT 20 5
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Abstract

Dourine is a protozoan disease in equids caused by infection with Trypanosoma
equiperdum. T. equiperdum is transmitted by coitus, and affected horses manifest various
clinical signs during the long-term clinical course of 1-2 months to several years. Since the
mortality of affected horses is more than 50%, dourine causes significant economic damage to
horse industry in developing countries. However, there is lack of studies aimed to elucidate the
parasite strategies of T. equiperdum and the pathogenesis of various clinical signs and lesions
observed in dourine affected horses. Therefore, the pathogenesis of dourine remains largely
unknown. In human sleeping sickness caused by 7. brucei rhodesiense and T. b. gambiense,
pathological and parasitological studies of spontaneous cases and various multi-faceted murine
infection models have been contributed to elucidate the pathogenesis of human sleeping
sickness. The objective of the present studies was to elucidate the pathogenesis of dourine and
the parasitic strategy of 7. equiperdum, which remains largely unknown. In chapter I, I
conducted immunohistochemical study of peripheral neuritis observed in dourine affected
horses. In chapter II and III, I have established mouse infection models that reproduce some of
the clinical signs and histological lesions observed in dourine affected horses. In chapter IV, I
attempted to reproduce the sexual transmission of 7. equiperdum in mice.

In chapter I, I focused on neurological signs of dourine, which observed in late to terminal
stage of infection. Previous studies suggested that the neurological signs were probably
attributed to the peripheral neuritis, however, the precise pathogenesis of the neuritis remains
unclear. In this chapter, I identified the types of inflammatory cells infiltrating systemic
peripheral neuritis observed in 4 dourine affected horses by immunohistochemistry, and

compared those immunohistochemical natures between clinical stages of the affected horses
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(early, late, or terminal stage). As results, the infiltrating inflammatory cells were T
lymphocytes, B lymphocytes, and macrophages, regardless of the clinical stage. Among T
lymphocytes, CD8" T lymphocytes were more predominant than CD4" T lymphocytes. In
macrophages, M2 macrophages were more predominant subtype than M1 macrophages. Those
results indicated that the neuritis have natures of chronic inflammation. Also, those features
were identical in all affected horses classified into early, late, or terminal stage. Therefore, while
the neurological signs of dourine are clinically recognized in the late or terminal stage,
peripheral neuritis may have already occurred in the acute stage of infection.

In chapter 11, I have attempted to establish a mouse infection model that reproduces
clinical signs and lesions including peripheral neuritis observed in dourine affected horses.
Since mice are not susceptible to almost all 7. equiperdum strains, mouse infection model of
dourine has not been established. I infected female mice with 7. equiperdum IVM-t2 strain,
which is a newly isolated from dourine affected stallion in Mongolia, by intraperitoneal
administration, and examined systemic organs of infected mice histopathologically. As results,
infected mice developed periodic parasitemia during the experimental period (60 days). In those
infected mice, peripheral neuritis similar to that found in affected horses were not observed.
However, vaginitis and dermatitis with histological features similar to those found in affected
horses were observed. Based on those findings, female mice infected with 7. equiperdum IVM-
t2 strain may be a valuable experimental model for future pathological and parasitological
research.

In Chapter I1I, I focused on male genital lesions in mice infected with T. equiperdum
IVM-12 strain intraperitoneally, and examined the reproductive organs of infected male mice
histopathologically. Also, since anemia is one of the characteristic clinical signs of dourine, I

also examined the hematocrit value of infected mice. As results, infected mice were persistently
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anemic throughout the experimental period (38 days). Histopathologically, epididymitis with
histological features similar to those in dourine affected stallions were observed in infected
mice. Many trypanosomes were detected in the epididymal interstitium, and few were detected
within the lumen of epididymal ducts. A large number of M1 and M2 macrophages infiltrated
into the interstitium, and positive reactions for TNF-a, which is cytokine from M1
macrophages, was detected multifocally by immunofluorescence in those foci. Also, the
apoptotic epithelial cells were increased in number. The aggregation of apoptotic epithelial cells
was frequently associated with the loss of stainability for ZO-1, a major protein that forms tight
junctions between epididymal epithelial cells. Also, the formation of sperm granuloma was
observed in some infected mice. Trypanosomes in the epididymal interstitium is needed to
invade the lumen for sexual transmission. The present results suggest that trypanosomes in the
interstitium induce the infiltration of macrophages that secrete TNF-0, and may impair the tight
junctions of epididymal ducts by using the function of TNF-a, which induce apoptosis.

In chapter IV, to reproduce the sexual transmission of 7. equiperdum between equids, I
attempted sexual transmission of trypanosomes from male mice to female mice. Unfortunately,
sexual transmission of the parasite between mice was not established. Thus, at this time,
intraperitoneal administration is the most effective method to infect mice with 7. equiperdum.

In conclusion, the present study revealed the part of the pathogenesis of peripheral neuritis
observed in dourine affected horses by immunohistochemical investigations of spontaneous cases.
Also, we established a mouse infection model that can reproduce some of the clinical signs and
histological lesions observed in dourine affected horses. Additionally, histopathological
examinations of epididymitis in infected male mice revealed new insights of the parasitic and

transmission strategies of 7. equiperdum.
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1672  Table 1. Antibodies used to investigate the perineuritis in dourine-affected horses

1673
Antibody Species Manufacturer Clone Dilution Antigen retrieval
CD3 Mouse Dako, Glostrup, Denmark F7.2.38 1:100 Microwave *
CD4 Mouse Washington State University, Pullman, WA, USA HB61A 1:100 Immunosaver °
CDS8 Mouse Washington State University, Pullman, WA, USA ETC142BAl 1:100 Immunosaver
CD20 Rabbit Thermo Fisher, Waltham, MA, USA - 1:400 Immunosaver
Granzyme B Rabbit Spring Biosciences, Pleasanton, CA, USA - 1:400 Microwave
Ibal Rabbt Wako, Osaka, Japan - 1:500 Microwave
iNOS Mouse R&D systems, Minneapolis, MN, USA 2D2-B2 1:100 Microwave
Arginase Rabbit LSBio, Seattle, WA, USA Polyclonal 1:400 Microwave
CD204 Mouse Trans Genic, Kumamoto, Japan SRA-E5 1:100 Microwave

1674

1675  a: Sodium citrate buffer pH6.0 in microwave at 97°C for 15 min
1676  b: Immunosaver (Nisshin EM, Tokyo, Japan) diluted solution (1:200) at 98°C for 45 min

1677
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Table 2. Immunohistochemical positive rates of lymphocytes and macrophages

Case 1 Case 2 Case 3 Case 4

Facial Median Facial Trigeminal Sciatic Facial Facial Sciatic

nerve nerve nerve nerve nerve nerve nerve nerve
Association with neurological

- - + + - + + +

signs *
Positive rates in each marker °
CD3 + + + ++ ++ ++ + +
CD4 - + + - + + - -
CDs8 + + + ++ ++ ++ - -
CD20 + + + ++ ++ ++ + +
Granzyme B + - - - + + - -
Ibal ++ + ++ ++ ++ ++ + +
iNOS - - - - + - -
Arginase ++ ++ ++ + +
CD204 + + + + + + + +

a: +; the nerve is associated with neurological sign, -; not associated with neurological sign

b: ++; positive cells are more than 20%; ++, 5-20%; +, £ less than 5%, -; no positive cells
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Table 3. Degree of inflammation in BALB/c mice and C57BL/6 mice infected by intraperitoneal administration

Infected BALB/c Infected C57BL/6

- + ++ +++ - + ++ +++
Liver 3/6 3/6 0/6 0/6 1/6 2/6 2/6 1/6
Spleen 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6
Kidney (interstitium) 2/6 4/6 0/6 0/6 4/6 2/6 0/6 0/6
Kidney (renal pelvis) 3/6 3/6 0/6 0/6 4/6 1/6 1/6 0/6
Heart (epicardium) 2/6 4/6 0/6 0/6 4/6 2/6 0/6 0/6
Heart (endocardium) 0/6 0/6 0/6 0/6 5/6 1/6 0/6 0/6
Lung 2/6 4/6 0/6 0/6 3/6 2/6 1/6 0/6
Intestine 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6
Uterus 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6
Vagina 0/6 3/6 2/6 1/6 0/6 2/6 2/6 2/6
Brain 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6
Spinal cord 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6
Sciatic nerve 0/6 1/6 4/6 1/6 1/6 0/6 2/6 3/6
Skin 3/5 0/5 2/5 0/5 1/3 0/3 0/3 2/3

-; no inflammation, +; mild and focal inflammation, ++; moderate inflammation, +++; severe and diffuse inflammation
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Table 4. Antibodies used to investigate the nature of epididymitis in infected mice

Antibody Species Manufacturer Clone Dilution Antigen retrieval
CD3 Rabbit Abcam, Cambridge, UK SP7 1:400 Microwave *

PAXS Rabbit Thermo Fisher, Rockford, IL, USA - 1:600 Immunosaver °

Ibal Rabbit Wako, Osaka, Japan - 1:500 Microwave

FOXP3 Rat eBioscience, San Diego, CA, USA FJK-16s 1:200 Microwave

iNOS Mouse R&D systems, Minneapolis, MN, USA 2D2-B2 1:200 Target Retrieval Solution °
CD204 Mouse Trans Genic, Kumamoto, Japan SRA-ES 1:100 Microwave

TNF-a Rabbit Bioss, Boston, MA, USA - 1:400 Immunosaver

Laminin Rabbit Abcam - 1:200 Proteinase K ¢

70-1 Rabbit Thermo Fisher - 1:150 Microwave

Caspase-3 Rabbit Abcam - 1:500 Microwave

Cytokeratin 19 Rabbit Abcam - 1:100 Immunosaver

a: Sodium citrate buffer pH6.0 in microwave at 97°C for 15 min

b: Immunosaver (Nisshin EM, Tokyo, Japan) diluted solution (1:200) at 98°C for 45 min

c: Target Retrieval Solution (10x) (Dako, Glostrup, Denmark) at 121°C in pressure cooker for 5 min

d: 0.02% proteinase K at 37°C for 30 min
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Table 5. Semi-quantitative analysis of immunohistochemistry in the epididymitis

iNOS *

iNOS/Ibal ®

TNF-a ©

Caspase-3 ¢

BALB/c mice
C57BL/6 mice (early stage)
C57BL/6 mice (late stage)

BALB/c mice
C57BL/6 mice (early stage)
C57BL/6 mice (late stage)

BALB/c mice
C57BL/6 mice (early stage)
C57BL/6 mice (late stage)

BALB/c mice
C57BL/6 mice (early stage)
C57BL/6 mice (late stage)

12154.467 £ 1998.004 um*
5509.867 + 654.062 pm>
7325.1954 + 1699.198 pum?

0.4325
0.2502
0.3781

16055.532 +2716.662 pm’
5532.467 + 1449.591 um?
8470.888 + 1657.867 pm®

10.022 £0.578
11.667 £0.976
11.222 +1.378

0.10<p

0.10<p

0.10<p

0.10<p

a: The area of positive reactions for immunohistochemistry for iNOS

b: The ratio of immunohistochemical positive area for iNOS and that for Ibal

c: The area of positive reactions for immunofluorescence for TNF- a

d: The number of caspase-3 positive epithelial cells of epididymal ducts
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Figure 1. Peripheral nerves in dourine-affected horses at various clinical stages. (a, b)

Longitudinal and transverse sections of median nerve, which is not associated with neurological
sign, of Case 1 (classified as clinical stage 1). Inflammatory cells mildly infiltrate perineurium
and between nerve bundles. Hematoxylin and eosin (HE) stain. (c, d) Longitudinal and

transverse sections of sciatic nerve, which is not associated with neurological signs, of Case 2
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1711

1712

1713

(classified as clinical stage 2). Inflammatory cells infiltrate perineurium, endoneurium and
between nerve bundles. HE stain. (¢) Longitudinal section of facial nerve related with facial
paralysis of Case 3 (classified as clinical stage 2). In addition to inflammatory cells infiltration,
axonal degeneration is also observed. HE stain. (f) Transverse section of sciatic nerve related
with paralysis of hind limbs of Case 4 (classified as clinical stage 3). Edema is observed

between nerve fibers. HE stain.
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Figure 2. Trigeminal nerve of Case 2. The subtypes of Inflammatory cells infiltrating in the

1716

nerve are CD3 positive T lymphocytes (a), CD20 positive B lymphocytes (b), and Ibal positive

1717

macrophages (c). Immunohistochemistry (IHC) for CD3 (a), CD20 (b), and Ibal (¢).

1718
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1719
1720

1721 Figure 3. Facial nerve of Case 2. In macrophages, iNOS positive macrophages are rare (a), and
1722  the majority of macrophages are positively stained with arginase (b). In T lymphocytes, CD8
1723  positive T lymphocytes (d) are more common than CD4 positive T lymphocytes (c). IHC for

1724  iNOS (a), arginase (b), CD4 (c), and CD8 (d).
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Body weight (g)

0 10 20 30 40 50 60

Days of post infection

—e— BALB/c mice (control group)
—=— BALB/c mice (infected group)
—+— C57BL/6 mice (control group)
C57BL/6 mice (infected group, died during the experimental period)
—e— CG57BL/6 mice (infected group, survived throughout the experimental period)

Figure 4. The transition of body weight of female BALB/c mice and C57BL/6 mice of infected
group (IG) and control group (CG) (mean value * standard deviation). In BALB/c mice, all
mice of IG and CG does not present weight loss during the experimental period. In contrast, 3
C57BL/6 mice in IG that died or were euthanized by 12 days of post infection (dpi) present
severe weight loss. Other C57BL/6 mice in IG and CG dose not present significant weight loss

by 60 dpi.
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1734

1735  Figure 5. The transition of parasitemia level of female BALB/c mice and C57BL/6 mice of IG
1736  (mean value * standard deviation, limit of detection is 1 x 10* parasites/ml). Periodic

1737  parasitemia is observed in both mouse strains.
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Figure 6. Histopathological lesions of female mice in IG. (a) Sciatic nerve of a BALB/c mouse

in IG. Inflammatory cells are observed in the perineurium and surrounding connective tissue.
HE stain. (b) Vagina of a C57BL/6 mouse in IG. Diffuse inflammation is observed in the lamina
propriaa. HE stain. (c) Vagina of a C57BL/6 mouse in IG. The majority of inflammatory cells in

the vagina are positively stained with Ibal, and are determined as macrophages. IHC for Ibal.
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(d) Skin of a C57BL/6 mouse in IG. Macrophages and lymphocytes infiltrate the dermis and
subcutaneous tissue. Edema is also observed. The adnexal glands and hair follicles are
decreased in number. HE stain. (e) Liver of a C57BL/6 mouse in IG. There are aggregations of
lymphocytes with multifocal necrosis of hepatocytes. HE stain. (f) Spleen of a BALB/c mouse

in IG. Extramedullary hematopoiesis is observed. HE stain.
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Figure 7. Trypanosoma equiperdum in the tissue of female BALB/c mice and C57BL/6 mice in
IG. (a) Sciatic nerve of a C57BL/6 mouse in IG. Positive reactions are detected in the
perineurium and surrounding connective tissue. Immunofluorescence (IF) for 7. equiperdum.
(b) Vagina of a C57BL/6 mouse in IG. In the lamina propria, positive reactions are observed. IF

for T. equiperdum. (c) Skin of a C57BL/6 mouse in IG. A large number of trypanosomes are
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detected in the subcutaneous tissue. Those trypanosomes have a spindle-shaped body with
streamlined and tapered shape. HE stain. (d) Skin of a C57BL/6 mouse in IG. Trypanosomes in
the subcutaneous tissue are positively stained with anti-7. equiperdum antibody. IHC for T.
equiperdum. (e) Skin of a C57BL/6 mouse in IG. Positive reactions are also detected in dermis.
IHC for T. equiperdum. (f) Smear of peripheral blood of a BALB/c mouse in IG. Trypanosomes
in peripheral blood have body form similar to those observed in subcutaneous tissue. Diff-Quick

stain.
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1765

1766  Figure 8. The transition of body weight of male BALB/c mice and C57BL/6 mice of IG and
1767  CG (mean value * standard deviation). In both mouse strains, there is no obvious difference

1768 in the rate of increase in body weight between IG and CG.
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Figure 9. The transition of parasitemia level of male BALB/c mice and C57BL/6 mice of IG
(mean value £ standard deviation, limit of detection is 1 x 10* parasites/ml). The first peak in
parasitemia is detected at 8 dpi in both mouse strains, followed by periodic parasitemia for 30

days.
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Figure 10. The transition of hematocrit value of male BALB/c mice and C57BL/6 mice of IG
and CG (mean value * standard deviation). In both mouse strains, hematocrit values in IG are
persistently lower than those in CG (*p<0.05 and **p<0.01). Also, the differences are more

apparent in C57BL/6 mice than in BALB/c mice.
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Figure 11. Epididymis of BALB/c mice in CG (a, ¢, €) and IG (b, d, f). In a CG mouse, there
are no significant lesions in epididymal head (a), body (c), and tail (e). In an IG mouse,
inflammatory cells infiltrate in the epididymal interstitium, and the area of interstitium is

enlarged. The epididymitis is observed diffusely in epididymal head (b), body (d), and tail (f).

HE stain.
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1788
1789

1790  Figure 12. Epididymis of C57BL/6 mice in IG. (a) In addition to interstitimal inflammation, the
1791 formation of sperm granuloma is observed. HE stain. (b) Focally, some epithelial cells of

1792  epididymal ducts have pyknotic nuclei and deeply eosinophilic, condensed cytoplasm. HE stain.
1793  (c¢) Round cells with aggregated chromatin and condensed cytoplasm are detected in the lumen

1794  of epididymal ducts. HE stain.
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Figure 13. Epididymis of C57BL/6 mice in IG. (a) Many trypanosomes are detected in the
epididymal interstitium. No trypanosomes are observed within the blood vessels of the
interstitium. IHC for 7. equiperdum. (b) Trypanosomes in the epididymal interstitium have

spindle-shaped body with a streamlined and tapered shape. IHC for T. equiperdum. (c) In
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1801  addition to diffuse positive reaction (green) in the interstitium, weak and focal positive reactions

1802  are also detected within the lumen (arrow). IF for 7. equiperdum.
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Figure 14. Epididymis of BALB/c mice in IG. While there are few CD3 (a), PAXS (b), or

FOXP3 (c) positive cells, inflammatory cells are strongly and diffusely stained with Ibal (d).

IHC for CD3 (a), PAXS5 (b), FOXP3 (c¢) and Ibal (d).
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1810  Figure 15. Semi-quantitative evaluation of IHC for Ibal in epididymis. The
1811  immunohistochemical positive area for Ibal of IG mice is significantly larger than those of CG
1812  mice in both mouse strains (*p<0.05). Among the IG of C57BL/6 mice, there is no significant

1813  difference between early and late stage.
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Figure 16. Epididymis of BALB/c mice (a, b) and C57BL/6 mice (c-f) in IG. (a, b) Both iNOS

positive macrophages (a) and CD204 positive macrophages (b) infiltrate in the interstitium. IHC
for iNOS (a) and CD204 (b). (c-¢) The sperm granuloma is surrounded by Ibal positive

macrophages (c). Those macrophages are negative for iNOS (d), but positively stained with
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1820  CD204 (e). IHC for Ibal (c), iNOS (d), and CD204 (e). (f) The positive reactions for TNF- a

1821  (red) are multifocally detected in the interstitium. IF for TNF- a .
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Figure 17. Epididymis of BALB/c mice in CG (a) and IG (b). The basement membrane of

epididymal ducts in a CG mouse is clearly detected as a single membrane-like structure (a),

while those in an IG mouse is indistinct and blurry (b). IF for laminin.
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Figure 18. Epididymis of C57BL/6 mice in CG and IG. (a) Caspase-3 positive cells are not

detected in the epididymis of a CG mouse. I[HC for caspase-3. (b, ¢) In the epididymis of an IG
mouse, caspase-3 positive epithelial cells are detected multifocally (b). Also, caspase-3 positive
cells are observed within the lumen of epididymal duct (c). IHC for caspase-3. (d) The round

cells positively stained with caspase-3 are also stained with cytokeratin 19. The positive
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reactions of cytokeratin 19 are also detected in normal epithelial cell cytoplasm. [HC for
cytokeratin 19. (e-f) Positive reactions are not observed in the epididymis of a CG mouse (e), on
the other hand, those are multifocally detected in epithelial cells, round cells within the lumen,

and stromal inflammatory cells in an IG mouse (f). Apoptosis in situ Detection Kit Wako.
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Figure 19. Epididymis of C57BL/6 mice in CG (a) and IG (b, c). (a) Positive reactions for ZO-1
(purple) are detected at the cell membrane on the luminal side of epididymal epithelial cells,
which cover the luminal surface of the ducts like a single membrane. IHC for ZO-1. (b) ZO-1
positive reactions (purple) frequently disappear in the areas of aggregation of caspase-3 positive

cells (brown). Double IHC for ZO-1 and caspase-3. (c¢) Focally, positive reactions for ZO-1 are
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1845  disappeared without the cluster of caspase-3 positive cells (arrows). Double IHC for ZO-1 and
1846  caspase-3.

1847
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Figure 20. (a) Epididymis of a male BALB/c mouse infected with 7. equiperdum by

intraperitoneal administration. Inflammatory cells diffusely infiltrate into the epididymal
interstitium. HE stain. (b) Vagina of a female BALB/c mouse kept in the same cage with an
infected male mouse. No significant changes are observed. HE stain. (c) Vagina of a female
BALB/c mouse infected with T. equiperdum by intraperitoneal administration. Diffuse
inflammation is observed in lamina propria and tunica muscularis. HE stain. (d) Vagina of a
female BALB/c mouse kept in the same cage with an infected female mouse. There are no

histological lesions. HE stain.
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