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1. 8 & 4 P EXx TR~ T AR D scRNA-seq (2 X 5 B — i la fg b
Pk B FE 5. 2024— Ippan—04

2. f8 R F:KRKRFEREFRTa T 0 TR X —  FEHEHE BRI KO
e [F BF e E D RKIRKRZBGRER T 0T 4 THgEE v ¥ — R # 2 Hh ik
K RFREFTT7 0T o ThsE® 22— FefEdsEE Al B

KRR RIEF T 0T 0 TR X —  FEHFFER Nohanad Al kadi

KR KRFREFT7 0T o THsEE 2 — FefEMZEE [0 B4

Rl RFBH =50 2% RE FRk

Rl RF 2 BT SE T R HE K&

3.k FE K450 TH

4. WFIEGEHE
O W E W

AHFERRKRBE OV IVERT (Salmonella enterica spp.) 2L DEKIIEIX., WET
R CHEMBAG 1.8 EA L%\ (Hiyoshi et al., FEMS Microbiol Rev 2018), J&Yx
FORENASZLBBRLEMEDOIFEF 7 2V LE R T (non—typhoidal Salmonella
INTS]) ICX D THRIRLEBRIETSH D —J7, mK 130 TN E WD LGS T H O KA
5y (88%) X, F 7 AE (MyEH Typhi) oD [F7 AP LEXT (Typhoidal
Salmonella) | ., —HOXAIF 7 ZAHE (MEH Typhimurium) 2 ENS A5 [{FEE
MEIEF 7 2P L % T (invasive non—typhoidal Salmonella [iNTS] | 1z BEjE Yy
JEIZ L DD ToHD (Hiyoshi et al., FEUS Microbiol Rev 2018), WUl 7eHiAEWE
BIRICE D ZOEMBIT IWREICHA DI TELER, 2016 FRXFRAZ L TT U T
LA 7 BB L7 vdax s a b0 7 2, $NZUMOT 7Y U5EET
M AR D o 72 ST313 ZAIMME R X I F 7 AE R & THEAMMES VTR T ] ORAEN
ML 7o TETWD, HANMMEY LT XTI K DR O EHAET 10%2L Lo
F0 O FRBERE OB S WHO 13 2017 4 ITE LA L R EFFER ISR E L
72

PVERT OREEGIEEA T = XL ERE L OMAERZMIT 45 invivo E
TNHELT, BRIIC TR XIFT7AE] 2V~ ARREET VA bh S, Z
NECTCEO~TRAREETNVIZEY, YL EXTHEMEMRFE 2 (SPI-2) (2a— K
St TTTT RSy ndEE (13SS-2) ) 28, REBEQHICEHE RN F L L THRESNT
W% (Ochman et al., PNAS. 1996), T3SS-2 O{FEEEZYLIC 1T 2 &E X, MInNFHA
EHCTHOIYNERT NI a7y —VNTHEF - TAHZETHDLERVWHB AL
nNCEl, LMALERFEZOHELDOD I N —TI2XH-oT, P EXTITRBLTX
o ThrpEk) HHIHOS S LTI TE 228, ZLTCT3SS2 Ik FEans =



=Y A Fh = AN PRERNOFREERRBICEL THLZ L2WH LN L
(Hiyoshi et al., Cell Host Microbe. 2022), Z DX H72Z &b, FHFEkE 5
oM e P LERXT OHBRBRBONWTEVFEMARMIT AN ETHDL EEZXD,
MR AT G U 7o fE B AL O heterogeneity RGNS 2 T4 2 56 FERY &
DO %A V7= Fluorescence—activated cell sorting (FACS) <°E & PCR
(qPCR) ZAHABDETZMT B ER TH L2, T OHETITMH#MENICSH 2 # %2 O H—
REMBAD N T A7 )T M= LT AT LB EICHNETH L, ok o kT
ED BT, MMEED X0 AR R v 7 T T 7 vk RNA v —
vV (scRNA-seq) fiR#T) BEIRZTER L7 b7 A2 U 7 b — SiRHT 8 G IE 57
ICBEWTHEAESNTEY, x0TV —7H BARTEET TZ oz v
HEIREAE2FEFL T~ (Yokoi et al., PNAS. 2023; Shibata et al., Nat Commun.
2022; Yamaguchi et al., JCI Insight. 2022; Namkoong et al., Nature. 2022; Yasumizu
et al., Nat Commun. 2022; Chaya et al., J Biol Chem. 2022; Kidani et al., PNAS.
2022) .

PFILERT O~ AEPEET VICEIT D scRNA-seq OFREFIZHIRTIEH E D 220 A%,
PLERTBRPETROONDIB R~ /n 77—V Ty b ) LKAy 7k
> I (CD11b*CD9") % scRNA-seq IZ XV A S4., ZoMiad TH £ T ITERD
AP 5 Z E B LI &N (Hoffman et al., Zmmunity 2021), LA L Z D
XTHZEI ThHoTeN G Ly v 7 V% scRNA-seq CTHRENT T 5 72 ¥ 12 1% FACS
R VMY TN ML Y —T 4 VT DAT I RMETH T, T
HbH (GFP FZ 3B L72) EME AR HEICEEMnEL Y —7 ¢ 7 L2 GE 1T,
RELUTREMB LA cCE, —hi~x/n o7y —VRE0REOMBEETY —7
A4 7 LTSIl B W TR S, - JERG e &6 b b T& 228, Mk ()
WCAFAET DMMOREMILD N T 227 U7 b= AT tsken o 2. SuiRkOMREIC
KELEEADET T2y FORKEELRE, "M TAPENDLZLEZEKRL TV D,

= Z TR (" 3 EDaRN A-seq AREBETHAEMHET S5scRNAseq( 1 £—) N
7 = B e / B T RS S R5 T4
2 S SYR% YTk —
H S 229 JLt LRNASRET Fa-Jr
i IJ% = T 6 ~  scRNA-s6a) T /\‘fjl)l;'fﬁ—gs’/
[ BHE~ I RABEMA D +
"j‘ L& 37 Macrophage(= oL\ T Mocrophage
~ ;:7\ 7;) PN Macrophage (uninfected) Custom Probe Sets
NN R A AT Tz U (uninfected)
P LT A
Y Hybridization
A %) 7ﬂﬂ H@ y !
’ sCTTTnnMmmmT Ds
a2 RNA Target Sit
%ﬁ ¢ -]j- 7 —12 Macrophage M(i':f"::":ge ( EGFP -r:d 168 r[;l::ein sI./.man-//-)
1Y (infected)
v N &)L
S—HITVR
7 O whie
INA T R IR Macrophae
- @ (Bystander) 10xGenomics
< q‘i'j: - L <EZFH;:;I;.U; Macrophage L Chromium X
e N FALF7RBE) Macrophage
(infected)
=
l\ 7 ‘e A y T/077 —CREITBETEIH BRELETI/OD7 —URANEMNLES &3 BB LH. YLEXS DREOAME
o BRESUx BROXHHHEL L FHEDES ICRET REICKETI0OHEL AL DBRMIML <)L TRITHNTRICES
1 —
) 7 }\ A \_ BRVEE: FLERT BRD DV VMIEE & Ubystander ( BIRMIA) DWHEL scRNAseqh TR T T — LRI ( Flexik) J
77 -
gt 4% =

LA THIZT D scRNA-seq EBR R LM EMET 2 FEBMER), Zhicky, Sz
DR =il (& xid~rn7y—Y) FHThH- T b BRI L @RI ST



BB TR BLO R0, P LE X T OFRFEDIFRIRIR T (72 & 21X T3SS-2 72 &) 23,
BEIOEELTWA MO ED XL S 72 (b L IXLAANC#®E H 5 STAT3 FHEELE 170 L)
BAR TRBUCE L T 2O 07 O 2 Ol L~V COMPT NI 5 (WF%E
BEEX), RO RELICE Y, FERTOMOMIBN T AR & E E0EROMAAE
% QIR RYT « BRAE T 2 72 OICZ NS | MR IE A 7 = X A Ofif B ks L ORI EE
B RICAT e RER—RICOBRND EE XD,

@ %N E

FRTRLULEVIVERTHRER T L4 FERE Fl & Lo mE ML heterogeneity @
EATICINZ ., Fex TV AVER T NRYE L2y 7V E Z DY @ bystander (%
BlA) OXBIT 2 HEORBICHKET L (MRAMERN), ZAETOELID
scRNA-seq HIF TlZ, BEEY (BE) O NT7 A7 U7 h— AfEHTIZ mRNA 37 Kb
DRV T TF =ty 7 F VEEF] (polyA) ZEHT 280, JREAY (F) ICfR
f72 mRNA ORBHIZIEFARME THD, Lo L, Flex IEOBKBFRAZMEBEST D T v
A7 VT h—Ar7r—T%y MI, BEZAEY nRNA @ polyA ITEF LR WRTIETH D
O Y NLERTRHEROICEAISNDIRNA 2 X — 7y N LD AX LT o —T
FNARECEATLS L CHESERAA RNA X —F y FEFEBLL TWD RS v SV
fazkES 5 (Wi 2EX)
AW ORER R E LT, RFRFEWFEZHIETICE N CERMFEEDOREDL
D 7 )—FH Enhanced Green Fluorescent Protein (EGFP) ZZERIR T AR X I F
7AW %, Fig.1l TRULULEFAKOFETY Y RACEEIE L, MHT 272000 A%
L 71— 7 X BFGP 38 X T 16s rDNA @ mRNA Z FEAYIZ 7% F L. 10xGenomics (23 T
AE#% . Integrated DNA Technologies fL THMB I OWEAZIT I, ~ 7 A D g% &
N U VEE - B LEOLEMAOEKFIZT-80 ETHREFET S, TGy 7
NWEBIRXDIAEZLATae—TZHEBADOT L —FICEFMLTEH H W, Chromium X <0
NovaSeq6000 % Fi\ T scRNA-seq fi##T (Flex ¥£) #1795, Bohl-F — X X PIEER
RINETOHMAELRO LAELE THMT 5, 7. HFonoaMaBulis T 5k
Yei R g o Y o M OFEFE Y, T E TORESCMA L RE 220 CEBN 2
W2 AR L, ZO®% LV IEWEYEM L bystander O N7 A7 U T b — A #ER
NI 21T FPETH D, 5FHE RIS & Bystander Mg 2 XBIH K5 2 & 23R
TEHE REEURE CTIEY VTR 7 8RR (wt)  T3SS-2 BERE R Kk (spiB)  T3SS-2
T 7 x 7 % —SpvB KIEK (spvB) [H CREYL - HIH T 5 S iE M i I E W3 & D D > Fig. 1
TR Lz~ U ARG FERR 2 VI3 5,

@ TN DR
2022 FEEN L BIAE L TV D | Flex 2 AW VTR T RERE~ T X ET )V OMF
Brickv, TNETHRETERPoTLREMBOY 7y M PNEYERICHET S Z &
Moo TETL, TOXK D RGEMEOBNT TIERH TR 72y FOERIZOWNT
L, MOEREBLOMATIZ LIRS BEHT 2O THLITED, SIEHEMITEZITH>, £
72~ B TR L9, RWFZE TR v 7 Vil & Bystander & AT A 0 A %



~A RXLT Flex EOHMEFH LHBBICANTWD, ZOHINBHELIND Z & T,
YIE LB IT DIRFAR L GEMEE 0% 5 WIS KEICET 5, 2RO
B E (CBETE U728 CE T, 2019 EOEIC L D LM LEEOKRIZE L (£
FECHED 13.6%) . TDOHIZIEZL < OFAIMMEREKREIZ LD 7 —AREEN, 5% 5
W35 L PR IS (GBD 2019 Antimicrobial Resistance Collaborators, Lancet
2022) , AWFEHABIZIENT, YALER T REBRELEOHEB ALY 71y R
THRRHEINDLDZ LWL, ThazxtR e Lz EMiazEm e La{R%E (Host
direct therapies) EHIEMEZUHT DL, FHAISEHFHEO LB/ D LB %
Do ARWFTERERLE ER Lo BRI EBE L L CToA X7 R Tl SRAIm
B D7 a— )L 7 BT D RAIZEBR AR D 7o O O HEFTHY 72 & — XAIHIZ 203 72 5
BT E D,
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A6 (2024) AL I EIZ %9 D S ek

MYEEICB DT AHBE OO ENACRELZEY , YLEXRTITKT D
AL LT a—T7 %, Gl s FE A X5 N7 A2 ) 7 h— A
FRNT D RA T Z7 4 > OB E R LICHEEZED T, B OHR T, BYTEL
TWe LR TG~ 7 2 O WML 2 W2 7200 TIER -+ Th b
CHIBIL, MDY N ERXR TR LT~ A~ 7 1 77— M RAW264. 7 %
W7z in vitro (28I 2 MEATIEE 280 L7, RAW264. 7 #HfE X EGFP #3814 5
YT R TGS L T REM% . EGFP 290 < 384 % 7/ /L — 7 (EGFPeh) L
Z 5 Tl Wlila (EGFP'*Y) % FACS THlAIZEINL, b 4 Zv—T% W\ T
scRNA-seq IC X B N T U A7 VT M= AT & T o7z, £ D%, ZDONRA T T A
ERHWTH LERTERE~ U AO MM A T2 2 & T, BRI =—7
RIFHERY T2y PN TAREZEE L TV D A EEZZX IED T,

B (RE R+ & 42)

HWH D scRNA-seq Id, B hR~v T AR PIFAHEHZMNRE LN T AT VT h—
MEFTTHY . o T NICEENDED RNA OIEEILENT OS5t S Th 5, Ln
L., MIlANFEFETCHL P LERT I, BELIZHBOBKRFRBEEZHILT 52
ET, B ERL LTS TE 2 EnwmESINTEY (Pham et al., Sei Adv,
2023) , LMD & = O E PO BB A 5 TRTT AR ERH D, £ 2 TR
BIXIOIZ, YAV ERTNICH D 16S rRVABLY 2 FER) & L 7= probe %345 2
ET, BV =T g T E e E IR S MR X TE D, v
772 scRNA-seq /XA T A VOB ERIAT-, In vitrolZBWT, v U A<Y
077 — UM T H D RAW264. T IR IC 722 5 MOT CTH A L. 21 FEM % O H
A RREE L FACS CHERE L7z (X 1A), #FE SR MILN O B & O #2358 o
DAV, MOI=100 TIEMAIENBEE THH Z L6, MOI=10 TREY L=l %x
scRNA-seq fEHTIZ MR U 70, FRHT ORGSR, FEREHE (Mock) Alifa & L€ % Z YA
X UMAP ECREL 2207 A2 Z =2l C ey hEh7 (K 1B), & L T,
AR TER LD A AT o —T 280, ENERELTWD Y 7B LN
EINT (K 1C), YILE R TG X D EGFP! & bl L T EGFPMe" O i fg o J7 3
16S rRVABEH R DR Em W Z &b b, ZOW R X AT a—T7 OREEITEHWEE 2



bl (B 1D), WIZEY Mg & Bl 2 XA LT FZ v A2 U7 h— LT
BiTolr bt A A v —T xua O Interferon-Stimulated Gene 15
(Isgl15) . Interferon Regulatory Factor 7 ([rf?7) O3EBIL. BEHEME THLRED
SITIZAS, 1110 1110 DFEHIL, EEMIE 0T S8R L v &< 1110128
WTITHIEANOE BEKFIICREEN EF LTk (K 1E), Zhix, it x
ZIIHER FARFIS Bk~ u 7 7 =P RLRIER O M2 (o Ed 5 &)
L —H L TCWA (Saliba et al, Nat Microbiol, 2016), LA ED Z &2,

ARFZE TR L2 HH scRNA-seq 734 7T A4 2 X0 P F R TG HI D & £
B EZXB L T A7 U M= AT AIREIC 72D 2 E MR E T,

~ a7y =k E O GRERRFEIC OV T b BRI VRS S TV B a8,
I TIERIC, PAER TR~ U R RN IR E T D 4 TR ERIZ DU TRET
LERERERN T2, 2T OFFERY 7'y b (Neut) 1200 v, FEREY:
RG22 HH LT, YA ER TG 4 A BB W THRE DI W
Ty FOFEY ZIEIZ iz (K 2A, B), Invitro DR~/ 0T 7 — D
fERE I (K1E), Y4 B H DT ERICE N TS 1102 L TWDH Y
7> b (Neut_0, 3, 6, 7, and 8) ZHFLHEKARD LN (K2C), £L T,

FTOHEBICEEND [1I0ERB LY 7B LTIEEWL_LD 165 rRNA %
BARO LN (K’ 20), &6, 110 @BBOLFHERY 7 & >~ OO & D (Neu_8)
B WT, P ERCIEE R I L2 Macrophage Receptor with Collagenous
Structure (Marco) DIEHIZFH X7z (K 2D), Neut_8 (% UMAP EiZdW\ T, &
Pd HEOGHERZ SAZ—DFRLEIMBEBLTVWALEED, v/ 277 —Th
LA REME IRV (B 2A), scRNA-seq IME L, =7 =m ¥ A4 =T A THRVIAA
72 #0a (passenger) DB F BT 5 Z &< (Lantz et al, Science Rep, 2020) .

MR N DO GFHFERIT Y VB R TR~ /v 7 7 — VO Z T AT & D Fox
DOLLRTOHRE B Y (Hivoshi et al., Cell Host Microbe, 2022). Z D IFHER
P 7w b (Neut_8) [ FHALE~r/u 7y —V%22 7z A h—3 XA TH
DIAATWDHFEKTH D E&Z 2 biLlz, £72, FACS 23T % MARCO Bt D 4f
HERS, Y 4 HETEMNT 2 2 0 EERT&ETWnwd (K 2E), lExE e wd
EL VLR TIRRIRFICHEESND [II0BEOEFRERY 72y NI, PLEXRT
L DOHEEAIZED L AREENAB IO, A% b I D= YTy F&2H
DN ZDFEA T = XL R EENZ SOV TN T2 Z & 23 E LT\ 5,



6.

@ ERDOAF
ZZFToOMEIT, BEETHTORELEADYE, BNADOFEERHm L TENI b
WK AEETHTFETH D,

ER=EA i

HEE Y PICEE L TV EBRIT, W0 R E T T2 N TE, BIE, AKRAOE
BTHIZORETORREE I THENT DI LI TE RV, AFZEICBWTIE, &
NERTOIFERNFICEHFEL T, 2=—2 RIFHPERY 72y AHBET L2 L %2 A
L7, ZOXo7mAid, M aEomlfzitEd 2 Lol CTERELS., ailiodt
FAFTEZ 8 L TR LN REOMEIXIEFICENESBS X TS,

CERE (TR Nz O)

I (FREIORBEIZIT L AR S R o T)
11 (RIS N IS O EE % T b))
il (PREBY OREE T BT
1Y) (THLL FoR R 2T 5NnT)
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1. 8 & 4 kIRAEHEBRZ VA NVAXRT X —a i
B~ T ) T T 7 F O M S s o iR B
a8 & 5. 2024-Ippan-05

2. 0 £ & &RRE EEEREOTE CKFER O BE A # K
e [F/AEGE A eRKRT ERGMENIE KSR BRSO EHE KA
BRKT EEEMEN IR KPR P4 (S %

BRRT ERERENZEE KPR A KK

BRRT EREEMZER KR A A

BRKF EREEIE KPR P4 &K

BRRT EEREEM IR KPR A REY

BRRT EREEMZEE KPR A KR HKRE

BRKRT ERRAEIE KR A T

BRKT ERRENIE KR A Ol
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2024 General joint research report (self-evaluation)

Research project name : Discovery of antiparasitic hits from the UFRN synthetic compound
library
Project number : 2024 — |ppan— 06

. Applicant name: Associate Professor, Pharmacy Department, Federal University of Rio Grande
do Norte(UFRN), Alessandro Kappel Jordao
Joint researcher(s) : Associate Professor, Dept of Molecular Infection Dynamics, NEKKEN,
Daniel Ken Inaoka

Amount Allotted : 600,000 yen

Research Plan
(D Research Purpose

The final goal of this project is to develop an anti-leishmaniasis or
anti-trypanosomal drug from synthetic compounds. The initial step towards the
drug development, during this project (1 year) we have synthesized and identified
active synthetic compounds against the clinically important stages of these
parasites (intracellular stage of the parasites). The active compound identified,
the functional group(s) important for the bioactivity was investigated by structural

modification and further evaluation of news candidates (2 year).

@ Research details
The duration of the project of antiparasitic candidates from organic synthesis is

two years, and the detailed research plan as followed:

Year one (2023 FY) was focused on organic synthesis with different scaffolds
such as naphthoquinones and triazoles. The synthesis methodologies proposed
features have been previously reported in the literature. After preparation, all
planned compounds were purified, and their structures characterized by
spectroscopic methods. Synthetic compounds provided by UFRN will be screened

against 7 cruzi and L. major strains.

Year two (2024 FY) will be dedicated to evaluating the antiparasitic activity of
synthetic compounds. Finally, these compounds that will be confirmed as the
responsible for the anti-leishmaniasis or anti-trypanosomal activity observed in
the experiments. Next, the structures of the identified molecules will be selected

for derivatization at UFRN and to proceed to structure-activity relationship stage.



Table research detail

Research Activity

Details

Preparation

Organic Synthesis of compounds

Isolation and purification

Work-up and purification of each synthetic

compound

Structural Characterization

Structural determination by spectroscopic
methods such as NMR and IR

Anti-trypanosomal primary hits

Screening at NEKKEN,
expressing T. cruzi (Sylvio X10, CL Brener,

using the Luc2

Tulahuen, and Esmeraldo).

Anti-leishmaniasis primary hits

Screening at NEKKEN, using the RE9h

expressing L. major Friedlin strain.

Cytotoxicity evaluation of primary hits

Assay using 3T3, HepG2, and macrophages
at NEKKEN.

Evaluation of parasite’s mitochondrial ETC

as the potential target of the selected hits.

Evaluation of the selected hits against the

mitochondrial respiration using live

parasites, and in vitro using parasite’s
mitochondrial fractions and/or recombinant

enzymes.

In vivo evaluation of the selected hits

Research Activity

the

bioluminescence of T. cruzi and L. major to

In wvivo 1maging system using

evaluate the therapeutic efficacy.

Details

Structure-activity relationship of the

selected hits (2-3 hit series)

Molecular modeling tools will be used to
determinate the important chemical groups

in bioactive compounds

Evaluation of anti-trypanosomal activity of

newly synthesized derivatives.

NEKKEN, the Luc2
expressing T. cruzi (Sylvio X10, CL Brener,

Assay at using

Tulahuen, and Esmeraldo).

Evaluation of anti-leishmaniasis activity of

newly synthesized derivatives.

NEKKEN, the

expressing L. major Friedlin strain.

Assay at using RE9h

Cytotoxicity evaluation of newly

synthesized derivatives.

Assay using 3T3, HepG2, and macrophages
at NEKKEN.

Evaluation of parasite’s mitochondrial ETC
as the potential target of newly synthesized

derivatives.

Evaluation of the selected hits against the

mitochondrial respiration using live

parasites, and in vitro using parasite’s




mitochondrial fractions and/or recombinant

enzymes.

In vivo evaluation of newly synthesized | In vivo imaging system using the

derivatives. bioluminescence of T. cruzi and L. major to

evaluate the therapeutic efficacy.

The research proposed here is synergized with research activity at Daniel Ken
Inaoka’s Laboratory (NEKKEN) which had developed several target assay
systems.

The budget from the current proposal will be used to cover travel expenses to bring
and assay the purified compounds to Dr. Daniel Inaoka’s laboratory at NEKKEN
and support part of the research activities in Brazil. During the visit to NEKKEN,
experimental techniques to biological evaluation assay will be learned in order to
extend the research capacities at the Federal University of Rio Grande do Norte.
All remaining samples will be brought back to Brazil after data collection.

Such kind of integrated international research collaboration proposed herein will
advance the scientific knowledge in drug development targeting infectious

diseases.

@ Anticipated results

Me and Dr. Daniel Ken Inaoka have started collaboration under the screening
of synthetic compounds to identify active compounds against Leishmaniasis and
Trypanosoma. An appropriate Material Transfer Agreement, and Technical
Cooperation Agreement between UFRN and Nagasaki University was approved.
Furthermore, in order to train young scientist, one of my staff (Rita Yanka Pereira
da Silva) is now engaged in Doctorate course in Federal University of Rio Grande
do Norte (UFRN) under Daniel Inaoka’s co-supervision. Currently, she is
conducting organic synthesis experiments to obtain new candidates to
antiparasitic and evaluate, in collaboration with Prof. Daniel Ken Inaoka
(Nagasaki University).

Output target for 2 years: publication and student thesis (Doctorate Degree).

Implementation Report :
(D Circumstances of Implementation against the FY2024 Implementation Plan

In the fiscal year 2024 of joint research, the one hundred thirteen planned samples
from the UFRN compound library were obtained satisfactorily with good yields. All
compounds were evaluated against intracellular amastigote stage of Trypanosoma cruzi
CL Brener strain in NEKKEN according to initial planning. In addition, cytotoxicity
against HelLa cell lines were also conducted in parallel for all of 113 compounds.




@ Results (Results & Observations)

The one hundred thirteen samples, including synthetic compounds, peptides
derived from the venom of the Tityus stigmurus scorpion and extract of plants and
marine microorganisms from the Brazilian Northeast, from the UFRN library were
tested against the amastigote form of the T. cruzi parasite CL Brener strain using HelLa
as the host cell. They were also evaluated for cytotoxicity against two human cell lines
(HeLa). The best compounds, which showed low or no toxicity and inhibitory activity
against the amastigote stage. Although the activity of the four compounds highlighted in
Table 2 were the best among those tested, it was not comparable to that of the standard
benznidazole (Table 2).

Most of our compounds tested showed high 1Cso values (> 100.0 ug.mL"!) against
AMA assay.

Table 2: Results of 15t assay against AMA.

Sample ID ECso pug.mL? CCso pg.mL"!
AMA CL Brener cytotoxicity assay in HelLa
Synthetic compound UFRN81 > 100 > 100
Synthetic compound UFRN82 > 100 > 100
Synthetic compound UFRN83 > 100 > 100
Synthetic compound UFRN84 > 100 > 100
Synthetic compound UFRN85 > 100 > 100
Synthetic compound UFRN86 > 100 > 100
Synthetic compound UFRN87 > 100 79.6
Synthetic compound UFRN88 > 100 > 100
Synthetic compound UFRN89 > 100 > 100
Synthetic compound UFRN90 > 100 > 100
Synthetic compound UFRN91 47.2 96.2
Synthetic compound UFRN92 > 100 > 100
Synthetic compound UFRN93 82.7 77.7
Synthetic compound UFRN94 > 100 > 100
Synthetic compound UFRN95 > 100 > 100
Synthetic compound UFRN96 52.5 92.1
Synthetic compound UFRN97 > 100 > 100
Synthetic compound UFRN98 > 100 > 100
Synthetic compound UFRN99 > 100 > 100
Synthetic compound UFRN100 > 100 > 100
Synthetic compound UFRN101 54.5 > 100




Synthetic compound UFRN102 93.3 > 100
Synthetic compound UFRN103 67.0 > 100
Synthetic compound UFRN104 112.0 > 100
Synthetic compound UFRN105 62.0 61.4
Synthetic compound UFRN106 > 100 > 100
Synthetic compound UFRN107 > 100 > 100
Synthetic compound UFRN108 > 100 > 100
Synthetic compound UFRN109 > 100 > 100
Synthetic compound UFRN110 61.0 > 100
Synthetic compound UFRN111 > 100 > 100
Synthetic compound UFRN112 21.7 72.7
Synthetic compound UFRN113 > 100 N.D.
Synthetic compound UFRN114 > 100 N.D.
Synthetic compound UFRN115 > 100 N.D.
Synthetic compound UFRN116 > 100 N.D.
Synthetic compound UFRN117 > 100 N.D.
Synthetic compound UFRN118 > 100 N.D.
Synthetic compound UFRN119 > 100 N.D.
Synthetic compound UFRN120 > 100 N.D.
Synthetic compound UFRN121 > 100 N.D.
Synthetic compound UFRN122 > 100 N.D.
Synthetic compound UFRN123 > 100 N.D.
Synthetic compound UFRN124 > 100 N.D.
Yo
H3C\é§\3 ]©/ UFRN125 455 > 100
g N
Synthetic compound UFRN126 > 100 N.D.
Synthetic compound UFRN127 > 100 N.D.
Synthetic compound UFRN128 > 100 N.D.
Synthetic compound UFRN129 > 100 N.D.
Synthetic compound UFRN130 > 100 N.D.
Synthetic compound UFRN131 > 100 N.D.
Synthetic compound UFRN132 > 100 N.D.
Synthetic compound UFRN133 > 100 N.D.
Synthetic compound UFRN134 > 100 N.D.
Synthetic compound UFRN135 > 100 N.D.
Synthetic compound UFRN136 > 100 N.D.




Synthetic compound UFRN137 > 100 N.D.
Synthetic compound UFRN138 > 100 N.D.
Synthetic compound UFRN139 > 100 N.D.
Peptide derived from the venom Stigmurina
> 100 N.D.
of the Tityus stigmurus scorpion
Peptide derived from the venom StigA6
> 100 N.D.
of the Tityus stigmurus scorpion
Peptide derived from the venom StigA8
> 100 N.D.
of the Tityus stigmurus scorpion
Peptide derived from the venom StigAl5
> 100 N.D.
of the Tityus stigmurus scorpion
Peptide derived from the venom StigAl6
> 100 N.D.
of the Tityus stigmurus scorpion
Peptide derived from the venom StigAl8
> 100 N.D.
of the Tityus stigmurus scorpion
Peptide derived from the venom StigA28
> 100 N.D.
of the Tityus stigmurus scorpion
Peptide derived from the venom
) 58.2 > 100
of the Tityus stigmurus scorpion TSAP-A16
Peptide derived from the venom
67.7 > 100
of the Tityus stigmurus scorpion TsAP-A33
Peptide derived from the venom
) > 100 N.D.
of the Tityus stigmurus scorpion TsAP-A34
Peptide derived from the venom
> 100 N.D.
of the Tityus stigmurus scorpion TsAP-A35
Peptide derived from the venom
) > 100 N.D.
of the Tityus stigmurus scorpion TsAP-A41
Extract of plants from the
> 100 N.D.
Brazilian Northeast Jg/AQ
Extract of plants from the Jg/HE
> 100 N.D.
Brazilian Northeast
Extract of plants from the Jm/HE
> 100 N.D.
Brazilian Northeast
Extract of plants from the Ipc/HE
> 100 N.D.
Brazilian Northeast
Extract of plants from the L.F./nBut
> 100 N.D.
Brazilian Northeast
Extract of plants from the L.F./Met
> 100 N.D.
Brazilian Northeast




Extract of plants from the L.F./MeOH/A
> 100 N.D.
Brazilian Northeast CT
Extract of plants from the L.F./Aq
> 100 N.D.
Brazilian Northeast
Extract of plants from the L.F./ACT
> 100 N.D.
Brazilian Northeast
Extract of plants from the L.F./MEOH
> 100 N.D.
Brazilian Northeast
Extract of plants from the
58.9 > 100
Brazilian Northeast APSE/PID
Extract of plants from the ACCC/AQ
> 100 N.D.
Brazilian Northeast
Extract of plants from the ACCCE/RES-
> 100 N.D.
Brazilian Northeast M
Extract of plants from the Benzazepine
> 100 N.D.
Brazilian Northeast (C4)
Extract of marine
microorganisms from the BD165/Aq > 100 N.D.
Brazilian Northeast
Extract of marine
microorganisms from the BD165/Ac 18 > 100 N.D.
Brazilian Northeast
Extract of marine
microorganisms from the BD165/Ac 27 > 100 N.D.
Brazilian Northeast
Extract of marine
microorganisms from the Ag7 > 100 N.D.
Brazilian Northeast
Extract of marine
microorganisms from the AgD/MH > 100 N.D.
Brazilian Northeast
Extract of marine
microorganisms from the Ag/CIF > 100 N.D.
Brazilian Northeast
Extract of marine
microorganisms from the AgD/E > 100 N.D.
Brazilian Northeast
Synthetic compound Cz-TAP > 100 N.D.
Synthetic compound C12-TAP > 100 N.D.




Synthetic compound F-TAP > 100 N.D.
Synthetic compound M-TAP > 100 N.D.
Synthetic compound O-TAP > 100 N.D.
Synthetic compound AP37 > 100 N.D.
Synthetic compound APCV > 100 N.D.
Synthetic compound APCVII > 100 N.D.
Synthetic compound pF-TAP > 100 N.D.
Synthetic compound 1-SB 83 > 100 > 100
Synthetic compound 2-HPCD IVS
> 100 47.0
MAL
Synthetic compound 3-1VS MF
> 100 78.5
HCD
Synthetic compound 4-1VS MF
> 100 7.6
HCD
Synthetic compound 5-MF PEG > 100 > 100
Synthetic compound 6-MAL PEG > 100 > 100
Synthetic compound 7-MF PVP > 100 29.7
Synthetic compound 8-MAL PVP > 100 36.7
Synthetic compound 9-MF SOL > 100 > 100
Synthetic compound 10-MF KOL > 100 54.1
Synthetic compound 11-MALHPM
> 100 55.5
C
Synthetic compound 12-MF HPMC > 100 65.9
Control BENZ 1.0 > 100

ND: Not determined because they were inactive against intracellular AMA.

@ Announcement of Results

The results are still preliminary, but the expectation is that a publication in a
scientific journal in the area of parasitology or medicinal chemistry, along with the
data obtained in the first year of joint research, will be forthcoming. Also, one of the
PhD student involved in this project, Ms. Rita Yanka Pereira da Silva, presented her
results in the 3' Brazil-France Symposium on Medicinal Chemistry, Maceio,
Alagoas State, November 12-14, 2024, Brazil, under the title “Synthesis of
1,2,3-Triazole Naphtoquinones Hybrids and Evaluation of Their Trypanocidal
Activity”.

Although this project was not granted in the third year, the group led by Alessandro,
could secure additional fundings from the Brazilian Government (CAPES). This grant will
support the travel and daily expenses for Ms Rita Yanka, to conduct experiments at
NEKKEN for 6 months (September 2025 to March 2026) to continue the international
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7.

collaboration between the two Institutions (UFRN and NU).

Self-Evaluation

The collaborative efforts in this second year, in my opinion, fulfilled our
expectations. My participation in the project was significant, particularly in the
planning and synthesis of compounds from the UFRN library. Moreover, Professor
Carlos Ramon's visit to NEKKEN proved invaluable for the execution of antiparasitic
evaluation tests on the samples and for the essential training of a young researcher to
promote the technology transfer to Brazil. During his time at Nagasaki University,
Professor Carlos Ramon do Nascimento Brito benefited greatly from his interactions
with researchers at NEKKEN and TMGH. He also presented a seminar to the students
of TMGH, effectively disseminating his research focus on Chagas disease in an
endemic area of Brazil.

Although more than 100 compounds were synthesized and tested at NEKKEN,
the chemical space eligible for the SAR study of the naphthoquinone, sulfonamide
and triazole derivatives, synthesized in this are still inconclusive since derivatives
with increased activity could not be identified, despite the efforts. Such problems
highlight the difficulties for drug development targeting Chagas disease faced by
several medicinal chemists working on this field.

Despite being scheduled for the second year, the testing of our compounds
against the L. major strain was hindered by the contamination of the parasite stock
conducted at NEKKEN. Our current plan involves re-transfecting L. major with the
plasmid intended for the integration of the RE9h-mNeonGreen gene into the parasite
genome. We anticipate evaluating the resulting transfectants against the
promastigote stage upon their readiness.

Achievement Level (Circle one from I ~ IV below)

(Few expected results were achieved.)

(Not fully satisfied, but certain results were achieved.)

@ (The expected results were achieved with full satisfaction.)

(Even better than expected results were achieved)

Explain your evaluation

As initial planned, Year one was focused on organic synthesis with different scaffolds
such as naphthoquinones and triazoles, and the biological activity focused on Year two.



However, we could prepare the 80 compounds earlier than expected and proceeded to
biological evaluation at NEKKEN, which can be summarized as explained below.

T. cruzi: We could assess the activity of our compounds against AMA (Cl Brener) and
also TRP/AMA (four strains) for some selected compounds. In addition, the cytotoxicity
of all 80 compounds were investigated and we could obtain 4 best candidates from which 3
are triazole derivatives, and one sulfonamide derivative. We did not determine the activity
of our best hits against mitochondrial respiration since there were no naphthoquinones
amongst the best hits (naphthoquinones, such as atovaquone, are expected to inhibit the
mitochondrial respiration). In vivo imaging analysis will be carried out after
structure-activity relationship study, and scale-up compound synthesis (~50 mg synthesis).

L. major: The activity of our compounds against L. major could not be conducted because
of potential contamination of parasite stock. NEKKEN’s group is currently planning to
re-transfect the L. major strain with pLEXSY-PAC/RE9h-mNeonGreen aimed for
integration in the parasite genome.

In this second year of joint research, in addition to more synthetic compounds, some of
which were designed based on the results obtained in the first year, peptides derived from
the venom of the Tityus stigmurus scorpion and extracts from native plants and
microorganisms of the Brazilian Northeast were evaluated. However, only 4 samples
showed slight inhibition of T. cruzi, despite their low cytotoxicity.

In these past two years, we've tested nearly two hundred samples and achieved some
promising results. We expect to move forward with prospecting new compounds and
continue our evaluations to find a hit.
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Table. Annotation of the specific gene in each strain

Strain Locus Product
MBDFAM_00450 hypothetical protein
MBDFAM_01129 Repressor

BAA1715 MBDFAM_01889 hypothetical protein

MBDFAM_02101

Integrase

MBDFAM_03430

AraCfamily transcriptional regulator

MDABDI_02213

hypothetical protein

ATCC13428 MDABDI_03525

reactive chlorine-specific transcriptional regulator

MDABDI_03532

hypothetical protein
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Research Plan

D Research Purpose
The purpose of the research is to evaluate the impact of OlysetPlus ceiling nets on the
containment of P. falciparum partially resistant to artemisinin in Kagera region, Tanzania.
In a controlled trial, OlysetPlus ceiling nets will be installed in 2000 households in
addition to LLIN and other standard control interventions in the intervention arm, while
2000 households in the control arm will receive only LLIN and other standard control
interventions. Specifically we aim to determine (1) the clinical and parasitological efficacy
of artemether-lumefantrine (AL) for the treatment of uncomplicated malaria, (2) the blood
concentration of lumefantrine in treated patients on day 7, (3) the frequencies of genetic
polymorphisms associated with resistance to artemether and lumefantrine, and (4) the
effect of OlysetPlus ceiling nets on the prevalence of Plasmodium infections.

@ Research details
Background
Malaria remains a major health problem especially in sub-Saharan Africa, where 93.6% of
cases and 95.4% of deaths occurred in 2022 (WHO 2023). Over the last 20 years, global
investments in malaria control have significantly reduced malaria incidence but the gains
against malaria have stalled due to factors including vector resistance to insecticides and
spread of P. falciparum with histidine-rich protein 2 and 3 (hrp2/3) gene deletions that
enable escape from detection by rapid diagnostic tests (RDTs). The COVID-19 pandemic
further disrupted health services and likely contributed to the increase in malaria incidence
since 2020 (WHO 2022).
Artemisinin-based combination therapies (ACTs) are the recommended treatment for
uncomplicated P. falciparum malaria. ACTs consist of a combination of an artemisinin
derivative and a partner antimalarial. The artemisinin derivative rapidly reduces the
parasite biomass while the partner drug eliminates the remaining parasites after the
artemisinin derivative has been cleared from blood. While six ACTs are currently
approved by the WHO, artemether-lumefantrine (AL) is the most widely used, accounting
for 85% of ACTs procured by the Global Fund (WHO 2022).



Partial resistance to artemisinin can be defined as delayed clearance after ACT treatment
of parasites that harbor one or more mutations validated as associated with delayed
clearance. Artemisinin partial resistance appears to affect the P. falciparum ring stage, and
delayed clearance is associated with mutations in the P. falciparum Kelch 13 (PfKelchli3)
gene. Artemisinin partial resistance in P. falciparum was first identified in the Greater
Mekong Subregion (GMS). In Africa, parasites with partial resistance have been detected
in Rwanda, Uganda, and several countries in the Horn of Africa, with validated PfKelchl3
mutations (A469Y, R561H, R622l, and A675V) present at variable frequencies. ACT
treatment failure has been reported in other countries in Africa including Angola and the
Democratic Republic of the Congo.

ACTs play a crucial role in the management and control of malaria in Africa, as such there
is an urgent need to monitor the emergence and respond to the potential spread of
artemisinin-resistant P. falciparum. A recent survey in Tanzania reported the presence of
the PfKelchi3 R561H mutation in parasites from four regions, with the highest frequency
(7.7%) in parasites from Kagera region bordering Uganda and Rwanda. Some of those
parasites shared an extended haplotype flanking PfKelchl3 with parasites from Rwanda,
suggesting cross-border introduction of artemisinin-resistant P. falciparum (Juliano et al.
2023).

Effective vector control interventions such as long-lasting insecticidal nets (LLINs) and
indoor residual spray (IRS) are crucial to limiting the spread of artemisinin-resistant
parasites, however their effectiveness can be compromised by inconsistent use and
insecticide resistance in mosquito vectors. House screening has been shown to protect
individuals who do not sleep under LLINs. Screens that cover the opening between the
roof and the walls (ceiling nets) can impede the entry of mosquitoes. When made with
insecticide-treated materials, ceiling nets can kill mosquitoes that habitually rest on walls
or ceiling after a blood meal, thus interrupting malaria transmission. Piperonyl butoxide
(PBO) is a synergist that restores the insecticidal effect of pyrethroids in resistant
mosquitoes by inhibiting enzymes that break down pyrethroids. Ceiling nets treated with
pyrethroid insecticide and PBO thus represent a promising tool that can be used in
conjunction of LLINs and IRS to further suppress malaria transmission and curtail the
spread of artemisinin-resistant parasites.

Hypothesis

We hypothesize that OlysetPlus ceiling nets can limit the spread of P. falciparum partially
resistant to artemisinin in Kagera region, Tanzania by reducing the transmission and
prevalence of P. falciparum infections.

Sample size estimations

OlysetPlus ceiling nets as a control intervention

OlysetPlus ceiling nets will be deployed as a rapid response to the emerging spread of
artemisinin-resistant P. falciparum in Kagera region, Tanzania. As such, the scale of the
intervention is determined by the number of OlysetPlus ceiling nets available on hand.



From our remaining stock in Kenya, we determine that approximately 4,000 ceiling nets
could be made available immediately, which should cover 2,000 households.

Therapeutic efficacy study of AL

In the pre-intervention phase, we will seek to establish the baseline AL treatment failure
rate in the study area. With an expected late parasitological failure rate of 5%, a
confidence level of 95%, and a precision level of 5%, a minimum of 73 patients will be
enrolled. To account for dropouts during follow-up, we will add 20% for a total of 88
patients.

In the post-intervention phase, we will compare the therapeutic efficacy of AL between the
study arms. With an expected difference in late parasitological failure rate of 10% (AL
efficacy of 80% in control arm and 90% in treatment arm), a confidence level of 95%, and
a precision level of 5 %, a minimum of 199 patients in each arm will be required. To
account for dropouts during follow-up, we will add 20% for a total of 240 patients in each
arm.

Study site

The study will be conducted in Kagera region in northwestern Tanzania. Kagera borders
Uganda to the north and Rwanda and Burundi to the west. Frequent cross-border human
movements among Kagera, Uganda, and Rwanda pose a substantial risk of the importation
of artemisinin-resistant P. falciparum to Tanzania. According to the 2022 Tanzania
Demographic and Health Survey and Malaria Indicatory Survey, Kagera region has the
third highest prevalence of malaria in children 6 to 59 months in age in the country, further
highlighting the risk of rapid transmission and spread of artemisinin-resistant parasites
within Tanzania.

Timing and duration of study

The study will be conducted from April 2024 through December 2026.

Interventions

In a cluster controlled trial, OlysetPlus ceiling nets will be installed in approximately 2000
households. OlysetPlus is manufactured by Sumitomo Chemical (Tokyo, Japan) and
contains permethrin and PBO. The primary objective of this study is to determine the
effectiveness of OlysetPlus ceiling net as a novel malaria control intervention on limiting
the spread of P. falciparum partially resistant to artemisinin.

Specific aim 1: Determine the clinical and parasitological efficacy of AL for
uncomplicated malaria

We will follow the WHO protocol for therapeutic efficacy studies for antimalarial drugs
(WHO 2009) with minor modifications. The study will recruit patients with uncomplicated
P. falciparum malaria attending health clinics in the study region. Inclusion criteria
include age between 6 and 59 months, P. falciparum mono-infection confirmed by
microscopy, and fever (axillary temperature > 37.5°C) on examination or during the prior
24 hours. Exclusion criteria include the presence of signs or symptoms of severe malaria,
severe malnutrition, presence of febrile illness other than malaria, known HIV infection,



and history of adverse reaction to AL. AL will be administered under direct observation
according to dosing guidelines.

Clinical and parasitological responses will be evaluated on days 0, 1, 2, 3, 7, 14, 21, and
28. Clinical evaluation will include observation of danger signs or severe malaria, body
weight, and body temperature. Finger-pricked blood samples will be obtained for the
determination of hemoglobin level and the presence of parasitemia by microscopy.
Additional blood samples will be collected on filter paper as dried blood spots (DBS) for
determination of lumefantrine concentration (specific aim 2) and genetic polymorphisms
associated with drug resistance (specific aim 3). Treatment outcomes will be classified
according to standard WHO definitions for early treatment failure, late clinical failure, late
parasitological failure, and adequate clinical and parasitological response. Parasites from
recurrent infections detected during the follow-up period will be genotyped for mspl,
msp2, and glurp to distinguish recrudescence from reinfection.

PCR-uncorrected and PCR-corrected per-protocol analysis of AL treatment efficacy will
be estimated using the Kaplan-Meier method. Cumulative incidence and success/failure
rates will be calculated to day 28.

Specific aim 2: Determine the blood concentration of lumefantrine among treated patients

Low day 7 lumefantrine concentration in blood is associated with P. falciparum
recrudescence after AL treatment (WWARN 2015). Day 7 lumefantrine concentration will
be determined using DBS by liquid chromatography tandem mass spectrometry as
described previously (Ippolito et al. 2018).

Specific aim 3: Determine the frequencies of polymorphisms associated with resistance to
AL

All microscopically confirmed P. falciparum-positive samples will be analyzed for
polymorphisms associated with resistance to AL. DNA will be extracted from DBS. For
resistance to artemether, the BTB/POZ and propeller domains of PfKelchi3 will be
amplified by PCR and sequenced using the Sanger method. Outside these two domains, we
will also screen for K189T and E252Q mutations that are frequently reported in clinical
studies. For resistance to lumefantrine, we will examine the P. falciparum multidrug
resistance 1 (Pfmdrl) N86Y mutation by PCR-RFLP and copy number variation (CNV) by
gPCR.

Specific aim 4: Determine the effect of OlysetPlus ceiling nets on the prevalence of P.
falciparum

We will conduct community-based cross-sectional surveys to determine the prevalence of
P. falciparum infections in both intervention and control clusters. P. falciparum
prevalence will be determined at baseline (prior to ceiling net installation), six months,
and twelve months after ceiling net installation. Infection status will be determined by
microscopy, RDT, and PCR.

Timeline of research plan



=== Pre-intervention
F— Post-intervention
How research relates to NEKKEN
Malaria remains a major global infectious disease and more research is urgently needed to
counter the recent resurgence and to realize the goal of eradication. Some of the pressing
challenges include the spread of insecticide-resistant vectors and artemisinin-resistant
parasites in sub-Saharan Africa. This research builds on existing studies on the impact of
OlysetPlus (permethrin + PBO) ceiling nets on malaria prevalence to examine whether the
intervention can also limit the spread of artemisinin-resistant P. falciparum. The current
studies are conducted in Kenya, with NEKKEN faculty members Wataru Kagaya and
Noboru Minakawa as major contributing partners. In collaboration with NMCP and
MUHAS in Tanzania, we plan to deploy OlysetPlus ceiling nets as an emergency
intervention in response to emerging artemisinin resistance in Kagera region. This study
will involve researchers at various career stages and expertise, including Kenyan PhD
students currently based in Japan.

(@ Anticipated results (Transcribe "8. Anticipated results " in the application form)
Based on available parasite genetic data, we expect AL to be efficacious in treating
uncomplicated falciparum malaria, with a failure rate of <10% currently in the study area.
However, due to high transmission and heavy reliance on AL, we expect AL treatment
failure and frequencies of alleles associated with drug resistance to increase over the
course of the study period. With the deployment of OlysetPlus ceiling nets, we expect to
see differences in Plasmodium prevalence, AL therapeutic efficacy, and frequencies of
drug-resistant alleles between intervention and control arms.



5.

Implementation Report :
(D Circumstances of Implementation against the FY2024 Implementation Plan

We applied for and received ethical approval to conduct the study from Muhimbili
University of Health and Allied Sciences (MUHAS) and the Ministry of Health in
Tanzania. We further sought and received approval from Kyerwa District Council in the
Kagera Region (Fig. 1), where the study was to be conducted. Due to budget limitations,
we prioritized the installation of ceiling nets as the intervention and study objectives 3
(frequencies of genetic polymorphisms associated with drug resistance) and 4 (prevalence
of P. falciparum infections) for FY2024.

Fig. 1 Map of the study sites in Kyerwa District, Kagera Region, Tanzania

In September 2024, we discussed with district and village leaders and community
representatives to finalize details of the study plan. We invited our Kenyan colleagues who
were experienced in ceiling net installations to Tanzania to lead the training of community
health workers in Rukuraijo Ward, who would then be responsible for ceiling net
installations in the intervention arm of our study.

Rukuraijo Ward has four main villages: Mgorogoro, Mkombozi, Nyabikurungo, and
Rukuraijo. Nyabikurungo and Rukuraijo were selected as the intervention (ceiling nets)
and the control (no ceiling nets) villages, respectively. Each village has a population of
approximately 2,300 and 600 households.

A baseline survey to determine Plasmodium prevalence in children was conducted at
Nyabikurungo Primary and Rukuraijo Primary in September 2024. Finger-pricked blood
samples were collected to determine Plasmodium infection status by microscopy and rapid
diagnostic test (RDT). Blood spots were also collected on filter paper for detection of
infection by PCR and characterization of polymorphisms associated with drug resistance
in P. falciparum. Hemoglobin level was determined using the Hemocue Hb 201+ system,
and axillary temperature was measured using a digital thermometer.

Following the baseline school survey, ceiling nets were installed by community health
workers in eligible households in Nyabikurungo. Ceiling nets were installed over a period
of nine weeks, from the end of September through November 2024. A field visit was made
by our Tanzanian colleagues at MUHAS in December 2024 to assess installation outcome
and solicit community feedback regarding the process. In February 2025 we held a



meeting with district and local authorities to provide an update on the study progress and

made a brief visit to Nyabikurungo to assess school attendance and ceiling net conditions.
@ Results (Results & Observations)

Baseline survey

A baseline survey was conducted at Nyabikurungo Primary and Rukuraijo Primary to
determine the pre-intervention prevalence of Plasmodium infections, anemia, and fever
among children. At the time of the survey (September 2024), each school enrolled about
700 students, and 200 students from each school were enrolled in our survey.

Based on RDT, we observed a higher prevalence of Plasmodium infections in
Nyabikurungo (43.0%; 86/200) than Rukuraijo (11.5%; 23/200). Anemia status was
defined using the WHO standard. Overall, 19.3% (77/400) of the students had either mild
or moderate anemia. Anemia was more common among infected students (Table 1). Mean
hemoglobin level was significantly (p<0.0001) higher in RDT-negative (12.4 g/dl) than
RDT-positive students (11.3 g/dl). Fever, defined as axillary temperature >37.5°C, was not
common but the prevalence was higher in Nyabikurungo (5.5%; 11/200) than Rukuraijo
(0.5%; 1/200).

Table 1 Frequency of anemia by Plasmodium infection status

Infection status | Non-anemic (%) | Mild anemia | Moderate Total

by RDT (%) anemia (%)

Negative 258 (88.7) 22 (7.6) 11 (3.8) 291

Positive 65 (59.6) 24 (22.0) 20 (18.4) 109
323 (80.8) 46 (11.5) 31 (7.8) 400

Ceiling net coverage in Nyabikurungo

Of a total of 600 households in Nyabikurungo, 576 were eligible and had ceiling nets
installed in their residential structures, resulting in a coverage of 96.0%. Since some
households had more than one residential structures or structures that were larger,
approximately 750 ceiling nets (or 75 bales of nets) were used during the installation.
Ceiling nets were positively received by the community. An informal survey conducted in
February 2025 showed that 19 of 20 residents interviewed reported positive sentiment
toward ceiling nets. However, two issues were identified by both survey respondents and
our own observations. Dust was often trapped by the fine mesh of the ceiling net, with
some parents reporting rhinitis among their children after ceiling nets were installed.
Damages to ceiling nets caused by rats were reported, potentially reducing the durability
and effectiveness of ceiling nets.

School attendance

In our site visit in February 2025, we assessed school attendance at Nyabikurungo Primary.
School attendance increased from 54% to 84% after ceiling net installations.

Key challenges

Due to budget limitations, proposed project activities including artemether-lumefantrine
therapeutic efficacy and lumefantrine pharmacokinetics were not conducted during



FY2024. The scale of the intervention was also lowered to ensure that other study
objectives could be completed in the proposed timeframe.
The original study design was a cluster-randomized controlled trial with Nyabikurungo
and Rukuraijo as the intervention and control areas, respectively. We had intended to use a
difference-in-difference analysis to demonstrate the effectiveness of the intervention on
parasite prevalence. However, our baseline school survey showed that Plasmodium
infection prevalence differed substantially between the two villages, resulting in a large
design effect (22.6) that required an impossibly large sample size for a valid
difference-in-difference analysis. We are now considering different approaches to evaluate
the effectiveness of ceiling nets. One option is to use interrupted time series (ITS) analysis
to examine changes in malaria trends from health facility data in Nyabikurungo. This
method would remove the need for a control and allow for adjustments due to seasonality
and rainfall. Another option is to strengthen the follow-up survey at Nyabikurungo
Primary and use propensity score matching (PSM) to match pre- and post-intervention
students based on baseline characteristics. Results from the follow-up survey can then be
compared with ITS analysis of health facility data to evaluate the effectiveness of the
intervention.
Similar to our previous experience in Homa Bay County, Kenya, many residents in the
control (Rukuraijo) and neighboring villages have informally expressed positive views of
ceiling nets and requested wider deployment. In addition to data on effectiveness, we are
planning to collect data on community perception on ceiling nets. We will share these data
with district authorities to explore the possibility of expanded implementations to be
partially funded by the district or regional government.

(® Announcement of Results
Results obtained thus far are considered preliminary and have been shared within the
research group and with district and regional authorities who had provided the ethical
approval to conduct the study.

Self-Evaluation

Some study components could not be conducted due to budget limitations but the essential
components of implementing and evaluating ceiling nets as an intervention to combat malaria
transmission are being completed. Preliminary results are promising but require full analyses
to be completed in the upcoming months.



7 . Achievement Level (Circle one from I ~ 1V below)
I (Few expected results were achieved.)
@ (Not fully satisfied, but certain results were achieved.)
11 (The expected results were achieved with full satisfaction.)

v (Even better than expected results were achieved)
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ZL L THEEHBIIMEEN T, PCRICEKZERERE L WATTILERLH D &
Zxzoiulz (K1A)., LL, —#BBEICEHs W TIX AREL > EKE (Streptococcus
pyogenes) 1T & 2 YL SRR S AV, A O W E IS K DG R T & D ATRENE
R &7, H.ducreyi BEPERMRTIX, YZ AN R CE AL S . FE
T d 5 H. haemolyticus 23 # i S 7ok 258 ® 72 (X 1(B)). H. haemolyticus
XA O ENEERE & LT b, AR ORI TR BURE I HE B TR A 23 &
CoTWiagEEzmie LT o, —#. & MPME% H ok DNA FLAI 2N R EIZIR A
LTCWDRE DR S v, BLHZ 351 2 3UBHREUTIE IS B 1 2 Sl {b O 26 BAE
oo,
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& LT, 16SIDNAEIIERE %
PCR #i@#, MinlON IZ& o
THHEL, BEERZHEL
(8) f=. (A) TPE &4 #& 1A, (B) Hdu

- v Bl %E EREE) X
' - RETEEL. C kA5

BREDEAIZERAT HEF
MBETRLTLS.

positive conl. 5 PYOQenes

@ REDORNFE
AR

6. H CRFEAMm

MW RHE SN - M SR OB & WO BLE» DX, MRIEFICHRE LT\ 5, HFEEW
DERICHET, PHEBEY ORENEONTIZE S XD, KT, PCR EMICIRE L 7= B Y f# 5
DIEOORHAT e ba— L EBELEZZ LICkY, SBOBFRISHASS FESRA T
To RN & L CRFEEMRICIEA TE TH D, B TOBKRBINEIZI T 5 1 EE B
R0, WELHE TR B2 HEAMMEES 00 FEF~— I —ORSIGmaER IS5 Z &
T, EFEOHHNZEEOND EEZ TS,

7. ERE (THizO)

I (FTHIO R RITIZTE A EER L Do T2)

I (RIFR D D —IC DR 2 2T bui)
1"’ (FAEY O RZZET bT)
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L
RIRRT BGFEFIERT 2% ARH A

3./ G K450 TH
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FTOHRMRT 7 FUABORBREME 2 | HRORBHER - BRFISEHEFF & & BT,
A EBEEMCLEEREOB AL, EoFEFICEASNDZ R, EANT
BRENTEFHRY 7 F o EREEMZ2BVT, 4 20MERTXTICHT L5V H
EHEBEIO T HIREEONRN2FENTE L, BIEFATBS L OBEKRRBTOT
VIR 0 F ok SAHENWE - BEWEFFOWRMRY 7 F o O HF 8B 3 LS O
e, V7 FUBEHABOX RN EERBKRT DL EDRARFEOBNTH 5,

@ W78 N &
TVITRTANAZ N EORBL - KR
Ry R Bk, s "7 xn—7 (E) LIEMEEY N 7E NSL B
JUNS3 #4255 (FH) .

TN —7 (BE) &, FEMEELICFEET 22/ BT FLOM-EICEE L, Kt
AIEEEA LTS, £72, FEMEX %78 NSL (X, MENE Y 7 OB
LU, 7V 7B OBEEICEERERZRZT RN TWD, EHES
JEIE T AN AR F ORISR TIE RV, 58 S U I3 ICADE % 5|
TEZFTZ LTy, £/, CD8+ THILNZEITEIZ NS3 ZERE LTS &)



WENDHD, EHICTVITFUHBOBEELRY —F v NMZ DAL D D,

HAS 7 Z Va2, TnEho X o842 ) avet v hE o8
L5, mvxu—7 (E) 1T, WAdEMREZ BN CTHowy 878 L LT, EHE
WX N7 ENSL B L UNNS3 (I, MijaN CRE SRR - BRI 5, 9. T
TIANVA2H (aAERY X)) (DENV2C) HkZ 37 B b ERL % IER B
B, 0%, 18, 38, ZLT4B~LHED TN,

2HEBITIX, FURTEOT I FUoRMEORIEER Z BB NTITH TETH
o3

@ THRIIDME

BRER T, 22007 V7T 7 FUNKRBIN, 120U 7 F 38 3 HH KR
ERETLIZEZATHD, LOrL, WTFROUZFUICHLRABH Y, HREIREIC
KT DHBNARTEETHSTZZIEEZRBLTWVD, SLIEAREFELLYZTF U, UAL
ARERLF (VLP) D7 F o BLOF U R EERAWEY T 2=y U7 F U EOR
KENRED SN TS, FiflanF 7 AL A KEFEICKT 5D 7 F UK TERBLT
M RNELEEE 2. RFRICL D | REME~OBEN T EZEEM CTh HHAT
TFNVERWHZ LT, BERTHXETES, L0VAMT, LovLaettomunatt iz
BNOLRMEROT T 7 F o BB TEDHEEZLTND,

5. FEhimes
@ 6 (2024) 4 I %63 D FEHEIR b
FUTTANZ 2 (aAFERY Z k) DENV2C x> _—F (E) L7 BED
ER BT LTz,
FT. UTO4HEBEIZONT, Wy 7 F Azl & ha Rk L TAL
Bl &2 L. ERR L7,

DENV2N-36 (1-411) Wild type
DENV2N-36 (1-411) Z ¥ W101H
DENV2N-36 (1-421) Wild type
DENV2N-36 (1-421) Z % W101H

IO AEWABYMIEAEBWTHOWMK N7 F L LT, MIEN TR X EEIIL -
WEITR>TWD, T2, BBET V7 9ANVA E X Uo7 BHBICERERLTWSE
J 7 —F VPR 4G2 DA T ) K=< LB B 28 E LT,

@ HE (FER+B5)

FUTTANA2E (aRERY X)) DENV2C O _ua—=7 (E) # L 37'F
AN TELGE T Z2ERL T, MLz BV Tomwy o878 L LT, MW
TR SEREIY - HREZITRo TV D@BFPTHD, BBET V7 UANVA E XXy
BHIZHERHISNLTWDE 7 r—FAHK 4G2 DA 7 U R—< 0 b BB FEY %
BELZ, ZoVaryeFr iz ERL T FETH D,

@ HEONE
BT L
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FUoTTA LA (aRERY X ) DENV2C D= _ua—7 (E) #2378
DHE =T "aeRHEZAICEHERMZEL TLEW BB TFOREB L OO HEN
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1. 8 & 4 NIERY — 2~ =T EO B IR KB
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2. 0 £ & ERERE AR ’ik HEZ
I [\ OBFIEE RRERE BHMEMTRER KA
R RT KRZRA O ROt
R RY BOREZSOIGET  #iR Fi ] 7 =L
RIRRT B EFST AT 2% Y B R
Rl K5 BUrEZHEaT ¥ ef Fuk

FIR K% BB ES2WFZERT FR(EHF
FIR K BB ESLWFZERT R (EHF
iR Ky EWEEFRSIRLR F4& Ng’ etich Japheth Kibet

B Tagod Mohammed Suliman Omer

B Hong Jing

3. k®  E K400 TH

4. WFEEHE
O HEEM
IR Y — Y a~=TJE, V—Ya~v=TRHAICL- T &I INDIERT,
4 50,000~90,000 A D HHEEZENHA L. 26,000~65,000 AR L TWD &HE
ESD (WHO) . BIfE, VL O{LZFEIEIZ X AmBisome X° Miltefosine 72 &3 WV 5
ATV DA, HEAIME S HE SN TEBY, HEIREEEMOBERITIEERRETH
D,
V—Ya~w=T b, WyLEE FIAN TIE amastigote & WO REIREEZ LD |
~/mu7y—Y (M) IZFHFELTHIET S, Mo NOIKKESLEILA b L ABREIZ
X5 XD amastigote 1E, MAEARS FL8— MY —ZEH L CAEGZHRET S, #
D7z, amastigote N b DL =— 7 20 T ARER L LIZAIFRIX, MW ah R & FrEM I
Bns WIS g, B2, B8 - 2 FREEXAF I v 7 AT BHICBIT 52
Fay KU TR OIS ERROEMRAISEK O Th 5,
F 41X VL 25| =& Z 7 Leishmania donovani (LD) 2t > Mo i ZERENICE S %2 H T
W a4T-> C\W\W5, ID AP~ AZe PVLEBETROND Lo Edmad 24 528,
Yt~ 7 2 O i C M ERE RN FHEE XD (Morimoto et al., PLOS NTD, 2016) , —fi%
W2y M Mo 1S K SIRPa 124 L CARIMER @ CD47 % %%k 3 % & & & % Il
THN, B AREZLICIWDITEPEICEIY SIRPAZIE T ESELZENHLMNE -T2

(Morimoto et al., PLOS NTD, 2019; Hirai et al., Pathogens, 2023) ., F7=. T OJRIMEKE
BN~ 77 —=VATOFAEADEFIZAEFTHLZ b bholc, IRIZL D Mo
WZ X SIRPa I FE 5T, Fox 3R REYL ) 5 F K 1 ATP6VOD2 DR EBLA L H X H 5
L THRMERERENOEHNWEZEA M 2 ET D52 L E2TFEH ST L7 (Hong



et al., Front Cell Infect Microbiol, 2022) ., £V . JFHIIEMAIZE T TH D M
ZEY O HOC—FHOCORBEELZIEESE TV EEXLND,

Y L7 M BARMERZIY ATe Z L OFEE LT, V—va~v=TICHETD
o~ xtiE T o2 EnE2LOND, RITHRANT ~ 27 02— (HILIEEN
HEM) ORY L EFICHETH D0, LD TN~ EGRBEZ > T\
W TDOTD, WD IFEENLHEZ T LENH 5 A, Fox T L7 ATPEVOD2 73
M NDERRTIRICH S35 Z L 2 5L TWwWb (Hong et al., Front Cell Infect
Microbiol, 2024) .

INDEEEZ T, AR TIISESREAITHRINDAIE X X7 ED Y A M
ATV, FRIZHHOZ X7 BICEH L CEOMEEH N T 2L ED 5, Bl
TEHEAT H O B = P S0 i — AR LRI JE 2 8 L T < D0 DM 2 F 23 o220 o
THBYH, ZhoORBEN ., SFEAREHER, 2o CICRBAMITEZ B LIz, v 7
7Y MNRROEHZED TWDEZATH D, 2024 FEOILFMETIE, D2 &
b5 ODFMEBEERFICOWTHIT2ED L L 2T 5,

— 05, BHEEREIV T LOLEBEZENE LELDICRET 2L E T, AR
R EME CELETZHABANA T I VICREDLZENRERETHD, £ T,
FRRFED S DA FIMESLCIEARBRICEAT 2 7 v e HEKFEDR D in
vitro/in vivo i) — Y a~=TRBOF vy X T o EF@E LT ALEMT A 7T UM
HATHIRRIERM AR T 5,

WE7E N A

RO EB Y LD HREBEEGEM N FOBRKR ATV, EAHKEFITOW T KO i
HEOE- ATV, MBEANEGF~OEEEZH L NCT 5, KO KO ERIZIXBER

(Beneke et al., R Soc Open Sci, 2017, fl1) ™ & ¥V CRISPR/Cas9 ZiE 5., HMilaHN
EFE~OBEEIZSW T, M 2 H W72 invitro §F4i & <~ & A & H V7= in vivo #F1li ©
W4T 9, ¥~ AZWTEBELZRKO/KD DWWIFNndD T~ AT 43— k% 1x 107
P R R e S8, RYe#% 12 B £ 7203 24 BIC Mg X OPFIR O &4 h& & {1 E
Do, o, T DO~ ~7 Uy MiE, ~EZ7 1 EUE, FRMERE., Mg X OUF
@O BEEZWEST D, 7o, WTIKRE~ 7 2O IMERE R O EHE 2857 Cdb D Y
DR IR ATV BRI SR O KRB D IREIEN O T A O AFORKYE Mo O Ifi BR
BRICEDOLIICHETINLIARND, bbET, BKBRENSOHEKD 5 b
HRA A PERE & BRAIRBIIERE D in vivo ICB T D ERBUOALBEICOW T Bl 24T 9,
AR D & B0 FEARFUER TG EMENOIFREEEZ X0 Z2<FHT 2 2 & AR
BENTWD, EARPEN Z OBKBUALRE L BEHEBART 2002 HLNCT 57
O, TNORERABEI LYY ZROMIEICH T 56 F - R OBEFHEBL L HEE
I fRAT 9 %

ICEWMT AT T U NEOFBRBHIERICONTIE., BARPTH DL - B —
AD HTS ZHWT, \LEMDOA T V—=2 T %175, LAY OERME LT, K
FRIGEBERE . RIRKPRIEEY A = AR RIA, 5 NI DNDI 74 77 Y 72 L
OERZBRFTL WD, HEKT - BTV — 7 Tl EGFP HEix TR B R DO/EH



(Okuno et al., Exp Anim, 2003) # & &2, RFEICH - 5 R B KRR 8 O BR
LN H Y (Nakao et al., Mar Drugs, 2004; Ishigami et al., ] Org Chem, 2012 ftfi) . HTS
EATOBRBEITE > T D, £ BIR R TIE R - & O 7 v — 703 L [6 T in vitro
D HTS & in vivo A A — 2 2 7T & 2 FEAIGEAf 25 w] RE 72 fHL R 2 JF s D {E Rl & i 6D T I
D . BEIC red shifted /27 = 7 —+F & mNeonGreen (RE9h-mNeonGreen) % @& &
7 L. infantum OEREZ 52T L TW 5, RAFFETIEZ O L infantum ZIEHT5 L & %
2. ¥ U ASOIFFEIEN E VY L donovani D10 BRIZ DWW T b [Al kR O s 1 FLHL 2 (KD
EHZEITS) ZE T, LVEKRETLEELEMERBSEOIND HTS OMSLIZORN 5D Z
ERHIFTE D,

TR DR

LD DAIFINAEFICEE Th D, SRl ERECEIKFHIBERTEME 7R & & K o 7o 8k B
HFRNEEFEESNL., TNOOKELZHET 2LEWHERFEESNATWND Z &0
HFCTx 5, FMEIC, HURB(EAEWERICOWVWTHEBEOFHRIUR RS DR EN
HFFTE DA IOV TIAFRIFEAM 72 © ONT in vitro TO R BLVRIFEAM 23 5617 L |
ZDRERDF HIIKE in vivo TOFHMEIHITO TETH D, 7212 L, FxDHWDL <
UAREY R RN 6 WA EEMCDES2LD0THSHZ E0vb ., in vivo TOFEAf
WCOWTITHFEENICKR T L2 WTREERE W, & ICE L TH, M N amastigote (2
KE9 % FEHIEh B AT 72 & in vitro BERIC O W TITEENICHR R4 55 2 LR Him T
253, invivo FEAIZ DWW TIIAF RIS T LR WRTEEMDR H 5,
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D6 (2024) A T2 F SR 9 D SR I
EROEB Y RBFSEHIRE TIX LD BB BN T ORB ATV, T 6K
FITHOWTIL KO JR R DR Z 1T W M NAEF~DORBREZH LN T2 2%
HgE LTz, kXY o X7 E L TROBEALEZLDIISME Y 7 A X —
X2 R ETH D anamorsin THDH, K& 7B X, Ebd 5 8B E MR 1
@975 T ELFEE FIRAIN TORFR TH 5 amastigote (BT DB EFH W KD A
ZH bz, 22T, AR TIIARZ T HEOMWIREIT 2D 5 Z & 1Z
/}177 L7z, #55H & LT, anamorsin @ WERRFFEE DA A L TV 5 Z & oMl D 8k B
HEBE T ORBAEZHET 28BS ERHLNE ST, —FH, YU TFEL
TW7z KO BROERLE, CRISPR/Cas9 Zi& L TIEH 227228 . BROTENLIZ 1T D
BB TR, ZOEHBE LT, YZBRFHEFIIARAIRTH D ATREENH
L= KORDIEMEM N AR+ THDLRREMELE > TS, 2O RIZOWTIL,
SBOMFHRETH D, £70. KORIEHOEN LBE L T, EAIFRBEN & 2D
BB AN DR ENEA TR, 20D, bkEMFTA T T VDAY —
=TT T 52 D IZ, anamorsin ODMARENT 2 D T2 W H AR TH 5,

R G R+ 5 %2)

FT. V—vav=THAORRIEEL.
% ¥ promastigote & amastigote |Z 31T B @ ix 15
BIZOWTF T A7 VT b—AfRifr2iTo72 L
Z A, anamorsin 238k B E {5 O F1 T amastigote
TORHEREREbEPoT (AX), £Z T,
anamorsin Z i@ B4 % L. donovani Z EH L T, #
RFFRE )0 O kB B R T OBl & & AT L 72,

Anamorsin 1 BLEE (ANA-F) TlX. anamorsin
DFEGN EH L TWD —F ., iRk E DRI
Mbs 20 ED—>Th 5D TSA DIEBITIT K
SRED ol (FX), £ OmIE B % @ H
B E 72 0% hemin RIS CIEE LI 2 A,
hemin #ANES HICTHEFE L 72 ANA-F O e N 8k B3
BFAR R L CHEML W (D, b o
#E 5L 1% . anamorsin 2% hemin BV JAZ2 (2 X 0 HIA AN
M L 7ok REET 2 2 L ICiEL T D 2k
ERLTWD, ZOBLRITEESTH D FeCls DI
JNEE #CIXBAEE T 72 < . anamorsin (2 X 2 fllia N
BRFF IO TBIRCH KN FH T 5 2 & RNRR
Ihi, %, 2285686 Max Mz 3265k
ZITWV, ZORICHOWTEMERD D LENH D,



WRIZ, anamorsin 23t O kS H B (s T DR BLIZ 5 2 5 B2 DV C, ANA-FIZE
T BETFRBENT AT o7, OV AR T b D BT 3 ., 725 Tk
ERALEBLSEICED BB 2 ICOWTHESEZMITLIEE A, T
TOBEFIZHBWT ANA-F TORB LA PRI (TX), SV IAZICE L
T, ~2HWVIAHICEAD D LHRL ORBN LS ICHEHE Th o7z, EFRO®@Y |
ANA-F #£ T hemin RANES U CHEAL NSRS HEAN L TN 7223, F 4012 1E LHRL O FE Bl
EADPEEL TSR, DEVRFENIO EHZT TR, BVIARED
FRAPHEEMICEEL WD ERNEZLNT,

LIT1 LFR1 LHR1 SODA SODB
s 10 S 10 kK S 10 * K ¥k 5 10 *k K 5 10 KK
o 8 _Fxxx o 8 % 8 o 8 o 8
o < Q < <
g 6{ _*_ g 6 g 6 g 6 g 6
24 24 N 24 z 4
5 2 & 2 & 2 & 2 & 2
@ Q (] Q [}
© 9 © 9 ) © 9 &€ 9
NPERG NPy S NP S RN S & 8 S
AR P PR PR S&F
. 4 A - 7
Y Y
Surface proteins related to iron uptake FeSODs
(Iron transporters) (Anti-ROS enzymes)

~ /77 —=YHNORBEY TH S amastigote 1376 FHKOEILA L AICE S
SNTEY, ELHBAEELRFITERIEA PV ACEET 2 b0 EHEENT
W5, 2T, B{LA F L AD—FETdH D H,0, 2% anamorsin % & &b 7= §k BE B =
FDRBICEH 2 DB OWTIHNT 21T 72, = DOFEH. anamorsin @3 H EH 23
BHEICHER SN G, MoSBEEBEFICOVWTIEEANAONDILORH D
L OO, EHFIZOWTIE anamorsin I E T2 o72 (FIX), Joib o3 B kk
DIFENTFEFR & b D & anamorsin [TFFEDORIEISE KIS L TER LD BIT,
fh D EREHEBEAR T ORBLARE T2 Z LITHEL TWDAEELRH S,

LdANA LIT1 LFR1 LHR1 SODA SODB
58 58 58 58 58 58
[7] 7] ] [ % g
g6 36 86 56 %6 o6
- - i F = -
g g g g g g
v 4 <4 o4 9 4 o4 o4
[ o o (3 Qo Q
> > > > 2 2
52 g2 g2 g2 EZ EZ
© K ° ] [ &
) =) ] ® o ] 0
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Ito T, Fujii W, Yamagishi J, Sanjoba C, Inaoka DK, Suzuki M, Goto Y. Iron-binding capacity
of anamorsin in Leishmania parasites. %5 94 [0l H R%F A S K, 2025 43 H 18
H., KIRK% ao_Rovarkvr¥—, KK
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Anamorsin OB BKZIEM T 52 LN TE, ZOREF L L T anamorsin O PR AEHT
NRESHEATZ T, GHIFHE L TV 7= CRISPR/Cas9 12 & % KO JF B D /ERLIL T E@ v
H#FEF ., invitro B L Win vivo (21T D KO DO RBLRENT N T Zpino 7o 2 L3R
RRThDH, EL, V—ya~v=THRICBIT28GENIE & A CBE LTV
VR, BWEBRFFRE NI Z b DX U N EBHO T ENh ol &, 2L TE
® anamarsin DO EKEIE X X7 HEORBREZHIE T 588152 22 LWL MR
Sl lid, ABROBHENELED D 5 X THEFICREVWHRLEERZD, V—va=a
V=T HRBICBWTEITAFICRATH Y, MBASKNFETHIZ L b LN
T 5%, Anamorsin & TR 2 7o 8k H A O M B IR R3E O FIFEIC D72 3 5 HE
RIFERERD DD,

7. ERE (TAMZO)
I (T OBREIFTIZEAEENL R ST)
(D) Rk 5 5 iSO R R E % 5 i)

I (THEBEYOREEZET L)

v (TR LEORRZZET 6N
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PR R PR FER R ER  Hdx oAk & b
R MR R B AT SR AT IR R 20 B Bh 3 R H A
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3. %® & K:350FH

4. WFFCEr

O B EH B
FHEBRZITUD ETIHREMED DL L. AMRITR AT D 9] O BB TR IZ
Rt 2, ~Z7 V7 REBEIE, WORMEIZKZE»GERAL, MKICE > TEFIZBE)
TN, BYEDEL LI CE 20 TOARATH Y, B TIX 30%REIC &
EFE D, HIREMAEY OB BE CHBOZRF N RKRE W L 2R+ FHMIEL <,
OIS E R R E CHAENITFR YA N AEPEO B BER E 2D L b5
NTWD, ZOERKZ I F L)L TR RIRMAEY S IT I Ak - 2 A
LCEEICEDLBG % in vitro THETHFERY— 1 & LT, b~ iPS flifja %
RUT, PEAERE OREBRFEM iPS Mo abiFE Lo FfMlac, 747
DERBABENEFTTHHENBRINTZ LN, FEIREHIHRE S LD ZEREF N,
ZURTEAERICHEEL TWDAEEENEZ SN, FiRiCB T 28E - Y -
BRI EORH T AT MTITHEAREERRH O | REHHERE O Z b T otk e
EEY L, WIRMEBMAED DB MR AT 2EORISEICEET LI EnBEI LD,
AT, BFEHEB LOFRORBE T OBE NGB Lz iPS Mldz v, £
I E LI-HFMRB LA VT 2 A4 R 5~ 7 U 7 5o oG Rt
ERET 5, MFBROABREICEKNT 2~ 7V 7 HEAOBERMEOE NS, TR
W~ 7 U7 LIFEONHEE L OBREZAGNCT L2 HBNET S,

@ WrEANE
ARBFFETIT, @FE B L ONFRORB R OB GRS Lz iPS Mgz v, £
IO FEE LM X OIFA VT A RIgkHT 5~ U 7 JH B oYL REE
Rt 5, AFlEOZHREBICER T2~ 7 U 7B ORGEFFEDENL . ATHTE
B~Z7 V7 LD L OB EZHLNILES ET DD THD, ik,



JFF BT 5060 i ~ R BRI D bR R I B W T, BN EEOZILIC LD ~F U T
JUHR O BY R PE N B 72 5 Al REME 2 RS CTRRGE L, YR ICE 2 BN Z T3 5,
2024 EE (3 H)
- & M iPS HSRAFMIE ~D~ T U 7R BB EBRR & ik T 5,
- T — L HERENGRE (NAFLD) % ke B89 iPS MMk & B2 9%
< BEACT R - IEEARBMET O in vitro REEET T L 2T 5D,

- IR T VISR T 2B~ T U 7R R O RS G RRE RS L O BE & o BAfR & fiF
45,
1. & b iPS HEFMIE~D~ T U 7 JF HE Y 5 R it (b
B~ T VTR LR —Z =T A DOHA N A Ve~ X T NITEGEEES,
YN D 14 BEND 21 BRI X T I OMERIRZRFI L, ZOFICHEET H A
Aue A4 OB EZRINT S, AR LEARe Y A b & LFEoHETER LR
Ml L OFALT ) A NIZEGESE S, HllR~0EYE»6 1 ik, 3%, TH
%, 10 BRIV AR —F —BiarORBE2ET=7—L, WNMOIREZFMIT 5, I
ITLTHBY U7 BT 202 W@z 7y, TR B oFE
FFNEIR R % o X7 B ORBR 2T 5,
2. NAFLD JaF ik (IREMRHRE) O DR A 1PS Ml Rk 32
BT E R 5 2072 NAFLD B3 ORI 2> 5 BEZER (PBMC) % 7B L. ALK
iPS MARAFZERT (CiRA) O 7' v h aViZft-> CHHbERG 28 AT D, F7u—=V
LT 10 ICHRE T 25 L&x 2/latke 35, b EERICHT HRIL, &
BfEHT (SMEBZFE) . STR f#MT. RoabfEdT s X O tkib il 217, H%EE O
iPSHIlM CTH D Z & MR L TEBRICHNWS
3. BEMERE - IEEMARMEF D in vitro HEEET T VL
PEAGH R E T T VOB RBICITRBRF RN iPS Malk., RENRHEREETT LOMREIC
X2 TN L7k E VW5,
(D FERGRIERE T L
JEHENIRER £ CofbiFE Loz . 70 2 — X MEERAN DMEM/F12 S Z8 55 1 TR %
UMz b sd s, Zva—A7 ) —TRHRE LG, ZVva—ARNREZE
% T 48 Wik &5, oMz BEI L, Zva—AFF X —ER 7
a— A& L CTAELIEBILKFLHR T e —7IC LV BRHT 5%y FEHNT
Miaho 7V a—rrEsER&T 5, EFFME L FEEREY IPS AR ki
DTV a—F o ERMBOEZYPMICIRTERRELMEL, BRBEFTOHREBHEBE
TIVERENLT D,
Q) IEER#MERET L
FEffa O MERF R HIC . IREB L OBRBHIMAEE X TAH VA UBRA IR LA O
HEZHNIES, BEOEMITHEBEEZRET 5wl 2 M U - e sl
22 & B N AR Ea@'ﬁ{h WLV 5, K& L7oMiflas & FOLCH EIC X W IRE %
T 5, BRI R ATe— L HHRIEE, ERNa L 2T e — 1k
IO /HEEF@E%{EJ/E L., #ifid lg o720 OfFE &L, &% AHko iPS AFHllL &
FET v — LPEREIEIFE B (NAFLD) ABF sk iPS e & Crom skl L. AN




JFOREFRRET VEHESLT D,

4. JFigE T VISR T DB R T U 7 R O KGR R B8 X OV BE & o BALR AR AT
A~ TV TRALR—F =T A DHA N A b~ X THIERSED,
YD 14 B0 D 21 BRI X T ORI Z fREH L, AR Y A b ZI[EIY
T5, fERL L7 b b iPS MU H SEFMIICEI Lz AR e VA b &l S, g
2H1H#%,3HBE. 7THE, 10 HBICLAR—F —BIn ORI 28 CHEMEIC LY
FoX—L, WNMOREEZFEMT 5, AT L TRBRZ V87 Elzxt 3 5 5k % M
WYt AT IFN IR R O RECIF N IR A0 & X 7 B O S BL & G AT
Do MMERET NV EBEZETTVICBN T, ARr Y oA MNERROZE L BEET S
Rk O - 24T 9 o

TREN D AR

B~ iPS MR O A b L2 AL, RO R ARR e RE 2 EBR=E Tl S I H
BTy —nthd, DAMENOEN LMEEEZ WD ERRICHES, XD
B~ OARIZIT VIR BE T RE 00 R A 3 B 4 AR W S R T & FTRE LS
T 5, REEERE iPS AN DOAFA LT 2 A4 RERL, B L OYREBRBRIIBRAED &
CAEHLTELP, REMEREL in vitro THlIT 27200 F AT, KA
DFFNTER L OIRBIE O ICB W CEHEE R &S 2 FFo, AR B E % 0% Tk,
ML W E SRABEOEMICIOVWTERMMT N TH Y., b b iPS #i
HRFMIIC~ T U 7R Z RIS S, TO%RORBEZBHTCE L2 b, R
FIREAG SR HE D E IR b N5, AT ABREICER TS~ T U 75t o R 4
PEOENL, M~ 2 0 7 & FIBROREEE L OBGRZH LM TE T, &
el —Bh &7 0, {BFEBOBBICHLEN L, KRR CTHRET LM - A1
A REGEET VL, MO T ANV ZAERERBEFEICSISHEHZ ST 252 &N AEET
»H 5D,

WFZEEHE 1 4F B ISR O MR ENEBR L. 2 FE I 2 o0 biFE s F
B URAAT M 2 R 25 Z L NATRE L oz, =T U 7RO EERICE N T
X, AFa YA FELEMEBEROZX A I T 2EbEZ N7 VT XX
BTHDHN, TOERRERBELT D2 EICE R RFMOEEAHHFTE 5,
T, HEERN IPS MEEHWVCHFRORBEEZ2HET L2 LICLD, Y
EDHAH = AL EATFEORBHERE & OBRIEZ T T2 2 L N HREIC R D,
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BRI AMEL., MAOEBIIGEL T e AZEMRFTERMTXLLIBES
Bl L, BINKZFICEWTHOMEREH S L O0FENTREIC 2 2 B &N
DWW, T U T OREYEEBRIC OV T, RO RMBE SIEM KEToFEME I
RAFETH O, BT IEFLMIE & OEEN R A R CREEBRS I X RERK
FCERET D, 20D, SMEFERTOMEZEERECREBHMEE T 25 /it
PEARA T N IRE S CO RE & W o AR DB LIZHE Y A b L RIZIHZ 9
HMEIDOMEREIToT=, £z, BXICEIIRBI 28 E L, mEEHoR %
MHELOOHT AN ARER T L — b — AL OFERA LB L, £79%6 7 =L
L= a2 WMo s bFE s, BEoMatkz HnwTiToz, fH& L
DIF, IR EBRICH WO UVERERE L L CRRAI STV 5 201B7, i E D/ {bifE s
BRIz L0 FFRIE~D @ W b RS HERR S U7z HPS1046, k2 BB L4 U b
BR22 5 IR2201A D 3K TH 5., kB EBes 3 A B, MlaEA o 1/6 12725
EoOHmMUL TR LA, ZOB, BRSO TARZEBNE AT 5 L5580
I/BICHHEE L7 L — N ERFFICER L, 4 %2, RIBY =V EICERE - TAK
2 L OSRMT 6~10 FefE] (e REBBEIRRK) RE L. MRS ZO%IZIT D
YL FEBRIC 2 9 2008 9 M Z2FR L7z, AFSCHBIM B BN ICE 5 B iiRi &2 85 <
e, BRMEOH LTV — b — v E 4 FEEER L, FEHARRENE O hE R L
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R RS+ & 42)
EINKRFENTERAERBEE S 2N TE L, BINKETIEZ, %N 2 ETC
HERMEHREL, BhEbEoRZZ b, B b iPS Milank#E L OVER
DFHEMBEL, DR LIIHREZED ONDBRENE 7=, KFRFEEOETTE
BEEAMIC B W T, FLEMIE R L NICHMROBENIC L ERLE TR 2 ED TV 5D,
bFE R TR E REEREBRE CTE 2008 5 D OMEHERIC OV Tk, Mk HET
BEOI/6HEDO 7L — F T ARIE Y = VOIREN 10 FF# 121X 24CE TKET
L7eR, HRNZ3TCOA > Fa_X—FIIETZ & CRHERHITAESFL, £
D% DOEGEBR BB THDLHZ Enbhodz, LML, TAKZHERD X5 H
B CHIfEZ 1/8 ICHHFE L7 L — b TR L. Z 07k Tldfkp © &
mhhol, Ko TCO, HNAREDMENEERETCHL EEZLDLND,

CO, H A D ff 1

RIEBIREED L E REELLEZ LR, DOLRESHED)
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6. H M

LSEEIT, ERBEAZ2EZD2-DICHMZE L, HICEBOERIEHICE W Tz
Hag . b, MR ERENSHETL-ODOLUEREICEHEET LI BE LR, FO
-0, FHOERNBIFLEALERTERD ST ENKRERNERTHDL, —H. 2
b OIS, HE LD LATBREOELMICEL DA MLV RICMA D 2 Z EAVHB L,
t R iPS Ml OHEEEE I, SMbBE S o R L. FEBBEICEIT AR ER A EE O
JeMiER CHEIET D FEEBRTEL, 207 v FaLfELIZ LY | in vitro BT T
v b7+ —2AE LT, b FiPSHRERFMREZESFATEIHmERNTE -7,

7. ERE (MhhizO)
I (AT OBIITIFE AL EEN LR o T2)
(1) CRMiEms SO RREET b RT)
1 (THBY OMREZET LN

v (PRULEDORRZZET BT



Sf6 (2024) F£E—RIEFEFIERE (B ZFEM)

1. & B 4 HEEFEOMENRH A =X A DK
OB F& 5 :2024— Ippan—18

2. % £ FEARKRFRZRE REERTEMAT R Bh# R th—
It F OB 2R R RFEVGE E AR AT iz Ak R
Bl KB B IEAT 0 TR E A T X v 7 AT 40 B
B Fakd Y ==
B RFPEE E AT o FRRE A T X v 7 AT 4 B
Bh# =R FER

3. %/ HH:400 TH

4. WFIEEFmE
O HF%E H /W

i b AR SE L, bR ) VBB EIZ XD ATP A EIC B D DR EIE AR TV Z2HET 5 2
LT EEE RTZENMBND, Mycobacterium J& TlX., fifb/kKF L x /7 %
X L L 7= Sulfide:quinone oxidoreductase (SQOR) & . Hi fk &K F &
O-Acetyl-L-serine Z##/E & L 7= Cysteine synthase (CysKl, Cysk2) 2L BT AT
A EKD 2 OOREIZ LV MLKFIMESND, BIRRWZ L2, BERE. &
KT HIEERE (M. bovis) BCGEETIE, Z D 2 DD b KFE BRI A IRAE S N
TWAN, WERBEE T D Mycobacterium smegmatis (M, smegmatis) . B I OIE
FEEYERMBEIEDIRIRE TH D Mycobacterium intracellular. Mycobacterium
avium \ZIE Y AT A U E R O P IRAE SN TER D | Mt b /K & fR B B 1M R AR
FVRBRSTND, HHEEMToZ I E TOWE T, #ZE SQOR O P E A % [F &
L., fimEaslone LR, BEOCEBOFEMIIA L hE R TN, £
fo, MEE SQR R~/ r 7 7 —VNTOEFICEETH (LA N L AP B
3252 L& Ui, REFFETIL, SQOR O KIS Z B 52029 5 & & H 1T, SQOR
ZNLTEBILA LV ABPED A T =X LIZHOWTHLNITHZ E2HIET S,
S BT, MEARHREE DB 72 R AR S FEM L R VB D DT O TR 21T
Do

OR TAL:
1. §ERETH SQOR O I ik 4 o fR bT
5 12 15\ V5 REE CHREBA T SQOR R S IEE B85 = LSRRI LIS, %/ v o
TFEERBOLDICF ) AR ERET BICEE-TVARYL, 22T, &
FHRR % D% o b R AR RS 5 2 & T % ) RO O
BAT5, 2 LT, HEH L UMD DAL EEL b &I, KEE SR 0



EREEZFERL VAT ALDORY AV T 0 RMEIZEH L THBITZ1T9 2 LIT X
V. FEEZHE SQOR ORIGHEAEZ B B v3 5, F 72, SQOR O e k& 72 i 36 A il %
SNt 5,

2. PRFEANC L0 KEEZE SQOR FH S O fig b
bz RBRAEBER P RET 2% 7 UG T 0ER T A 77 ) —%H
WTHDOOFAEZRET DI &N TE o, RAFEE L, BHEFEA O E#EEZ AL
SN T AL L HIC, BT L CHEME A S NICT B,

3. bR b U RAIEGINE A T = X L DM
[FE L7 fEA% T SQOR FLEHI & M. bovis BCG #kZ FWT. SQOR ZPHE L7-%H4
DB T —BREDENRFELWET IMERORALE 2T+ 5, 61T,
TEMHEMER L LT DEEME S T2 EET HZ LICE D (BEX b L AP
MEBRBIZEID2HO0, ZRELMERBEDICEIDZ2LORONEWLNIT S,

4. Wit s AR R AN AR R HE AL B 2 D SR B O iR T
M. bovis BCG #¥iZEHWT, 7 h IV A 27 VT oE—F—IZLVH#EIDX
J LT —BlEME RS CasO IR D BT/ v 7 XU U HKRAEFERL, RIAD
FENT 24T 9, FEEEICE W T, MEARHICE T 20 HIXIKER LR T TR E
INHZ END, HRERELRBIRERE COMBEAMICE X 2B 23 MT 5,

® THRINDEE

2023 FEE DR R & L CliE, FEiAEH SQOR Ot fb i & 2 B 5 v ic L, BTS2 B T
b5, db#EE. WMAAEBR P RA T 2EREM,. BLOWMEEAZ 477U —2H0
HZ LK 5 oDHEREFTETDHIENTE, 51T, SQOR NEEZE Ok
ANV ABEBPMEICEGE T2 2 ERRBIND Z LD, MR OEFENEFEEIC
BUILIHERAREZGLZ LN TEL, REEIX, sl &HEMmEA L AU
A Y T T SQOR O AR ZEENZ DWW TR 2D 5 & & $ 1T, SQOR D Kt HAE %
AL~ TH LI L, [HEAOREERBEICOVWTH#MITZED TN, 51T,
PRI E BEFHOFECLVMERPEPAEEN S T LR 5B 200D TOMR
AtEED TV, ZAIMYERE Z AN PERE L E XA REA LORBETH Y | FrHTE
EEORBITMLEENTWD, RFE T, MENRHRENAIZEEN S L7205
D2 EDRENTHGAEITIE, AR TR ~ICH T BRI EE R g L 72
HIZEBHFEEIND,
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A6 (2024) AL I B2 %9 D S ek

FE A% B SQOR O It K A o g AT

FERZE I SQOR D % ) U AE G EAL & R E 5 7212 k% SQOR & Ubiquinone—1(UQ;)
DEE ARG OER AR AT, F 70/ E SQOR O & FET 272D,
BESN &RV 21T - 72,

BH 55 41 2 FH N 72 5 B2 A SQOR FH 5 B A o i At

I ETIZHEEL TWD 35D SQOR FLEA & K5 H SQOR D E A KK fb 2 FILT 5
ZEEHBE LT, R ED T, HEA LSO RILERIC, B SQR O ¥
VR EREREIRT LT, BAERESORSEER AT,

b A N L ABIME A 1 = X L O fiRHT

FEEZE SQOR Z R Bl S W72 M smegmatis |TmFEILAKFEIZ X DL A b L ATt %
R, ZOBEA N UATER, MBI KEORMBEETCHLII X T—EILLD B
DNEFRDT20I, AR EREE SQOR BBIK O B % 7 —BiEH 42 HIE Lz,
Bt 25 R AR B 23 MR B L2 - . D SR D FRAT

TV RX 7 LT —BiEMEE K -7z Cas9 # 3BT 5 pLJRI6S 77 A I RIZ CysKl i&
{57, CysK2 #&{5 7. 35X OV SQOR s D A A K RNA % #HA3A F~, CRISPR T#12
LDBInT /v F T TAI FEER LI, ZL T ZbzHWT M bovis
BCG #k DT B fin i fR % 15 C. M5 R 2 3EM L 7=,

MfEKFIZED 3 DOBIETORIALEBHZHOLNCT D72, L KEFET
THiFE L72 M. bovis BCG BED> D RNA Z i L. g-PCRIZ X ¥ mRNA J& Bl & % Al L
77

R GRS+ & 52)

BH. %5 A1l 2 FH O 72 55 B2 8 SQOR O SO B A oD
M 2 ST A . BHE A & F5 A% SQOR &
DEEKRERESLIZENTE Lo Tz

ZEnD, REHBLIENTE RS

T2o —J7. AEEEE SQOR & % DA
FEMERDLENTE, X/ VAL

ZRIET S Z LN TE 2, fEEE SQOR O
2ODVAT A M (160 FH., 338 %

H) 1. 4 DORiEFEF+TRGLTEY,
RYALVT 4 MMbEhv T\, £L T,
UQi I FAD 205 4. 3A LWL EIZEAL L TWAHZ &b, VAT A VHOKRY A
N7 4 FABIZ K DR ORBERLEIZ LV E 2 FAD ~EZ TS, U~ &
mzbhdZ ENgnoiz (K1),

fb/AKFIC LD, BEEOHEBENMEESIND Z R HREINTWD, fifbKFE
RN HIEIC 5 2 2B EZH LT 572DIC, CRISPR T¥IZ X 2 I bovis BCG
BED CysKl i 15 1. CysK2 B 1. BLXORSQREIET/ v I XU EfTolz, &



DOFER . Wib/KFE %2 G F 7220 0ADC RN THI B B W) T, Kl 113 il - 2
hHz o, LT, BHAPIZ 5uM & 50uM OfffETF R U T AZIRINL T M
bovisBCC KR ZEE# L, 16 B O mRNA L XL 2Rt L7 & 2 A, WifkF ~U
LEWMUIRWGEE L AT, WTNORE DL KFEFIE T T Cyskl B+ &
SQOR AR 1 D mRNA FEBLIE 5 £51F E Ml 4L TV 7223, CysK2 @ mRNA 881X 1.2
FIFETNEL TV, 2FV, ZNALELRFRBIIRETOMALKZRIREICLD
fE SN TEY , WL KFBERE T Tl CyskK2 MEMITHAEAKFZNRBEZIT S 2 &0
R X Tz,

M. smegmatis DFEREE SQOR FHIZ K D H0. 12 K 5 A b L AT EMERE 2 B & )
T D700, 10, 2T 25 0% 7 —BiEE2RIE Lz, TORE, AL
SQOR BEKKICRBWT, X T —PBIEHEICHEEZIIALN o7z, LT, il
SQOR D FESE ISR OB LR # B &SI L VFRE Lz, ZORESR, it
B SQOR DB TH 2D NS IFHBE SN TEY, HSe & WSy BEASIINLD Z &N a0
ofc (¥ 2), BEESNTWEIND O FIXBHES & MHEIXh, EMERRE DX
IRy —L LTOMEE S D, DE V| M smegmatis DFEILA N L A it A
X, BE T —BICLDPBRRICICED DO TIE AL, MM ED FIC XD REX
NWi=e LU, M smegmatis W CTHRE D THNEML TS Z EIIfHERTE T
RNTeH, SORLIMPDBDBLETH D,

H,S H,S, H.S;
400000 200000 - 2000
—
< 300000 -} g 150000 - g 1500
5 s S
[72] w (7]
= 200000 - = 100000 - = 1000
7 72} 7]
= = =
S 100000 - S 50000 Y 5004
0 T 0= o
Enzyme - + Enzyme - + Enzyme - +
H,S + + H.S + + H.S + +
M2 : $HESQORDFEAFY DEE ST IC & 5 BiF
@ MEROAE
[Fa5E]
1. #5#ZH sulfide:quinone oxidoreductase MDA U A /)7 ¢ RALIZ K 2 BE 3 i
A

R th—, B TR, BRI E—, FBE @R, T T8, KH B%,
AR, Bt Ko, db B, R X =T
97 AARA RS 20244 11 H 6 H

2. Mycobacterium smegmatis 23T 5. Sulfide:quinone oxidoreductase (T & 5
fefb 2 & L AP R A
R th—, W TR, B E—, FBE @R, $H T8, KH B3%,
g, Bov &5, db B, ml = =L
997l HAMEFRMRE 202448 A TH
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Rk Ry HEHE RS

3.k FE K400 TH

4. WRFEEE
O #F%EE D

BEBHNL, BRENS O ROTZDDOHEH Y — L ELTEHIL TS, £L
T, TOLMIE, HRE I RABHUE 2 85 L2 RREN 2 BB S8, Bk
DB EZETFTEETND, ZEIC, REIMTFSHEO7 70 RiT, 2V TIRE
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FEPMEA TS L TS ER2RELTWD (FE 72 AAEESWYES MAAK
R4 (2023)), BIFE, BHBEAN IR BARPIEZ EE T 22 L 2 BT 57200
KR E LT, fEHSDOR U R BRA 2RI > OTide<, FEHAORL SR
KA hbETHAT e —F —2 g VIERERIATWS, —JF, ERE L
DR BAEIIE OB I1T, OFBBAOERR LD 2 v R EOMHEETZT TR
@7 F 7 70X DEBHOFRBMEMTLOCYP 72 & O R HEER OIE M1
BRR E DR EREBAENIRKN E 2D ERNMbNTWS, ZOZ EiF, v—7—
va B KA BAOERTET T, EREN S RAIRIE A ST L
ZHoIBEBECERWAREEEZ R L TS, fric, OO % FERAE L § 25 & hAHK
PEIZ R 2B IC D72 23 0 . BABRICH A S - A &S ER S B2 58 L
MAEZEALTH, BBEHIBRBFONRVAEERAELD, LER-T, B —7—
a VB R DR RAN A o TR T, R E A AN B AR A S L
A EIRBE S o & R AR BT B A RE L 2 BRI RAT L, B RFK
PMEORIK NG L s /b, a2 HT 5% RANLEHONEFT D
ZEMHERRRE L 72 D, FAEEIL. RIS IO R ARSI BT 2 ARk
EIRNT T DL LT, ~A4 7 a7 LAIWCHEH Lz, AHPGERETIE, & BAHEHR
PEZSER L ER I I O BE FHRBIICOWT, v~ A4 2717 bA W 5%,
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LHE MRS ER Y ZA T DORBFIBHERFEICONWT, v/ 71T LA
ZHAVWTHBL TCWOLIELRTFEZMITT 5, FROBZMERFIL., RFEMHNTRES
Nzt FAD Y~ EYRERF 2~ RENPLDEENDTFTEDODX v XA
~ 71 @O Rockefeller R#M AT 5, BWMEETII, 7 Tl AT~ OD
albo2023 W AKX LT LA AL TWVWDHI ENDL, ZNHRMEDI B, B hAY YV
YHDORFEEBE L T~ A 78T LAICKo TN T 5, KRFOFTH Ak,
B EE, 4 WS R DIRIC TR 2179, ~A 787 LA X DMHTIX, £3. ISOGEN
with Spin Column (A AR Y — %) # W T, £3E S total RNA Z i35, total
RNA O & X, TapeStation (7L v ht) ZHWTHERIT S, LT, 7V L~
Mo 1 BiEO 7 b a— 289> T total RNA 2R A SHES, B hAYY~HD
total RNA ORI EIL. albo2023 HAX LT LAIINAA TV E AL — a3 LD
H.SureScan (7Y L v ) ZFHWT Ay U425, 55725 —Z L, GeneSpring
VY7 b7 (7L r M) BEHWTHTT S, £ LT, BBAEEICET S
ARELEZHRST D, Ry XA~ BITKT D AX LT L AL, Genbank D EZIEIE
WEFMHALT, 60k DA AZ LT LAZHEHTZIZT AT 5, LT, B AT Y=
H LR U HEICL > TR 5,

TSN DR

R D@D . v—7 — g R LD BRFEE - ZZBIRIC R W T RP B
PR AR PIME 2 G L7c G BOW BT o B A BT I B 9 2 AR B b 2 B
LB AT L. B ARSI OIRR BB G LWl F 2/ b, RRROBFFTE
DR BF A~ L HLINICEES D EBRARLIEL 2D, Ll FEERIZIE, X
RLBRDBEFHBENBUE BB L BRSNS E. WEIWFEoHO7 7 BT
VERBEmE LI X DI, WHO OF X b vy b & & MW TR F o AW i) il B &
i L, S RE OB~ R BAN ST DR ZRHET 2, £ LT, FRIOKZ
PERmWRERRA Z RVH L, 2 CBBRICER T 2B BAlz e+ 25, Zokoi
AW FRRBROMERZBRIIMETH L0, BHBEOBRRAZRE T LILENDH Y |
2 DH N LM EMHEET D, ARFRBEIC X > T, KRB MO R B AT
(BT D ERZAEDHERPES IR TE DL 91T d & R BRAGNE D JF K2
FELeWlF 2D, BBz AT 5% BA 2 EHLNISTHITE 2R H
5, TLT, O TR, BHEOHRTITON 28% < O R O LY 7R ER %2
TOMBEMEZRI L, ZOHHERRZE®BT 52 ZLICHKT 22 28 LT
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VN2 FRMERYEA YT 1R

Zxt L, ~A4 2787 LAk aR
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MAZIE, RPN CTERELE L, MNEE
SNTmERFERTEE N, £, Xy 2 A v~ DOBZERFITIZ, F=v
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T —T7 &FFDO Aeg 2025 WAZ LT LA W, T — & OfFEHTIZIX, GeneSpring
(Agilent) Z=HW7=,
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PR BEAT L D S PLE D SEFF 2B T 5 8 s

TR BLOWE PO RN F & LT, KT R
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DF T RFITE T DB As 1 BL O HY
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iR Eansd Koo, ZFBAlOEGMEZ &
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2024 General joint research report (self-evaluation)

Research project name : Persistence of immunological memory to malaria infection in
the absence of transmission
Project number : 2024 — Ippan— 27

. Applicant name : Science Research Specialist 11, Research Institute for Tropical Medicine —
Department of Health (RITM-DOH), Philippines, Maria Lourdes M.
Macalinao
Joint researcher(s) : Designated Professor, Shionogi Global Infectious Diseases
Division,Nagasaki University (NU), Katsuyuki Yui

. Amount Allotted : 800,000 yen

Research Plan
(D Research Purpose

The primary aim of this study is to investigate the induction and maintenance of
immunological memory responses to Plasmodium falciparum (Pf) malaria infection in
human cohort studies in varying endemic settings in the Philippines.

Specifically, the study has the following specific objectives:

a. To determine the persistence of memory T and B cells in adult populations in 2 areas
of varying malaria endemicity in the Philippines — municipalities with stable
transmission (Puerto Princesa and Aborlan, Palawan) and a malaria-free area (Morong,
Bataan) .

b. To inform the development and deployment of intervention strategies for elimination
based on the results.

®@ Research details

The study will focus on the adult age group of 18 years old up for a comparative analysis

of the immune responses in the selected populations. A total of 35 participants per site

(mixed sex) were recruited. About 25 mL of peripheral blood were collected, PBMC

prepared and frozen. Samples from Palawan residents will continue to be collected in 2024.

PBMCs will be analyzed by the following assays.

1. AIM assay to determine the frequency of Pf-specific memory CD4* T cells in PBMCs
PBMCs will be cultured in the presence of Pf-infected red blood cell lysates (iRBCs)
and uninfected RBCs (uRBCs) as control. They will also be stimulated with Pf
antigenic peptides for PFAMAL and Etramp5 antigens. Two days after culture,
supernatant will be collected for ELISA, and cells will be stained for TCR, CD4, CD25,



and OX40 for flow cytometry analysis (AIM assay).
2. ELISA to determine the cytokine produced by activated T cells
ELISA (IFN-y, IL-2, IL-10) will be performed to determine the production of
cytokines after culture (see AIM assay) using ELISA Kits.
3. ELISPOT to determine the frequency of Pf-specific memory B cells in PBMCs
PBMC will be stimulated with Pf recombinant proteins, AMALl, MSP1, Etramp etc,
and cultured in the presence of R848 and IL-2 for 5 days. Cells will be collected and
ELISPOT assay will be conducted in the presence and absence of Pf antigens.
In addition, cellular compositions of PBMCs and their phenotypes before and after
stimulation will be evaluated by staining the mononuclear cells with specific antibodies
and analyzing them using flow cytometry. To analyze cellular and antigen-specific
antibody responses, a multiplex bead-based assay (Luminex system) will be performed
using serum or eluted DBS samples.

@ Anticipated results

Preliminary results of the T cell assays on PBMC samples, as discussed in Section 6, have
shown the promising results that malaria-specific CD4* T cell responses can be observed
in an individual previously infected with malaria. We will accumulate the data of collected
samples and determine the frequency of malaria antigen specific T and B cells in 2 areas of
varying malaria endemicity. Potentially, we will be able to determine the difference in the
longevity of memory T and B cells among distinct malaria antigen-specific T cells and
evaluate their contribution to protective immunity. The information is critical to estimate
the protective ability of residents in the area of previous malaria-endemic regions.



5.

Implementation Report :
(D Circumstances of Implementation against the FY2024 Implementation Plan

This study is an ongoing joint research of RITM-DOH with Nagasaki University (Dr.
Katsuyuki Yui) and London School of Hygiene and Tropical Medicine (Dr. Julius Hafalla),
which endeavors to provide insights into the immunological memory to malaria in the
Philippine setting, to consider how the reduction in local transmission could affect the
immunity of endemic populations.

The recruitment of recently malaria-infected individuals for the cohort study in Puerto
Princesa and Aborlan, Palawan was continued as planned from April 2024 onwards. The
team conducted site visits for sample collection every 2 months to conduct new participant
recruitment and follow-ups for the 2nd and 6th month collection. The follow-ups for a
total of 45 study participants were completed in November 2024. We aimed for all samples
to be collected by mid-2024 to be able to start the assays sooner (samples from all
timepoints must be assayed together) but recruitment took longer than expected.
Nonetheless, the team continued to perform optimization experiments in preparation for
the immunological assays to be conducted while waiting for sample collection to be
completed.

For the optimization of the assays, collaborators from NU and LSHTM continued to make
visits to the Philippines in 2024, to assist in optimizing the T and B cell assays, as well as
transport laboratory reagents and supplies for the study. We also performed a preliminary
analysis of the malaria-specific antibody responses of the serum samples using the
Luminex assay, the results of which were presented during the RITM Parasitology’s
Research Stakeholder’s Meeting event in Palawan in December 2024.

@ Results (Results & Observations)

Cohort study collection

For this observational cohort study of adults from sites with varying transmission levels:
Palawan (recently exposed), Bataan (historically exposed), and Manila (malaria-naive), we
were able to recruit 90 participants (Manila n=10, Palawan n=45, Bataan n=35) with
samples (PBMCs, serum, dried blood spots) from one to three time-points per participant.
The study population (60.0% male) had a median age of 42.5 years (range: 18-76).
Palawan participants had Plasmodium falciparum infections within 6 months
pre-recruitment (RDT-positive: 11/45, 24%), while Bataan participants had malaria 32
years prior on average. The IRB protocol was revised in November 2024 to include a third
collection for the Bataan participants, based on preliminary assay results suggesting
evidence of the maintenance of long-term malaria-specific memory responses in these
individuals. This 3™ collection (other timepoints were Month 0 and 16) is scheduled for
the 32" month in April 2025.



Optimization of cellular immunological assays

All assays have been tried in the RITM laboratories, including the culturing of PBMCs
with malaria antigen stimulation, B cell ELISpot, T cell activation-induced marker (AIM)
assay, and cytokine ELISA. The SOPs for the RITM Parasitology laboratory was updated
with the optimized procedures in preparation for the conduct of the assays when we have
completed the additional sample collections planned. The department has also identified
technical personnel who can help out in the more efficient conduct of the assays when the
experiments are up and running.

Flow cytometry work was also performed on the BD FACSLyric housed at the Nagasaki
University-San Lazaro Hospital Research laboratory. We updated the fluorescence
compensation settings on the machine to ensure optimal performance and minimize
potential issues during future use. In January 2025, the team learned about the
Thermofisher Bigfoot flow cytometer being housed at the Department of Science and
Technology - Industrial Technology Development Institute (DOST-ITDI), which was
procured for the Virology and Vaccine Institute of the Philippines (VIP) program in 2023.
The DOST-ITDI’s Bigfoot has more advanced specifications and features than the BD
FACSLyric. Consequently, our team became interested in utilizing it for our assays. The
DOST-ITDI team was receptive to establishing an agreement for this, and a memorandum
of agreement (MOA) was drafted in March 2025.

Multiplex bead-based serological assay (Luminex)

A multiplex bead-based immunoassay was used to measure antigen-specific antibody
(IgG) responses against 6 Plasmodium falciparum antigens and tetatus toxoid (TT; positive
control). Each serum sample was tested in duplicate, with one set modified by adding
guanidine hydrochloride (GuHCI), a chaotropic agent that disrupts the binding of weakly
avid antibodies to their targets. The avidity index (Al) was subsequently calculated as the
ratio of highly avid antibodies to the total antibody response. This was performed on all
serum samples available at the time of the assay (n=170; Manila/malaria-naive = 10;
Bataan = 64 from 2 time-points; Palawan = 96 from 3 time-points).

Figure 1. Overall IgG responses against P. falciparum antigens PfAMA1, PfMSP1, PfGlurp and Etramp5 in Manila (naive
control), Bataan (historically exposed) and Palawan (recently exposed). Data illustrated as box-and-whisker plots.



It was observed (Figure 1) that individuals recently infected with malaria (Palawan) have

higher antibody levels to malaria antigens compared to those who have not been exposed

to malaria for the past 30+ years (Bataan). Palawan had the highest antibody levels for

both cumulative (AMA1, MSP1) and recent (GlurpR2, Etramp5) exposure markers, with

Bataan also exhibiting significantly higher levels than the control/naive group (17x and

4.3x higher than Manila, respectively). Moreover, the observed antibody Kinetics reflect

the known longevity of the exposure markers. We also observed the varying kinetics of
antibody responses in each individual reflecting the historical (PfAMA1, PfMSP1) and
recent (PfEtramp5) markers of exposure for recently infected participants from Palawan

(Figure 2).

Figure 2. Individual IgG responses (log net MFI levels) of recently malaria-exposed
Palawan participants since time of infection.

Moreover, there appears to be no difference in the strength of binding to malaria antigens

between antibodies from individuals recently exposed (Palawan) and those historically

exposed (Bataan), suggesting the maintenance of antibody responses despite the loss of

exposure (Table 1).

Table 1. Average avidity indices for each analyzed antigen per study site and time-point.

Antibody avidity index

Site, time point

PfAMA1  PfMSP119 PfGLURP  Etramp5  GexP18 CSP Tet Tox
Bataan Month 0 41.89 37.13 17.02 20.31 31.69 28.43 68.90
Bataan Month 16 44.78 39.04 19.52 19.75 27.37 30.80 55.88
Palawan Month 0 55.99 40.40 56.45 13.20 20.03 26.83 73.24
Palawan Month 2 52.69 46.39 29.11 14.08 21.52 31.26 72.71
Palawan Month 6 50.59 45.64 16.69 15.60 23.91 31.48 76.62

These findings will be combined with the immunological assays measuring T and B cell

memory responses against malaria to better understand long-term immunity in malaria

elimination settings.



3 Announcement of Results

Although the results of the multiplex serology assay were preliminary, they were included
in the progress presentation of the IMMORTAL project during the RITM Department of
Parasitology’s Annual Stakeholders’ Meeting held in Puerto Princesa City, Palawan last
December 2024. Stakeholders from both the national and provincial malaria programs
were in attendance during the presentation delivered by Dr. Julius Hafalla of LSHTM. We
also plan to submit updated findings for presentation at local scientific conferences, such
as the Philippine Society of Parasitology, later this year.

Self-Evaluation

The ongoing joint collaboration has progressed successfully to a certain extent, despite delays
arising from factors beyond our control. We were able to complete the cohort sample
collection in Palawan, and has scheduled the additional collection for the Bataan study site.
The laboratory assays has been confirmed to work in RITM and other facilities to be used in
the Philippines, and we will be prepared with the improved SOPs and trained personnel, as
well as laboratory equipment and reagents purchased through the grant. The new agreement
being established with DOST-ITDI might result in delays due to unavoidable bureaucratic
processes; however, the collaborative team maintains regular communication to closely
monitor our progress, discuss contingencies, and facilitate continued momentum.

Achievement Level (Circle one from | ~ 1V below)
I (Few expected results were achieved.)
@ (Not fully satisfied, but certain results were achieved.)
I (The expected results were achieved with full satisfaction.)

v (Even better than expected results were achieved)
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=27 PCR Z1To 72, WIT, WTNDLDEEF DM TH - - 58K 2 K %
IROBEREHCBIA L CTREE L, SRS 11 £7213 12 2 v =—%28H L Tt
RO B ZR ATz, M T, ZNZNOREN D IEREMERBGEZ 08 L (%8
MREIC S & 16~51 Kk, 3 186 Kk) . =D iz oW T, 23 FREH DO PLE I x4 5
WAEZ M Z T 4 AZIEICL VM L7, 2 TOSEEKIZN M Az nT
B0 CTHRE L. HARHE LIZZRICFEMRMBIT 2 Eli T2 TFETH D,

R GRS+ &%)

BERZHWEAZ Y —=27 PCR DR, ENENORIFEEER T2 0~16 %
T Sl (£) . SEEREEMEKRGE (STEC) O~ —I—Th b stxl & stx2
(stx2f&=&T) &, ¥, KE, =T N TR S, TOMMoBYHE Cidm M
ENehol, BEOBERILI~16%5TH -7, T2 BEHEEFRIERGE (ETEC)
D~—H—Tod D estp, esth, elt (IFIHWH OB S, BIEROHHRIT 3~11%
Tholz, UEDRERIY, R LOEFERCEEIT, ST EAHFEED DE &£
WLTWD ERBI N, FFIZ, 7 TiX STEC @@ WERE (11/22, 50%) W3k
wE i,

=1, EEERERVVERREEGEFOR S —= > PCROER

ENYIOOAERE | KRR | stxl | stx2 | eae | ipaH | stx2f | It stp | sth | aggR
Beef 22 8 2 1 2 2 1 0 1 0
Buffalo 7 4 0 0 0 0 0 0 1 0
Goat 11 0 0 0 0 0 0 0 1 0
Chicken 12 0 0 1 0 1 0 2 1 0
Duck 11 0 0 1 0 0 0 2 0 0
Pig 12 0 0 1 0 0 1 4 0 0
a5t 75 12 2 4 2 3 2 8 4 0
(eSS 16% | 3% 5% 3% 4% 3% | 11% | 5% 0%

Wz, ERRRBR TRk & 7 o 7o IR D RSB %2 W C L BBYERE O 23 Bl & 3 A 72 23
Q2HIEND SRR LI EET DN TE oz, WiRlX., stxl+stx2 B (eae
B2ME) STEC 23 L Bk & | stxl BtE (eae M) STEC 28 4 ¥k (Wb 7 SR k)
ThHoT,

W T, v, 7, =U MU Db oL IERIRMERGE (2R 8 BK)
EHWT, 21 EEOMEKICK T2 EZMEEZFM L7 (K, £2) . 7Bk
Tl%. ABP. CEZ. CAZ. CTX. MPM, IPM, AMP. CRX. KM. CL. CIP {Z%} L TV itk
= (50%LL L) 2R L7-, —J. 7 X TIXABP, CEZ, CTX, TC, CP., AMP, KM, NA,
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CIP, ST,

T WNPER 2R LT,

. ENDAERY (C R IZARGE DZEA M AR

100
90
80
70
60
50
40
30
20
10

0

6.

N AHLEIC

STBEL7= DE (38 k) & ARMFIE THrBE L 7= IE0 R K
E DY) 7p Fhe & 21TV
I FRHT S0 H A %

%R DN T

100
90
80
70
60
50
40
30
20

I 10

0

25

AMP

X = A
[ (@]
5 ¥
—_—

ZORY (RKFL)

>
o
O

<
p=4

NFX m—

OFX s

=7 kU TIiL ABP, CEZ, CTX, TC, CP, AMP, CRX, KM, CL, NA, CIP, ST

R2. RAIRZMEHBRCAVER

g NEES BES
RISVF TIESUY ABP
TEFS IS AMP
EIrORRY R I CEZ
2INTEYS CRX
(LN CAZ
2IAET L CTX
TIrOZRU> % TIRRES A CPX
EVIVEIES FXRL AL AZT
TIrOZRUY R TIAESFY CFX
DI RRLF AORRL MPM
EELEIN 1PM
79V KRR HFRAS> KM
TERASY GM
ThIHAIUFR ThIYA9)> TC
J05471=0-)VF% |905471=0-)b cpP
RURTF RZ JURF> cL
+/0v% FUSHRBE NA
o PISAES NFX
o w AJ0FHS> OFX
7070493 cIp
e |[AVIPXRNETT -
TOMOBMIAER || 00 ST

BWT-80CTHREIN TV, AFEB IO E TOHET

2025 4 3 HIZ

EORRN S

B

2R i

NRENFLAPERAE v 7 L BEFHFOYR— ML
EMMTE, TRNETORBRICLL . ZhERMIC
2024 FEFE OB HFHA CTHBECT X7 DE XD T NIT 5

AT T&E D,

SyBEEIZ oW T

x4

l"é}j(%f\@p Lz,
PR R O FE A 72 RE AT & S 6 9D TETH D,

% bR L CsEE R

. AR E A L—
m% YEET D FIES FEO K

(186 ¥R) 1%, MTA 72
L%, KD T

RIS HHT 5 =
ALt

THo7m, LA

NTOREND D EE T,

INETIEANF T LATHMESNIZE DEMRFZEIRRA~BET D ENTE T, BEICT
J LENT R EOWEfREZED TR Y . HiZhmARGEoND LS D,

EERE (T

I (AT 8 D R 1%

I (FHEBEY OREEZET L)
\Y (FPHEU EOREREZZE T NT)

20O)
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2.

3.

4.
@ % B W

Tine (2024) EEEARFEZILRMERSE (B D)

M 4 2K >~ b (Lateral Flow Device) % H W 724E R D 4y 1% S HIHF 28
¥ )

glﬁy

TS - 2024—Kyoten—02

& H: RORFEZRMAEYTFHE BT T

HFEMFFEH - K RKZPEZTREY FHEE 2% P S

PPN e e A& e
R AR EEFTT 07 « 7 7 U 0 RS o
=7 Taves MUK ORE E%

wE 1,150 TH

Wt 52 G i

KW DML B X, 85 2 Wr 51k Toh 5 Lateral Flow Device (LFD) S L
727 A VA RNA Z I WTIERIF 7 A /L AD Whole Genome Sequencing (WGS) 5% W
NTAHZETHDH, LED ZH W IERIFZ WL ME T, Frl 2N ARE L W) T &
Mo AT ITVREFINTWRWVIERMTOZMAEE LTAEHATH L, 2.
HIEH CTHIEE 2B SNy FEHER IO WITHEIR CTIlEATRE VI FIADL H
FTohd, 92— D2OHIEENIX, REZL--THELNTE YA NV ABEBEFHEHREZE
W T =T ICBTIERBIANAD G FEFBTZITH> 2 TH D, ke —7
VAN K DT DT AN ITIEEIERIE U A VA DB T RTICHISH S, A
TAVHEI Y2 ) XA E 7Y=L (RABV-GLUE) ZH W2 Z L2k - T, Rkt
Clade, linage, sub linage 72 E DO R#M W E THEE L 72> T 5 (Campbell et al
2022) .

@ WA

= TITERMMEE 523 A (95%CT 134, 1,100 A) NIERIFBICEVIEE L TWHIER
JRIATE O —> T % (Chuchu VM et al, 2022), YA TlL. ElF KPR ES
WRIERT 7 = 7RI CTEMWMIE R O o 7 VIS L ORI — 7 o —F D&
BTN 2RI T 52 L IC ko T =7 R TOREINOMSLZ HIgT ., %L
REGE, B B DK, WFZEEIRE H IR R B & B W S T B O KRR o —
T, TTIIHPWEFRMRAEETLFDICL VIERFEOR EA2#ERT 5, EHE D LFD
XA IS T2 £ T 4 FETHBRGTE L, T 7 AnNEFE 0 RE KR RSB 524
RFTT T T 7V HEGIEMIE R 7 =7 e Y ey ML (=T ) I
T 5, =7 HLE TiX, LFD 7° 5 total RNAHiiHH ., RVWNT PCRICTIERIF 7 A /L A D
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BAnFERE % multiple PCRICK > THIES 5, 774 ~— 375 =7 THfTLTWV5
JERBB VAN ADOKESRELTH 400bp OT 7Y a V3 RSN D K 5 123k
T%5, 9475 U —iH%\21% I1lumina Microbial Amplicon Library Prep (A /L3
TS EHWT, =TV RABITICIET T -7 7 ) WEYYERRE =T L
MIZH D T1lumina Miseq (A Vv FTHEKEH) ZHWS, Bon=24 7 AMEHRIZ
RABV-GLUE (http://rabv—glue. cvr. gla. ac. uk/#/rabvFastaAnalysis) ZHWTT =
) BA T ROy TR 24T O,

TRIN DR

LFD Z W AE RIFZ WL FIECZ W N 6 T, FERRREN RE L WD Z Enb,
AT INEHIN TR OVHIK CTCHIERFOZMIBAETHD, /o, VA ILAD
T NENT B ERE T DB BRI (B (XmF TR - X T 20 ER D D
23, LFD (X ifRH Tt L 2 Ea Ny FEZWRE T H L2 WIXHIR CTHREATRETH 5,
EDOTDREWRHHEN S NAUE, BRHMS Z O NHEHE O —X A F o A AHE &
BRI NS,

F 72, RABV-GLUE IZB &I N TWA X =T DHERIZ 51 BRTH DI, ZnbD%< 1T
NELETFHDH0IE G BB ORI H 5 WVIE 800l =S RICpEINTW5D,
WGS fRATIC £ 0 MR O @\ TP U AV AKRD 583 5 2 & T, BB
RESLSTANADOEREZMRHIT 52 EBAHEERD, SHIZIERF Y AV ADSZER
PE L HBRA) A 72 EE B A AAND Z L2 LD ZEHRIEN YR DERFIZS
WTHHRET LR E D, FERMICITHIRSERICBIT 2IERFEO Y 27 FF
i <07 B 3R D B W 1 70 ST 42 | SE R IP O i AE B O 5 E L SR YRR DB BRI BRSO 2
EHIfFEND,
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5. F#
©)

it e

A6 (2024) AL I EIZ %9 D S ek

2025 4 10 H T2 5 1L AFAIZHT T, RIRRFEr=77my=r ML %3
L. ERFTANZADNBIEFEZERNLE LIZRT-PRIEBLIVFYyET Y ——
U AEOHNEANE B E LB EAZ I Lo, WERIR, R ER S
FOBHMIER & v 7 L bz, LBERARESESOIBEMBEZITO L LB
Atk DA FIRE X OWRIERGNICE T 2 BRI F#t 2 W Lo, £7o. BBtk
MBI & o E ARG oS A2 B & L T, National Veterinary Reference
Laboratories (NVRL, Kenya Center for Veterinary Laboratory) B LI+ A m
B SRER AN R A AR SRR 3 M (Department of Public Health Pharmacology
and Toxicology, University of Nairobi) Z®Hf L. #FZED HHY & Eiti NAFIZE
TOERLH AT o7,

— 5. BARENTIE., EHE»REZE* » b (Lateral Flow Device : LFD) 725
WMHLUZRNAZFHWEIERF O A VALY ) AEME (Whole Genome Sequence;
WGS) DfeSLZz Hig L. BIMFFEIC I W THME & HE S/ LFD 22 Sl L7z RNA %
T L— k& LT WS OFRBREM % F i L 7=,

R GRS R+ 5B 52)

RBWGRFEr=77v0y=7 MULEIZBTHX—7 v by —F7  2AHEOEANIZH
72> TiE, JERIF T AV ZAFEBRER (Challenge Virus Standard : CVS £%) Mk d
RNA #8570 & LT eDNA Z A L, RT-PCRBLOF vy BTV —v — 7 v X &2 Efi L
7oo NBIETORMIZIZINGG 7T 4 ~—& vy F&ZH W2 RT-PCR & %HE L, HAJH
WMORRBEELZHER L, S50, NBETFEEOESIEIT2 B E L TPLE
iU&M774v_%%wk%@%ﬁW\éﬁ%ﬂQ&E’ﬁ%Lkoﬁi%

Ltk =T ERATHRRES N EKRRIE~O#EAIC X HSB R D 43 1 7 F 1 R
MOMTITIER SN TETH D,

fE A LED 2> A L7z RNA & V72 WS ORENZICBE L TlE., 74 U B EW
THE RIFBIE & & S A7 3 4 LFD 47 BRIK 2 et R ICME 21T - 72, RNA #ifi i
#% . Illumina Microbial Amplicon Prep (IMAP) 2 X5 T4 77V —{Etl % ElE
L, HIBICIEERE 7 V7T CRITT22KICESWET I ~—F v b
(rabvSEasia) Z v 7= Multiplex PCR ZEME L7, FOHE ., &A&HIC RNA B
FEDMEVMEANIC 3 5 7212 b 230 59 .30/46 MiATT 7 U a v OMEIRICE S L
7=

BFonlyr—r 2 —RERFORRES I~y E LT LIEEZ A, £ ORK
RT3 BLUSL KRR O LEBELTFO—HMIIXKERROEATZbDOD, &
BRELTIXIZEREDST ) AEFINHEEATRE Th o 72, 21 b OFELHIIE RABV-GLUE
(http-//rabv—glue. cvr. gla. ac. uk/#/rabvFastaAnalysis) IC XLV Y=/ XA
YT ETVD, TRTHR 7 4 VBBV THEIN TV DEERH (KX148263 1
FOVKX148259) & —FH L7z (1),
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72%., Multiplex PCR IZ X 2R LR 0> T BIKITH 5 K& HUs 2R - T
B, BEOHTFEFZNT =200 b Z OMIBIZRAKOHITHFIEL TWIH]
BEMEIZIRS . 2o, EHE A LFD ORFIRREIZ X D RNA OFbdH D0 i, F
Y ROV T AT END Do LICRERTI LD EHBREIND, 5%
LFD DRAESAFIC BT 2 E A 4 R E L. RNA DR EMEZ R 7 O HERAE FIE O
ESLRD HILD,

R DN FE
B
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6 .

7.

ER=EA

ARFFRITHHRBEE NS> 2L HD ., SR 6 FEERICr =7 ENTORKIEES LY
RATICIXE S 72 o T2, BHWOBEETH > T2IERIF 7 A L AD RT-PCRIERB L OV —
I AT EAN OB ANIZONWTIEL, F=T7 SIS B W TER - FFEZ%ETLTED,
OB BEGEEZER LS EOE L L CFHMTE 5,

S Hiz, HAREINTOMIEIZEB W T, EHFEHAD Lateral Flow Device (LFD) &% > k
DO L2 RNA 2 W72 W6S Z ik Th S /-2 X, B CToOMEBMN S &S
WG Z2 S DM E L CHERERERRE TH D, ZoHMT, 4% 7Fr=TI1CBT 2K
HRHI LI X O EARRHIRE SIS A ATRE TH 0 L AR BE LR T 1) 1 72 R B O i & 72
LR EMEMTOND,

ERE ([T nicO)

I (FTHORRITIZE A EED LR T)

il (R IEFR D D — IR DR E 2T HiT)
(THEY OREZZET 6T

v (FPRULOREZRET 65N
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Tine (2024) EEEARFEZILRMERSE (B D)

1. 3 M A Fr=T7TZBTDLIT AN ARREEN DB X T A )V AFRAITEE D AT
RO F =5 2024—Kyoten—03

2. R £ FH:RPREIv—DNVRGYEN R 7 — B A &
[\ B JE E R RET v — D VRGENIE® > & —  R¥EBeAdE HE AR
Rl K2 B R 2 gE T Bdx & IR

Rl RFEGE E RS pT 2% b EE

3. /& FE  HH: 1,400 TH

]
O W H®

R T 2021 FEORFRTH, ~500 5 AD 5 AN O FHENELT LTWD & HEE
ENTW5E, TOWRERT 7V 0 - TYVTORBEEEOFHTHY, TOHLEHE
RN BMERE R BRI YE (17%) IZIRWT, THIEKGSE (9%) 8%, 7=7I12k
NWTHI ) LEEPEITARBEAEFNICRERMETHY, BEOENRKRET NV &
HdHY, SEARMOETRITONET2 (A 1,000 4720, 2019 4F) ITXLTH
=7 TiH43 (AE) EZ2oTn5,

RV IZE FZII LD LT 2 EDHAIMBELEEL L, AN ICEEREBRIE
WrHEZS SR T e, REEREBRUVANAVLAD—-D2THDL, ZORVE
BRIk LT RV D 7 F o RN ST 130 22ELL ETRA, 90 2 E UL T # e
SNTWD, RV 97 Fro0EITEEERTCEELO THEWL OO, HEE LET
ENR 0Ky, ZOERELT, 77U - TUVTOREREEICIE., LHERE ST
B FEER L MmER (BT8R 2RORVEBEELGFETLIZ L, @il
FNORBTRY OFEMGHEIHBEICEE WL SN2 bDDREICLL
IO TR, TH LT 7 F U BoR0E~ T, ANBRILEEYEO &%
FEORVOIHASNEOM, BLUOEE O CIEREREABEVIERL, MRELTHED
t M RVIRITEEDN AT 2 Alaetkixm < e 5,

ARFERETIT, SN E TOHRGEE DL &7 =7 LS KEMRT [ o [E BE 295 423 it % 3
LCHENEEBERZ L IS, F=7TMREOHB IO &, BIM TEIET 5 RV (T
DOWT, BEfFORV FTRERFZXNG LT DV —_A T R, T~ ZADOH D
LFTZICEZE®HY (v, ey ¥F, 7F%) ORKREMcas L L b, 7%
LB IR T A NRFBWRBITCT — X 20 M2 5, Zickh, EFN, o1
R, BEOT AV AZRIC RV JRATHROHBL - L ZERT 2 & & HIT, BER
H= XKD THHLMIT 5,
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@ W% N &

AT E FET 272 DI OEEERDI2OIE. 7 =7 TORVEIEEREKETH D03,
ZOWEIZHI > T, FEEEPRFOMAELMICL Y FEHEEARLEENTCE L=
T 4L KEMRI @ Ernest Apondi Wandera 1@+ 7 /v — 7 THRHINE > TE Y . RV
HIBR FRIERER =T 2K (707, %) O EHMBICIE STV,
BERAENLDODT AL A RNA i, AU 727 VAT I R VEXIKE (PAGE) |
semi—nested RT-PCRIZ L 2 G/P Bl F+HOWTE L Wolm AT U —=v 7T EBRIZOWN
TIE. FEHFOHINBELH Y A e TIThbR T, Fy=7I1Z8IF5t b RVIK
TRED G/P BB FHAEBIZONWTOT —RNEBLTETCND, SHIZ, FTr o
RiICBI2FE8 (v, eV Y, ¥¥, 74%) OFREERBUC OV T HRiTEh
DTEY, EdRDOAT V== 7 ERPELZEY DMK Z LI L THRERIZ T A
=R GE T oV (I QAT

AR ETIE, O =7 L5 KEMRI TINE L TW5 RV iR ERAKIC, U
NIV ADH R CHTCICEZE M OERELFTINAHZ LT, F=7TIZBITSHRVD
ZEOFEMEZHONCT 22 HET, 62, &7/ L EITH> 2L T, 7
=T WATHROBEF EEMDA T =X LOFEMEHALNCT S EE BT, L b
— TV o T U ANAERICONWT T 2L, V27 F U8R &M RV §iiAT
PROHBLE OB Z T 5,

ORV [GHEERAEOINE (148, 2 45 L)

HFEGEEE TH D Ernest Apondi Wandera D7 L —7FN, FT7 o7 HX EE
X (BMEEBREBREFEOTHME) | BLO s X (ZEEH O T/ EHE1E)
THRARNET D, ZNETICIEL TE RV BEERE S AHFETHW D,

@RV G/P B ORE L &Y 7 Ll (1B, 24FEELIE)

A — TV AR (MEM) CTHASL L7259 20% (B8R 2> 5 RV &/ L RNA %
HLT, RV TZ7YUAT I RS VERUKE) (PAGE) fiEHT T4 11 AR5 72 5 43 Hi RNA
T NDUKENRE — B RET DH, F12. semi—nested RT-PCR IZ LV G/P i#Efs 7
ERET D, ZNH2O0D0MITICEY ., B FBIXOEEEW D7 =7 RV IRITRIZD
WT G/P B FRIOEENAL NI DE LT, FEEEMZ e ML WITEIY D
RVEERH IR S D,

ERHDLWIEEREEHMOIEETM 72 RV BRE T &2 ATEA S 7o R RV RIS
DOWNWT, F =T MR ORMAR T —5 % — (MiSeq) ZBRfE L7227 ) MM 21T 5,
BonNdkER = o v I F =R oNnT SOy = THLEOBEF PC THEFTL., &
11 ROBRFDEHOENENICOWTHRHBEBEZERT S & T, FBEBEFHE OB
KEHLNZT D,

@ =T AT D 7 A )L A ZE RN (2 4E B LIKE)

QTEYT ) Ay —T v AEWRE L =7 WATHRO 720> T VPT & VP4 O fn— &
=712 RV1 U7 F OO ELIIRERT I VBOERERDL Voo r =7
ITRRIZ DWW T, MALO4 il & BIERES B IR C O A VAL, U 7 F U BEERE O
MmiEE AR T e A %2175 2L TRVY 7 F o OBRLKEIEEHA RV KD
HBLE OB EZH 62T 5,
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O LT, ERERIRNS RV ORYT  AENT, R b =TT 2 7 =7 LR
TEMIEDLIETAMBT L L BT, EREFOME T A2G T O ETHEMT
DML HEBRIZDOWTIL, Ernest Apondi Wandera {8 4% K4y KZIZHEE L T3E
M3 52 L amatT o, TnHITko T, RVIFZEICEIT 5326 - fir o Bl & ek
DB RWICEM L7,

TR DR
IHETOMIERIEN G, =7 TRV RITHRD G/P Bis M D2 1E % ke L Tl
HIHrZ LT, REETIIRERBEINSZ LRV, B RV BkHKEDOE b RV
NEEEBREZENOEZIBRHEIND2 O L TREND, FRl2, FE58W (7,
LYY, YX, 7)) ORVHEHBEROBERB iz ET LV T Y —% v MEBZE R
HEnsEEBbnsg, — 5T, EEHWOMERIKENDIZ, B N RVKOBEFHH %
FoU 7Y =22 Mk, BHWEIE FRVEEZO O S D00b Lit7en, Z
NETT=7IZB8WVWTIE (&) BIWRVKROETIZFAE SN TELT ., SbdTH
M@ inEons EMssnd, 295 LT, NBILHBEYED —HZFFD RV O 7
STICBTLERERNALNCRD ELE BT, T~V ARBEENSD RV EEDOY
—R_RA TR Ry NU—TOEBEENREND THAH, EBEIZINETONFE
FRi T, 7 ¥ RV R SKE D NSP4 15 1% F52 G3P[6]#k & GS8P[6]#E., 7% RV HKD
VPl BA5 7% FFD G3P[8IFE, & 11 BN 7 X HKD GAP[61Kk., & 11 BIE TNV
THKRO G8PL14]#kAE RVEBXEEZ ORI L TWD, F=7 TCHAEIND Z
O LIIFEMA e P RVERIZIMZ T, &8 (v, YV, ¥F, 7#) RV
WZoWThH, F=7HE Tk —4 o — (MiSeq) ZERfE L7424/ LRMT %
KT 52T, F=T70WTUEIT 7 U BIZBT DRV EITHEOHE - #EbD 2 H =
ALk, TUNVADHBENL Y T NVE A ATHLNITES EEbs, 2024 4F
2 AWCE A =THE T, B3 AICIEKRSKSET Ernest Apondi Wandera fiit o 771
— 7 OIFEMREFERT D, T TRONCEREL R E LT, 2024 FEITIE,
FoTIZBT D RVIEREIEDERERICOVWTOHEMN KE L i, 770 H - TPT7T D
BB EETRAL, KWTOREZEGLHER A~ & BYHERT 2 ATiEEO & 5 H il
DORVIFEATHRZ WL RSBE L. S HICZOMIROFEMZ FRICIETE D22 &b,
WEZ W R IERY 7 F OB EZ BIETHEOHEICER L Z L b,
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5. F#
©)

it e

A6 (2024) AL I EIZ %9 D S ek

2025 4£ 2 H1Z34 LT, Dr. Ernest Apondi Wandera & 4 =7 #lL5 T o L [FHF
Jew Eh L7c, 7 =7 H#A KEMRI TIXEE L TWick FTIHIMERE S &Y (FY)
EFEREICOWVWT, 26 FTRAERFT LEEBHOT RERICONVWTT 4 AT v
2 LERIC.RVRIEEDO A7 U —=0 VEER & 72 % PAGE ffT 2 Feii L7, BITE K
e & Dr. Wandera & TEMiAL>5 D RVRNA #° / A4H . PAGE fEHT 24T\, 4
=TS TER T ED NGS T oxt R &3 o ARz R R Uz, EHMHHFITr
=T D MiSeq BWERAEIEHF TH o7z, Wity — 7> v v FEZBII KD
KFECTHEES LR RPERA L THEEL =,

PR R R + & 252

b MME 6T MR & By E 17 BARIZ D\ Tl RNA @ PAGE fi##T 2 FEhE L= & 2 A,
B b 16 MRIZIB VT RV 7 AR 72 RNA KBV Bl s v, — AT, @)
MERENDIZRY DR SN ofz, RVEEMEE Sviz e b 16 Ko RNA Pk @)
BoTa T AN, NS TRYT ) LMMENTT5 10 AL iEE Lo, =78
/KEMRT DGR #3729 2 TH / LA RNA Z HARIZF BIF D L KA KFE O MiSeq H
TR —r v v T a7 2 A, BIFRERE2GD N TE T,

1L KNSR 2K RNA 27 ) L35, 2004 %EAY VPT
EVPA ITMSE L7zt Th Y . FnshimiEi BIEFR) G A 7L PX
AT HRET D, GHA T D G1~G642, P&%fiPU%&BM&Q@&47@§
RIEIZBHE TH D, SHITED IRICHLZHREDRRDOOND Z &0 Dh, TFETIE
211 RO BRI (VP7T-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5)
ERLT D IFAEDOE bRV EEIL Wa Bs T8 & DS-1 BB FREEICKRBIS LD DS,
TN EFENDOE MR-/ IT 61/3/9/12-P[8]-11-R1-C1-M1-A1-N1-T1-E1-H1 &
G2-P[4]-12-R2-C2-M2-A2-N2-T2-E2-H2 T&® 5, b PO H . FAE OFLIER &
BHEMEICZENENEA O R BIFEET D08, FMOBETEE T, & YR
DB IRIE 72 ik TIT RS HBICE Z 5,

AWIEDORF E LT, A2 RV AT & —F L, 7y =7 128\ TH G3P[8]
RO EHEENEZ CEH W 2 R Lz (15/16 £ 94%), 75 1 ¥kix G3P[6]
BTH o7, GPBIEEZFE LS BRFT L7z & 2 A 58 E (14/1688) W ELHY 72 Wa-1like
G3P[BIBRTH o 7223 5k D 1 BRI A 72 8 Bk T o % DS-1-1ike (7 < 4%) G3P[8]
BThHdrEEXD R, F=TIZBW T, U~k GPBIKD RS /) AENTIZR
FEnhTEod ., TOHKROEMIAHTH D, BE, FRMEBITIrcZor=7
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1. Wandera EA, Akari Y, Sang C, Njugu P, Khamadi SA, Musundi S, Mutua MM,
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characterization of a Kenyan G8P[14] rotavirus strain suggests

artiodactyl—-to—human zoonotic transmission. 7rop Med Health. In press.
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HAWToORRENOI A& ((LAORTHEINT A/ 22 288H) X RICLTC
PUARR HGRBR IS5 X i & 2024 FF (2B W T B A LV AR+ & Pl & L T TFLV
PUAR I ELISA O FEt 21T, ENTHEI LA 2 v, U 2R 5ITH
RE A B L CHUR R &2 i 2 72
4, = B =ZRRIEINS DT A L R S5HfE

2022-2023 FFEIZHB W T, PHABRMICEN TRESIN X =01 Db U A LV AE
BrBnfmH Sz~ =H0H 7T (VA NVARKBRHOY Tz —EHET)
Rt HEEMBE IR A 2 —T 2 LE T Z—K0 w7 & (A129 ¥ 7 X)
DT YA L R R I,

Fo, RIGERZBINLAKRZICBNW T =T O Z=nbD T A )L A58,
WAL — 7 = Y — I L 2 M REAFRNTIC X DR R 2 3 2 72 912, NUITM
WCHRE L ThD v =% RIFGRFPEA EFHEITICED BEHERE L,

B (R + & 42)
1. ¥ =7 OBWINTE% A\~ X =N A L 2AOFIRTE

T A v ERFBREZBOW IO, 7 Ml &2 6512 1g6-ELISA 12 X % HiikH#
MZEITV, EERIC 0D value 0.2 (&Y~ v A MIE CRIMEOKIKM) LI EEZ
PEE e L7okE R, SFTSV T 174 fefAHh 3 &, TBEV T 172 MR+ 12 iR, TFLV
T 115 MRIRH 5 KO BRI 2 S vz (Fig. 1),

FIERIZ . ¥ MTE 46 MK Z2 R R ICHURR I 21T o 7o K. SFTSV ITx 3 % Btk
XA 543, TBEV T 2 fifk. TFLV T 1 BIK DG AR S iz (Fig. 2),

— 77, BV VLG 46 MR 2 KR ICHAERE 21T o 2R R TR, WTFho oA v
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ANZBWTH MR MER S e o 7= (Fig. 3)
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Fig. 3
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SFISVIZ 7 2= =a A VA NABRN T TANVABIZHEIND U A VAT, HEH,
HAR, BEZIZIULOLETOIRTOT7RORE T V7 THEBRERER DD, £,
=7 O MEE RS E LIZHUSFTISVHUAHEIC L 0 BHAINHE SN TH 0,
SFTSV & LT AR 7 A LV ADIFEEN TR ENT WS, 50, FxiZ@8®WTO
SFTSV &Y & R B fE R 2572, 7272 L, ARV ELISA 5Tk, JERF M 72
KR 7 == oA 7 A I)VAFO SFTSV LIS D% U A NV AR ZE K % g #/]
BEMENRD DD, 5%, B W TR L IxREE, IFAER I
K0 MRS EE L 22 D, WAEELIRE, MeRaBRlE (IFAE%E) ML, 5l &
EFEY TV EHNCHEF OERZ ERT 2 FETH D,

BEVIZZ ZFEUANARANL Y 7T ALV ARICHEIN, HE, 2—F ¥
TRENPGHERIZHTTHML, BERFREOHL VA NVATHDL, ZLETH
=7 xaEFLT 7Y MITBWT, TBEV OSAAREGL R G LWz d, A EOR R IT
T 7V BIZEITDHTBEVE LILEBZRR VA NVADFEEZ RET D)0 TOHA L
2%, TBEVICEBAR~ X =N EF LY 7T T A VL RET YT, I—u v
B b RON->TEY ., 77 Y BT TBEV & HiR A8 2 )& % o 3 U o 4 v
VIITEUANA (BEATANA, T ITUANAR AT ANRAE) BIKL 4y
T D7, REKISOMBROAREMEEZZE L, 2025 FELRE, F=TIZFbiA
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FFEhE T & Dl BRIE (IFAVES) Z s L, gl & & [Y v 72 v TRk
BlOEREFERT D TETH D,
TFLV i%%m?/r/vXﬂzL/v/%/rmr?%wxE JHEI, 77U BITHA
9% CCHFV |ZiTifxk CHUARAR ZR IS Z R T A REMEDN @, £ 2T, gl &EH &, CCHFV
fﬁﬁx&,w\ﬁE‘Uﬁmﬁﬁ%> TEW) R WIZEER . F KUY SFTSV, TBEV &
k=30 IZFF BIA R FENE T & D iBRIE (IFAESE) ZfEL L., RY 7 v
%ﬁﬁu\fﬁﬁwﬁmﬁ \EET A TETH D,

2. ¥H=DHD T AR

2023 FEEIZBWNWT, F=T O X =2 JHBIZUA NV ABREEIToTo/R, A
VAL BTANA, Trxmad TALADBETHBENERI N H, 2022 4
I SR EESI N RIREE T2 7t HbE T, 2024 FEEITBWT,
EFNOOBETFEINEZRE L, TOREE, 2019 |2 Baringo Tk Y VB L UY
X O EEE S IT- Rhipicephalus appendiculatus 2B WT, 4RO A LY F A 1
7 A )L A (Marigat—-Orthonairovirus) NEER IN7-, BHEENZ LI, Z2hb oD
TANAFZINETHESIN TV DLMOA LYY FA BT NVADTALNVALEDT
3 /ﬁfz@ﬂﬁl@*ﬁﬁébij@i% 50— T0%FEEE T, 43 FR#MAJIZ NSD, Thiafora,
Artasha Z )V — 712 TH DD, FHOI 7 A X —%k L7z (Figure 4),

_mg@ﬁ%#%\ r =7 (Baringo) ([ZBWT, X =N RATDHBO AL
VFIARTANADFENRBRENT, 5%, VANV A EZRAB 5L LB
PR REZERL &Y. b b a2dg s LEMEREZED TS TETH D,

S HICHLBREZEWVZ &2, 2019 4212 Baringo ft//iaotz}?ﬂvm%%k%ém‘_
Rhipicephalus appendiculatus (R WT, ANV F A0 TANVAZRNRE LT
FA~—ZFHWTHEE L TREEINTE 4 T—iZoWnWTiE, 77 U7 A VAR
RAFUANABICHEHENDITANVATHoTm, TI7A4Av—DREMEIZHONT
IR ETOLRMR DN, BELELTHRAORRXTF UL NV AOELEFPBEE I N
Zlichny, b DT A& (BLTV4 isolate Marigat) 1. Bole tick virus 4
(BLTVA)IZ T X/ BRBeAI T 75— 97% OFFEMEZ R L, 0 F Rz 7 7 A X
— %K L7z (Figureb5A), BLTVA X7 V7, I—1 w8 77U BITILL 54 L
TWAHZERHLIL, F=TIZOo0WThbHHERS D, Lol s, 4Rk
H & 7= BLTV4 isolate Marigat IX. 2% AYIC BLTV4A OFTH 2 F T
SN =TKEFMNDIZ TAEZ =KL TWNDLZERHL NS T
(Figure 5B), ZTHUHDFERNS, /=7 (Baringo) IZBWT, ~ X =LA T
LHHLD BLTVA ODFEN R I NI, 4%, VA NVAGEEZRAAB L & & HiT, it
BREREERL, B, t b2 R e L-EREZED T FETH D,
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Figure 4
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Figure 5

3. ENOBABM ARG E Lo~ F =N T A L 20 MmiEEFRE

2017 4E70 5 2025 4F 1 HIC/ T Tl IR CHig 7> 7 550 8H, 1 / 2 3 218
SHOMIEZ R GIC, BBV ALV AZHRE L TR B L2 TFLV FLAE & H
IgG-ELISA ZH W CTHEMHERELIT > 7=, X O NfE (0D 1.5) % (2 3N

(0D4.5) ZH > A TMEE LTHMEE Al LIfER, 7 3880 (6.9%) ., 1 /&~
v 52 H (23.9%) THitE L 72 o7z (Figure 6),

Bt o Tz onTiE, sl &k E RPURMHIEIC L ERRREITO TE
ThHHN, ENOEMY, Koo 7 2B W T TFLY OERFINZL b D Z &
DR S iz, ABEIHAW ELISA BRIl At — M2 AW b O X0 ERE, F
RENPREWEERDbN D770, 2025 FI2BWTIE, 2@ ELISA &R % H W T NUITM (2
T, TA R ERFEHREFZHBLOCEFSBORET 28, b FjE 2 BV 724
EITO TETH D,

F7-. SFISV, TBEV, Do A L2 (aaF AL RA%) 2o T REEIC
BREANVAZHIE L THW/EELISASROMENS. ZHED TN DH EZATHY 2025
FEICTT=T0H U IV ERNGICHELZED DL TETH D,
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Figure 6
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b B N R | =1 m I <+ L G I - g P I T |
N H Al A SlS , ANANANMOOMIANTTTNNA0O0O0OO  NNN | O VYWY
NANANNANNNANNSANNN NN N NN N NN HHHHHHﬂaHHH:DDHHHﬂH

4. = HZ=RIENS DT A L A5y BE

TlHABROICEN TRESNEZ~ X =Db A VAN AR, ~ &%=
HAZHERE L2~ A 1 ETELWEREBD 2S5 0HKREREZ R LoD, s
ZEN UNgas LA 2R L C, BE~ Y AB X OEEMREZ HW T T A v 55k
RPN, TA NV ATRBTERN -T2, 2026 SEFEURICB N TS, Jlafix
TANAGEERRBLD TETH D,

2024 FFE 11 AIC, 7 =7 CREL THBRKRE L T\~ ¥ =% BVFE 2T
ICBETHZENTE, MEMEEL TS, 4%, LA KE~OBETHE 2
HHEEHIT, 2025 FE PRI EFH BT VAN AFZSE, =T R OWH T
DI, UANAGEEEIERED T TETH D,

B DN TR

=T ENTE YA N ABETORERICOW T, HWEERHEESTH
ERHFTH Y HEHN TERFE LR L, 2025 FHORKREL HIET, o, W5
FEFANZ DWW TIL, 2026 FEICHBE SN TR (HAR Y A VA Fa HRBRESS,
HA SFTS 82 %) TIFEMNFEH O Lydia Mali DERTETH D,

B EdR e LEMEEAREOFKRICONVTH, Sl mBilhze r> T
ETHY, 2026 FEHOREL BIEL TanSUERZED 5,
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6.

7.

ER=EA

2024 £E 1L, 2022-2024 FEED 3EMO P ETEM L TE -~ & =05 OFFJFE A
HOKKEE T, NUITM Oz FH L Tr=7 CTRESINE~ZX=D25LD T A LA
BHZFERL TR, FiIHOALN Y FA e TIAf VA, Tx=maf AR, A
F A NADHER S AL, NUITM OWFTEWH I3E O Wi X 0 B8 B R E T E 7,
WA ERERA T, BREZELO THMCHESR 202 FHOmMIEREZBRT) Th
D, MR AENERICER L, FHCTHEHKREWRERZG2 2 LTz & BHFIE L 7=,

IHIZ, Fr=T 08 EXG LT HMIERETFRELITH) 2 &N TE R, PFEMIMIC
BWT, A v B RFEREZEOLFEMEICHEREL., FFEHITEO Dr. Kimeli 23&
A3 28nEEFAT 2 LN TE AT RE W, BFENRES B X O®FEBZESE N
FETIACHEM L NUITM IC CERZ T 510H 72> T, FHANC IO RZTHURR %%
S L, ENOEHY L TN ERBIC T IERBREZ E L7 LT, RERE NUITM 28D
AF, NUITM Ofis ZFIH L T~ X =T A LV 2ICKT D57 A NV AFUE R %
FEh L, B EZRET N TE, 5%, MRRBRZIT O LENH D05, 2025 4F
IZBWTHE&EHE NUITM IZTEREZITO TETH Y, IHHFHICHKREZZRZ T o & A
ARl L 7=,

F o WEHMICB VT NUIIM TO U A NV AGBEOFEITHE LW E Bz,
HARICBELTO A NVAGEEY RIAALTIEWER, —F T, F=7 16 HAR~D~
B ANIZOWTIEL, AT AT 2 R, EEOBE, BA (BHXF. LH
KF) TOFEBRFEMMABLEOMMA THINZ, L LARR G, 2024 FEFITHEEL,
Rl RFBWELNFEFTICEETL2LENTE, BV O X =DHAICHO VT H
TOHEEBERONWTD, 5%, VALVANEEEED, DEESRTHEA. BEESCRHE
PEDOFRHT 2 E N TEMTE 5 H@N DWWz X7l T & %,

ERE ([T nicO)

I (FTHI O EIXITEAEEN L o T)

I CRIE7% 5 75— RS OB & 31T 6 i)
(FA838 D DR A %1 &7

v (FAELL LB & % BT )
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S 6 (2024) FEEWwINAGEEILFEFERE (B CFEM)

B4 RIRIEERE R EICE T D mer Bis B XA EME T T A I RORFHERE
(B4 5 bF%E
TREE A : 2024—Kyoten— 08

—
Tz
FHE

2. 8 £ H:EBRFERZHEREEGFFAOER  Hd% il EZk

LREFEE KB RFPRFAEMEETZR 454 AL 185
RIERY BAGIEZOIEAT #% &

3. %k & K:.:650TH

4. WRFEEE

O W% H

NN F A TIEIEAMEENSIEL TEY, ERIEFERTALRESA TS, ZOH
Th, 77 A NESPERAIMMERE L. ZHAMEEN 2R LES IChEfE~ i s T 5 2
EDDEOHAIICEBENLETH D, FIZ. RKMMEEOFTTH 2 ) 2F Ui ER T (mer
BAGT) DEERL - BESh, BEEZ2BROTWD, A ITEEOHTE TR A 75 Yk ik
T 5 blaxwB L mer Bl FOFEREZHALNELTE, £2 T, AR T UTT BF
EERED ., &FD blaxwZ A HNIZT 5D, £7o, mer RAMMERE O FERERS X ner BiR
FRIZHLMCTH EEbIC, AEET T A FoEEH LML, B 5 UTT B
RRE~DEEFELRIET 52 2B ET 5, AFZEIL. B AROEHFIMMEF > a2 F AT 7
vary 7T A6 TEHEEW ] IZh o TR | EKAIMMEEHEICE T 28 Th 5,

@ MEAR

=X F X N AY—)VEBE S UTT R E 2, &K 100 ik 7Y 72T %, 5
BEL7-HEMAZ PCRIEB L O I6SrRNA Bl FIC kv — vy v Ik o TRIET %, FE
L7 BERR 1T R AL (NTHE) 38 X OVUE B RIS THEARSZ T 2 Mot L., 2 BERk
DT U TFNAFT T NE2ERT D E L BT, EAMMERESF % Multiplex PCRIER LV
— T T Ko TR - RIET 5. AN 7 2 78 3 Re 800 72 Sy BERE (K9 10 %) 12
BWT, 7Z7AINEFTICL-TT T AI REEEHOLNCT L E LB, 77 A Mg
BT 247\, 77 22 NMeiEiE D 234 5,

@ THRIIDME

Fox OBEEDOWFIZEN G AN THIEME O & WEAMME 7 7 2 3 RAERERHEIC L > TR
HanbZ b, &6, BFEVA XD blagxy 22— KT 2577 A NP EM - EFH -
UTT BEHE DBk chm L ThRtSh=Z s, MMEEF2a2— T39I F
. B fEEE - UTI BEHERTEEL WD EE XD, AR TIX UTI AEENE
BT T 5 & CUBEREKSZV O ESBLEAREB L O 2 U XA F U E R R8BI
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2%, MEDON T AIET 5 &MEFOMEEREFIILATE L L TH, BluiZRoh
RN b, UTT BEHRKTHMERICREIRVNEEZZOND, BEFRETIE, &
o blacrxwss. blacrxyes DR BE TR SN D Z &6 LRI & 8B R 2NE 5 ATaek
Wb, 2 AFUMMERET ner B L TEA ETIZHREITRVWA, B2 LEHIES
ND mer—1 OB UTT BERNEK TORANTHL, MAT, AETORMHEKRED T 7
AR NENT ORERDN G blacny & mer FENTZALE T IS L L biZa—RanTnis e
mH, UTI BEHRKTHRIRO T A I FHEEZ L TEBY, £, mFEEHZAL TV

HEMESND,
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5. FEMiHE
© 6 (2024) 4 FE I N E 233 5 5wk

T 6HE 4 HIC=xF v /82— Ui 58T (NTPI) il & web X —F 7 24TV, K
FEEHE, FTENEOFEME O TR EFEICEA L COFBAZ L, 5 HIZHE, web X —7
g T EAT S TZBRIC, ARAFSEICBE > 5 NTPI (| o & 3 ] %2 B R & iz,

NWIM®z%%%%ﬁﬁ&*%&ﬂﬁﬁf%ot:&ﬁ%>NWIM?@W\%EE%
WO LT, L FEITTERVDL2NIPIAITEHE LAWVWEZR > T H 5 2 LI L, L2L
e S NTPT 2 B IERICAR FPREAA CTIIMENTERVWEOBRMZ 32 7‘710;2% Ko7,
AFHAELEFRE IG5 RoTz,

ZIZT, xGEB EFEE L, PFRFEAERE 21T, LA b IEFEFEEZIT > TV D A —
F I UTHEAEMETTZHFHEBEE LT, MEIRICHER HZ KRB L THW:, A—F3
ViR AERFICET & W o b 2024 FEE CIX, AR R OB YR CTd DB O AT E E 2y
B2 ATV, 2025 4FFELIRRIC R RAR D & O 5 BERRFRAT 24T\, R RE & Ll 7~ 2 Gl & 57
RBLTEEST,

2024 £ 8 HIZAN P F o A—=F I UHICT, A—F I VHOEE, A—"—v—r v |
MBNA I —5 D Ready-to—eat B 69 MIAZIEA L T, &—F I VT ENIEATICE
WTC, R O BEZAT > 7o, ST BETEIR, &b 25g ISR X7 b Kk 226mL EIRG L
A b~ LB T T 4 X ¥ L& G T MacConkey FE R B HIIC AR B HR L. I
HMEOEMan=—%28K L, BEEEZA My 7 L,

é%‘ﬂ 2024 12 AICAKMMERE 2 A —F I i AR ET I B W T AR5y B i 5 2
SRR PIEIC K o THEAEZERBR ATV, 2 ) AF Uitz s Lok 2 :IRLL
%ﬂﬁ%/ﬁ X > TDNA ZHiH L7-, DNA IE 16S rRNA IZ & B ERIEIE 21T > 72, 72, A DNA
R RS 7 A PEIZEE L, RICT, vV F 7T Ly 7 APCRIZE - T, blacry K

mer AR A O A it & s+ fR AT &2 47 - 72,

@ MR HER+B%)

B, PELTWETEEIY BDREELPKBICHBEI LTI L, SHICHZ - Y
i ic X0 NTPL AN B R 32 TR CIIAFZEN EM TE 202 LB 5272 5 7z, KiE 722
WFIEEHE DL T 2 /e < Sk S, NTPL & O R Z 5D, m—F I i ENSE
AT PR RN AR ZFRH LIE~E 7 N LT, WAL OMFZRIL. [ENTOHf
G EICPEBVICHEDR Z EE RV EEEL T DR, ARy —2 %, ZhE TR
ik LVIRILTH o 7=,

ZOHRTH, FRFTEEEZIC, F—F I VHTOEE, A—N—v—F v NMED/NGEE

D, BEERID Read-to—eat 4L (XA I —5) 69 Wik 5 2 U X F it ESBL pE
EI@ THEZ L7oRER. 10 MR 6 2 ) XA F igtE 2 7R3 ESBL PEA R A Bt S iz, 4y
BEE T IRIREE D R BL R 06 2 TR HE TlE72 <. Enterobacter cloacae complex J& OV
Stenotrophomonas maltophilia Cok 2% Z &N L7, E72. Multiplex PCR &I K 53K
AP & s - FEAT DOFE R B | blacrsw-1/0men 7 v — 78 L O mer—5, mer-9 03 S vz (B
Do THUOARMMERERDSHES N2 BMITIEEERFORBE TH T2 b, TRHEMN
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—EH, 7T AI FEMERBIMMEREIC XL > THHERESNTWD Z R, AL o7,

EHIT, INONEEESNT-THHEEZEEIC L > TIHBHN~E AV, BRTOHE., S HITR
BIRYIE~ LB D D AIRRIENR R I N D, 4%, REEYER R & i L, £ OREE
oM LEWnWEEZ TS,

K1 ARMGETOoHEES N7z W

E k% B

B R E

ESBL-

producing

ESBL-related gene

mcr gene

F4-CL-3 YR T4yF

F7-CL-1 AN
F9-CL-2 A
F9-CL-3 AN

F14-CL-1 7 (KE)
F19-CL YRy F
F22-CL hEEE

F31-CL-3 INVIN—=FH —

Enterobacter cloacae complex
Enterobacter cloacae complex
Stenotrophomonas maltophilia
Enterobacter cloacae complex
Enterobacter cloacae complex
Stenotrophomonas maltophilia
Enterobacter cloacae complex
Stenotrophomonas maltophilia
Enterobacter cloacae complex

Stenotrophomonas maltophilia

blargy group

blacrx-w-1 group

blacrx-m-s/rem Eroup

blacry-m-1 group

mcr-5

mcr-5

mcr-5/mecr-9

F37-CL-1 HxET
F69-CL EEEZX
@ ERDOAF
2L
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6. HC
WFEET B Y Eff T 2o 2SI L CiZ. RO NTARAREZERLETWVWS, LI LERG,
MHTFTEL TV F v TOEBBARAREL o2, m—F I i & W
HL. BAOZE T IRAZERESE, BN LA TEAGE LTV DI EZ 08 L7,
B EETOMEIZ., HEBVFENERLAEVWENLLS . FOBICY IANY —TX 54
NEE EEFFFEICBWTHEELEEZ TS, ZORICEL L, RWZFFMTE 2 &%
ZTW5, TEBEVHFENER LD STZEICBWTIE., 5BORETREETH D,
7. ERE (ThnizO)
I (FFHI O EIZIZEE A EER o T2)
@ R 1178 5 75— 5 0l 5 2 5 1 B L 7)
I (FREBEY ORREZZET HT)

v (PRULORKRZZET T
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