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BH - KH - (ERERIEE 2 —) « Rl G D7 —7L & b2, RFIT A—
DBABHI SRR DIRNT 54T o T2y TRIETT A — S OEBEER O 25 7 5 (HM-1:IMSS cl6 #) OFTIE -
BT /7=y a v EER Uiz, MEROERS ) AORBER CTH T2 T 4 7 0453 Wr(-1500), A iEE
WA ET>100 OEfE 172 £ OREA % PacBio Ff##itk DIEEIC X VY, 227 ¢ 7% 114 %
THi/ N L RIS & U TR ER LT, Eio, EPNBROMERE R 5 5 & A3k 3 #k(KU27, 48, 50)0 7
J LRSS EET L, 7RG TV EITo7z, BICBIMOEN 2 #RINALL, NA19), Ak 2 B
(Taiwan1446, 1198) D7/ ARLHIIRAG 44 T Lz, [AIRFICHRETT A —/SOAE[LS: « gk - 5o Al -
R - FEHIBHTE - MHEICBIT DR 2D T2, Fiz, HAH (B3R o7 v—7L L bz, #iil
PURFI T A — 36t A— T /7 4 ATk U CTEAERIOR) 5 5 O3EAIMMEZ FF ok (1IC50=3.3 1 M)
Z RIS L RNA-seq fiffT 21T~ 72, A—7 /7 7 4 T L DHENE 54TV 5 Thioredoxin reductase
B FRBLEICEIT R o7, TPERR T 2 520 E3EL EA U728 {= 71213 AIG1 family protein,
iron-sulfur flavoprotein N W72 &2, LB HIZIEA hr=¥ Y —L (MTZ) MiHETH
B ES U785 72MF(E Lz, MR T 2 58 B3R B L 72815 7-121% AIG1 family protein,
surface antigen ariell %3 J 72 &7z, 8L EA - W U728 {5 71213 metronidazole MiEE T H
FNENHBL LS« W LTo BB 7MFE LTz, RAMMED Y 27 252 7%, Auranofin [fif A% D
MTZ 8z M % Bt U 7= 33 2l 72 v o 72,

B - kHE -8 (EREEMEE S ¥ —) L& BIBERIEORENEDOKRG 21T 72, U7
T e YT NARY Dy AGURZFRIRFICGREZE CE 54 L/ 7a~ ME (IC 1E) 2LV, &
B LT, YTV TIREZWHEEICHEINT R oo Te iy, 7 U T N AR U MMEZKHIEEK
TR U7, BERBIEIC X 2ZWNEREN A +372 2 & HIV JEEEICB T 527V 7 M ARY U0 A
TRIFEDE LD/ NI SN TE 22 EDRSNT, Fio, BIEMEMERHUEYE Oz X 0 | JRH#
T A —/NJEN non-HIV L PEICHAMH L TWVWD Z L 2L Lz, HIV JEE 2 x5 & LIioe
TiE, MIEFURBSERD 21.3% LIEFITEWICHIS T BEEO 70.4% (195/277) TIEARHT A
—NJEIZPE D FERSCTRAT T A — NSIEIRRIE RO 20 2 &0, IER O HIV ERE O 11.8% (8/71)
TR M C & 2 IIEBEMERFT A — " Fr 2B 5 Z &Gt LTz, £/, 4 ETILHE
A7 LIIEZ BN TWRD o3 HIV ERERLLZMET S, MIETUAGERN ERMEMTH D Z &
ZRE L7, B, HRFT A — EIEFORGTZ21TV, RO L S BNRKRO—8Th o 2 & %
O LTz, HIV ERE AP L e At R IR 2RI T2 7 A — - ME R FER O (585 Y]
PRAAMEA S D PCR 12K 2 E. histolytica FE) X, 15.8% (9/57) L@fElc b nd, 205
LA T A — MERIER & 2 SN DIERNT 22.2% (2/9) ICHE > Tz Z L& L, -,
T A= \NWER IR ORI IET A — MMERFER EME L TWD Z & UBREARIZS L TL—F T
iToivd H&E (= hXT Uy - =4V ) e Tk, MBNICRE L7-WREARZRIET 5 2 &N
MO THEETH D Z & ER LT,

R JORHE (&G B & & HICAIREREF /THERD Acanthamoeba DI = RU T 5 LD
WEEITS T2, WHHERI T b RU TS KA v hr >R ORF BALO/NE S WA RK %
R L7z, [, MAEgBEDOa L% 7 kLo X — 25500 Megavirus 7/ LAERE LT, 7
J LY A XT1.2Mb, GC EH%E 1% 25.4%. TR OBEKESIX Megavirus chilensis (JN258408) .
a—7 ¢ U7 EFNE 1,104 57, 5 H M. chilensis & ifilE 1,066 (96.6%), 1066 O 9 LikHE
LSIERAAL U35 DI 492 (44.6%) . HEREARANIE 574 (52.0%), tRNA 73 5 {57 (His-tRNA,
CystRNA, Trp-tRNA, LeutRNAx2) &H-o7-, Fio, ANV HFHIEBEDHEOI har KU T4
S LERE LT,

JNARH (B D eEblo, PTAPT - 27U F R ZRRY D7 AOFEME PR & FRR 9 50
WA~ RBHFE L7=, Cryptosporidium parvum OENGEEREA— A FHURZR S NS Giardia



intestinalis DEWNEEREY A M PRI THE 7 7 o FAHUEZB L. AR LT FHEIC

BT D EAERHUTRA 2 TEITIT O . RIEATLEBEZ E 0 K% 16 SRRETARER, f1 A/ 71
<~ b (ICT) ZAERkL7=, R 80%. HiFMEf) 100% ThHh 7=, NWHAMEZZEL, BET 1w F=L
3RO TG A EIC E L DTz, SEURYYE & U CIEMER R EBIN L MENRDSND TP TIE
ROEWZZ VT RARY DT LFEOTISIZ, ARERAEF » OB & E LB,

(LiRE - ARG S (RYF) &L bic, ShBBITE (R YA TIE « w2 Y IVRE - B0 HBUE) BE
HBAE ICT %~ hOFEALE B L7, P YD TiES Y MIBEL UL, v~ L — T OFERZ xR
(12, ICT % v M ELISA L IZIZR URE & e BtEZ2or L, mVAEBBItR (K=0.722) »REiuiz,
~ Y ANHYE ICT F v b b FEERICEEE 100%., Frifk 97.0% & BN i 2~ Lic, B0 BUES v
MI FA - arr— R L FE T ZITV, AR E 19.83%I1231F % ICT * v h DREUEIX 93.8%,
BEEME 97.0% DB fE A /R Lz, £/2, =%/ 3 v 7 AJE (B HRE - HOHRIE) BES Y o
P S LT, ZEBIEICOWTE, EEOA L/ 7ua~v Xy b (ICT) 770 ABA L) Ty
My b (WB) ORHiliZ Ehm L, [EED ICT F > F ORI 80.0%, WB OFEEIE 93.3% Th - 72,
—J7, W BEIZ B9 2 FEAmEUER T, B GMEMIE 20 Bk & R 14 MRIRIZ OV T ICT & WB
DREEE A iz U, ICT OREEEIE 25.0% & fired TR S | ffEE 2 Wr S 7z e e © & 2 G MHEROSIZ e 6
IRVEBIIN S o Tz, — 07, WB OBJE T 83.3% & <. ZEHUE, BAHEE bRAES Y hE LT
X7 728 WB v FAMERL TV, S50, HEFRESCT =7 BE R 2 RICR A
pyrosequencing {5 (ZARIK % [RIRFIZFOIER], MIEE CREAT CX %) IC K 285 THEBIEEZ /N LT,
Thbd, Flo, WA NVHEIAZRIZONWTHH T RB L FRIEEEZMSL L., £7-, HBESHRIED
BEE CuPreodr <) 270, Yoy 7 < 20T b ATES B R oK
YL TE o Tz,

- ZRIE RE) © & L bic, T2 X XA/ FEOY U~ 2RI A 2 i L7 118
DS B, 22 BRICHEOFAZZED, & 53 IO RS Sz, 7 IKIEHEN»SOME T,

~IEe FDOBYRIC 72D 2 e D, HBEE~OERNPLER Z LRSS, BIEROT =4 %2
FEDFEARD AN D T2, 1991 LI 25 FRICEE BtE SALTER % =G Web 2> bl L TR
AL, WERER] 393 Bl 5 b, BHERIE 13 BIICH £ D Z LW gnoTe (MELAEE 10 Fl, EikiEk 3
{ﬁJ) W, BHEEN R OVEFEREORABNEELZBNE LT EHLEY F T — 2 X=X % AT

B4 L LTRSS A T A BIEIZ OV TR R (5 7%) « PERIIZEE A mIC S PERHER &
k;@of%iﬁ@%méﬁﬁto%ﬁf(%ﬂBAﬁ%%%ﬂQZM&%BW)%FUS%TXE

(108,821 A/4, 95%CI: 90,654-126,988) 5, L& ML D WA BUIE DR ARII R E 3 5/ EH
HOHEEME <~ L, L7 b —ZIZHSSBAHTENATRETH D &% 2 5172(30),

I EREKR) - 8 &R HEEblic, 7 U TIREREE XT3 (PQ) MR o Bk
RN A T AERFEICHRS Lz, @F LD 80 EWARLELE RTAAIT I T I a—T —H—
(Mut) ZBIF L., Mut JflHRZ 14 77 UV —n5 PQ MR B oo BB k) L7z, PQ MR v —
D4 ) I SNPs T OfER, oo X b5 AR —4%— (PbCRT) IZHHRER
(PbCRT(N331D)) # 35 L7z, xR AI~ 7 U 7JRBICk#E L7=5 /7 AR (CAS9/CRISPR)
Mz L, Y85 rAROLZ AR GRS A U, Bk L7 BRI PQ AR LIz Z &
MH, YHBELTARN PQ MMEEZREL TWDHZ EEFEH L, HIZ, VA 77> hU v (LM)
MRS L O BB B2 L 7=, Mut 36 KUY Mut 75 B L 7= PQ MR B (PQRMut) 226, %
AU LM [fifPEJR 2 R 2 2 L ITpkP LTz, B ~& Z &12, PQRMut JiRH75 LM it hs &
D/ EL, BNz, IS, TAT v = mtERE SNPs O JEH B A MR LT,
Takala-Harrison 5 (2013 4F) 12 & » CTHEr S4u7z ART B SNPs I2B LT, 77 HRDORFHR
A (1984-98 4£) 10 MIKZMRHT L7-f5 R, 2 THAR TH 7=, FiZ, ART [MEEhEEE T Kelch
protein K13 (K13)IZB L T, 1990 AR LARTICAINL S V7 AZHERR 125 W TRRE L 7=, it S 4u7= SNPs



I3 C ART fitth & #EBIR7R K13 % > 87 B N REEICHIL Sz, ART B FIRT OB CIEiiE
2B 54 % SNPs (T S -z,

KPGS (Y & & BIIBERIEMEMED KT 7 7 55 —4 454 BRZ IS U=, 5% itk
KIGHE 96 tk, F7 AE, ~"T7F 7 A AEZ% 293 tk, RFE 65 HETH S, IHE MMM RKGE Ok
BEATIZ Y —F - LT M IV FEIShie, FHZTF 7 AROIT LI 7 vA e X ) v Uitk
FEO BT 1990 HFCHFETH D 2 EXVRIB I NT=08, A BERITICIZE > T, B
FRNTERR 2109 2 & 2l LT\ 5, BICEeES / AL LTEIC EHEC21 fhoF —% 21
BL7-, W2, 204 FEEHO 2 LI E O O FURA BB IS TRERIT 2 T LT-,
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Nozaki et al. investigated genetic diversity of Entamoeba histolytica in Japan, in collaboration
with Tsukada, Nagata, and Yanagawa (NCGM), and Izumiyama (NIID). We completed corrections
and reannotation of the world reference strain: HM-1:IMSS cl6, by PacBio sequencing. We
deposited the updated information to the public databases. We also obtained genome sequence
reads for several domestic strains and assembled contigs. In addition, two additional domestic
and Taiwanese clinical strains were fully sequenced by HiSeq. Nozaki et al., in collaboration with
Nakada-Tsukui, investigated drug resistance mechanisms against auranofin, the new potential
anti-amebic drug by RNA seq analysis of the resistant strain which had been established by
exposing the sensitive wild type strain to the drug and showed about 5-fold higher IC50 compared
to the wild type. Among the genes upregulated in the resistant strain were included genes
encoding AIG1 family protein and iron-sulfur flavoprotein, but not thioredoxin reductase, which
was suggested to be the target of the drug. Among those downregulated, genes encoding AIG1
family protein and surface antigen ariell were included. A panel of genes were also up- or
down-regulated significantly in metronidazole resistance. No cross resistance was observed
between auranofin and metronidazole.

Tsukada, Nagata, and Yanagawa, National Center for Global Health and Medicine,
demonstrated underestimation of cryptosporidiosis in clinical settings by comparing the
sensitivity of approved diagnostic method (direct microscopic examination) with that of
unapproved but sensitive laboratory diagnostic method (antigen detection by
immunochromatography). On the other hand, using HIV-1 patients’ cohort, we showed high
seroprevalnce of amebiasis (277/1303=21.83%) among HIV-1-infected men who have sex with men
(MSM) and high frequency of asymptomatic chronic infection of Entamoeba histolytica among
seropositives. Additionally, we identified that seroprevalence of amebiais are increasing among
non-HIV and heterosexual female population in this decade. These results suggest that
asymptomatic chronic infection of Amebiasis increased not only among HIV-1-infected “MSM”
population but also non-HIV “heterosexual” population, resulting in the increased number of
domestic cases of amebiasis in Japan. Also, we found that underestimation of amebic appendicitis
(E. histolytica infection in resected appendix) from HIV-1 patients’ cohort by demonstrating much
lower sensitivity of H&E pathology than E. histolytica specific PCR using paraffin embedded
resected tissue samples, which bringing up a problem in clinical settings that critical cases of
fulminant amebic colitis were misdiagnosed probably due to insufficient sensitivity of routine
pathological examination with H&E stain for resected intestinal tissue samples.

Izumiyama and Yagita (NIID) completed mitochondrial genome from Acanthamoeba spp.

isolated from the cornea of a patient with amebic keratitis. They identified numerous differences



in introns and ins/dels between the mitochondrial genomes from Acanthamoeba spp. They also
fully sequenced the genome of Megavirus from Acanthamoeba spp. isolated from the contact lens
container of the keratitis patient. The genome of the Megavirus was 1.2Mb, encoding 1,104 genes.
Its G-C content was 25.4%, and the sequence was closest to Megavirus chilensis (JN258408).
Approximately 45 % of the genes have identifiable functional domain(s) while the remaining 52%
are hypothetical. Five tRNA genes were also identified. The whole mitochondrial genome from
Diphyllobothrium stemmacephalu was fully sequenced in collaboration with Yamasaki.

Yagita et al. (NIID) developed rapid diagnostic kit (ICT) to detect stool antigen from Giardia
cysts and Cryptosporidium oocysts using monoclonal antibodies against them. The ICT kit
enables rapid detection of the parasite antigens within 15 mins, and its sensitivity was about 80%,
while its specificity was 100%.

Yamasaki and Morishima developed and evaluated a reliable and useful diagnostic kit for larva
migrans: toxocariasis, sparganosis and gnathostomiasis. Each kit showed high sensitivity
(86~94%) and specificity (90~100%). They also developed molecular diagnostic two methods for
meat- and fish-borne tapeworm infections: restriction fragment length polymorphism and next
generation pyrosequencing, were established for tapeworm infections. They also compared
diagnostic kits for alveolar and cystic echinococcosis. Japanese and French kits for alveolar (AE)
and cystic echinococcosis (CE) were assessed using serum samples from both types of
echinococcosis. The sensitivity and specificity of both kits in AE diagnosis were high, while the
sensitivity of Japanese kit against CE was low (43%) compared with that of French kit (86%).
Thus, French kit is recommended to use for diagnosis of CE. They also surveyed the prevalence of
larval Japanese broad tapeworm in salmonids, but failed to detect any positive cases.

Sugiyama and Morishima (NIID) found infection of Anisakis type I larvae in Sanma (Cololabis
saira)(22 of 118), suggesting the importance of health education campaign. They also conducted
literature (25 years)-based survey of severe anisakiasis, and found only a limited number of cases
(13 of 393) developed severe symptoms such as dyspnea and unconsciousness). Furthermore, to
estimate prevalence of parasitic diseases with no mandantory surveillance, they performed
medical prescription-based survey (Japan Medical Data Center database) on enterobiasis and
trichomoniasis, which well matched with estimates from other data sources.

Hirai (Juntendo Univ) and Saito-Nakano, NIID, established a rodent malaria mutator which
possesses over 80 times higher mutation rate than wild type parasite does. Resistant parasites
against antimalarial piperaquine (PQ) were isolated from the mutator library. Whole genome
sequencing and SNPs analysis of PQ-resistant clones detected a novel type of mutation in
chloroquine transporter gene PbCRT(N331I). Subsequently, CRISPR/CAS9, genome editing
technology was optimized and applied to rodent malaria parasite to introduce PbCRT(N331I) into
PQ-sensitive parasite. As a result, transgenic parasite line, PbCRT(N331I) showed PQ resistance.
This is the concrete evidence showing that PbCRT(N331I) directly relates to PQ resistance. The
resistant parasites against lumefantrine (LM) were isolated. LM-resistant parasites were
screened in the mutator library as well as the above-mentioned PQ-resistant parasite (mutator
background). Very interestingly, LM-resistant parasite emerged from PQ-resistant parasite with
much higher efficiency than the mutator library. Several SNPs related to artemisinin resistance
have been reported by Takara-Harrison et al (2013). These SNPs were investigated in 10 archive
samples collected from Asia during 1984 to 1998, and no mutation was detected in them. We

further examined Kelch13 (K13) gene, a causative gene mutation for artemisinin resistance, in



standard parasite strains established in 1990s. The detected mutations were confined to N- but
not C-terminal of K13 protein while the latter is known to be critical for artemisinin resistance.
Thus, we concluded that artemisinin-related mutations did not emerge before artemisinin was
employed in malaria treatment.

Ohnishi et al. (NIID) gained draft genome data from 454 enteropathogenic bacteria including
96 EHEC, 293 Salmonella typhi and S. paratyphi, and 65 Shigella. They also conducted genome
comparison of EHEC. Comparative genomics of S. typhi genomes suggested the emergence of
fluoroquinone resistance in the mid 90s. They also obtained complete genome from 21 EHEC. In

addition, they completed analysis of genes involved in O antigens from 204 Vibrio cholera.
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FrELME 90% T o 7z, IVHIEDFHMNIX 146 4 & Xt TV, B 100%, FFEME 97% Th -
7oo BHOHUEIZOWTIL 166 £ & K5I EM L, BE 94%, R 97% & VT o v K
EHLEEEOER VT Y N THDZ EAVHIA LT,

. RRORA - ZWHERRZE

BB ORI (T=7 8/, KEKRERE) 28T 5720051k (HIREESE IS &
NRAmy—y AW R L,

LX) 3y 7 ERE S SO - EEX Y b EARF Y M E2HWT, 2aRIEND=30),

HALHBEM=30), & OO %A BERF ME0O=27), fFHO=23)DKEEFHMEi L7, =
DFER. 2 BIEICOWTEEFEF v b ORE &R RMEIE 80%., 100%. A% > Tl 93%
£ 100% Th o7, —F, Bl BEIZ3 T 5 R & RFRMEIXERE X » T 43%, 100% THh -
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JRELT, dmEES Y (bR TR TRPTr2GT) 38RLFH - HiREY 7 7~
Z 1T RBIZOWT, SIROFARNZTHE L2, HIAKB O RIIRE ShiehoT,

# 3E ) Development of diagnostic tools for parasitic helminthiases (cestodiasis,

nematodiasis) and prevalence survey of larval Japanese broad tapeworm in
salmonids.

Development and evaluation of a diagnostic kit for larva migrans : The diagnostic

kit for 3 larva migrans including toxocariasis, sparganosis and gnathostomiasis was
developed and diagnostic reliability of the kit was evaluated. In evaluation of toxocaiasis
kit using 133 serum samples, the sensitivity and specificity were 86% and 90%,
respectively. In sparganosis kit, the sensitivity and specificity in 146 subjects were 100%
and 97%, respectively. The sensitivity and specificity for gnathostomiasis kit using166
subjects were 94% and 97%, respectively. These results have revealed that the diagnostic
kit 1s highly reliable and useful for diagnosis of larva migrans.

Development of molecular methods for diagnosis of tapeworm infections :

Molecular methods, restriction fragment length polymorphism coupled with PCR

and pyrosequencing, were established for meat- and fishborne cestodiases.

3. Comparative evaluation of diagnostic kits for alveolar and cystic echinococcosis:

Japanese and French kits for two types of echinococcosis were assessed using serum
samples from 30 each of alveolar (AE) and cystic echinococcosis (CE) and 50 serum samples
from other parasitic infections and healthy persons. The specificity in both kits for AE and CE
was 100%. However, the sensitivity of Japanese and French kits for AE was 80% and 93%,
respectively, while the sensitivity for CE was 43% and 86% in Japanese and French kits,

respectively, indicating that French kit is recommended to use for CE.

13



4. Prevalence survey of larval Japanese broad tapeworm in salmonids:

Fishborne diphyllobothriosis is the most frequent cestodiosis in Japan and the prevalence of

larvae of Japanese broad tapeworm was examined in salmonids as source ofinfection.

Although 38 chum salmon called tokishirazu and akizake from Hokkaido and 17 cherry

salmon from Aomori and Niigata were examined, no larvae were detected in both viscera and
edible flesh.
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