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4. WFZEEHE

O w2 E D
TR T A — NEE, RERFAERTHDHRMT A — SO EY R K5 2 B - diEL
IO —2Th 5, 2R THK 5,000 5 ARRHET A — NIZEGELTEBL, 4/ 4-10
NPT A= JEIC K VT T D, RFIT A =T, TOEFDPEREAKSLED
AL TE FOERNIZAY, /IMNETHIFEL TREEREZRY, RBICTEET L, 2
DR TOREGIZBNT, FRFT A — "FHOD Gal/GalNAc fiH L7 F > (Heavy
(Hgl) . Light (Lgh) 3 X O Intermediate (Igl) V27 F ) BT 2 L RREE
NTWa, LarL, 2 - MESE s oMEICLD e, T L7 F o EfEHEHD
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N7 F o OPEHEMRFFREL T L. BT A= NOEPER T = X L% 60
THZEERHAHBNET D,
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KHEFERE I, BT A=V F 0955, Hyl & Igl BFEE T 2 i8R E S
T OZOFEMAREAXEHALNIC T 2HELT S, REZFOFME L O
B2, RHT A — NV 7 F U EMRESHZ el L7 SGNP Z M LT, Zu4f -
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SGNP & DFEGMAMRNT L. T ORG T oSG & G RRANOFEMZ I 60023 5,
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BGaINAc-GNPs, D) aGlc-GNPs, E) aGIcNAc-GNPs, F) aMan-GNPs, F 721X G)
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FHZH S MCT 5, £, MEREY ARV EFERALC, HREh3o 727 ¥ — %12
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ETCHIALE R TITREM AT S (Jennings B, et al. 2017) , =7 =7 % —Wf%eD
ZTEERFLO IR 1 OMAEFEREZFRELTEY, H#HOZT7 =7 Z =P H#HE
WCHEAT 2R 2 iET 2 2 ERREETH -2, HFRAREEDIL, K, =7 =7
A —DOHIZIIEENEET A LORNH A A2 52 L (Takemura M, Haneda T,
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moi = 10) &7 25 KOG L, YL 4 Rl #% 6 24 % £ CF% —= X BZ-X710
LV HA LT T ARNBERBEBEEITo 72, FEHEOBEICITBEESZHE DR A
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@ A ER+E%)
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Y 15 LI ICHE SN Z L IcTE R (K1), £/, BREREARK
NHEL O THA B b= AEOMBEAERNFTEINTWVWDLZ L 2R TEE, —
FHT, R"Aa b=y REFRRLIMEAENPFEIN TV IMELRBDO N, ZDZ
EMH A RXIF T ABEIC L - TT3SS2 Ik~ 7y —2iIi8 /1 h—y &
PASNORRERFEE N L, EEPALEXT I~/ 77y =D b EE O R
LM EFHETH I ETHEECEGEREEERLT L ENRRBINT,
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BOAALST AR LEMBRT (BARIZE.PI CLEBINEREFE . F-EHBEEZERDXET
RY)

@ EOLE
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1.

2022 General joint research report (self-evaluation)

Research project name : The Genetic diversity of Plasmodium malariae and

Plasmodium ovale from Republic of Congo

2.

Project number : 2022 —Ippan—05

Principal investigator : RICHARD CULLETON(Ehime University, Professor)

Joint researcher(s) :

+ Nundu Sabiti Sabin(PhD Student Leading Program, Graduate School of Biomedical

Sciences, NEKKEN, Nagasaki University)

+ Ahuka Steve (Associate Professor University of Kinshasa)
« Kavunga Hugo (Assistant Professor

National Institute for Biomedical Research, Kinshasa, DRC)

3. Amount decided : 400,000 yen

4 . According to documents at time of application

(1) Research objectives

We performed genetic analysis on samples of P ovale spp. and P malariae
collected from asymptomatic and malaria symptomatic individuals in Kinshasa,
the Democratic Republic of Congo. Dr Sabin Nundu has collected more than 80
samples of each species from this location. We analyzed the genetic diversity of
both species genes associated with drug resistance, which will inform treatment

protocols for these species.

(2) Research content

Samples of P malariae and P. ovale were collected by Dr Sabin Nundu. Professor
Taro Yamamoto and Dr Sabin Nundu, both of the Department of International
Health and Medical Anthropology, NEKKEN, have published four previous
reports on these samples in collaboration with Richard Culleton, mainly
concerning P falciparum. We performed further analysis of the former two
species. We will multiple genes linked to drug resistance. These findings will 1)
contribute to our currently scant knowledge of the genetic diversity of P ovale

spp. and P malariae, ii) inform drug protocols to combat them.



(3) Expected results

We hoped for the successful characterisation of numerous genes of both P ovale
spp. and P. malariae. We hoped to produce one of the first reports on the genetic
diversity of these parasite species, and pioneer the use of population genetics to
their study. We hoped to achieve the first population-based analysis of the

degree of drug resistance in these species.

5. Implementation report :

(1) Circumstances of Implementation against the FY2022 Implementation Plan

- Materials
Blood samples were collected from asymptomatic and symptomatic school-age
children living in rural and urban areas in Kinshasa, Democratic Republic of
Congo, and spotted onto Whatman 903™ filter paper (Whatman plc, UK) for
PCR analysis. Whatman 903™ filter papers containing blood samples were
dried and stored in individual plastic bags containing desiccant and stored at
-20°C before transportation to Nagasaki University for PCR analysis. DNA was
extracted using the QIAamp DNA Mini Kit® (Qiagen, USA) according to the

manufacturer’s instructions. DNA was eluted in 50 puL of the provided buffer.

Methods and Procedures

DNA samples were amplified by nested PCR using primers targeting the
Plasmodium mitochondrial cytochrome c oxidase III (cox3) gene using the
protocol described by Isozumi et al (1) for identification and genotyping of
plasmodium species. PCR products were visualized under UV light on 2%
agarose gels run at 100 volts for 30 minutes and stained with Gel Red® solution

for 30 minutes.
The DHFR genes of P malariae and P. ovale samples were subsequently

sequenced to identify mutations that may be associated with reduced sensitivity

to pyrimethamine and other anti-folate drugs.

(2) Results (results & observations)

The overall prevalence of Plasmodium spp. by microscopy, RDT and PCR was
33%, 42% and 62% among asymptomatic children and 59%, 64% and 95% in



symptomatic children, respectively. The prevalence of Plasmodium falciparum,
Plasmodium malariae and Plasmodium ovale spp. by PCR was 58%, 20% and
11% among asymptomatic and 93%, 13% and 16% in symptomatic children,
respectively.

We were able to amplify the DHFR gene from 21 isolates of P malariae.
Unfortunately, due to low DNA concentrations and quantities, we have not yet
been able to amplify other genes from these species. We are attempting to
overcome this by selective whole genome amplification, and have had some

positive results with this technique to date.
The amplification of genes from P ovale samples is ongoing, and faces the
same issues as above. Several DHFR sequences have been produced, but are

awaiting analysis.

P malariae DFHR mutations

Despite the fact that anti-folates are not used for the treatment of P
malariae malaria, we found significant selection for mutations orthologous to
those observed in P falciparum (Table 1). This suggests that P malariae has
been subject to anti-folate drug pressure, presumably through association with
P falciparum, either in mixed species infections, or as a consequence of the
presence of anti-folates in the host population, due to the drug-resistant strain
of P falciparum still circulating in the study areas. Despite this, the prevalence
of DHFR mutations was higher in the P falciparum population than in the P,

malariae population



(3) Announcement of results

These results are no yet ready to be published. We need more data before

preparing a publication
6 . Self-evaluation

The project is progressing well, but slowly. We had some trouble amplifying DNA

from the P malariae and P. ovale samples due to low DNA concentrations and

quantity. Furthermore, attempted species-specific whole genome amplification of

mixed infections yielded a large proportion of P falciparum genomes, rather than

the target species genomes. We are currently working to get around these issues.
7 . Attainment level (circle one of I to IV below)

I (Few expected results were achieved.)

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

I  (The expected results were attained with full satisfaction.)

IV (Even better than expected results were attained)

Explain your evaluation (this may be omitted if you have already done so in 6 above)

Please see above.
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ENTWEED, RFFETIE, WTFhhno ATG8 28 ATG12 & L THREL T\ b &
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LT )T —FENTWE T brucei ATG8.3 N ATGI2 127 T AZ V7T EN5 Z &
WA D1 2022 H 2 #H A L 7= (Zhang, Yazaki, Sakamoto et al. Autophagy,
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—ATG8 OMEIRFEMN 2 FEfE L7~ T. cruzi IZlX, ATG8 &7/ F— h &N -RF+n
325% Y (TcATGS.1, TcATGS8.2A, TcATG8.2B). 7 X / BaAlAIB L O ki %
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THRT L2 THAI EEZX., TOMIREMIT Lz, £7 . AR ATG8 & LT
BEREL 9 2 WTREMEZ PRI T 5 72012, ATG8 O E2 #E#E Th 5 ATG3 &L DA HE
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2022 General joint research report (self-evaluation)

1. Research project name : Pathogenomic and functional analysis to unravel the
pathogenic potential of epidemic strains of Vibrio parahaemolyticus from

environmental sources
Project number : 2022 —Ippan—18

2 . Principal investigator : Dr Krishna Kumar Ballamoole
Associate Professor
Division of Infectious Diseases
Nitte University Centre for Science Education &
Research, Nitte (Deemed to be University), Paneer

Campus, Deralakatte, Mangaluru-575018, India

Joint researcher(s) : Prof Dr Toshio Kodama
Department of Bacteriology
Institute of Tropical Medicine, Nagasaki University,
Nagasaki, 853 8523, Japan

3. Amount decided : 600,000 yen

4 . According to documents at time of application
(1) Research objectives
e how environmental V. parahaemolyticus can emerge with the potential
to cause human infection,
e what are the genetic traits and molecular strategies that contribute to
the infection capability and fitness to host,
e what are strategies in these environmental isolates for virulence

regulation and dispersal?

(2) Research content

The research interest of the Department of Bacteriology, Institute of Tropical
Medicine, Nagasaki University, headed by Prof Toshio Kodama, focuses on the
pathogenesis of enteric bacterial pathogens, including Vibrio parahaemolyticus,
Vibrio cholerae, and Salmonella enterica spp. which is perfectly aligns with the
research work proposed by Dr Kumar. Prof Kodama have worked on V.

parahaemolyticus for decades and found that one set of Type III Secretion



System (T3SS2) is necessary for induction of diarrhoea in the patients infected
with this pathogen. They have also identified and characterized effector
proteins secreted from T3SS2 and revealed regulatory mechanisms of
T3SS2-related genes. The laboratory of Prof Kodama recently demonstrated
that an exotoxin, thermostable direct hemolysin (TDH), is secreted via T3SS2 in
tandem with the Sec machinery, facilitating the distinct virulence traits.
However, detailed mechanisms of how this pathogen colonizes the host intestine
and induces diarrhea have remained unknown. We, therefore, try to understand
a comprehensive mechanism of V. parahaemolyticus infection by generating a
new murine infection model, dissecting the expression mechanism of
T3SS2-related genes, determining biological activities of T3SS2 effectors,
analyzing the interaction of microbiota, and other multidimensional approaches.
The research proposed in this application will be a collaborative effort to
uncover the pathogenic potential of V. parahaemolyticus isolated from the
environment wusing a combination of techniques such as genomic
characterization, biochemical functional studies and in vivo study using mutant
strains to shed light on genetic characteristics factor(s) that contributes to

global dissemination and to characterize its role in infection.

(3) Expected results

Pathogenicity islands, virulence-associated genes, and other genomic regions
identified through this study would yield further insight into the ability of V.
parahaemolyticus isolates to transition from an environmental niche and to
emerge as highly virulent human pathogens. Further overall findings obtained
through the proposed research would assist risk managers in designing and
implementing food safety plans to minimize the risk associated with V,
parahaemolyticus due to the consumption of seafood. The work proposed in this
study will be our efforts towards SDG 3.3. which focuses on ending of infectious

diseases affecting public health around he globe.



Implementation report :

(1) Circumstances of Implementation against the FY2022 Implementation Plan
Dr Kumar along with his collaborator Dr Kodama has initiated the collection of
105 V. parahaemolyticus isolated from coastal environments in Southern India
and identified using standard bacteriological methods. The collected isolates were
characterized in detail for their virulence potential using molecular methods, in
vitro cytotoxicity assay and expression of selected virulence. The selected
pathotypes were further subjected to whole genome sequencing and the
comparative analysis of sequence data is under process, expected to be completed
in next 8 to 10 months. In order to progress the continue this interesting research
further, we have applied for the 2023 General joint research from NEKKEN,

unfortunately it was not selected.

(2) Results (results & observations)

A total of 105 V. parahaemolyticus isolated from coastal environments in
Southern India and identified using standard bacteriological methods described
were used in this experiment. Each isolate was inoculated to 5 mL of
Luria-Bertani (LB) (HiMedia Laboratories Pvt. Ltd., India) broth supplemented
with 3% NaCl and incubated at 37 °C overnight with shaking.

When environmental isolates from this study were tested for the presence of
classical virulence markers, one isolate (1%) tested positive for ¢dh, nine
isolates (8.57%) tested positive for ¢rh, and five isolates (4.76%) tested positive
for both tdh and trh genes (Table 1A). Further PCR with pathogenicity island
specific primers could determine the presence of pathogenicity islands and
secretion systems in the environmental V. parahaemolyticus isolates. The genes
of pathogenicity islands and secretion systems were detected in majority of the
isolates (Table 1B), with VPal-1 being found in 62 (59.04%), VPal-4 in 63 (60%),
and VPal-5 in 36 (34.28%) isolates. While VPalI-2, 3, and 6 genes were found in
104 (99.04%), 96 (91.42%), and 104 (99.04%) isolates respectively.



Table 1. (A) Details of distribution of species specific and classical virulence

genes tdh and trhin environmental V. parahaemolyticus isolates (n = 105).

(B) Details of other virulence and fitness genes screened in environmental V.

parahaemolyticus isolates (n = 105).

(A4)
Genes toxRVP tlh | tdh* trh | trh* tdh | tdh* trh* | tdh trh
No. of isolates positive 105 1 9 5 90
% of isolates positive 100 0.95 8.57 4.76 85.71
(B)
Gene T3SS1 | T6SS | T6SS | VPal | VPal | VPal | VPal | VPal | VPal VPal
1 2 1 2 3 4 5 6 7/T3SS2
Number 103 64 104 62 104 96 63 36 104 36
of isolates
positive
% of 98.09 [60.95[99.04 [{59.04 [99.04 {91.42 |60 34.28 199.04 |34.28
1solates
positive

In 36 (34.28%) isolates, a tdh and/or trh containing VPal 7, which also encodes T3SS2,
was partially or entirely identified. The T3SS1 and T6SS2, fitness attributes of V]
parahaemolyticus, were found in whole and in part among 103 (98.09%) and 104
(99.04%) isolates, respectively. T6SS1 secretion systems were found in 64 (60.95%)

isolates. The dendrogram created using hierarchical clustering revealed two distinct

clades of isolates, one with hemolysin genes and the other lacking them (24STDH1

being exceptional), further the second clade is divided into two branches mainly based

on presence/absence of T6SS1 and other virulence genes (Fig. 1).




Fig. 2. Dissimilarity index of Euclidean distance matrix-based clustering
showing the presence and absence of different virulence and pathogenicity
islands in Vibrio parahaemolyticus (n = 105) analyzed in this study (Dark
blue bars — Complete, Light blue bars — Partial, and colour less bars — Absent).

All the isolates used for cytotoxicity assay were previously confirmed for their
adherence to the HeLa cells monolayer (Data not shown). The experimental results
were normalized to 100% cytotoxicity induced by reference strain AQ4037, 4h after
infection. Infected HeLa cells exhibited cell rounding and swelling (Figure S1),
whereas uninfected HeLa cells had a regular cell appearance, and no cytotoxicity was
observed throughout the experiment. The potential toxigenic strains of V.
parahaemolyticus caused more than 90% cell death after 4h of infection, while
non-pathogenic V. parahaemolyticus isolates caused approximately 60—-70% cell death
after 4h of infection, as measured by the LDH release assay (Fig. 3A). The percentage
of cytotoxicity between reference strain AQ4037 and potentially pathogenic V.

parahaemolyticus isolates did not differ. In contrast, the percentage of cytotoxicity



between pathogenic isolates of V. parahaemolyticus and non-pathogenic V,
parahaemolyticus did vary significantly (P < 0.01). All isolates' cell-free supernatant
failed to cause cell death in HeLa cells, indicating a significant difference (P < 0.05)
between the percentage of cytotoxicity induced by cell-free supernatant and bacteria in
HeLa cells (Fig. 3B).

Fig. 3. (A) V. parahaemolyticus induced cytotoxicity in HeLa cells as measured by
Lactate dehydrogenase (LDH) release assay. The results represent the means of three
independent determinations, with bars showing one standard deviation. The
significance of differences in the percentage of cytotoxicity was determined by
Student's t-test (P < 0.01). (B) Effect of bacteria and bacteria free supernatant on the
HeLa cells as measured by LDH release assay. The results represent the mean + SD of
three independent replicates. The significant of differences between effect of bacteria

and bacterial free supernatant was determined by Student's t-test (**P < 0.05).

The qPCR results (Fig. 4) for reference strain AQ4037 showed that all the

analyzed genes in this study were upregulated during bacterial adherence to

HeLa cells with a 4-fold rise in expression of trh and vopC genes and a 5-fold
increase 1in vopA gene expression as compared to unadhered Dbacteria.
The trh encoding seafood isolates VP49 and VP35 showed similar upregulation in
gene expressions, wherein a 3-fold increment in the trh, vopC gene expression in
both isolates was observed. vopA gene expression was upregulated 5-fold in VP49
and 3-fold in VP35 isolates. In all three isolates a significant difference (P < 0.01;
and P < 0.05) in the expression of all the genes was observed considering

unadhered and adhered cells determined by the student's ¢-test.



Fig. 4. Expression of virulence genes in Vibrio parahaemolyticus adhered to
HeLa cells during infection at 4h. RNA was extracted (adhered and un-adhered V.
parahaemolyticus) for estimating the expression of ¢rh, vopA and vopC by qPCR.

The expression was normalized using the housekeeping gene rpoAd. Relative

expression levels were calculated as the ratio of gene expressed in adhered to that
in unadhered V. parahaemolyticus, which was arbitrarily defined as 1. The
significance of differences determined by Student's ¢-test and is indicated as
follows: **, P < 0.01; *, P < 0.05.

(3) Announcement of results
The outcome of the study has been published in the journal of Microbial
Pathogenesis (Impact factor= 3.848)
Prithvisagar KS, Kodama T, Rai P, Deekshit VK, Karunasagar I, Karunasagar I,
Ballamoole KK. Non-clinical isolates of Vibrio parahaemolyticus harboring traits
of potential pathogenicity and fitness: A molecular analysis. Microbial
Pathogenesis. 2023 Mar 15:106069.

6 . Self-evaluation

Thank you for giving us an opportunity to collaborate with Prof Toshio Kodama to work
on pathogenomic and functional analysis to unravel the pathogenic potential of
epidemic strains of V. parahaemolyticus from environmental sources. In the joint
project, we have made substantially good progress in order to answer the proposed
research question. As an outcome of the joint collaborator, a research publication
highlining the potential pathogenicity and fitness traits among the non-clinical
isolates of Vibrio parahaemolyticus has been published in an International Journal

“Microbial Pathogenesis”.



7 . Attainment level (circle one of I to IV below)
I (Few expected results were achieved.)
Il (Not fully satisfied, but certain results were achieved.)
@ (The expected results were attained with full satisfaction.)

v (Even better than expected results were attained)

Explain your evaluation
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J2E| 4 : Discovery of antimalarial drug targeting mitochondrial parasites
from marine—associated bacteria
O E B 2022—Ippan—24

2. 1% 7= % : (Eijkman Research Center for Molecular Biology, National Research
and Innovation Agency * Researcher) Josephine Elizabeth Siregar
I [\ AF 58
1. [Universitas Pendidikan Ganesha (Undiksha), Bali, Researcher] I Wayan
Mudianta
2. (Marine Education and Research Organization (MERO) Foundation
Researcher) Rhesi Kristiana
3. [Marine Education and Research Organization (MERO) Foundation,
Researcher] Ni Kadek Dita Cahyani
4. (Eijkman Research Center for Molecular Biology, National Research and
Innovation Agency, Researcher) Andita Fitri Mutiara Rizki
5. (Eijkman Research Center for Molecular Biology, National Research and
Innovation Agency, Researcher) Wihda Aisarul Azmi
6. (Dept of Molecular Infection Dynamics, NEKKEN, Associate Professor) Ken
Daniel Inaoka
7. (Dept of Molecular Infection Dynamics, NEKKEN, Reseacher) Takaya Sakura
8. (Dept of Molecular Infection Dynamics, NEKKEN, MSc Student, TMGH)

Normalita Eka Pravitasari
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The final goal of this project is to develop an antimalarial drug targeting
mitochondrial parasite from Indonesian marine bioresources with the use of P
falciparumand P. berghei. As the initial step towards the drug development, during
this project (1 year) we will focus on identification of active extracts from
cultured marine—associated bacteria collected in Indonesia, that is largely
unexplored for development of drugs targeting infectious diseases. Once the active
extract is identified, the bioactive component will be purified for further

analysis.



@ Wk HNE

The discovery of antimalarial candidate from marine—associated bacteria in this
project will use bioassay—-guided isolation method, the gold-standard method which
recently has been used in the drug discovery program. The duration of this project
is two years, and the detailed research plan as followed:

Year one will be focused on bacterial collection form various host including
sponges, nudibranchs, algae, hydroid and bryozoa. Two different specimens of each
host will be collected during the sampling campaign. The sampling permit will be
applied from local government as well as from relevant permit issuing body. Next,
we expect to obtain 20 bacterial strains from each specimen and therefore, a total
of 200 bacterial strains. The specimens will be frozen at freezer —26 ° C while
the bacterial glycerol stocks will be stored at —80 ° C freezer at MERO laboratory.
Bacteria culture will be extracted by ethyl acetate (EtOAc) because of medium
polarity and minimum cell toxicity enabling extraction of both polar and non—polar
compounds. Next, the EtOAc crude extracts (* 50 mg) will be used to conduct the
initial ex vivo antimalaria activity assay (P. berghei) at Eijkman. Subsequently,
the culture of strain(s) associated to the most promising antimalarial activity
will be scaled up to obtain additional crude extracts (*1 g) to perform further
biochemical (be; complex and PFDHODH), and 7in vitro assays (P. falciparum 3D7 and
yDHODH-3D7) at NEKKEN. Our previous experience under SATREPS project, a relatively
high hit rate of “10% at cell-based screening was obtained from microbial culture
extract. Thus, hit extracts will be prioritized by prediction of metabolite content
by LC-MS/MS and Global Natural Product Social Molecular Networking (GNPS) analysis
for de-replication (exclusion of extracts with similar content), and to detect
and search for compounds and even new metabolites in the initial crude extracts
by comparison of the data to the dedicated database. In addition, this early
detection method of the extracts would secure that the purified antimalarial
metabolites are the natural product presented in the crude extracts and not
artifacts or derivatives resulted from multiple chromatographic separations.

Year two will be dedicated to separate and purify the most promising extracts
guided by 7n vitro antimalarial assay. The initial separation and purification
step of the extracts involves liquid-liquid partition between water—hexane,
water—EtOAc, and water—-butanol. Subsequently, the most antimalarial active
fractions will be chromatographed on silica gel to provide the most promising
subfractions. Finally, the subfractions will be sent for HPLC to obtain purified
compounds that will be confirmed as the metabolites responsible for the
antimalarial activity observed in the crude extracts as well as fractions and
subfractions. Next, the structures of the purified molecules including the
absolute configuration will be elucidated by 1D and 2D Nuclear Magnetic Resonance
(NMR) .



Table research detail:

Research Activity Details

Sampling Collecting marine sediment and marine

invertebrate in Bali

Bacterial Isolation and purification Collecting list of marine bacteria at

MERO Foundation Laboratory, Bali

Mass Culture Collecting crude extract bacteria at
MERO Foundation Laboratory, and
Undiksha laboratory in Bali

Screening antimalaria test 1 and | Antimalaria testing 1 at Eijkman
mitochondria assay Research Center for Molecular Biology

and mitochondria assay at NEKKEN

Identification of chemical composition by | Information of profiling compound
LCMS/MS

Research Activity Details

Large—scale culture Collecting large amount of crude
extract form bacteria culture at MERO

Foundation Laboratory

Analysis and comparing compound by Global | Observation of promising metabolite
Natural Product Social Molecular
Networking (GNPS)

Compound purification by chromatography | Separation chemical compound at
method and antimalarial test 2 Undiksha Laboratory and antimalarial
test at Eijkman Research Center for

Molecular Biology

Identification active compound by NMR Finding a pure compound

Evaluation antimalarial test 3 At Eijkman Research Center for

Molecular Biology

Validation of bioactive purified | biochemical assays and yDHODH-3D7
compounds targeting P falciparum | strain (in collaboration with NEKKEN)

mitochondria

The research proposed here is synergized with research activity at Daniel Inaoka’ s
Laboratory (NEKKEN) which had developed several malaria mitochondria target assay
systems. Recently, they have been also working on extracts derived from culture of

Nagasaki’ s marine—associated microbes as an antimalaria candidate.



The budget from the current proposal will be used to cover travel expenses to bring
and assay the extracts/purified compounds to Dr. Daniel Inaoka’ s laboratory at
NEKKEN and support part of the research activities in Indonesia. During the visit
to NEKKEN, experimental techniques to malaria mitochondrial assay will be learned
in order to extend the research capacities at the Eijkman Research Center for
Molecular Biology. All remaining samples will be brought back to Indonesia after data
collection.

Such kind of integrated international research collaboration proposed herein will

advance the scientific knowledge in drug development targeting infectious diseases.

@ TRIN DR

Me and Dr. Daniel Inaoka finished the PhD course in the same department under
supervision by Prof. Kiyoshi Kita at the University of Tokyo. After returning to
Indonesia, we have started collaboration under the SATREPS program leaded by Dr.
Tomoyoshi Nozaki (2015-2020) and have identified several compounds from Indonesian
Bioresources focused on soil-derived microorganisms and plant, that are active
against malaria and amoebiasis

Furthermore, in order to train young scientist, one of my staff (Normalita Eka
Pravitasari) is now engaged in Master course in Nagasaki University under Daniel
Inaoka’ s supervision and supported by MEXT scholarship, and is currently conducting
similar experiments using extracts from microorganisms isolated in Ohmura Bay
(Nagasaki), in collaboration with Prof. Kohsuke Takeda (Nagasaki University).

We have started to collect and isolate the microorganisms from marine samples and
as soon as the current proposal is funded, we will start the preparation of
microorganism culture, and the butanolic extracts.

Output target for 2 years: publication.
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(Report of the research activities conducted during the FY2022)

The research activities conducted during the FY2022 are as followed:

1. Samples of marine—associated bacteria were prepared by Universitas Pendidikan
Ganesha (Undiksha) in Singaraja, Bali, and the Marine Education Research and
Organization (MERO) Foundation. Two hundred strains of marine-associated
bacteria were cultured and extracted from five specimens of various
invertebrates: 49 bacteria were extracted from sponges, 29 from algae, 24 from
hydroids, 13 from bryozoans, and 85 from nudibranchs. The collection of
specimens was carried out under a permit from the local government. The strains
were securely stored in a freezer at —80 °C. Samples of cultured bacteria were
extracted and sent to Eijkman—-BRIN and Nagasaki University for screening of
antimalarial activity.

2. Screening of antimalaria activity using ex vivo culture of P. berghei was
conducted by Ei jkman Research Center for Molecular Biology, National Research
and Innovation Agency.

3. Active extracts were further investigated for activity on the mitochondrial
electron transport chain (ETC) of the parasite at the Department of
Molecular Infection Dynamics, Nagasaki University, Japan.

4. Principal Investigator (Josephine E. Siregar) visited Nagasaki University.

@ R GRR+B%)

1. We have successfully collected 200 dried extracts of marine—associated
bacteria. These samples were distributed to Eijkman—-BRIN for screening
of antimalarial activity using ex vivo culture of P. berghei, and to
Nagasaki University for further screening of antimalarial activity using
P. falciparumwild type 3D7 and yDHODH-3D7 to identify extracts targeting
the mitochondrial ETC.

2. Approximately 177 samples of dried extracts from marine—associated
bacteria were screened for their potential antimalarial activity against
P. berghei, while the remaining 23 samples have not been analyzed yet (see
Appendix 1). Out of the screened samples, 33 showed promising results as
they exhibited inhibition of the asexual blood stage of P. berghei ex vivo
at a concentration of 100 pg/mL, surpassing the 80% inhibition cutoff
(Figure 1). These samples are considered potential candidates for further

analysis targeting the malarial mitochondrial ETC.



Figure 1. 177 samples of dried extracts from marine—associated bacteria
have been screened for their potential antimalarial activity against 7.
berghei, and 33 samples have shown potential antimalarial activity

(indicated in red). The threshold for activity is 80% growth inhibition.

Out of the 33 samples showing potential antimalarial activity against 7.
berghei, 13 samples were further analyzed for their inhibition of P~
falciparum growth at Nagasaki University. Among these, 10 samples
demonstrated inhibition of P falciparum growth, confirming their
efficacy against both P. berghei and P. falciparum. Additionally, 10 out
of the 13 samples were analyzed for their potential to target
mitochondrial ETC. However, none of the samples have shown specific
targeting of the mitochondrial ETC up to the present, as indicated in

Figure 2.






Figure 2. The EC50 values of the 10 selected samples (from the primary
screening against P. berghei) were determined using two different strains:
the P. falciparum 3D7 isolate (Pf3D7) represented by black dots, and the
3D7 transgenic—yDHODH strain represented by red squares. The EC50 values
of the extracts varied within a certain range, indicating their potency

as shown in Table 1.

Table 1. ECso values of extracts ranked according to potency

ECs
Samples | p. perghei | P. falciparum|  yDHODH yDHODH/3D7 ratio
(ug/mL) | 3D7 (pg/mL) (pg/mL)
A.A. T 83A <1 8.9 18.8 2.11
A AT 24A 24. 1 11.5 25.7 2.23
A.S.C 40A <1 12.0 18.3 1.53
B.1.2 14A <1 12.6 16. 2 1.29
A.S.C 47A 36. 1 12.9 24.9 1.93
B.A. T 12A <1 13.6 17.3 1.27
AZ. A 13 <1 14.7 26. 5 1. 80
A Z. A 29 <1 16. 2 28. 2 1. 74
A.S.C 36A <1 21.9 29.5 1.35
A Z. A 23 <1 26.3 >40 >1.52
Atovaquone
(o1} <1 0.5 nM >400 nM >800

The EC50 values of the extracts against P. berghel ranged from <1 to 36. 09
pg/mL, while in P falciparum 3D7 ranged from 8.9 to 26.3 pg/mL. The
antimalarial drug atovaquone, used as the positive control, demonstrated
inhibition of P. falciparum 3D7, but not the mutant yDHODH. For those
extracts with EC50 value against P. berghei that less than 1 pg/mL, need
to be determined further.

Principal Investigator Josephine E. Siregar visited Nagasaki University
from March 15th to March 24th, 2023, to conduct research activities on
screening antimalarial properties against P. falciparum. During this
period, she collaborated with Normalita, a Master’ s student at Nagasaki
University.

Furthermore, we will proceed with the analysis of the remaining hit samples

to identify their mitochondria antimalarial targets. Additionally, we



will collect a substantial amount of crude extract from potential
bacterial cultures that exhibited antimalarial activity in the hit extract.
The hit extract(s) will undergo LC-MS/MS analysis to determine the

composition of secondary metabolites.

@ MROBE
Malaria is a significant public health problem in many parts of the world,
affecting approximately 40% of the global population, especially those
residing in the world s poorest countries. According to the World Health
Organization’ s report in 2021, there were an estimated 241 million malaria
cases and 627,000 malaria-related deaths worldwide in 2020. This represents
an increase of about 14 million cases compared to 2019, along with 69, 000
additional deaths. Approximately two—-thirds of these extra deaths (47, 000)
were attributed to disruptions in the provision of malaria prevention,
diagnosis, and treatment during the pandemic. Indonesia also continues to

face the challenge of malaria as a significant health issue

Strategies to control malaria that have shown some success include providing
anti—malaria treatment for infected individuals, applying insecticides to
reduce mosquito populations, and promoting the use of bed nets to minimize
human contact with infected mosquitoes. However, the rapid spread of parasite
resistance to the currently available antimalarial drugs has hindered
large-scale efforts in malaria control in recent years. There is an urgent

need to discover new antimalarial agents to address this challenge.

Natural products have been utilized in the treatment of various diseases,
including malaria, and they hold great significance as they are deeply
intertwined with the cultural diversity and traditions of Indonesia’ s rich
biodiversity. Three major antimalarial drugs widely used today, namely
atovaquone (a derivative of lapachol), quinine, and artemisinin, were
originally discovered or derived from active compounds found in traditional
medicines used by indigenous people in Brazil, Peru, and China, respectively.
This evidence highlights the growing recognition of the potential of natural
products, which may contribute to the development of much-needed new

antiparasitic drugs specifically targeting malaria.

We previously collected samples of marine—associated bacteria from Tulamben,
Bali, Indonesia, through the MERO Foundation. A total of 200 dried extract
samples were prepared from specimens of various invertebrates, involving

contributions from both the MERO Foundation and Undiksha. The availability



of a potential development of an ex vivo fluorescence—based screening method
in the Plasmodium berghei model was utilized to investigate the activity of
antimalarial properties in the prepared samples, conducted by Eijkman—-BRIN.
Out of the 177 dried extract samples screened for their potential antimalarial
activity in P. berghei, 33 samples exhibited inhibition of the growth of 2.
berghei. These samples hold potential for further analysis regarding their

mitochondrial target as antimalarial agents.

The mitochondrial electron transport chain (ETC) from P. falciparum contains
several drug targets, including complex III (be; complex; targeted by
atovaquone) and dihydroorotate dehydrogenase (DHODH; targeted by DSM265).
Nagasaki University have developed assay systems capable to identify
compounds targeting these two enzymes, which were utilized for the
continuation of screening specific targets for antimalarial activity. The
extracts that affect the ETC will be validated using a P. falciparum3D7 strain
expressing yeast DHODH (yDHODH-3D7). Thirteen samples have been screened for
their antimalarial activity targeting the mitochondria. Although, 10
extracts inhibiting the growth of both 2. berghei and P. falciparum could
be successfully identified, they were inactive against the P. falciparum
mitochondrial ETC. Further analysis will be conducted on the remaining

samples.



6 .

H CRF A

1. Problems with Purchasing Order Reagents:
e Miscommunication of system in managing grant funding from Nagasaki
University at initial step of this project (order reagents for culture
and extraction samples and reimbursement process.

e Challenges with the transportation system for importing reagents from

vendors.

2. Issues with Letter of Agreement (LoA) and Material Transfer Agreement (MTA) :

e Delays caused by a slow bureaucracy system in handling these agreements

3. Insufficient Funding:
e Inadequate funding for this project, necessitating the use of support
budget from other grants to fund it, specifically on the process of

culturing and extracting samples.

ERE (T izO)

I (T ORRITIZE AL EEDR LR T)

(The expected results were hardly achieved.)

(R D D — IR DR Z T Hi7)

(Dissatisfaction remains, but some results were achieved)

Jill (TPHEBEYOREEZET ONTE)
(Achieved predictable results)

I\ (THEU EOREEZZET NT)
(Achieved better than expected results)

PR A T L 72 B
Out of the five research activities listed in the table, 23 extracts could
not be assayed in the “Screening antimalaria test 1 and mitochondria assay” ,
and “Identification of chemical composition by LCMS/MS” could not be finished
during the FY 2022. Therefore, the LC-MS/MS profile of the hit extracts
identified in the first year will be conducted in the second year (FY 2023).



Appendix 1 Results of dried extract of marine—associated bacteria as for the

antimalarial activity against P. berghei

% inhibition
No | Source of specimen Type of Microbe Sample Code P. berghei
100 pg/mL

1 Bacteria A.ZA. 1% N.D
2 Costasiella sp. Bacteria A. ZA. 2% 62.0
3 Bacteria A. ZA. 3% N.D
4 Bacteria A. ZA. 4% 11.1
5 Algae Costasiella Bacteria A. ZA. 5% 4. 60
6 sp. Bacteria A. ZA. 6% -0.700
7 Bacteria A.ZA. T* -22.7
8 Bacteria A. ZA. 8% 26. 2
9 fvdrotd D" Bacteria A. ZA. 9% -65. 6

greenamyeri
10 Bacteria A. ZA. 10% -25.9
11 Bacteria A.ZA. 11 -54.2
12 D. greenamyeri Bacteria A. ZA. 12% -91.8
13 Bacteria AL ZA. 13% 86. 8
14 Bacteria A.ZA. 14 N.D
15 Bacteria A. ZA. 15% N.D
16 sponge Mexichronts Bacteria A. ZA. 16% -143

trilineata
17 Bacteria A ZA. 17 47. 1
18 Bacteria A.ZA. 18% N.D
19 | Mexichromis Bacteria A.ZA. 21% 22.9
20 trilineata Bacteria A.ZA. 22% 71.9
21 Bacteria A.ZA. 23% 97.3
22 | Algae E. pusila Bacteria A. ZA. 24 18.8
23 Bacteria A.ZA. 25 -90. 4
24 Bacteria A. ZA. 26% 74.8
25 | E. pusila Bacteria A. ZA. 27%* 50.6
26 Bacteria A. ZA. 28% -3.20
27 | Eubranchus sp. Bacteria A. ZA. 29% 91.6
28 Actinobacteria A AT 1A * 73.1
29 Actinobacteria A AT 2A% 91.7

Costasiella sp.
30 Actinobacteria A. AT. 3A* 46. 7
31 Actinobacteria A AT 4A% 82.2
32 | Algae Costasiella Actinobacteria A. AI. BAx* -48. 4
33 | sp. Actinobacteria A AL TA* -21.0




34 Actinobacteria A. AT. 8Ax% N.D
35 Actinobacteria A.AI. 10A -17.9
36 Actinobacteria A AL, 11A%* 69. 9
37 Actinobacteria A. AL, 12A%* 22. 4
38 Actinobacteria A. AI. 14A%* 23.0
39 Actinobacteria A AL, 17A%* 23.7
40 Actinobacteria A. AI. 18A%* 46. 1
41 Actinobacteria A. AI. 20A%* N.D
42 Actinobacteria A. AIL. 23A%* 52.8
Hydroid D.
43 Actinobacteria A. AL. 24A%* 81.8
greenamyeri
44 Actinobacteria A. AI. 25A%* N.D
45 Actinobacteria A. AI. 28A 65.3
46 Actinobacteria A.AT. 31A%* 13. 4
D. greenamyeri
47 Actinobacteria A. AI. 32A%* 1.10
48 Actinobacteria A. AIL. 34A%* N.D
49 Actinobacteria A. AI. 35A%* 57.0
50 Actinobacteria A. AI. 38A%* 79. 4
51 Sponge Mexichromis Actinobacteria A. AI. 39A%* 2.30
52 trilineata Actinobacteria A. AIL. 40A%* 44. 1
53 Actinobacteria A.AIL. 41A%* N.D
54 Actinobacteria A. AL, 42A%* 97. 1
55 Actinobacteria A. AL. 44A%* N.D
56 Actinobacteria A. AI. 48A%* 5. 80
57 Actinobacteria A. AIL. 49A%* 29.9
58 Actinobacteria A. AI. 50A* 88. 8
59 | Mexichromis Actinobacteria A. AI. 52A%* -4, 30
60 trilineata Actinobacteria A. AI. 53A 67.2
61 Actinobacteria A. AI. 55A* 20.0
62 Actinobacteria A. AI. 57A* 21.9
63 Actinobacteria A. AI. 58A%* N.D
64 Actinobacteria A. Al. 65A%* 4. 40
Algae E. pusila
65 Actinobacteria A. AI. 66A%* 19.9
66 Actinobacteria A. AL. 68A%* -8.50
67 Actinobacteria A. AL. 69A%* 44.5
E. pusila
68 Actinobacteria A. AI. 70A%* 113
69 Actinobacteria A. AL, 72A%* N.D
70 Actinobacteria A. AL, 74A%* 129
Eubranchus sp.
71 Actinobacteria A. AI. 75A%* 0. 500




72 Actinobacteria A. AL. 7T6A%* 92.8
73 Actinobacteria A. AI. 79A%* N.D
74 Actinobacteria A. AI. 81A%* -41.7
75 Actinobacteria A. AI. 82A%* 17.1
76 Actinobacteria A. AI. 83A%* 116
77 | Hydroid FEubranchus Actinobacteria A. AI. 85A%* 133
78 sp. Actinobacteria A. AI. 86A* 52.7
79 Actinobacteria A. AI. 87A -5.10
80 Actinobacteria A. AI. 88A%* 52.3
81 Actinobacteria A. AL. 89A* 110
82 Actinobacteria A. AI. 90A* -0.900
83 Actinobacteria A. AL. 91A%* 25.0
84 Actinobacteria A. AL. 92A%* 19.1
Hypselodoris roo
85 Actinobacteria A. AI. 93A%* -2.40
86 Actinobacteria A. AIL. 94A%* 3. 40
87 Actinobacteria A. AI. 95A 103
88 Actinobacteria A. ATL. 97A%* 26. 7
89 | Sponge Hypselodoris | Actinobacteria A. AI. 98A%* -70.5
90 roo Actinobacteria A. AIL. 99A 37.6
91 Actinobacteria A. AL. 100Ax* 8. 20
92 Costasiella sp. Actinobacteria A. 12, 4A% 23.4
Sponge Mexichromis
93 ) Actinobacteria A. 12, 21A% 13.0
trilineata
94 | Mexichromis Actinobacteria A. 12, 22A% -76. 8
95 trilineata Actinobacteria A. 12, 23A%* 72.3
96 Actinobacteria A.12. 31Ax% -103
Algae E. pusila
97 Actinobacteria A. 12. 34A%* 10.6
98 | Hydroid FEubranchus Actinobacteria A. 12, 43A% 61.4
99 Sp. Actinobacteria A. 12. 45A% 14. 1
100 Actinobacteria A. I12. 50A%* 19.5
Bugula neritina
101 Actinobacteria A. 12. 51A* -46.9
(Bryozoa)
102 Actinobacteria A. 12.53A% N.D
103 Actinobacteria A.I2.57A 78.5
Hypselodoris roo
104 Actinobacteria A. 12. 58A* 19. 7
105 Actinobacteria A. 12.59A% -25.5
106 Actinobacteria A. I2.61A% 73.7
Sponge Hypselodoris
107 Actinobacteria A. 12. 64A%* 71.1
roo
108 Actinobacteria A. 12. 65A% 20. 2
109 Actinobacteria A. 12. 66A%* 47.6




110 Actinobacteria A. T2. T4A%* 30. 8
111 Actinobacteria A. T2, 7HA* 73.9
112 Actinobacteria A T2, TT7TA* N.D
113 Actinobacteria A. T2, T8A% 82.2
114 Actinobacteria A. T2, 82A% 17.1
115 Actinobacteria A. 12. 84Ax% -31.4
116 Actinobacteria A. T2. 85A% 89. 7
117 | Costasiella sp. Actinobacteria A. 12. 86A%* 24.1
118 Actinobacteria A. 12, 87A% 6. 50
119 | Algae Costasiella Actinobacteria A. 12. 89A%* 15.5
120 | sp. Actinobacteria A. 12. 90A%* -33.0
121 | D. greenamyeri Actinobacteria A. 12.91A% —-0. 200
122 | E. pusila Actinobacteria A. 12.93Ax% 92.8
123 Bugula neritina Actinobacteria A. 12.94A% -94.0
(Bryozoa)
124 Actinobacteria A. 12. 100A* 18.6
125 | Hypselodoris roo Actinobacteria A. 12. 101A%* -21.8
126 Actinobacteria A. 12. 105A% 120
127 Sponge fypselodoris Actinobacteria A. 12. 109A%* 78.1
roo
128 | Mexichromis bakteri A.AT. 17Bx* 13.0
129 | trilineata bakteri A. AT. 19Bx* N.D
130 Actinobacteria A. SC. 1A% 0. 100
Costasiella sp.
131 Actinobacteria A. SC. 2A% 21.6
132 Actinobacteria A. SC. bAx* 15.3
133 Actinobacteria A. SC. 6A* 8. 60
134 Actinobacteria A. SC. TA* 5. 60
135 Meae Costasiella Actinobacteria A. SC. 8Ax* 30. 3
136 | Actinobacteria A. SC. 9A 30. 1
137 Actinobacteria A. SC. 10Ax* 20.0
138 Actinobacteria A. SC. 13Ax* -10. 8
139 | Arord & . Actinobacteria A. SC. 16A% 117
greenamyeri
140 | D. greenamyeri Actinobacteria A. SC. 17A%* 16. 3
141 | Sponge Mexichromis Actinobacteria A. SC. 23A%* 22.7
142 | trilineata Actinobacteria A. SC. 25Ax* -76. 1
143 Actinobacteria A. SC. 28Ax* 137
144 | Eubranchus sp. Actinobacteria A. SC. 29Ax* -7.50
145 Actinobacteria A. SC. 30Ax* 10. 5




146 Actinobacteria A. SC. 31Ax* N.D

147 Actinobacteria A. SC. 32A%* 23.9

148 Actinobacteria A. SC. 33A%* -9. 80

149 Actinobacteria A. SC. 34A* 94. 9
Hydroid FEubranchus

150 Actinobacteria A. SC. 35A%* 159
sp.

151 Actinobacteria A. SC. 36A%* 105

152 Actinobacteria A. SC. 37A%* 109

153 Actinobacteria A. SC. 39A%* 2.90

154 Actinobacteria A. SC. 40A%* 94. 4

155 Actinobacteria A. SC. 43A%* -26.4
Bugula neritina

156 Actinobacteria A. SC. 44A%* -18.3
(Bryozoa)

157 Actinobacteria A. SC. 45A%* 32.9

158 Actinobacteria A. SC. 47A%* 109

159 Actinobacteria A. SC. 48A%* 41.8

160 Actinobacteria A. SC. 49A%* N.D

161 | Hypselodoris roo Actinobacteria A. SC. 51Ax* 24.5
Sponge Hypselodoris

162 Actinobacteria A. SC. 53A* N.D
roo

163 | Hydroid 2. Actinobacteria A. SC. 55A%* 84.9

164 | greenamyeri Actinobacteria A. SC. 56Ax* 13.0
Mexichromis

165 Actinobacteria A. SC. 57Ax* 51.1
trilineata

166 | Hypselodoris roo Actinobacteria A. SC. 58Ax* -147
Sponge Hypselodoris

167 Actinobacteria A. SC. 59Ax* 45.3
T00

168 | Halgerda willeyi Actinobacteria B. AI. 4A% 53.3

169 | Polycera aberl Actinobacteria B. AI. 6A%* 10. 4

170 Actinobacteria B. AIL. 12A% 96. 1
Carminodoris

171 Actinobacteria B. AI. 18Ax* -16.0
grandiflora

172 Actinobacteria B. AIL. 20A%* 39.8

173 | Halgerda willeyrl Actinobacteria B. 12. 1A% -26.6

174 | Discodoris Actinobacteria B. 12. 14Ax% 104

175 | boholiensis Actinobacteria B. I2.19A N.D
Carminodoris

176 Actinobacteria B. 12. 20A%* 37.3
grandiflora

177 Actinobacteria B. I2. 35A% -0. 200
Atagema spongiosa

178 Actinobacteria B. I12. 39A% -76.5

179 Actinobacteria B. SC. 1A% 1.10
Halgerda willeyi

180 Actinobacteria B. SC. 3Ax% -75.0




181 Actinobacteria B. SC. 4A%* -2.30

182 Actinobacteria B. SC. 6Ax* 0. 800
Discodoris

183 Actinobacteria B. SC. 10A%* 47.3
boholiensis
Carminodoris

184 Actinobacteria B. SC. 11A* 40. 8
grandiflora

185 | Atagema spongiosa Actinobacteria B. SC. 14Ax* 18.1

186 Actinobacteria E. SP. 04-ISP2.10%. 3% 38.5
Sponge Xestospongia

187 Actinobacteria E. SP. 04-ISP®. 10°. 4% 32.2
testudinaria

188 Actinobacteria E. SP. 04-ATIA. 10°%. 3% 80. 4

189 | Sponge Clathria sp. Actinobacteria E.SP. 11-SCA. 10%. 2 -43.5

190 | (A) Actinobacteria E. SP. 11-SCA. 10°®. 5% 21.4
Sponge Haliclona sp.

191 w . Actinobacteria BS. SP. 10-ISP4. 10°%. 3% -10.9

pinkish branch

Sponge Tetilla

192 Actinobacteria BS. SP. 11-ISP2.10%. 3. 2% -22.3
radiata

193 Actinobacteria BL. SP. 06-ATA. 10°. 9% -16. 6
Sponge Clathria sp.

194 B) Actinobacteria BL. SP. 06-ISP2. 10%. 2% -71.9

195 Actinobacteria BL. SP. 06-1SP2. 10°%. 2% -49. 2

196 Actinobacteria BR. SP. 02b—-ATA. 10°. 1% N.D
Sponge Clathria mima

197 Actinobacteria BR. SP. 02b-ATIA. 10°%. 8% -52.0

198 | Sponge Liosina Actinobacteria B.10.1.1 89. 2

199 | granularis Actinobacteria B.10.1.8 83.1
Sponge (unknown

200 Actinobacteria B.10.2.1 N.D
species)

]

= considered as hits by inhibiting the asexual blood stage of P2

vivo at a concentration 100 pg/mL with 80% inhibition cut-off

N.D: Not determined

berghei ex
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2022 General joint research report (self-evaluation)

1. Research project name : Evaluation of humoral immune response induced by
SARS-CoV-2 natural infection and vaccine, and identification of severe COVID-19
predictors

Project number : 2022 —Ippan— 26

2 . Principal investigator : Shyam Prakash Dumre, PhD, Associate Professor, Central
Department of Microbiology, Tribhuvan University, Kathmandu, Nepal
Joint researcher(s) : Professor Kouichi Morita, and Mya Myat Ngwe Tun, Associate

Professor, Department of Virology, NEKKEN

3. Amount decided : 600,000 yen

4 . According to documents at time of application
(1) Research objectives

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has spread
throughout the world and infected over 100 million individuals resulting in over two
million deaths (WHO Weekly Epidemiological updates, Jan 2022; WHO, 2022). One
year in the coronavirus disease 2019 (COVID-19) pandemic, the first vaccines are
being rolled out in many countries under emergency use authorizations while >60
vaccines are in trials (WHO COVID-19 vaccine landscape, 2022). As of 4 January 2022,
a total of 9,118,223,397 vaccine doses have been administered globally. While the
whole world is optimistic on the role of vaccines in ending the pandemic, rapidly
evolving newer variants of SARS-CoV-2 are becoming another challenge due to its
faster spread, and potential role in protective efficacy of vaccines. SARS-CoV-2 may
mutate and evade immunity, with consequences for efficacy of emerging vaccines and
antibody therapeutics (Thomson et al., Cell, 22 Jan 2021).

Most individuals after SARS-CoV-2 infection develop neutralizing antibodies that
target spike protein, however there are currently limited data on the dynamics of
neutralizing antibodies in the months after infection (Crawford et el, J Infect Dis, 30
Sep 2020). On average, neutralizing titers decreased about 4-fold from approximately
30 to >90 days after symptom onset in US population. Moreover, despite the rapidly
rolled -out COVID-19 vaccines in many countries, humoral immune response data is
not available in the same race (not even for the natural infections). The available data

are mostly from the well-resourced countries while the immune response (either due to



natural infection or vaccination) may not be the same in all populations/ countries.
Low and middle income countries (LMICs) which already overburdened the health care
system and are struggling for equitable allocation of limited resources to contain
the virus spread. Generating such data to monitor the introduction of new
variants and their impacts in transmission, adaptability and in vaccine 1is
becoming a hard-to-achieve goal for most LMICs, due to lack of advance facilities
for humoral response evaluation. Nepal is no exception.

After the first report of COVID-19 on 23 January 2020, Nepal recorded a total
950,441 cases and 11,735 deaths (fatality rate, 0.75%) with 98.6% recovery rate as of
30 January 2022. Nepal is among the few countries which flattened the COVID-19
curve with daily cases brought down to 150-300 from approximately 6000 cases
during the last peak, however the pandemic is on full swing of third wave in the
country (Ministry of Health, Nepal: https://covid19.mohp.gov.np/). End of
January 2021, Nepal also started vaccinating the front-line workers followed by
elderly, adults and currently in children population too, while the adequate
vaccine coverage is still a challenge as in other LMICs. As of 30 January 2022,
51% of the Nepalese population has received at least one dose and 38% population has
received full doses (Ministry of Health, Nepal, 2022). Furthermore, the recent
introduction of new Omicron variant in Nepal also poses added challenges for the
prevention of second wave. Because, it is of great concern that these newly emerging
variants may escape neutralizing antibodies induced by previous infection and/or
vaccination through mutations in the spike protein (Jangra et al., MedRxiv, January
29 2021, doi: 10.1101/2021.01.26.21250543). Unfortunately, no data is available on
neutralizing antibody levels in Nepali population after natural infection or vaccination.
At this situation, it is important to remain extra vigilant about collecting adequate
immune response data from both vaccines as well as SARS-CoV-2 infected individuals
to inform scientific community as we as to ensure appropriate policy and strategies,
since a second wave may appear at any point of time, disrupting the already weakened

health systems.

While looking at the kinetics of the neutralizing antibody in natural SARS-CoV-2
infection among the hospital visiting patients, it is an excellent idea to look at the
factors responsible for severe COVID-19 (predictors) as we recruit and precisely follow
up the patients. A high proportion of COVID-19 patients admitted to ICU cases suggest

comorbidities including hypertension, diabetes, obesity, chronic obstructive pulmonary



disease (COPD), asthma, cardiovascular diseases (CVD), liver diseases, malignancy,
human immunodeficiency viruses (HIV) and renal diseases as potential risk factors for
severe COVID-19 patients (Wang et al., 2020a). There have been some investigations
on other laboratory and immunological parameters to understand the risk factors of
severity in COVID-19. It has been found that the Lymphocyte count, hemoglobin, and
ferritin levels were the best prognostic indicators of severe COVID-19(Qu et al., 2021).
Apoptosis is believed to be the major source of ¢fDNA in plasma (van der Vaart and
Pretorius, 2008), although the exact mechanism of its generation is still enigmatic
(Phuong et al., 2019). The association between apoptosis and COVID-19 severity has
been reported (Saleh et al., 2020). cfDNA, could be a new approach in severe COVID-19
predictor studies. Considerable progress has been made in COVID-19 management,
however the lack of appropriate predictors of severity has caused failure for early
identification of potential severe cases. In the case of Nepal, no such data is available.
Without proper measurement of severity, there is poor management of the disease.
Therefore, we have extended the study objectives to cover the predictors of severe

COVID-19 too.

Therefore, in this study, we aim to evaluate:

1- the humoral immune response induced by SARS-CoV-2 natural infection and vaccine
by quantifying both the neutralizing and binding antibody levels in Nepali population.
2. the association between the cell free DNA, laboratory parameters, other immune

markers levels with the COVID-19 severity (potential predictors of severe COVID-19)

(2) Research content

Research details

This study is related to the work/ studies done at NEKKEN and particularly at the
Department of Virology, where similar studies have been conducted in other viral
diseases (JE, dengue, Zika, etc.) for years now. Moreover, the PI (SPD) spent around 5
years at NEKKEN as an Assistant Professor and worked in collaboration with the
Virology Department, and recently returned to Nepal. PI has been involved in several
COVID-19 related projects in the country and this research support would be a
milestone to establish a continued and sustainable collaboration of NEKKEN-alumni
with NEKKEN for future research activities. On top of it, this will be a collaborative
research support to a developing country in the fight against COVID-19 pandemic from
NEKKEN.



Study design and study sites

This will be a prospective cohort study to evaluate the humoral immune response, and
a cross-sectional approach will be used for COVID-19 severity predictors. Two tertiary
care hospitals and a research laboratory have been selected as sentinel sites. Gangalal
Hospital and Sukraraj Tropical and Infectious Diseases Hispotal located in
Kathmandu are two of big tertiary care hospitals in Nepal which are designated for
COVID-19 treatment and are also COVID-19 vaccination centers. Some of the natural
infection related work will also be carried out in the Decode Genomics and Research
Center Pvt. Ltd is a Molecular Diagnostic Laboratory dedicated to providing
molecular diagnostic services to hospitals across Kathmandu. The another site is a
community in Dhanusha district in southern terai region of Nepal specially selected
for vaccine induced immunity. Dhanusha district has a mixed population of two
different ethnic groups. Study site selection is also based on other criteria, including
catchment area, geographical representation, communication facilities, infrastructure

and human resources available for the study.

Study population
There will be two groups of target population. There is no gender, race and ethnicity
restrictions for inclusion.

e Group 1: SARS-CoV-2 infected individuals (confirmed by real-time RT-PCR) to
assess the humoral immunity induced by natural infection.

e Group 2: Prospective COVID-19 vaccinees who visit the vaccination center for
the first dose of COVID-19 vaccine (COVISHIELD®) to assess the vaccine
induced humoral immunity

*ChAdOx1_nCoV-19 Corona Virus Vaccine (Recombinant) developed by
Oxford/AstraZeneca and produced by Serum Institute India, (for adults) and
Pfizer—BioNTech COVID-19 vaccine (for children (12-17 years old)

Group 3: Severe and mild COVID-19 patients admitted to the sentinel

hospital (and healthy adults as controls)

Exclusion criteria
The following individuals will be excluded from the study
e History of underlining immunocompromised conditions or autoimmune
diseases: These people may have altered humoral immune response and can

have impacts on evaluation



e Prior episodes of SARS-CoV-2 infection
e SARS-CoV-2 sero-positive status for vaccine group

e Not agreed for voluntary participation and do not adhere to follow ups

Sample size and participant recruitment

A total 439 individuals (113 participants from natural infection and each vaccination
groups; and 100 for predictor group) will be enrolled in the study. Individuals will be
recruited from both hospitals/lab and community until the target sample size is
achieved. After taking the informed consent from study participant, he/she will be
enrolled as study participant. A questionnaire will be administered to collect
sociodemographic information followed by a request for blood collection at the
laboratory. Additionally, data will also be archived from medical records (clinical/

laboratory details)/ vaccination card.

Sampling time-frame, sample collection and follow up
Enrollment started in 2021 and will continue till August 2022. Participant will be
followed up for 6 months (20% loss to follow up expected).

e For the vaccine group, blood samples will be collected from each participant at 4
different time-points (before COVID-19 vaccination (baseline), 1 month, 3
months and 6-months post-vaccination).

e For the natural infection group, blood samples will be collected from PCR
positive individual (at diagnosis, 1 month, 3 months and 6-months
post-infection (diagnosis).

e For the predictor study, sample will be collected once at the time of the first
hospital visit.

For each visit (each time point), 3-5 ml (2-3 ml for child) of venous blood will be
collected from the study participant and allowed to clot for serum separation. Serum
will be aliquoted. transferred to CDM, TU laboratory and stored at —80°C. One aliquot
will be used to quantify anti-SARS-CoV-2 IgG antibody by ELISA while the rest
aliquots will be stored at —80°C freezers to be shipped to Virology Department,
NEKKEN, Nagasaki University, Japan for neutralizing antibody titers and cytokine

measurements.

Specimen shipping to Japan

Serum samples will be transported to NEKKEN in a triple packaging system
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maintaining the cold chain by commercial shipping agency. These sera upon receipt at
Virology-NEKKEN will be stored at —80°C until assayed for neutralizing antibody

titers.

Neutralization assay

Sampled received at the department of virology will undergo neutralization assay.
Each serum sample will be 2-fold serially diluted in culture medium with the first
dilution of 1:10 (dilution range of 1:10 to 1:2,560). Serum dilutions will be incubated
with virus particles (SARS-CoV-2), and infected to Vero cells to determine the
neutralization titers. Neutralizing antibody titer of the serum samples will be assessed

against the different variants of SARS-CoV-2 (including Delta and Omicron).

Predictor identification

cfDNA will be quantified by SYBR Green double stranded DNA estimation as described
previously (Phuong et al., 2019). Other immune and laboratory parameters including
routine lab analysis will be performed as per the standard operating procedure
according the National Guidelines of National Public Health Laboratory, Nepal (NPHL,
2020).

Data management and analysis

Data management will be the primary responsibility of the principle investigator (PI)
in Nepal in cooperation with NEKKEN investigators. Standard data collection tools
will be employed with the provision of unique ID (Code) for each study participant.
Furthermore, regular supervision/monitoring/orientation visits to the sentinel sites

will ensure quality data from the very beginning.

IBM SPSS version 21 and GraphPad Prism version 9 will be used for data analysis.
Wilcoxon matched-pairs signed rank test or Mann-Whitney-U test will be used as
appropriate to assess the difference in geometric mean antibody titers (95% confidence
intervals) between the groups, while chi-square test will be used for categorical
variables. Also, correlation between the ELISA antibody titres and neutralizing
antibody will be assessed. A regression analysis will be done to explore the potential

predictors of COVID-19 severity.

—101—



Ethical approval and informed consent

Ethical approval will be obtained from Institutional Review Committee, Institute of
Science and Technology (IRC-1oST), Tribhuvan University, Nepal the and Ethics
Review Committee (ERC) at NEKKEN. Written informed consent will be obtained from
each study participant according to the WHO-ERC guidelines for the informed consent
process. Routine management, when needed, will be according to the “Guidelines for
Management of COVID-19 in Nepal’ developed by Government at these hospitals. This
will be according to normal routine practice and neither influenced by the study nor

supported by this study.

(3) Expected results

a) Information obtained on humoral immune response (neutralizing antibody) due to
SARS-CoV-2 infection in Nepali population.

b) Humoral immune response (neutralizing antibody) induced by the COVID-19
vaccine (e.g. COVISHIELD) in Nepali adult population will be uncovered.

¢) Humoral immune response (neutralizing antibody) induced by the COVID-19
vaccine (e.g. Pfizer) in Nepali child population will be uncovered.

d) Correlation between SARS-CoV-2 specific IgG antibody titre and neutralizing
antibody titre (if ELISA can be a proxy of neutralizing antibody assay in
resource-limited settings).

e) Any association between socio-demographic/ clinical/ laboratory features and
neutralizing antibody levels.

f) Association between ¢fDNA, immune parameters, laboratory and clinical
parameters with COVID-19 severity will be understood and potential predictors
of severe COVID-19 will be identified.

g) These information help, at large, to the scientific community and also to the
government for evidence based policy and strategy making for vaccination as well

as disease control, and timely clinical management during the third wave.
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5. Implementation report* :
(1) Research materials, methods, procedures (as implemented)*
This section iIs written according to the exact procedures/ methods followed as there

have been some changes in the protocol compared to the first submitted proposal.

Study design and study sites

This was a prospective cohort study to evaluate the humoral immune response
(immunity) of COVID-19 vaccination in Nepali population at community level. One
component (arm) of the study was a hospital based and cross-sectional in nature to
evaluate the humoral immunity of natural SARS-CoV-2 infection and explore the
predictors of severe COVID-19. Therefore, this study had the following three study
sites- one in the community and two tertiary care hospitals (Figure 3)*:

1. COVID-19 vaccine study: Province-2, Mithila municipality, Dhanusha

2. SARS-CoV-2 natural infection study: Province-3, Gangalal Hospital, Bansbari, and

Sukraraj Tropical and Infectious Diseases Hospital, Teku, Kathmandu, Nepal

*There was change in the study sites (n=2) compared to the initially proposed sites
(n=3). This modification was made looking at the practical feasibility while executing
the project particularly to have adequate number of severe COVID-19 cases. Study site
selection was based on geographical representation, communication facilities,
laboratory infrastructure, ultra-low freezer facility and human resources available for

the study.

[ T pESS e

Figure 1. Map of Nepal showing the study sites.
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Study population and sample size

There were two groups of target populations. There was no gender, race and ethnicity
restrictions for inclusion.

Group 1 (n=225): Prospective COVID-19 vaccinees (children) who visited the
vaccination center (school) for the first dose of mRNA based COVID-19 vaccine called
Spyvax (Moderna) to assess the vaccine induced humoral immunity

Group 2 (n=198): SARS-CoV-2 infected individual (RT-PCR positive) of any age with
different severity levels (including 49 severe COVID-19 cases) to assess the

neutralizing antibody (humoral immunity) and factors of COVID-19 severity

Sample size and participant recruitment

A total 198 COVID-19 patients for natural infection group and 225 individuals from
vaccination groups were enrolled in the study. Individuals were recruited from the
hospital and community (schools) in parallel until the target sample size was achieved
for both arms. After taking the informed consent/assent from study participant, he/she
was enrolled as a study participant. A questionnaire was administered to collect
sociodemographic information followed by a request for blood collection. Additionally,
data were also archived from medical records (laboratory parameters, clinical details,

etc.)/ vaccination card.

Sampling strategy (Sampling time-frame, sample collection and follow up)

Vaccine group: Blood samples were collected from each participant aged 12-17 years at

4 different time-points (before COVID-19 vaccination (baseline), 1 month, 3-months
and 6-months post-vaccination). Only those participants who had no previous
COVID-19 vaccination records other than that of Moderna mRNA COVID-19 vaccine.

Natural infection group: Blood samples were collected from RT-PCR positive

individuals of any age/sex at the time of hospital visit/admission who agreed for

voluntary participation.

Exclusion criteria
1. History of underlying immune-compromised conditions or autoimmune
diseases: These people may have altered humoral immune response and can
have impacts/influence on evaluation.

2. Prior episode of SARS-CoV-2 infection.
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Specimen collection, shipping, storage and analysis at CDMi, TU

For each visit (each time point), 5 mL (3mL from children) of venous blood was
collected from the study participant and allowed to clot for serum separation which
was aliquoted into cryovials (3 aliquots), transiently stored at —80°C freezers at
sentinel hospitals or at community (until transported) and transferred to CDMi, TU
laboratory). One aliquot was used to quantify anti-SARS-CoV-2 neutralizing antibody
by competitive ELISA while the rest aliquots were stored at —80°C freezers until
shipped to NEKKEN. One aliquot of each sample was retained at CDMi laboratory as a
backup plan.

For the natural infection group, the laboratory analysis has been complete except the

cell-free DNA estimation, which will require another one month.

Estimation of SARS CoV-2 neutralizing antibody levels
The competitive inhibition enzyme immunoassay technique was utilized in estimating
neutralizing antibodies against SARS-CoV-2. The manufacturer's protocol (Cusabio,
USA) was followed to ensure a high degree of accuracy during the testing process.
Calculation and Interpretation of the result: After collecting ELISA data, the
binding rate was calculated and ICso0 was obtained by plotting standard concentration
and corresponding percentage binding rate as the x-axis and y-axis, respectively. A
graph was also created by plotting the OD of the standard on the X-axis and its log
concentration on the Y-axis. The log concentration of the unknown samples was
calculated by interpolating seconds-degree polynomial equation, which subsequently
converted into pg/mL.
Binding rate (%) = B/Box100%
Where, B= the average absorbance value of the sample or Standard

Bo= the average absorbance value of the 0 ng/ml (0 nM)
second-degree polynomial equation,

y =1.7881x2 - 4.9767x + 3.6329

Evaluation of binding IgG against SARS-CoV-2 spike protein

The evaluation of human IgG binding was performed using a solid phase ELISA coated
with the full-length spike protein. The assay protocol adhered strictly to the
manufacturer's recommendations (Cell Signaling Technology, USA).

The average absorbance of the positive and negative controls was calculated, and

subsequently, the P/N ratio was determined for each sample. A P/N ratio of >3 was
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regarded as positive, while a P/N ratio of <3 was regarded as negative.

Specimen shipment and analysis at NEKKEN virology

One aliquot was shipped to Virology Department, NEKKEN, Nagasaki University,
Japan for confirmatory estimation of IgG antibodies against SARS-CoV-2 Spike protein
by ELISA (SARS-CoV-2 Spike IgG ELISA, Shimane University) and confirmatory
assay for virus neutralizing antibodies by using cell-culture based method (PRNT).
This neutralizing assay was to evaluate neutralizing ability against different variants
of SARS-CoV-2 (Wuhan, Delta, Omicron). This work at Virology NEKKEN is ongoing
now for the 6-months follow up samples while pre-, 1- and 3- months post-vaccination
sample analysis were completed. The joint team at NEKKEN-Virology has been

supporting on this part.

Data management and analysis

Data management is the primary responsibility of the principle investigator (PI).
Standard data collection tools were employed with the provision of unique ID
(code) for each study participant (both study arms). All the data on patients’
clinical and laboratory parameters were transcribed into the spreadsheet (MS
Excel), and appropriate data verification and cleaning were done (except ¢cfDNA).
Furthermore, regular supervision/ monitoring/ orientation visits to the sentinel

sites ensured quality data from the very beginning.

SPSS for Windows, version 22.0 (IBM Corp., Armonk, NY) and GraphPad Prism
version 9 were used for data analysis. Categorical variables were presented as
absolute number (n) and percentage (%) as appropriate. Wilcoxon matched-pairs
signed rank test or Mann-Whitney-U test of Kruskal Walling test was used as
appropriate to assess the difference in geometric mean antibody titers (95%
confidence intervals- CI) between the groups, while chi-square (or Fisher’s exact)
test was (partly) used for categorical variables. Regression analysis will be used
to identify the COVID-19 severity predictors (including cfDNA). Spearman’s rank
correlation was used to assess the correlation between binding IgG and
neutralizing antibody levels. p value less than 0.05 has been considered

statistically significant.

Ethical approval and informed consent
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Ethical approval for this study was obtained from Institutional Review Committee
(IRC)-10ST, TU, and Nepal Health Research Council (NHRC), Government of Nepal.
Written informed consent was obtained from each study participant according to the
WHO-ERC guidelines for the informed consent process. Routine management at
hospital, when needed, was according to the “Guidelines for Management of COVID-19
in Nepal’ developed by Government, and was not the responsibility of the study team.
This was according to the normal routine practice and neither influenced by the study

nor supported by this study.

Conceptual framework and methodological flow-chart
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Informed Consent/Assent and participant
recruitment
Questionnaire followed blood collection
(3mL from children; 5mL from adults

{

Serum / plasma separation and aliquoted
into 3 vials

L

Sample storage at -20/-80°C transiently
until transported to CDMi, TU

{

Sample storage at -80°C until used

Lab for various parameters, NAb, cfDNA,
t:i(...
Samples tested for NAb, cfDNA, etc., and
data analysis/ report preparation

Overall flow diagram of the study.

(2) Results (results & observations)

A. Findings of the COVD-19 vaccine study

In this study, blood samples from 225 participants was initially collected prior to
vaccine administration, with successful follow-up and sampling of 202 participants
during the 1-month post vaccination. Subsequently, 191 participants were followed-up
for sample collection during the third month post 1st dose. And, 147 participants
completed all 3 follow ups including 6-months post-vaccination sampling.

Notably, 10.22% of participants (n=23) were lost to follow-up during the first month,
while 15.11% of participants (n=34) were lost to follow-up during the third month.

Gender, age and body mass index (BMI) profiles of study participants
Among 225 participants, 95 (42%) were female and 130 (58%) were male (Figure 2).
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Figure 2. Gender distribution of study participants

The age of the participants ranges from 13 years to 17 years (Table 1). The maximum
number 83 (36.9%) were from 17 years of age followed by 69 (30.7%) from 16 years, 48
(21.3%) from 15 years, 20 (8.9%) from 14 years and 5 (2.2%) from 13 years of age. The
median age of the participants was 16 (15-17 years) with a range of 13-17 years.

Table 1. Age distribution of participants

Age Number (%)
13 5(2.2)

14 20 (8.9)

15 48 (21.3)

16 69 (30.7)

17 83 (36.9)
Total 225 (100)

The median BMI of the study participants was 20.5 (19.3-22.2) with a range of
15.9-38.3 (Figure 2).
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Figure 2. BMI profile of study participants
Ethnic distribution of study participants
The data on ethnic distribution of the participants showed highest number of Madhesi

(75.1%) followed by Janajati (14.2%) and so on (Table 2).

Table 2. Ethnic distribution of participants

Ethnicity Number (%)
Brahmin 12 (5.3)
Chhetri 5(2.2)
Subtotal 17 (7.5)
Dalit 6 (2.7)
Janajati 32 (14.2)
Subtotal 38 (16.9)
Madhesi 169 (75.2)
Muslim 1(0.4)
Subtotal 170 (75.6)
Total 225 (100)

Post vaccination follow-up and sampling
During the 1st follow-up, a total of 202 individuals were enrolled for sampling, with 23
participants lost to follow-up (Table 3). The reasons for the lost to follow-up were as

follows: 16 participants were absent during the sampling process, 4 withdrew their
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consent, and 3 were still unvaccinated. In the second follow-up, 191 participants were
enrolled and samples were collected, with 34 participants lost to follow-up. Of the lost
to follow-up participants, 26 participants were absent during the collection, 7
withdrew their consent, and 1 participant was still unvaccinated. Among the absentee

participants, one had gotten married, while another withdrew due to weakness.

Table 3. Post vaccination follow-up and sampling

Status First follow-up (%) Second follow-up (%)
Absent 16 (7.1) 26 (11.6)

Consent withdrawn 4 (1.8) 7(3.1)
Non-vaccinated 3 (1.3) 1(0.4)

Subtotal of missing 23 (10.2) 34 (15.1)

Sampled 202 (89.8) 191 (84.9)

Total 225 (100) 225 (100)

Adverse events (AEs*) of Moderna mRNA vaccine in Nepali children

Of among all the participants, a total of 171 (85%) individuals reported adverse events
following immunization after administration of 1st dose of Moderna vaccine. On the
other hand, a total of 163 (85.3%) individuals reported adverse events after
administration of 2nd dose.

There were no instances of serious adverse events recorded during the study period.
However, the most frequently reported adverse event was pain at the injection site,
with 165 (96.5%) events reported after the 1st dose and 125 (76.7%) events reported
after the 2nd dose. The second most frequently reported adverse event was fever, with
50 (29.2%) events reported after the 1st dose and 92 (56.4%) events reported after the
2nd dose (Figure 3).
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Figure 3. Adverse events of Moderna vaccine in Nepali children

Relationship of anti-spike IgG (P/N ratio) with NAb levels

A Spearman's rank correlation coefficient of 0.772 was observed between 1 month NAb
and P/N value of IgG, indicating a strong positive correlation between these variables
(Figure 4). This suggests that higher levels of IgG P/N value may be associated with
higher levels of NAb at 1 month post-vaccination. This finding may have important
implications for understanding the immune response to vaccination and may guide the
development of future vaccination strategies. Further research is needed to confirm

and expand upon these results.
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Figure 4. Scatterplot of anti-spike IgG (P/N ratio) and NAb levels

ICs0 values for NAb

The half maximal inhibitory concentration (ICs0) was obtained by performing ELISA as
directed by the manufacturer. The range of standard concentration used for its
determination ranged from 0 to 125nM. The percentage binding rates of the standard
were calculated using Excel and the Dose-response curve fit model (4PL) was used to
calculate the ICs0. The ICs0 value for NAb against SARS-CoV-2 at 1 month post 1st dose
was calculated as 0.3827nM (Figure 5). Similarly, the ICso values for NAb against
SARS-CoV-2 at 3 months post 15t dose were calculated to be 0.1236nM (Figure 6).

150

@ 100¢ ICso= 0.3827 nM

0 50 100 150
Standard concentration (nM)

Figure 5. ICs0 values for NAb against SARS-CoV-2 at 1 month post 1st dose

—113—



150

8\0/ |C50: 0.1236 nM
= 1004
©
(@))
=
E 50
om

@

0
0 50 100 150

Standard concentration (nM)

Figure 6. ICs0 values for NAb against SARS-CoV-2 at 3 months post 1st dose

Kinetics of NADb concentration in study participants

The study found that the median NAb concentration among participants was
2.29pg/mL (1.3-5.6pg/mL) before vaccination, ranging from 0-40pg/mL. After one
month of receiving the 1st dose, the median NAb concentration significantly increased
to 50.87png/mL (27.25-61.13ng/mL), within the range of 0-68pg/mL. Similarly, after
three months from the 1st dose, the median NAb concentration further increased to

55.4ng/mL (42.9-64.43ng/mL), ranging from 33-111pg/mL (Figure 7).

Figure 7. Kinetics of NAb concentration in participants. A p-value of 0.001 has been
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calculated after employing Wilcoxon Signed Rank test.

Kinetics of NADb concentration in study participants by gender

The data shows that before vaccination, the median NAb concentration was higher in
male participants (4.11pg/mL) (range 0-17) compared to female participants
(1.71pg/mL) (range 0-40). After one month of vaccination, the median NAb
concentration increased in both male (52.55pg/mL) (range 1-67) and female
(47.86pg/mL) (0-68) participants, but was higher in male participants. At the end of
the third month after vaccination, the median NAb concentration was higher in male
participants (56.2pg/mL) (range 38-111) compared to female participants (55.13pg/mL)
(range 33-111), but the difference was not as large as it was before vaccination (Figure
8).

After the application of the independent samples Mann-Whitney U test, we determined
the p-values for pre-vaccination, 1 month, and 3 months NAb concentrations to be
0.503, 0.105, and 0.503, respectively, which exceeds the predetermined significance
level of 0.05.

Figure 8. Kinetics of NAb concentration in participants by gender

Kinetics of NADb concentration in study participants by age groups
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Before vaccination, the median NAb concentration was similar for both age groups,
with 12-14 years old having a median of 2.41pg/mL (1.71-5.6pg/mL) and 15-17 years
old were having a median of 2.28pg/mL (1.01-8.49pg/mL) within the range 0-40pg/mL
and 0-30pg/mL, respectively (Figure 9).

After one month of vaccination, both age groups showed a substantial increase in the
median NAb concentration. The 15-17 years old group had a slightly higher median
NADb concentration than the 12-14 years old group, with medians of 53.61pg/mL
(27.25-61.85pg/mL) and 48.94ug/mL (23.19-53.5ng/mL) within the range 0-68ug/mL
and 2-67pg/mL, respectively.

By the end of the third month, the median NAb concentration continued to increase for
both age groups. The 15-17 years old group still had a higher median NAb
concentration than the 12-14 years old group, with medians of 56.75pg/mL
(43.57-64.43pg/mL) and 51.56pg/mL (40-69.12pg/mL) within the range 33-111pg/mL
and 37-111pg/mL, respectively.

Upon conducting the Mann-Whitney U test for independent samples, we obtained
p-values of 0.734, 0.451, and 0.054 for Pre-vaccination, 1 month, and 3 months NAb
concentrations, respectively. These values surpass the pre-established significance

level of 0.05.

Figure 9. Kinetics of NAb concentration in participants by age groups
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Dynamics of NAb concentration in study participants by body mass index (BMI)

Upon examination of pre-vaccination NAb concentrations for underweight, normal
weight, and overweight participants, values were found to be 4.11pg/mL
(2.91-17.22ng/mL), 2.15pg/mL  (1.1-4.26pg/mL), and 4.3pg/mL (2.28-5.6png/mL),
respectively, within the range of 0-20pg/mL, 0-40pg/mL, and 0-70pg/mL. Following
vaccination (Figure 10), NAb concentrations increased after one month to 16.05pg/mL
(10.88-38.93ug/mL), 51.29ng/mL (40.67-60.45ng/mL), and 51.71ng/mL
(26.08-59.3ug/mL), respectively, within the range of 0-62pg/mL, 1-68pg/mL, and
0-67pg/mL for underweight, normal weight, and overweight participants. At the end of
the third month, NAb concentrations further increased to 57.29pg/mL
(56.21-59.27pg/mL), 55.93ng/mL (43.57-82.57pg/mL), and 37.76ng/mL
(37.76-42.87pg/mL), respectively, within the range of 55-61pg/mL, 33-111pg/mL, and
38-48pg/mL for underweight, normal weight, and overweight participants.

To determine if any significant association existed in NAb concentration and BMI
categories, the Kruskal Wallis test was performed for independent samples. The
results yielded p-values of 0.665, 0.023, and 0.430 for pre-vaccination, 1 month, and 3

months NAb concentrations, respectively.

Figure 10. Dynamics of NAb concentration in participants by BMI
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Dynamics of NADb concentration in study participants by ethnicity

The present study examined the ethnic distribution of NAb concentrations in response
to vaccination. Results showed that all three ethnic groups (Chhetri, Madhesi, and
Janajati) experienced an increase in NAb concentration after vaccination (Figure 11).
Chhetri individuals had the highest pre-vaccination NAb concentration, with a median
value of 21.41pg/mL within the range of 3-40ug/mL. They also had the highest NADb
concentration at one month (median 44.27pg/mL, range 41-48pg/mL) and three months
(median 97.01pg/mL, range 83-111ug/mL) after vaccination. In contrast, Madhesi
individuals had the lowest pre-vaccination NAb concentration with a median value of
2.15pg/mL (range 0-30ug/mL), but showed the greatest increase in NAb concentration
after vaccination, particularly at the one-month time point with a median antibody
concentration of 52.13pg/mL within the range of 0-68pug/mL. Janajati individuals had
intermediate pre-vaccination NAb concentrations (median 4.3ng/mL, range 2-7pg/mL)
and showed a more modest increase in NAb concentration after vaccination, with a
median value of 36.3pug/mL (range 6-67ng/mL) during the 1st month and 51.56pg/mL
within the range of 48-55ug/mL during the third month.

The Kruskal Wallis Test showed, the p-values 0.342, 0.760, and 0.357 for

pre-vaccination, one month, and three months, respectively.

Figure 11. Dynamics of NAb concentration in participants by ethnicity

Protective efficacy of Moderna vaccine in Nepali children
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From the information collected through questionnaire during sampling suggests that
none of the participants were infected with SARS-CoV-2 (no testing had been done and
they were not laboratory confirmed) during our study period. But they did report some
recent COVID-19 like illness such as fever, cough, etc. (Figure 12). Upto 12-months
flow results showed 4.5% after 1 month, 1% after 3 months, and 40% after 12 months
post first dose reported COVID like illness indicating a gradual decline in protective

efficacy of moderna vaccine.

12
10

10 O 1 month

3 months

0 0
0 T 1
Post-vaccination COVID-19 infection Post-vaccination COVID-19 like illness

Figure 12. Protective efficacy of Moderna vaccine in Nepali children.

Analysis of neutralizing antibody by PRNT assay

Analysis of neutralizing antibody against Wuhan, Delta and Omicron variants of
SARS-CoV-2 produced by moderna mRNA vaccine among Nepali children is being
performed at NEKKEN virology and some preliminary results of few study
participants (n=33) have been achieved. In the vaccinated people, the NT against
China (Wuhan) variant was the highest with some cross-NT titers among Wuhan,

Delta and Omicron variants (Figure 13).
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Figure 13. Neutralizing antibody titers in Nepali children vaccinated with moderna

COVID-19 vaccine

B. Findings of the COVD-19 patient study

A total of 198 patients were enrolled and blood samples collected from two tertiary care
hospitals in Kathmandu, Nepal. Of these, 73 samples (including those from 38 severe
COVID-19 patients) were collected from Gangalal Hosptal while Sukharaj Tropical and
Infectious Diseases Hospital has 123 samples in total (including those from 49 severe

COVID-19 patients). Altogether, we had 89 severe COVID-19 patients recruited.

Analysis of laboratory parameters
We have completed the following lab parameters- sugar, urea, creatinine, bilirubin,
sodium, potassium, liver enzymes, D-dimer, CRP, CBC, ESR, etc., while ¢cfDNA is being

done (since the machine has recently calibrated and validated).

Analysis of neutralizing antibody by PRNT assay

Analysis of neutralizing antibody against Wuhan, Delta and Omicron variants of
SARS-CoV-2 is being performed at NEKKEN virology and some preliminary results of
few study participants (n=27) have been achieved. In the COVID-19 infected patients,
the NT against Delta variant was the highest with some cross-NT titers among Wuhan,

Delta and Omicron variants (Figure 14).
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Figure 14. Neutralizing antibody titers in patients with natural SARS-CoV-2 infection
determined by PRNT assay

Data analysis and manuscript drafting is currently ongoing for clinical and laboratory

investigation of COVID-19 patients (natural infection arm).

(3) Announcement of results

Conclusions

We found a significant increase in neutralizing antibody (NAb) concentration in the
participants from the non-vaccinated state to one month and three months
post-vaccination. The median NAb concentration increased from 2.29ug/mlL to
50.87pg/mL after one month and 55.4pg/mL after three months post the 1st dose,
indicating that the vaccine has been inducing humoral immunity for the targeted child
groups. The results of the statistical analysis indicate that gender, age, BMI, and
ethnicity did not have a significant impact on the production of NAb. These findings
suggest that the wvaccine’s biological efficacy can be obtained across various
demographic groups. The main adverse event reported was pain at the injection site,
with 165 (81.7%) and 125 (65.4%) events after 1st and 2»d dose, respectively. The
second most reported adverse event was fever, with 50 (24.8%) and 92 (48.2%)
participants reporting it post 1st dose and 2nd dose, respectively. Ten participants
reported COVID-19-like symptoms after the 1st dose, and three participants reported

such symptoms after the 2nrd dose. Based on these findings, we can infer that the
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vaccine demonstrated 95% efficacy after the 1st dose and 98% efficacy after the 2rd dose
in preventing symptomatic infection from Omicron variants circulating at the time of
study, as only a small proportion of participants reported COVID-19-like symptoms.
The PRNT showed that the NT pattern was different between SARS-CoV-2 natural
infection and vaccination. NT against Delta variant was the highest among COVID-19
patients while it was Wuhan variant among the vaccinated individuals with some
cross-NT titers among Wuhan, Delta and Omicron variants.

This finding yielded valuable data that can inform future planning and policymaking
by the government when purchasing vaccines. The selective purchase of highly
effective vaccines among the Nepali population can help save a significant amount of

money that might have been wasted on less efficacious vaccines.

Deliverables (publications/ manuscripts)
1. Original Research article-1: Shrestha et al. Humoral immune response induced
by COVID-19 vaccine among Nepali population. (final stage)
2. Review article: Shrestha et al. COVID-18 vaccines (final stage)
3. Original Research article-2: Kharel et al. Clinical and laboratory features of

COVID-19 patients in Nepal. (Data analysis and drafting stage)
Special request

If possible, we request not to make the report public and remain private until end of

August 2023 as we are yet to submit our research papers to peer-reviewed journals.
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6 . Self-evaluation

Due to the mobility restriction (strict lockdown) and the vaccine shortage in the
country, the project kick-off was delayed than expected. Therefore, for 2021, we were
able to enroll pre-vaccinated children and follow up them for 1-month post vaccination.
We were also able to recruit patients for natural infection. Despite this adverse
situation, a total of 400 samples collected from the vaccine group (pre and post
vaccination) and 100 from natural infection group. All the collected serum samples
have been aliquoted and safely shipped (in cold condition) from the community/
sentinel hospitals to the Central Department of Microbiology, Tribhuvan University
(PT’s home institution) and securely stored at -80C freezer.

Due to travel ban to Japan, PI could not visit Japan and bring NT assay kits purchased
at NEKKEN. This also halted the shipping of specimens and only 200 samples could be
delivered to NEKKEN virology for further analysis (100 each from vaccine and natural
infection groups). NEKKEN virology is currently preparing for virus-culture based
neutralization assay involving different variants, while we in Nepal are waiting for
delivery of the NT kits from NEKKEN. Alternatively, PI is planning to visit NEKKEN
with remaining samples and bring back the regents to Nepal.

Serum samples will be transported to NEKKEN in a triple packaging system
maintaining the cold chain by commercial shipping or by PI. These sera upon receipt at
Virology-NEKKEN will be stored at —80°C until assayed for neutralizing antibody
titers.

In the new continued Joint Research proposal accepted, the PI will visit NEKKEN with
all the samples (including 3-months post-vaccination) to analyze anti-spike protein
IgG and Neutralizing antibodies soon against the new variants, like Delta and
Omicron soon.

We recruited adequate participants in both groups (natural infection and vaccine
arms), and collected blood samples including all follow ups for vaccine arm
(pre-vaccination, 1-, 3- and 6-months post-vaccination follow ups). We also completed
IgG and NT assays (ELISA) in Nepal and successfully shipped vaccine arm samples to
NEKKEN virology for PRNT and ELISA validation. We also completed the lab analysis
of natural infection samples for several parameters. Additionally, we also sent natural
infection samples from both hospitals for natural infection arm) to NEKKEN for
further analysis by ELISA and PRNT against different variants (Wuhan, Delta and
Omicron). All the PRNT assays have been completed except the 6-months follow up
(ongoing at NEKKEN-Virology now). The only remaining experimental part is cfDNA
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assays which is planned for the next two months due to the machine validation tokk
time. Nevertheless, we revealed the antibody titers after vaccine as well as natural
infection in Nepali population and evaluated adverse events after Moderna vaccine
and its protective efficacy in Nepali children. Despite the mobility restriction and
lockdown and other issues like reagents shipment at cold condition from Japan, the
amount of work completed and results obtained are of full satisfaction as per the PI's

self-evaluation.

7 . Attainment level

I (Hardly any of the expected results were attained within the timeframe.)
I (Although not with adequate satisfaction, a certain degree of results were
attained.

@ (The expected results were attained with full satisfaction) *

v (Even better than expected results were attained)

*Explain your evaluation (Important Note)

Due to lockdown, travel restriction, and cold-shipping issues of reagents from Japan to
Nepal, we had to wait for long time for some of the laboratory results (COVID-19
natural infection group) most of which were completed and/or currently under data
analysis and manuscript drafting stage. Data analysis and writing of the remaining
part will be completed by next two months. All the laboratory work for vaccine group
planned in Nepal has been completed while the sample analysis for 6-monhs
post-vaccine follow up is being performed at NEKKEN virology lab for neutralizing
antibody (PRNT) now.
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Some glimpses of study

Photograph 1: Participants recruitment and blood sample collection, Mithila

municipality, Dhanusha

Photograph 2: Blood sample collected (before centrifugation)
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Photograph 3: Serum preparation and aliquots in cryovials

Photograph 4: Transient sample storage at the local study site until transported to

CDMi
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Photographs 6/7: NT and IgG ELISA procedures
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2022 General joint research report (self-evaluation)

1 . Research project name : Seroepidemiology and molecular
characterization of Yellow fever, Dengue and Zika virus infection in the
Democratic Republic of the Congo.

Project number : 2022 —Ippan—28

2 . Principal investigator : (Institut National de Recherche Biomédicale
(INRB)/ Head of Virology Department) Professor Steve Ahuka Mundeke.
Joint researcher(s) :
(Institut National de Recherche Biomédicale (INRB)/ Head of
clinical virology unit at the Virology of Department) Professor
Sheila Makiala Mandanda.
(Institut National de Recherche Biomédicale (INRB)/ Scientist at
the Virology Department) Dr Pierre Mutantu Nsele.
(Institut National de Recherche Biomédicale (INRB)/ Medical
biologist at the Virology of Department) Elisabeth Pukuta Simbu.
(Institute of Tropical Medicine, Nagasaki University/ Associate
professor at the Virology of Department) Mya Myat Ngwe Tun
(School of Tropical Medicine and Global Health, Kenya Research
Station) Professor Shingo Inoue

3. Amount decided : 600,000 yen

4 . According to documents at time of application
(1) Research objectives

To develop a sensitive and specific in-house ELISA for the
surveillance of Yellow Fever, Dengue, and ZIKA and secondly to
characterize YFV, DENV, and ZIKV DRC’s isolates.

(2) Research content
This study is related to the research conducted at the Department of
Virology / Institute for Tropical Medicine (NEKKEN). Specific

monoclonal antibodies against YFV envelop (E) protein and
nonstructural protein 1 (NS1) have been developed in the Department of
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Virology/NEKKEN, including YF recombinant E protein. These tools will
be used to establish in-house enzyme-linked immunosorbent assay
(ELISA) for the diagnosis during the acute phase [(NS1 antigen
detection by ELISA) and IgM capture ELISA)] and to investigate the
past infection history (IgG ELISA). Furthermore, neutralization test
(NT) using YF vaccine strain (YFV 17D) will be optimized and used as
gold standard. Concerning Zika and Dengue viruses, IgG/IgM capture
ELISA and NT tests protocols from the Department of Virology
INEKKEN will be used to detect positive cases in DRC. In addition,
newly in-house NS1 antigen detection by ELISA will be established by
using anti-Dengue and anti-Zika NS1 monoclonal antibody which have
been also developed in the department of virology/NEKKEN. Overall,
this study is a collaborative support research and technology transfer
between the department of Virology/NEKKEN and the department of
Virology/INRB.

Study design: A retrospective study will be conducted using YF network
surveillance samples collected in the last nine years (2012-2021).
Material and methods:

Specific anti-YFV IgG and NS1, anti-ZIKV NS1, and anti-DENV NS1
monoclonal antibodies (mAbs) will be used to establish an additional
in-house ELISA system (YFV NS1 antigen detection ELISA, YFV IgM
capture, and YFV IgG epitope blocking ELISA), DENV and ZIKV NS1
antigen detection ELISA).

YFV recombinant E protein, YFV 17D, DENV, and ZIKV purified
antigens and purified mAbs will be provided by the department of
Virology /INEKKEN.

Lyophilized samples from DRC will be transported to NEKKEN for
ELISA and neutralization (NT) tests. In case DRC samples cannot be
shipped to Japan for any technical reason, NT tests will be performed in
DRC.

From all positive samples confirmed by NT tests, virus isolation on Vero
cells will be performed in DRC. From the isolates, ARN will be sent to
NEKKEN for sequencing and phylogenetic characterization.

Ethical considerations: patient’s serum samples will be used for research
only and their names will be anonymized. Demographic and clinical
information related to each patient's sera will be kept confidential. No
third party will have access to the database. This protocol will be
submitted to both NEKKEN and DRC ethical committees.
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Study population: Human serum samples from the DRC YF surveillance

network.

Inclusion criteria: Serum samples collected from 2012 to 2021 stored at

the INRB biobank that have demographic and clinical information.

Exclusion criteria: Samples without clinical or demographic information,
little sample volume, poor quality sample (hemolysis
serum).

Sample size: hundred positive samples and 300 negative samples will be

included in this study.

(3) Expected results
We are expecting (1) to establish highly sensitive and specific in-house
ELISA method for the diagnosis of YF, DENGUE, and ZIKA. The
neutralizing test will be used as gold standard to evaluate the
performance of the newly developed assays; (2) characterize YFV, DENV, and
ZIKV isolates from DRC, (8) to enhance the DRC laboratory
diagnosis capacity.

5. Implementation report :
(1) Circumstances of Implementation against the FY2022
Implementation Plan

The Democratic Republic of the Congo (DRC), is one of the biggest
countries located in Central Africa. The country is facing
resurgence of emerging infectious diseases such as Ebola,
Monkeypox, Yellow Fever. The Institut National de Recherche
Biomédicale (INRB) is the national public health laboratory in
charge of diagnosis and surveillance of infectious diseases in DRC.
At INRB, the serodiagnosis of infectious diseases relies on the
commercial kits. In particular, we used to detect IgG and IgM
against YFV, DENV, and ZIKV using commercial kits. However,
these kits can still detect cross-reactive antibodies among
flaviviruses. In addition, the confirmatory tests such as
Neutralizing antibody tests, virus isolation and genotyping are
lacking. Since 2020, INRB has acquired equipment and facilities
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(BSL-2 and BSL-3) where experiments can be carried-out to easier
the diagnosis and surveillance of emerging infectious diseases. In
this research, most of experiment (ELISA, Cell -culture,
Neutralizing test) will be conducted in DRC whereas some have
been already performed at NEKKEN (antigen preparation,
monoclonal antibody purification and HRP-conjugation).
Molecular characterization (sequencing, genotyping, phylogenetic
analysis) of DRC isolates will be performed at Nekken and the
DRC team need to be trained. The performance of YF, Dengue, and
Zika in-house ELISA will be compared with the commercial kits
using neutralizing antibody test as gold standard. Both INRB and
Nekken researchers will be involved in discussing the results and
in writing scientific papers. Also, the result will be shared during
international conference. This joint research is planning to
implement reliable IgG and IgM in-house Enzyme Linked
Immunosorbent assays (ELISA) that could be utilized for the
diagnosis and the surveillance of Yellow Fever, Zika, and Dengue
in DRC. Also, during this study, we will implement neutralizing
test for YF, DENGE, and ZIKA.

(2) Results (results & observations)

So far, experiments on YF IgG Indirect ELISA, IgM capture ELISA,
and Neutralizing antibody test using 8 YF positive samples have
been conducted at NEKKEN by Pierre Mutantu during his PhD
training at NEKKEN. Samples collected on filter paper (DBS) were
shipped to Japan with the support of JICA. The results are as
follows:

(2)-1. Serum reconstitution using PBS:

Depending on the size of the dot on the filter paper, 50 to 100
microliters of PBS 1x was used to extract the serum from the paper.
The surface of DBS containing the drop was cut and soaked in PBS
and kept in the fridge (2-8 °C) overnight. Then, samples were
stored at — 30 °C.

DBS
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Serum reconstitution

Serum
storage

:> with 50-100 pL of PBS (1x) |:>
Overnight at 2 to 8 °C At -30 °C

(2)-2. Antigen preparation

% The vaccine strain of Yellow Fever Virus (YFV 17D) was
propagate in Vero Biken cells without foetal calf serum.
After cells have shown cytopathic effect (CPE), the
supernatant containing virus proteins was collected and
concentrated using Jumbo cep method. The retentate was
used as assay antigen at the optimal concentration of 32
Elisa units (EU). We used both IgG indirect ELISA and IgM
capture method to check whether these samples were IgG or
IgM positive.

% Other antigens (YFV 17D, Dengue virus (DENV) tetravalent
antigen, and Zika virus (ZIKV) were prepared by
ultracentrifugation method at NEKKEN. These antigens
have been sent to DRC at the beginning of March 2023.

(2)-4 Immunoglobulin G (IgG) indirect ELISA

The Maxisorp plate was coated with 32 EU YFV 17D Jumbo cep
concentrated antigen at 2 to 8 °C overnight in coating buffer. The
following day, 100 puL of BlockAce was added and the plate was
incubated at 37°C for 1 hour. The plate was washed tree times
with PBS-Tween (PBS-T) and 100 pL of 50 times diluted samples
in PBS-T was added. After 1 incubation at 37 °C, the plate was 3
times washed with PBS-T. Then, 100 pL/well of the conjugate
(HRP-anti human IgG American Qualex A110 PD) diluted at 5,
000x in PBS-T 1/10 BlockAce was added. The plate was again
incubated 1 hour at 37°C. After washing step, 100 pL/well of the
OPD substrate was added and the plate was incubated at room
temperature in the dark for 1 hour. Finally, 100 pL/well of 1 N
Chloridric acid to stop the reaction. The plate was read at 450 nm
optic density.
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IgG indirect ELISA Diagram ELISA plate
result

OPD substrate
HRP anti-human IgG (5, 000x dil.)

Human serum (50x dil. )

YFV conc. ICF (32 EU/100 ul)

Plate arrangment

Plate arrangement
ID 1 2 3 4
A Blank Blank YF 07 YF 07
B NC NC YF 08 YF 08
C YF 01 YF 01 PBS-T ,,,, BA| PBS-T ,,,, BA
D YF 02 YF 02
E YF 03 YF 03
F YF 04 YF 04
G YF 05 YF 05
H YF 06 YF 06

IgG Indirect ELISA result

PM 715 YFV IgG indirect ELISA {2022.02.27}

ID 1 2 Mean OD [Mean OD-blank Result
Blank 0.043 0.056 0.050 0.00

NC 0.279 0.156 0.218 0.17

YF sample 1 2.700 2.585 2.643 2.59 +
YF sample 2 0.782 0.684 0.733 0.68

YF sample 3 2.102 2.095 2.099 2.05 +
YF sample 4 3.032 3.219 3.126 3.08 +
YF sample 5 2.149 1.989 2.069 2.02 +
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YF sample 6 0.346 0.626 0.486 0.44
YF sample 7 1.628 1.902 1.765 1.72
YF sample 8 2.600 2.824 2.712 2.66
PBS-T., .  BA .14 .2

110 0.148 0.239 0.194 0.14

Summary: Of 8 samples examined by IgG indirect ELISA, 6 were Ig G
positive.

(2) -5 Immunoglobulin M (IgM) capture ELISA

The Maxisorp plate was coated with 100 pL/well of anti-human IgM (u
chain specific) in coating buffer at 4°Covernight. The following day, 100
pL of BlockAce was added and the plate was incubated at 37°C for 1 hour.
Then, the plate was washed tree times with PBS-T, and 100 uL of 50
times diluted samples in PBS-T was added. After 1hour incubation at
37 °C, the plate was 3 times washed with PBS-T. Then, 64 EU YFV 17D
antigen diluted in PBS-T 1110 BlockAce was added, and the plate was
again incubated 1 hour 37 °C. After washing step, 800 times diluted in
PBS-T of HRP-anti YFV monoclonal antibody (3F4) was added. After
washing step, 100 uL/well of the OPD substrate was added and the plate
was incubated at room temperature in the dark for 1 hour. Finally, 100
uL/well of 1 N Chloridric acid to stop the reaction. The plate was read at
450 nm optic density.

IgM capture ELISA Diagram ELISA plate result

Plate arrangement
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1D 1 2 3 4
A Blank Blank YF 07 YF 07
B NC NC YF sample 8 |YF sample 8
PBS-T ,,,,
. YF sample 1 YF sample 1 PBS-T ., BA A
D YF sample 2 YF sample 2
E YF sample 3 YF sample 3
F YF sample 4 YF sample 4
G YF sample 5 YF sample 5
H YF sample 6 YF sample 6
IgM capture ELISA RESULT
PM 717 YFV IgM capture ELISA
{2022.02.28}
Mean
1 2 Mean OD |OD-blank PN ratio [Result
Blank 0.044 | 0.044 0.044 0.000 0.00
NC 0.095| 0.097 0.096 0.052 1.00
YF 01 3.952 | 4.000 3.976 3.932 75.62 +
YF 02 2.540| 2.460 2.500 2.456 47.23 +
YF 03 4.000| 4.000 4.000 3.956 76.08 +
YF 04 3.131| 3.149 3.140 3.096 59.54 +
YF 05 3.643 | 3.855 3.749 3.705 71.25 +
YF 06 1.317| 1.481 1.399 1.355 26.06 +
YF 07 1.003| 1.164 1.084 1.040 19.99 +
YF 08 3.897| 3.963 3.930 3.886 74.73 +
PBS-T __BA
Y19°10.097 | 0.224 | 0.161 0.117 2.24

Summary: all 8 samples were IgM positive

(2) -6 Plaque Reduction Neutralization Test (PRNT)

—141—




PRNT50 test was performed using Vero Biken cell line. Seven samples
showed neutralizing titer > 1:20. Only one sample was negative
(Neutralizing titer below 1:10)

YF sample 1: Neutralizing titer 1: 640 YF sample 2: Neutralizing titer 1: 20

v

1

YF sample 3: Neutralizing titer 1: 320 YF sample 4: Neutralizing titer: 1:80

: |
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YF sample 5: Neutralizing titer 1: 80

YF sample 6: Neutralizing titer < 1:10
1

v

YF sample 7: Neutralizing titer 1:20

YF sample 8: Neutralizing titer 1:80

V J

(3) Announcement of results

As shown on the table below, all 8 samples were YF positive. Seven were

PRNT positive while one was negative but strongly IgM positive.

Sample IgG SN Result | IgM PN Result | PRNTs0 | Result
ratio ratio

YF 01 75.62 1:640

YF 02 0.68 - 47.23 + 1:20 +
YF 03 2.05 + 76.08 + 1:320 +
YF 04 3.08 + 59.54 + 1:80 +
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YF 05 2.02 + 71.25 + 1:80

YF 06 0.44 = 26.06 + < 1:10
YF 07 1.72 + 19.99 + 1:20
YF 08 2.66 + 74.73 + 1:80

6 . Self-evaluation
We were supposed to implement this projet within one year (from
April 2022 to April 2023). The implementation of this project is
delayed due to logistical issues. The DRC team received some reagent
and material on March and May of 2023. The DRC team is now
setting-up ELISA spectrophotometer and will start experiment soon.
7 . Attainment level (circle one of I to IV below)
I (Few expected results were achieved.)
@ (Not fully satisfied, but certain results were achieved.)

11 (The expected results were attained with full satisfaction.)

v (Even better than expected results were attained)

Explain your evaluation
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Sf4 (2022) FE—KIEFRFERE (B SFEM)

1.8 B 4 e MiPSHEFMEBIOHEALT /A REAWEEFRA~T ) 7 H
D & e Ry M O AT
o & 5. 2022—Ippan—30

2. 18 £ F:
(Y TN 08 - REWMIEER) I EEE
I [\ AF g8 e

Gl B BR BE A 5222 40 BT« 2d%2) TE SR Hh At

(G 22 5 RE A A 22 43 B - MEZR) K BEAE

G fa BR B4 52 22 40 B - Bh D) H iR B

(5 TG AT VAT 53 B« FEAEATIER) B IR 5
(KR RSB b as AL - HEZER) B

3.k E K300 FH

4. WFIEEHE
O W Em
FERZIILD ETHHREMED DL X, AMRITR AT 2 K9] O B Tl gz

T 5, ~Z7 VTR, MORMEICEENSRAL, MEICE-> TE2FICE
BJ o0, BYENKSY LIEECE 2D TCOATHY | METIT 30%REIC
EEFED, HREMAEY OKGRANLIBE TIHFBROEE N KEWD &2 RTHMNIEE <,
FFIEDOREE R B E THOIMBUIF N 7 A N AEYEDO BIEABER E 25 2 L bH 5
NTW5b, ZOERZ G LV TR~ FRMAED D T34 - = A
L CEPBEICEDBLG % invitro THETEBRY — /L& LT, b FiPSHilga@RL
7o BEACH BH OB EFF R A IPS MR b kB8 L2 FM T, 77 2 v D3 EL
BENRTT2EERBEINT-Z b, FERHICHRD —HEEORRERN, &
RIBERICHEEL TV D AREMENE 2 bz, HIRICKE T 28HE - 58 - ¥~
NRIBORB Y AT DT AEREBRRH D . ARHEEEE O 2L THFHERL O IR RE 23 4 B
L. BEMESADPIFMEICRBATIEORGEICERET IR BELLND, K
WFFE TlE, fEHE B X ONFIB O R O BE LB L iPS Mz Huv., 225
HbFE LTS KAV T 2 A4 Nicxtd 56~ 7 U 7 RO R Re % GF
9%, FEROEBERRBIZERTS2~7 ) 7TRAOREREDENY, FHEH~
ZVT7LEFBORMEREL OBREALCHIZTIZ L EZHMET S,

@ W 5N E

ARWFFETIE, @ H B L ORI O R O BH 2 SRS L iPS Mgz v, %
I bFE LB KO AALT 2 A4 RiZtd 5~ 7 Y 7R b o YRk
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RS D, IFls O EFRBICERN T2~ 7 U 7 RO KGRV O E W0 T 5

~ 7 VT LB RHEEL OBREZWLNICLE LT bDTHD,

-+ BEAF OBEH A R IPS MR Fo K OVKE IR /B A R R TIPS a2 D 1T Al (2D K5 %)
BELOANT 7 A4 F (BDEE) 2/ERL, FESIOREORBERET L 2
WET D,

- BRI AT 8 HR Ok o0 RAW I HAAZ BR 70 © JR AR RF J Y iPS MRk 2 B2 5

- EFRRAIPS HAE RO KO A N ) A FOERGIELZBNT 5,
AT — VR~ T U 7 O R Tk L@ AT~ 0 SR YL FE R R & i
AVAG AR

c EEE B LORBIRE BE HRO iPS Ml AT KO ALV T A FaAE
WL, BB~ TV 7R 2B SE L ERRA L RELT D,

c BT TSR T SR B~ T U 7 R OGRS K ORI RE & o BIFR & R
P42,

o]

btk iPS #Hfa

fat ¥ 3 H Sk iPS Al A ik

2021 - 4 HICEL PR K D AN, A by 7 L7zflilakk 201B7 # 7 5,

P RV S iPS A A EK

B LR FRE H SR TIPS AIBRR & 5 HPS3926  FRALZAAFZEAT L 0 A T E,

NAFLD (&5 ik iPS MIfURE  ARBFZE 14 HIZH L T iE,

AT —= VBB~ T Y 7R s (Plasmodium falciparum)

NanoLuc 38 KON GFP A HEHICHBLT 2B~ Z U 7RI L AR —F —F A &Ml
T5, TOVR—=F =T A PEG LT~ Z T OIS AR A MR R
T D,

Ak

bt b ORRY I B EZER 2> B o iPS Al IR RR K S

RAYIM 9 mL Z£-HL L. Lymphoprep & W CHEERZ 0B 5, &5 7= B ER 2y
. VA MNIAERMLU-MERE FEEE P ¢ 5 HMATEESRT 5, Mgz R L,
4D-Nuclerfector (Lonza) #H W THIMI LR F2EA%Z, HBLIcaer=—%2 v 7
Tt Dh, FONMIEE R DACHERER: TR EEE L. 4 A O oW T
BfREMT R L O STR @M 247 5 (UME), B 2B L OV R — 0@ a1 ® & H*
FLTWDMilaz iPSHilakE LT My 735,

b b iPS MifE & DT AR kEEE (X 2)

B~ iPS MR D X b v 7 B L, ROo(EEHT 5 HRAEE L2 RICHIRT 5, &
26 2 £ H LA O HI L %2 96 well plate (2 1x108 cells/well THEFE L, 5 55 1 % v C
WIREEMIRIC b SH 5, B O TNMIERMEAZ R L, MaREZZ 2 CTHEML -

— 146 —



%, e Z2 ofedb 8y %,

iPS cells Definitive endoderm Hepatic specified endoderm Hepatoblast like cells
. 28 e , BB
5! i) I~ ) eeee——) (G
.u- ‘o — /“j&*;/ — !#"‘ ‘,; - ¥ (s va
Day 0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Pass Pass MC MC MC
Base Medium: RPMI1640+GlutaMAX+P/S HCM+P/S

B-27 supplement (VitA-) 2%

KSR 5%
DMSO 1%
Y-27632 10 uM FGF4 20 ng/mL HGF 20 ng/mL OSM 20 ng/mL
ActivinA 100 ng/mL BMP4 20 ng/mL
CHIR99021 3 pM Valproic Acid 2 mM

2. EbIPS MR KT HIRR DER A iE (Katagami et al., 2020)

AR HBPEE B o in vitro B BEE T LS £
O FEUREET L
FFHERE O MEFFEE IS, IBEB X OBRBYM 2L X TAH LA VEBZHRM UHMEN O
HWEAZENEES, BHOERMIIPHERE 2 LG 20004 M H U 72 Bt sl
HLEMBENIEEREOZLIC K VI 5, BE L7oMi) b FOLCH JEIC KV IEE
T 5, BRIECEYD, Rarvxara—vdERE, B oL 27— 8
TV VIEEOREZME L, Ml 1g H7-0 OIFE &%, fE AH KO iPS AT &
T T — ENEM T B (NAFLD) B3 H ko iPS IFAlfn & T iEm L, A&
WiF O BRERBLET V2L T 5,
@ HERHFET

FFPEP R ZE ) & T biF i L=l 2 . 7L o — XM DMEM/F12 B0 28 55 # T 1%
UMb E D, Zva—2x7 ) —T5 AMEE# Lk, ZLa— XN
BIEEZE 2 CTA8 KMk SR T 5, SO/ AZ R L, #E Y @iEIc X0
W7 ) a—FrBEERT D, FRRICREE LN Z 4% PFA CEE L T PAS
L, Imaged x HHWCZ Y a—4 &b d 5,

AN 7 A4 FO/ER (3D £55%) (X 3)
ERiPSHIFIZ, A by 7 bEIRLZBDA2 5 HZ LIS E L THAT 5, &
M ZRHWTHE M E Lzb da 1x10° cellsicm? & 725 X HICH#E 7 L — MCHE
L, HHEM BT AMBE L TA 704 FEFMRSES, HBE 6 HEIC., B
ENTEAT7 a4 RERINL, 2—7 0 Z7H 0O ey PICE AL TR R T
Do WIFEGPMIZED, TAT I OB, CD166 5 R M kR Au 3 L O CD68
Btk 7 > 2N — il R AR A D A7 7E & Fe R 3 5
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Single cell

disociation Liver Organoid
2 Hepatic
iPSC/ESC Foregut cell Organoid canaliculi Liver
e formation formation maturation
——- ., > > >
ActivinA FGF4 FGF2 RA HGF
[ J
BMP4 CHIR99021 Storable EGF 0sM
\ TIT . VEGF DEX
CHIR99021

A83-01

3. ENIPSHIBMEERFAIILA/AFDER A% (Shinozawa et al., 2021)

BB~ 5 ) 7B 2R VA B & TN o T

BB~ T VT HRRLR =L =T A4 DHA NI A N~ Z T HITERESED, R
2D 14 BN G 2L BRIC A~ X T 0 OMERMRZ S L. ZOHRICHFET D2 ARr Y A
MO B AZRUT D A L7z AR V' oA % EFEo FECER L FMEE X O
AN ) A RIS D, Ml ~0En»s 1 B%, 3 A%, TH#%, 10 B%ICL
A= —BETORBEEE=Z— L., AN ORELFTMMT 2, WATL TR KX 37
Bkt T 2 HiE &2 Ao E Y a2 T RN R O B RECIF N I Ry & v R g
DI B & TN 5,

25 3R

Katagami et al., Stem Cell Research (49). 102925. 2020
https://doi.org/10.1016/j.scr.2020.102095

Shinozawa et al., Gastroenterology (160) 831-846. 2021

@ FTRIN DR

b b iPS AL B ALFEE L AT HTIR O FA ) e B RE 2 SEBR = Tl 5 12
BERTELIY— L%, SHIC.3REEBERETHONDITANVT ) A4 ik, XV /&
RIZIT VAR RE T TR RE S R MEUAE Sk 2 o0 T A 0T 2 WTRE IS T 5,
T B B IPS M2 D DRFANT /A FAER B L ORERBITIBED & Z HHEB
LTBLd, MR EZ invitro TR 2720 0% 7 /VREEIL, KEORITE X
R EEOPH BRI W TEHEELRR 2/ >, MISREMELSH T, FRMmA L
WESNDENOEBICOWTERBMMITAARETHY , TALT /A FlZ~T Y
ThHBZEESE, ZORORBLETE L2 &b, HHRMFMEEDOREIC
BIons, MEOAEHREBICER T2~ 7 U 7B ORKREREEDENWL, T
W~Z7 V7 Lo REEE L OB ZA LN TEIE, BREVEO—BE 720,
BRIEDOBFIC LN D, AW THET 2« AFA VT ) A REEGEE T VI,
DT AN AR BFICOISHHBHZ T2 2 ERARETH D,
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5.

2 i
(1) & b iPS kR DA

fidt i Ok iPS Ml ik WHPS0063 (k& 7 201B7) @HPS1046 % BRAL“FAFFE T /S
A AV Y =A%t ¥ — (B BRC) LV AT L, &5, BEFDOO@HPS0354 (%
k5 585AL1) B L V@EGFA U U F ABSIRE (PR : IR2201) %, & b iPS #lifu A
7 4 — K — L A5 StemFit®AKO2N (U 7 utwv) W THi#E L7z, 60mm dish T
EiR# . 6-well plate Z W CTHEMC L 72, FEFEFRF (TEE H1IC Y-27632 2 10nM @ n L, 3
HINZzE R WiEHcEms Lz, MR 3EHE (HREEIKICEIY R d) £ THE
13000 cells/well T7 HfEl, 1 BB X ICHEHARHEITo 72, BEA v 7 21ERE
LB FEER D 72 24-well plate TH| & e kA L 7=,

AL SR & W T L T 24-well plate THREREFE 217 9 BRI%, MAafE % %2 2000,
©4000, 8000 cells/well & L& #k 3 well 2 ER L 7=, #EFERE X6 & % 500 pl/well,
BEISHENS ImLiwell & L . BI#IZ7 HEIZ70~80%=2 > 7 L kLo well
MHOBIRDT L — b4 52L& L, FIEZEELTLIZLICED, R ETD
BB D B ke L CEBR AT 5 R BN T,

(2) & b iPS ML D O R o (b 5

WFFRREH O FEC X DTS (LEEE2 Rl T,

96-well Miffa 52 7' L — M 2 M 15 A D3 LFE 8IS L 5 Vi ks &R R 2 M Lz,

Z X = 521 & Corning £k Matrigel IZ X2 7V —bha—7 ¢ V7 & Ret Lok R,

Matrigel 28 LV /(LB EIZHE L CWD EF 2 bhve,

EFEE 1L H A3 H IS HEDO Y L — % 4%-PFAEE L THEERB LT E Z A,

JFHIRE D~ — 71— T & 5 HNF-4a (hepatocyte nuclear factor-4a) & AFP (o-fetoprotein)

DOFBNHER CTE 2, BIEMEOSENLRBICEDLBE T, £~ — T —DORHEE

BB R bNT,

SALFE R 15 HHLORE, 1 Hl X ICHH%E 12 B LR 30 HEE T L

— M AMEEF L2, 11, 15, 18, 21, 24, 27 B L 130 H HIZ 4%-PFA [EE L THEOt

et U P O3B~ — B — & B L7z, HNF-4o, AFP (22, 7 /v 7 2 (ALB)

& CYP3A4 ORBNER CTE =, K~— W —DORBABEIIN(LiFERL 15 H H T

KERY, ZOHBELMITHA LTz, 201B7 & HPS1046 O ik R %X 4 1277,

(3) FFHETERAM AL D B F L Oy b C D BAE R 17

P RBRZAT OIS HTZ 0 IFAiBRAL O BRI - SRS R AT & 2 BT O %) = 1)
L E & T, B E R IPS AN 4 KR D IRMENIREE ML 2 LB E L 1%
AAEIRE 1/6 TR L T DICobiFEaiTo 70, BIMIREE®mO L7720, KEW
[Z2WCIE 24-well plate Z# i L7z, BtA2>5 10 A B £ CTRIEO EFFE 21TV, 11
H B IZ TrypLE select enzyme % H N THEM Z #IEfE L. StemCellbanker (2 %% L T-80°C
THA L, TOFIEICID . AR AF AT HE 7 T Al BE A AL 2~ 7 X 10%/tube/0.5mL
Cellbanker/strain (Viability >88%) # 5%7-,

(4) JHF AT ISR A oD RS A b > 7 LR & 43 b PR BH

Matrigel = —5 ¢ > 7" L 7= 96-well plate (Z[a1U¥ « kG RAE L 7= FF Al B A 2 E R L

TR L. AT Ot E 27, FEBRiX, 201B7 & HPS1046 O [A]IY
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FFRTBRMI A TIT - 72, IR 2 55X B (50{E75 38 day 10) OFHARL & A —
&L, 10nM @ Y-27632 Z ik L 7=, MR T, 24-well plate @ 1 well 7% 96-well plate 6
well Z3IZHYS 35 &AL TRE L, BIREH, MEOBEAELZMHAL T MNFH
A5 HCM™ (Lonza) (Z@&#E L 7=, EHRFE A % iPS MR 6 O3 bFFE 11 A HIZH
BILHEWEL, MO DZOEBOMIEZ 4%-PFA THE L, 0%, 1 B
TITH M A B L, 15 0 B £ CHE Ak L 7o/ 4 FARICEE L7,
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[ 4. 201B7 35 & O HPS1046 H 3f fIT i i o o Ol e e R

O A GHER+EE)

BbrAa ) T AR EED . okl KOG ERICHE M ATRER e M iPSHIldD X b v
7 & oy ERER T E o, A~ DL E &R T RIS oW T, iPS Mg b @
S AbFEE R X OTRTBRAIL 2 & O AR BRI AEENH D, ~— I —DFHEIZ
£ U REGETR & RN T X DIRHI N o7, v N IPS MR HRIFMRE T v T 4 —
LT D EGIE T T VHESLAIZ AT shE O L EVEMER & e b A bE B, 3D
BIZOWVWTEHEAADROENPOHEZET HHR LR o7l ARITFHEEESR
e LT~ 7 U 7RO RN 2 D 5,

@ WEONE
L
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6 .

B . EF A

ARWFFCIL TSI 2 2 4FCRbE L, 14 B iPS Mfakk 28 A L CHRBRIKH 2 % 2
Lllebliz, 7 VT RBOFMBEA~OEEZRVLIELETEHESE LTV, L
22U, MM DR R D IAZIZHEM L, R EROERIZE SR> T, MFMEO
27 xzuaA RERNLANVH ) A4 FHEFFICIR S 3D R ZOBE L, kv AKiTEn
BRE T CHEMAEM OB EFEEEZFM T D2 ERMHFEINDI N, 5FEIL 96-well
MEEEE 7L — N X D 2D iR ICHE £ - 7=,

—Ji. & MIPS AL O PRI A2 bR E T DT RIS BN LE L R D2, At
JEIZBWT, FFarBRE ORI - BRGNS AR THL ZENHBH L, xR L
THfb BT 22 IRV RAFMREESEONDBEBEN Lo, ~T7 U 7 HRHEOK
REBRERMICH I > T, R EFRDORRE T Ty N7+ — AR5 MMakEE T v
— FNDMERDEA I T 2EDLEDLIIEN 1L ODOBETHIN., ZOHMITI VS
REBROEBIZAT TCTHHATHLI EEXOND, RIFNRTFME~ — 0 —REL&DB
BRrick v, AT =0 R 2 invitro fFHliET LV EZEETE D AREMENRD 5,

R (TR MzO)

I (FTHEORBEIXITFEAEER S o T2)
<> RIS 7% B 78— 5 O 518 B L 7)
il (FPAEY ORFEEE T LNT)

v (TRULEDORRZZET N

b2 T L7228 (76, H O] T ~THHITEMA)
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Sf4 (2022) FE—KIEFRFERE (B SFEM)

1. & B 4~ T U TR XD RIMEREAR E A b DT ) A — L
fig Ar
M OB F & :2022—Ippan—31
2. 1% £ F:EFH K- (ERBRFLFEEESL - 2d2)
H[EWF R E ER R (BRSBTS - HEER)
WMHE 1B (HASERFZR BRI EE 2 — - #EHR)
B Ahhd (RIGRFPAEEFSHERT - Bh#)
&1 (RIGRFEEHE EEVRET - #i%)
3. E 300 TH
4. WFIEEHE
© w9t BH 1Y

B BN~ ZU T R . (Plasmodium  falciparum) \ZJE& G UTo 7R MLER T, JiL BRI~ & O 5
@ inner membrane complex, @JF O, @FLELE, @~ v LA @HRI1ML
BRI L, ZEOBHEENER SN TWVWD, ZRBERHE X, FANRLEKEZE HORE
WCHRIZRBRIEE T A0, RMMEKZ A | 752 TERIND, ZTNVETOIREITHIEICLD,
8 e 73 05 FE R 2 U C B 3 A 0% PR L7 i R FR R 0 B B A3 A if B 2% i LSk XA
TAUVBIT AR D IA Fx - 505 [B15E - A A 42 25 22 E TR O % B0 OB B 5952
EWHABLNEIR o TND, EIT, YR IMERE M 1Z knob EXITN A7 KOEENEHKS
Fus IS BE A~ OB NIRRT D2 L3S AR DR IRIZ S5, T72b b | YR
BR D A0 S S AL OFEM A B OIS T 2 Z EIXHRER ¥ — 7 v b ORESIRE
EOBRBIZOR N DA REND 5,

INFETOELOMFETIE, JR B BEKEIIE EEAE DN - REOFAMMEZ EI2/Th
Tz, — 7, A OfF BB LI U e R i BRI O R B A e 3 2L 950D
WEDRHLLEOO | R HBICED A AR, ~ L L3R 7 84 il IR 0 i B A R 00 B2 D
HHIHOMN > TELT IRE ORI NRE R DOFAICES>TEDIIRE RN’ HDHD
Db DD TR, J YL AR i B oD 48 i IEA% B B DO ALRK - R AE AT T 2 FE 23 7
WHEBELT IFEAZ L FEETHIENREETHY @ OMBAEY T A TR FIET
X7 7 —FLIWZERH T b, TN EARRICT D FiEE LT HRES AL 7 %
TIRICHEAET HIEE RS 2 A& -REBLIZFEED L RVIRETABICHE L, &5
(2R RIS 2 M BRI [ E LR 1 BEIREE L L CRENT RTRE 7 T2l RS 2ol 5l L
U 71 1% (QF-FRL %) 1T & 2 BEAEE AT # Ak £ 0f ) 28 & % (Fujita et al., Nature Protocol,
2010) . A IZ A IZHAE LT AWM B 2RI L, RFE (C) L H A (PH) TTE-#E
NEETHIETHAMK FEORE > FEBEEL, VU EREED, KT U VEEE TR
LASDO)MHEIZ L > TR RERS TEBREL, LU AERA~EITHINIEE o 0%
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HEZR R 70— 7 (IR T 5, SHIZ, eanA NS R EIicEkoardife+52
LT EFHMEBICLDD F ORI B REL 0D, ZRETIC, AT ELEE 217
—7%:#&27&/\2015:71%% RTINS Jo T 2 D I FLER R B RE DA L T TR0
F—=bT7AY =N AT HIRE 5 F DRAERH NS TE L, £ 2 TAIE, Zliﬁﬁf
75:“\77 U7 R BRI ER IS @ 3 5 2 & Ty SR YRR I BRI O IR A R ) 8 &
INCEAT 20 JBIE MR &) 2B 62T 5, é%ﬂ'ﬁﬁniﬁkﬂ%tj‘fiﬁ<\
@ﬁ*&@fﬂiﬂ’ﬂﬂﬁ FERKELE O~ LVHOIREEMK E £ DREICOWTHHAT 5,

B 58 N A

AT OEICEY, YT 7RBERREFMIKICEOVTIRERERS - TESIMWL
TYHEHENREARETHDC L. ﬂﬁ?L%ﬁﬂﬂﬂ&ﬂEEﬁ?@%Ebfiﬁéﬁﬁﬁﬁ
NrREht, T CTARFEEIL, FADORT — V%ﬁ%ﬁéﬁf:i?%%b [F AR 12 2
WUk« AR L 7 ) ARG 2TV, R AT =PRI o - FAM - ﬁ'fJi[LEk
55D NEE o Af & FERB I RT3 5
O ~Z V7R EEGRMERDO LTV B DR
B A~T) 7R EE R M R AR A ERICCRERME T2, ERERBICERATE
ISV 7RBEERE LV, AFRBROPADOBEEREBNATAL LN SH., BEREFRIC
TRMET 5, LAERMIIE, B RIGE BICE > THOEN U R 8 LI 2VE B~ 70 7 i
W% in vitro ¥ L TWZTZL, Eﬁuﬁ%%#éﬁﬁ% R Je OV JE ORI g~ TV 7 i
PR R M BR A 1L & A IR ZE DT 5, KR ERRERFICANT
WRTHERERFZ~BIEL, ﬁ(c)&UEI/\(Pt)Tf%t%H%«%?%#é &CH
I EORRE T EBEEL, LTI EREES,
@ BE7e -T2V~ VTR B L 7Y I iEH
fI§'E 7 1 —=7 (GM3, PtdIns(4)P. PtdIns(4,5)P,. PtdIns(3)P. PS ’iﬂ“é%@)%’:ﬂﬁ/k 5
VBRI IEEED, BN Tr—T % &anA/ RGPz ik, &
PRSI IC LB 35, ARIMERE 721 Cle, R B ORI R /g B L B oD e s #E
fa s Je OV~ L VDO IRE R L2 DJFIEIC DWW THIENT 32, F512, TOREBOFEMEAMN
KL OO TWHEE-FHLAEAQJVAS FIEVWTZOHMBERES G OREE
HMIIRETEIEIZEYS T FOBEEEZREIT S, £, BFRISVTRRZE
WABRLIETCHELONLIESEDOFA —FR—FELRAROYVAS FITOVWTOENRER
BLFEIT S
@ ~ 7V 7 JF i & kG R i BRI 36 1T 2 A BB BB O SR TR R BT
JENEE O RTEIZRLO, LU 25t S L U TR Ul SR B O RTEMNTHIT ). FEIZ,
~ZV7 R RN R I ER NI T 72 IS T DI & ThO~ VL LV RIZRET 2E A E
D2 <IZDOWT, ML A58 B3 AR ML ER A IR N 22 D =~ T L IVERINZR D7) Z D5 [ 3
RNHHTHY, BETHNKNECHD, NETHRITBRRECTH-T-, ZNOHDOEARFIET
BHOMNCTHZEN MR CTE5, BRI IGE B (& SBP1 %5 MAHRP2 L W >R I LI RE
EEQEIC Ny 2 BB Z LE-HBRARBEZRBL B, ITEITHIZENTED, £
7o, LM AR L 1T R 72D GM3 DERHIERE , w77 R B OBLR O oA H R
5D MBEOHAIENBITO) VIBEDOREZDONSEDIRIZFVIFT—EE
RESELERRBICETIREL®REE TS
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@ THIN DK

~ V7 Ji R L YR AR 1 ER Ol B BEAE R O JRAEEZ B BT 28T, INETOE
AEZX G LT ENLELNII R, HZICBE O HREZBINTHIENTED, 5~
i BR 54 5 R BV OFRATRE R EHDOEDEI LT, R E LA =X LAOFEM A BT
TWIX TRERFENDVERILID, FrIZ, EBMEOH DALY AR F—F K —F AKnE
VA MR 2/ B N 2R B ISR T DR AR B O SR AEIX BN T 528 T, EE RIS
TN ETHEDOETILVOBRIEEITIZENTED, SHIT, YR M RN ICHE RSN R
RO E BT D Rl SR E AE ORI EIZRHARLONE W, R RE
MNP THLIN, SOV VR RICEH B R ZE 2R -LT0HAIERMONTWLIERE
(SBP1 X° MAHRP2)D~T L NVZUNIBITHRMIEEZ LT THIET, TOMEEOHEEICH
BN ONERBFOND, WIS, NETOHFIE TR L=~ 7 iR A O RRAE Rk iE
BORIEEE D0 TERHLNCTHIET, Filozalki 82 T2 lifF T s,
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R

SR04 (2022) A FE S K FEENZ kE 9 D SRR

~Z U T B (Dd2 ¥k: /T 7 2 78.03%) YA RIMER S A 10 A b & B
Ll « Peif L7z, HO0UHMRSLT Y THEZ2HIC L4 & OSHTE TR
BRakh, MKREZTHOOHA L - 2BEE IS A, REERICRET D
TR L, MEREENTHREFELOODERBRFE~BE L, BEEKREE
EANTEW L7ob, REHICRFBIVOHEEZEZELL T Y BEEKLE, L
7 ERI, BEAEWMT 7 h~—F—TbHAHCGM3ZIE#HRT D7 v —7 %Ki &
., TORELZETHERECLVBR LT, RAT77FIVNA ¥ =4 v
fz (PtdIns(4)P) BEIWRFEATZ 7 F TV A /> h—/L4,5-BE AU VR
(PtdIns(4,5)P2 )iZ &t b4 /v b=V UEEIZHEH SN S, Ptdlns(4,5)P2ix
MR 2 B 721 T2 v P viniEle PABEZN R EEE L o,
PtdIns(4)P 1ZPtdIns(4,5)PeDHIBRATH ¥, I/ VEEECHIIL B IZFE LIFE
ke PICBEb D, FREFARMERL 7Y H#EIC, ChOEE2E#HRT 57
— T EISEE, TORELE MBI L0 85 Lto

B (R R+ & 42)

PLAl, & 1INEE 7 7 FOFERL > Th DHENEE GM3 YL R IEKAN DO~ Z U T

JEHIZ B W TRl o 4435 (E-face, EF) 3 LUV %E (P-face, PF) IZRET 5 Z &

Z B L7- (Koudatsu et al., Sci. Rep. 2021), AHBFZEICIV\ T, Hiff - 5538 L7z A
oY A MIBWTIE, GM3 T D EF B L O PF IZIZREE T, MO E T

\ZJHTES % inner membrane complex (IMC)E D EF O A IZJHTET 5 Z &b oo T
(1), Plasmodium falciparum <°

Toxoplasma gondii 73)J&9 % Apicomplexan J& CliXJR H O E#h | BEE & % FFo
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glideosome 78 IMC @ Z 7 NMZJGEL, ZD IMC ®F 7 b HE N FE RO EB) 5
THZERMBNTWD, FxIFZLHT, P falciparum O @A 7> A k2% gliding
EEN AT > TWDH Z & 24 L7 (Yahata et al., PNAS, 2021), = ® Z & X Hif
A0 A RDIMCIZT 7 FRRBETDIENISROERE L —~&T 5, £712U
A, AITELERMERD S Y v N A1 Y A Tl GM3 1T D PF 35 L O
EFICHBET D L A2ME L THY (Koudatsu et al., Sci. Rep. 2021) . AHFZEIZE
WTRRLEZL)ICHBE- BB LAY 4 b TiEGM3 ITHIaEED EF B8 X Y PF
WCIERTELRNWZ L8 D, BIE, ZO/BROEVICONTIEIRFITFTTH D, £
7o, WEFLEM R IR EICHMBIED PE RET HERARAL S VAL FTHD

PtdIns(4,5)P2 B L O PtdIns(4)P 1., ¥ > FND A 1 Y A b CTIEMisLiE & RIAR I
JaE D PRIZIRTET 5 Z & 23 2 1T LAaT 2 #§ 45 L 7= (Koudatsu et al., Sci. Rep. 2021)
LovL7ed s, B HEEA 1> 4 kN Tlik, Ptdins(4,5)P, (Xl l@ it L OV IMC o
PF LHLICEF ICHRET D Z ERARMETHONro7= (K 2), Ptdins(4,5)P2 (X745 A
AU N—F¥ C (PLC) OFEE LRV, £ /7 b—n3 VU (InsPy) &7 v
Utwu— (DAG) AL, TNEIVNMIENS Ca2* ol 7T A4 X7
—1 C (PKC) DIEMEALICBE 57 5, Fex IXLLRTO 4 (Yahataetal., PNAS, 2021)
TPLC #fHET % & gliding EE MK SN D2 L 2MELTEBY AL THSL
2T L7z, PLC OFEE D Ptdins(4,5)P, 8 A v V' A FOERKICHET D Z & & X
<—%7 5%,

D JOR/AE 3

[FaHE]

MEWE, ERERE, MR- BIAYE, LDESA, SRR, SHEENRT
Hakimi Hassan, BRHIE{", & 7f&. HEHK—

t b malaria Jf B8 Plasmodium falciparum D FEIE TIL T 7 kN F a4 O BEIEE GM3
INIELAEOW GICRIET D, # 94 HAA{FE RS, 20224 11 H 9 H
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6. HC P
2022 FEE DRI H A v F U A )V A JEYLEEIZ LV | LKA T E LTV BV E
FAFIEIT D5 E M BEHERIS O L7y HE@EY OEREITZ o7, L
MWL, BIEETCICEREREZMIT UL IBREOKELHL LN TEX T,
7. ERRE ((ThunicO)
I (FAHIORRBIZIZE AL EEN S 2o T2)
() R 1378 % 75— D iR & 3 1 B 1L7)

I (PREY ORZZET NI

I\ (PR EOREEZ T o)

a2 T L72Bm (6. H O] THE~THIITEMRA)
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Sf4 (2022) FE—KIEFRFERE (B SFEM)

. M A RRICKAETLIVANNVABIRN YA VA - FHREHEEERICET R
FOBER
OB FE 5 2022—Ippan—32

R R F D RIRKRFEMEWIRFERT Bh# - £F HKES
LR E B350 TH

]
®¥ﬁnﬁm
1980 FERICHE R Y as Ao AE T 4 L 2233 B (Wang and Wang, PNAS, 1986) &
NWTLIk, 7 v 7 Vi f (Miller et al.,, Mol Biochem Parasitol., 1988) 0V — v =~ =
7 (Tarr et al., PNAS, 1988) 72 & ORI BHICIAT LA VAR I N TE 1,
W, T Ay —7 2 —DRERERERIZELY, TRETHLR TN AL
Xﬁﬁﬁﬁ%%%ﬁ%éiﬁiﬁ%ﬁ¢’ff?é:&ﬁ%%#’ﬁofgk
(Paez-Espino et al., Nature, 2016) . JEHdeA 7 (L AR F OMEITFELH L TEB Y |
T =H#~ 7V 7 H (Charon et al., PLoS Pathog., 2019) °7 L 22 & F & (Grybchuk
etal.,, mBio, 2018) MO L HTER T A VAR D)o TWDH, JFH T A /L A% Totiviridae
Bt H L <I1X Partitiviridae Bt O WT NIRRT HEODOHTHoTn, ZO2FRICHETE
BRWERTANALRERINTEY, FHREOHELEZ T TEHEL T D ATREMEN
R END, BENAERICZ LWRARICEB W TR, ETVA L REX AL B T DR
BELTIRET LI ENHIHFTE S,
BT ANAZET MO L  FBEFRINZRELIZLONREZL, KR LAD
RECE EIR R & ORI OWTE RS NTHITE L, — O —Ya~v=T
(Leishmania guyanensis Z) (Z3E325 7 A LA (LRV2) 2V —va~v=7 OJFEMEL
W5 Z EAMmbTWD (lvesetal., Science, 2011) ., NV = RickAET 5 ¥
ANA (TVV) RF 7R RICIAET DT A V2 (GLV) TR R E O 7+
%fﬁi;’i’w'ﬂﬁé‘@:é\_2:75)93[]%“(1/\575)\ \_%wbeﬁ?\EO)FJ?\TE@EE?E?E"J'@%GCEZ
LHRBIIHSICH LN TR, TV R GLV IR 6T, ik v A LRIz
WTHIRBRA~GE XD BRI SNIR> TWAHITATH D, 72 16, BFZERE] 12
LT L2, A BEHHIRBETA NV ZAEZHRE L TVWDN, ZOMECHE I H & o BR
P I i/\@%% EELEBH NIRRT R, RUFFER R LT, LET A LR
Y BIE R EE AR ORI AT A NN RAEERN L L PR RO S W25 L
WEFHIFEREIC BRI TE DR H D,

ARKWFZETIE, UTFTD 222 B E L TH%EE Eid 5,
AFHRERRVANZAERRBRL, KRV NVADOHERREEHET B,
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B EPE (NBRC) M OB RE STV DB L) & DNA - RNA ¢4’
NAERROICRBET D LI LT, JRBICHAET DL VA NV ADLEREZ I S NI
TW<O%K%%Eﬁ®ﬁE@_iEﬁLhwot&zi\7»—Z%JA//~V@
NBRC THZ OMMPRIFEEINTWVDIHBFED 1 >THLIN, HAETLH VAL ANRED
NIVE, BIED 6 ¥ A4 TIZpHEINsEETHME RET XA B0 JEIEIC 5/ ietEn
b, Br)a®s AR —Ya~v=7, JU07VERTIEEEIC Y A VX3 R4 H
HZH0O0, FEMEFEFEH B OHFRNPMTHE I TWSDH NBRC #EA W CIEITHH T A
wz%QMT%ﬂﬁ\%@?4»25/A@@M%%%ﬁ?w&kﬁ&&@ﬁm%%k
AW R ZE R A FRE L 725, BT A L AD S ﬁ%%%ﬁﬁﬁéﬁﬂ 72513
DO R ET AL R EOIENBREEED FHVICR D,

BAIvIREFTERAWTYANR - FEBMHEERICBELIRATFEZRET 5,
INFEFTICHALEFRRVANVAZEPESETZD, HBOLWVITIIR VA VAEEHNT, ¥
ANVAEGET R e T AN ABERBEER L, I v 7 2@ (R 02207 b—
AeTaTFHt—L) B9 LT, VAN ABPEIC L > CLEHTARROEET - ¥
NI EERLNCT D, MENICFELDD ZRET L2 LT, UA AN A 1# 9
LRFHDVNFH VAN RIZECFGTLHRBRFEZRALEHT, 20XV AR R
HHMAEERZRDLZ2 LT, VAN REFRBOILENMD D WVITHMIBOEEAWICE
Hé%k&#ﬁ%wX%%&éot$%$%ﬁ%®%%K%%T%éﬂ%ﬁﬂ&éoi
oo WET AN R LIRFEMEICET 28 mA, WET A VA ZER & LR B3O B
&woti%%ﬁﬁm@%%%%ﬁfﬁéo

@ WF 9t N &
AFHFRRVANZEZREL, FRUVANNVZADOHERREZERT D,
WA — 7 = oY — N (NGS) TUANARL ) AEVERT HBICHELE 72 % 013
FET7 ) LADRBANTED, EES ) DIWEDT ) LELRERLZWNZD, EO T AL
AT ) BE— T 2 TTHRIBETE R, LERST, UAINVARYT ) AEfFRNIC
B LIEEES ) LERETLOILERH D, ZHETIZ DNA VA VR ET =3 v b
772 NGS fif# % o A )L ARERSCTE T DNA O3 i 7p LA B LE D Z L TREZ ED
BN TE7, —J . RNA 71 /L A%, dsRNA % fi 4 % FLDS (Urayama et al., Microbes
and Environments, 2016) O BHFIC K > TERIEEIC T A VAT ) DERET 5 2 &2
LTW5, %4 &4 255 i RIZEWF NBRC IZMRE STV 2% 55 dukk, £ 7= Mk Ra i
KB EIT o CINET D, £/, HFEELOZINLE TOMETIL, FLDS # AWz
RNA U A NVADRIZEFT L TN AR TIEDNA VANV ARIZONTHEEEIT I,
B AL ZRIZZNETRNA T A LA, BRIZASRNA Z Y ) L LTHEHS DR %L A
OO TR, HEDHRIZBWT, T T AMERCHRET A —37 ) M — K8
B2k DNA (Circular Rep-Encoding Single-Stranded; CRESS) 7 A /L A b FEEL TW5H Z &
N S 7z (Kinsella et al., Nat commun., 2020) . AHFZETINE T L C& =T
VTNV R HRIZOWT Y, CRESS VA WV ANFET L0 a0, BERYT ) Ly
— T AEIToTND,
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NBRC TRE SN TWHRMAEREL, VANV AEROTZDOORE 2 HEHT 5, RNA 7
AWVAIXFLDS THRttB L O RES ZRET H, — 5. DNAUA LA T a— kY —
R (Miseq) & w2 U— K (Nanopore) ¥ —% » A& MArBbERN b, WHELZ Y A
WA EHT ) DB IAENT-Z T AN ARIZHONT, MEMRBEERR2L, Bon-UA
VA ) AEHNE T — 2 RXR—=ZADEH EHNT, UAINVRYT 7 LAOERFIFENT B L OGE S
THREMITZATV, TNETHEINTOWD A T A LA L OFEEBERIZOWTH L2
295, £, mEOBEMB TR, EH, REARE, ToMMERERELEL, bl y
AN ZAD IO THETT 5,

TP EREILEEE RNA VA LV AKRIEIETH S FLDS ZH W T T TIZHH VA VA %
6 FERRALTEBY, +oREEIRN TS, B 2T F AT 7 VHIE AR
5T EMF NBRC Tid 300 #RLL E DR 32 L rTRE 2 RBE CTIRF SN TH Y | MWREIC Y
ANVARBEITI ZEICL 2T, MOJFRFEIZIBNTHH 22T A VAR D)5 A EE
PER B 5, MEEEICAIEREICERIRES N LT, BETERENI ) VY-~ TV
THEE R OB 2R FLDS BLO'DNA v a v b vy —47 22 HNT, 7oL
ADBHERAE TN D,

BAIVI/ABEANWTUANR - FEABBEERAICELLIRTFEZRET 5,
DANVANKET IR aEFRITEBWT, REHFR P70 ORBLENELLT S 2 &
DEINTND, PT0IXE N Y a5 S AR AMGMRERICHEES T HOICEE R
vz ELTEHLONTEBY, BN o 20MB~ORECHEMEICHEST L LEZ
HBNTWVWD, £72, FUy 7 NVERICBWTERm Y > /37 P100 O3 BL&E L L BHHE L C
WHEDRENRDHD, TNOLOWEIL, HAETA NV ANRE ERBICREEINICEES KIT
LCW2, H20E, FRBA VAV AEZRMLCKISL TWDAREMHEEZ R LTS, L
N, ZTNETOHETIEEZICLBRRNTZL T, VA NVAFETICBITDEEA~DE
BTN LRIT STy, KRFETIE VA NV REREFRDO N T A7 U7 |k
—ABIOT e T A — AT B LT, MRS A VR - R AERICE D 5 E
FHEAT ) == T T 5,

IHETOHA DR TIE, SGV KT o T AME RN S5 12 Mo 7 n— U FRick
WT, ZTNENICERETH SGV ORBELEBICEVR L L2 ML, ik
SGV-1~4 NENETNEGHERSCHRNER D H D VI T A NV ARPER STV S ATHE
P, SWHBINIE, BEUA VALK LTI I AMERROH T A IV ASENFET DA
REMEZRIEL TS, L2LAaRS, ZhETiczae— ALz BKkiE, Ththo
SGV N 1AW LIZ 2 MERBLEZLDTH-oT-, 4O TKRBLEZZ o — 0/, U4
NAERET D70 — U KEaElT 5720, VANVAREELE AV AKE (BRE) © 2
DOERBREMNT H, VANVABREIZIZ, VALY RV AT VELRED RNA K
FPERNARY 2 Z7 —VIHERT 27 A /v A3 E H W T . SGV REMDOIER 2R 4 5,
ZHICIMAT,SGV BT VT NVHIEROE R D 7 v — bz D T SGVs DFEH & %
MR D 7 v — bR OBE bR T 5, —H. VA NVRERE (BF) FEBRTlX, KER
HEEF AR (UniWells™) ZHWTAKPIEE S AT A2 HEE L (K 3) ., 2OV AT
AT, BEBEPICHHEEIND VA NVAR AR Y Y — KT 7 4 VX — @i d 503,

—161—



FUTZNAMERITEETERY, SGV RAFE RN VAV AEZRAE LR VR R
(Portland-1 #£) 1Z/KPREY S & 5 EBRITHK T L, BELERE L7 SGV OFEFIZ DV TR
W Thsd, xR EEHO SGVIRA 7 o — U PMERITERE. HF/7 o —r DA I v 7 A
fRHT 24T 9,

INOLOF Iy 7 ZAEHTITHEEE OFTE T 2 KR K FZMAED 72T O e FZER = (2
KIET 5, BIETFHRBIZ, #AFho s a—r72v5 RNA 2B L, RNA-Seq (2 &k - T
BT RARZ KT D, —F., a7t — AITIE MS f#FTIC L - T, BBL¥ X7
DEBREZFTHRDL, TNOORREELKRTHI LT, £SGV T 7 VEROMAIEM
DR TFE2AZ V—=2 7T 5, RFFEERNSG, VAR - FAMHEEERDO—
N B0 . HHREEAEMP VANV AL > TED L IICHELTION, HD
WE, DA NVRICK L TED XD RPEBREHBEZ RSO E WS EWFORBITH 5 IEH
WEHERERPGSONDARELZMDO TWVD, o, HGondERIZ, ETVA LR E
IR AE D F - 2 BB MR A T AN R EER L LeHUR RO L oo LW E
LR IERREIC e N D W L I D,

@ FTHRIIDME
A, FHERUVANVZAEZREL, RAVANVZAOGEERZEET D,
INEFTOMETHEN 3T T ALTUTNAMEBRENSEBOFR Y A LV ANER
SNTVLZEnD, TOMOFHRIZEBNTHHHE T AL ARIEL I D AREEN E W,
HEADODBER LEER T A VAL, Totiviridae FHZIBT 5 b0z T, B0 A
NARE LTERINEBLILOLH S, 1 DO HE 1 SOKICE T HEBOLEER
TANVAPRRDOIND Z L EFEIFTE7O, NBRCICHRE SN TV Lk i iU & 3f
RIUEEDIEEHEBRTANVADBREOND EHELTVD, HIZ, TRETIEELALEDR
B AL ZRFEICEBWTIEIRNA A L AICERB SN TEZ2R, DNA VA LA HFEET
XHAREERDH D, BALLE VA NZAOENKRKEN T — & L IRBOEMEHRE S DY
TeWFZERIRNT 21T 9 Z L Ic k0 (LB O TR BED LA REENH 5, £,
INLORERERIC, HETANVARNFRFEXY A B 7 OHEEE L TIRETX 5D TIX
RWINEHIFRFTE D,

B. I v 7 RAEMEZAVTYANA - RABMHEERICELIERFEZRET S,

JERY 2T ATIE7ue— ML LB ETH. TVV R TVsgV-1 O U A )V ZAFEEIT —E T
Hole, LU, VI NMHERIZBWTIHZ 0 — K-> TSGV O N Ep D Z L2
o757, ZHUE SGV-1~4 BENTIEREREASHENE 2D, DT A
IWABHER SN TV D AIREMELR H D, SV, U A L A KA P35 O fiR B E %
ZHIE L TS, HDHWILCRISPR D L9 RMEICBITAVANVA (N7 T VAT 57—
V) T AIMUANRISEDGFET H LI, JRBIZEBWTY 7 A L R PEBREERE D17
BT 52 LIIBBRICE v, JRAO LS Bl EZED O Y A NV AIREEZTHRD
ZEE, BEEYOR AR A R T LI LI ORB DL AREERD D,

AW TILZSGV & TV TAMIFERAET LY AT A E L THEIR #2237 BB 2R
I FRIT 9 5, SGV &£ TV T AMIBHR TR IV 5 2B FRAOE#H 2 A+ 2 & T,
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BRI RN ED LS BRA D = AL THEEM L T2 0ICHOWNTERND HHED
HEBEZOLND, BONTMELIEIC, RIS VANV 26 EMEHIE] o
Dy TR O Y A NV AIRE ] 72OPB ST DFRICER L T &z, iz, fF3K
F—8OY —va~v=T TALND LI, LAY AN I X DR RS, 3L
BT ANV R ERERE LR RO & o 28 LW E SRR IR IR I b SRR e
L LTHRD ATz,
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5. FEhusE

O SF4 (2022) 4 FEFEHF #1335 2R

AFHRERBRTANZAEREL, REUVANVADSEERRELEERT S,

o TUTINHEERHR IV IEE LZHH dSRNA 7 1 /L A Noggi DRI A 2 7E LT,

e Noggi ®% /7 L, RNA {K1FEM RNA R U 2 7 —F % (RdRp) % SGVI1~4 1 &
OEEFN D Totiviridae B0 A VA &L bl L7z,

o BMFAEWMEIREITHRE STV D Trypanosoma cruzi HEERE 2> & long dsRNA % # H
Lice ZORERIE. T oruzi THBOUANVABEFELET LD LE2TEBLTVD,

BAI VI A@HERANTUANR - RABHEEERACELZERFE2RET 5,
RARp BHEAIZH W T, P TILYTIND SGVI~4 BrEEHAAT-1N, £ SGV ZFREL
T m—V EBNTAIEIITERD T, o, BRARNRNE =2 DU A )V AR
T a—VEMINTERNoTIENL, I v 7 AENTIICEDLZ ENTEX o T,

@ MR WR+BZ)
AFHERUANZEZREL, FERUVANVZADSBEEREZEERT D,

RTAEEEIC T > 7V R L 0 J8 L L 7= dsSRNA 7 1 L % Noggi @ 41 F AL S & P E L
7= A, Noggi 7/ K4 Z# /327 L RARp @ 2 DD ORF BNFFE L, i & > /%
JDa—RRIZIETZ7 L=y 7 bEMfoTEHRY A I HEBRNFELEZ, FRIOLE
IZEWRH DL L0, 20X ) eiEiEiE GLV R SGVL EHEUMRRD bz, KU A
NADHEHGEBRERED 29I RARp B D LL#E & A 728, A VA TERN KX
W, EHEEOEWIRITR RITRIZHE LN TR0,

FHOANALEZ LD long dsSRNA b3 R S, 2 A ER=EICHRE ST
W% T. cruzild tk % Epimastigote TH&E L, VA NV ARRERATZLE A, THROND
% 1.6kbp @ long dsRNA Z ki L7=, ABFZECHA L7z T cruzi BBk R 1ICE &0
7o THETICHEAE FHMSE (TEM) ZHWEBERIZL > T, T cruzilZ v A )L A
BRELF DT D2 EITMESNTNDLIN, 7 AEEEZF > VA NV ZADIFEITD
WTIEH LN T2, longdsRNA XV A VAT ) D ERBTHHDTHY . AR
T ocruzi PH T A NVANREONIIT IR T D ToOHRE L7205, 5% ITEE/S % K
ET DI, RNA-seq fifi #4175 FETH D,

ARG TR DO o7 T cruzi H3K long dsRNA (X, & FHKRDOGBEETH T A H
KOGHEEETH, RV A X0 RSN, Tocruzi D7 A4 794 7 V%
CTHRUVANVLAZHRALTVWDL EEX LN, HARKEEZMY K L7 Epimastigote
EMEIE L TWDOT, EARBICHXRT L2V VATH D ATREMIZIRV, BITEX in
vitro 1548 5% ® Trypomastigote <> Amastigote THHL 7 A /L A DB REF S 1L D D FHH Th
%, F7=. long dsSRNA ZH TE - T cruzi IZWIFns 7757~ 7 THBES =T
b ol MO H KT 2 0BRSS IR E Ty, 207, REN L H
WICEAOUVANVATOLARERS D, /77~ 75 &0 PRI LBFEICLD
SREEMEOERDEBEEIC A O DI CTH 0 | FEkOM IR I k3 D A BERE A W
7oA. WEMEE OBRICHLELAFELND,
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K1, VANVART ) D RE LEBWHEDER=ICHRE SNTWD T cruzi O HEERER

P dsRNA & 7 Bl paN. 3| SCHk
Colombia not detected Epimastigote Human Colombia 1

HN274 single band (1.6 Kbp) Epimastigote Human Guatemala 2

H7 single band (1.6 Kbp) Epimastigote Human Guatemala 2,3,4,5
St.5 not detected Epimastigote Triatoma dimidiata ~ Guatemala 6

TM6 single band (1.6 Kbp) Epimastigote Triatoma dimidiata  Guatemala 2, 3,4,5
TM10 single band (1.6 Kbp) Epimastigote Triatoma dimidiata  Guatemala 2, 3,4,5
TM21 single band (1.6 Kbp) Epimastigote Triatoma dimidiata  Guatemala 2, 3,4,5
TM23 single band (1.6 Kbp) Epimastigote Triatoma dimidiata  Guatemala 2, 3,4,5
TM30 not detected Epimastigote Triatoma dimidiata  Guatemala 2, 3,4,5
Tulahuen  not detected Epimastigote Triatoma infestans  Chile 1

Y not detected Epimastigote Human Brazil 1

Waz not detected Epimastigote B A

171 not detected Epimastigote Triatoma dimidiata  Guatemala 6

172 single band (1.6 Kbp) Epimastigote Triatoma dimidiata  Guatemala 2, 3,4,5

1. WHO, Control of Chagas disease. Second report of the WHO Expert Committee. Technical

report series no 905. World Health Organization, Geneva2002

2. Higo et al., Int. J. Parasitol., 1997, 27, 1369-74.

. De Leon et al., Int. J. Parasitol., 1998, 28, 1867-74.

. Higo et al., Parasitol. Int., 2004, 53, 337-44.

3

4. Higo et al., Parasitology, 2000, 121, 403-8.

5

6. lwagami et al., Parasitol Res., 2007, 102, 129-134

@ MEOAFE

1. mEE, RIUEF, WLE—, SmAEIL, AHEEE, CAHKES. 707 AVERN5

MH SN 5FED RNA U A /LA, 5 92 B A AEFEA R FEES KRS, 2023 4 3 H 30—31
H. &RBBIEE, 7)1 4A R
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6 .

B . EF A

ASBEIOFRBE TIX RIRp IHEHIZ H W U A LV ABRERBRTH U A LV AREICITED
ol EANREOFRE R EORBREM TR ORMPEH L, £, LU A LA
BROBHDICEMTA T TV =2 EERHVDEZ LR TILERH L0 LiLan,
DX TANAEY FERY T TNV ER 70— DOFENITEB L TV B,
TORMVR Y 7 EBEBTENE, VAR T T VR R BRI S 0
IR TE A0, a2 PIEEBE L TR LTV E 20,

— T, BUFEMEIREICHRE SILTWD T ocruzi 5 long dsSRNA # R L7z, Bl
EZ D RNA O R EBRSIREZRALTND, ZIVETIT T cruzi WIZ T A L ARS8
FIET DL HTRBLIEIRRIL 2 DD, BEIZUANVRYT ) AORIERHE, B
FOMEBEITHLNICEN TR, T cruzi lZ¥ ¥ —HABDORINERHFERTH Y |
S HC 600~700 5 ADREEL TWD EHEEINTWD, T ocruzi & 7 A )V ADFAAE
HBBONCRNIE, Y —HTAFROZNETIZHALN TWARWEIHE 2B 62027 5
AHEMEN S DT, SR OMIEEDRNBIEIN D,

COXDITAMETITREITEZLIL OO, ROWMBIZERT 272012 —Ih DR IX
HEZEEZ TS,

COERE ([T O)

I (FF 301 0 B SR UE & A 23678 B 72 70 o 72)
() R IE7E 5 3 0 B 5 3 1 B LT )
i (THEBEY O EERTLNE)

v (PRULEDORRZZET NI

a2 U728l (16, A O] THRNTHITXE W)
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3.

Sf4 (2022) FE—KIEFRFERE (B SFEM)

Dk A BV ORI YYE (S 2 T KBRS A FR 1 L 7 AR IR EEW O

MR RB L OB - 5T
OB & 5 2022—Ippan—33

S R RBERFRERER S A MR R - HeEdR - SR)IER

I\ RERFRFEGE A AR R - KB - SEHEE
IR RF- R 5B A EmElr bR - R E (FE44F4) - Kot~ +
RIS R FRFBE A EmEH et 2R - K¥Pi4 - Rukman Muslimin
4 B KA R R - ReBIRFSEE PD - FEEF
Rl R EE R AR T - HE2ER - K HELE
Rl KB = P28 T - 2805 - P 1Ek—
Rl RPN R TSR PT - HES R - Ralifd &4 == v
Rl KFEBE R 28T - FHEMFFEE - Awet Alem Teklemichael
Flf KB R P F S8 T - BeRBMiiE S - RO EHRE
R MRF R 2 = P90 AT - KBeE - mIliESE

k% FH:300TH

4. WEIEEE

@ w7 A B

AU 7 AR BRI % b > KRERILAMOERTH 58, HHILAD
O 25 AR 2 BT B 0 L PR RN 2 & b e, Box O REREEF O
HAC BT 5 ICIE, AR ORHERIIEK B LB R AT K Th B
IR O BRI IS Ly M ER WA HAIE T s B b 2 T R d
EFEEE A B TE B0 &b, SRR IS & T B LAY -
OB b BIACIRR T, BB LT T B ISR > T, HOREIE 1 BB 30
BEU LD T RRMEDEA RGBT 7 7 A2 — 2 BT 500, %A TRR
EPFENBOOLNLIDITXI2ERETHHT-O . KN8ENXY ) 2DHIZIELNLTWNWS |
LWA D, KBFRTE, 2O AMERORBREE (5 A~ A =27 LIEE
N%) OMEYVEREL, Y7 FARTORBHEER LR Lk RRWERE O BR
ERET S,

SLICATE T, HBRE KRBENS A 75 U — ORUEKFIER I X 5 #x
RBYSERBA T OAME HI5T. B8~ T U 7B L0 v — 4 A5 % R
LU, MBE CKREEN T AT T —DRER T U TEE - S Y —<
BT R B AEMTE R A BT L, FIEAIIC SRR S & 5 Rm L oBR % AT,

@ HFE N E
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[FE1] SRBEV 7 FNGFIZLI2REZKRRBECFORAFEL LONRBEY
D& FRAT

VIS TR SRR EEICB T EEREME THL LD LT, 2L
AMNEDERIZEB W TSR (12 Eik 23 MEOREHOR) THY, FLAMEFEE
KFELTonrEBERRERTHL, 2T, ZRAWFEICBITZ VT FArsr
F SRB OLHAMEZ RWE4 | HHEBEBERD L IT0BERTO R #E 23 LT SRB
ZWML, EWMY > 7l TLC B X HPLC O BT 21T 5. WWRINA I
X7 e 7 7 A NVEBBRONTESE, RSEYOWEMRITICEFT 5, 2N
IZEY ., BELSTHEETTOREEL D 5 KRB EDOEENHFHFTE 5,

723, 2021 AEFE— M L EAFZEIC BT, 67 B D SRB IANE K OFEHRAN o 5238 Hh
B (Bt 134 7)) AR L, E2ICBWTH~ T U 7IEMHICIK Lz, REE
355D OAEWKE (100 HRRRE) I2810 % SRB #FE —RIRH 714 77V —OHEL
DD,

[RE 2] BV HERREZHEEIC LEFTHARRERREOREL LW
MELICTHEOND ZRRMED T A 77V —2HW, Filzeii b R Y —=<
i~ T VT RERDOTZD ORGUERBER I V—=v T %175, 70k 2022 7
X, AL VAR FREINTDICE EN TR VIREE L VAR VWHL N N Y —< 3D
WREEHE L TT O, BURmIREEHIE S - OMBEN A7 ) —= 0 7 ZITIC LTI,
BOIRICE R LT RE & ORI ERTH N L BRI TH D, IGHBZIT T D
Lo, BV ESLEINICHTE T 2 AR RS MBF LN E TICHREBICHEEL -
%< ORIFEMEEZIT- TR, ABREICH T2 ERAFEETICHEHTTH D,
HARBIZIE, SRE LIS TR L72BRE R ED T A 7TV —% NI R Y
—wFAZEE Iy ALHMRICENEET 2 Lk MRNICERT
D7 <AT 4 F— MUFERICHT 2R BEE LM 5, FHilc~ 7 208
OEE R I 3T D 50% 4 FF (CC50) #afflid 2 2 & T, IHMFFMiMmE O BY
AR 7R R A LR R TEME & IR I KB X TR ER A £ T 5, ARAFE D FERITIL,
N7 =7 —BRIAFTREZHND, BEMEDLHEZIC, Vo7 =T —BICHT D
HHEEGUOWMANYy 77— AT FBEREV Y 7 27 —BIEEMEZITY, £
DFEFREBGME - BEar be— kL, FRIAELRZHET D, TTIE—C8
ETomaaE T, HEEN&E» o MmwIcE L T, 50%MEFHE (1C50) DB
EEIT I o

WFZEREE CHoR L2 Y . 2021 4E 11X 67 #R D SRB IRANE K ONFEERIN o 5238 Hh
W G134 FN) O, 4P FNVICBWTHER~T I TERZE L.
REBPOMREEEEZRIR» o, FES T SRBOFEIIHNDLTH I VT
EMEZ 2T 2 BMBRICEL TX, B89 FIEERAN R~ T U TEEEEY D
BENTRREND, T 2 THAMROREREE 21T R\ T Sephadex LH20 7 /L it |
YUBGTNIaw 8T T T 40—, HPLC 437 & 2 Bkl L TR MEL S W O BB 21T\
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ESI-MS, NMR 72 K D3 ek ss # W CTREEIRE 2 R T 5, B, HMEmH 2 H 4
AOERPLHEEEMAZIT o> T\ 72, BIF KRS « KB K% 0B L FE K
FHCE o THID TERTEAMENRE o T WD,

@ THREINDIEE (FiEE (8. PHEINDIMER i)
EMEROBLBEROFTICIIROEEREY —XOFENRE I, RERHFSCE
MAKEEFE, BRERERE TRF TR B (SDGs)) ~DBEILAMFFIND, K
WEFETIL T 7 F 5 F SRB OIRIMAE] O 7 v 7 7 A VIEITICERZ ST
e, BERBRIIEEAEOKIE_RRFHED ORE L EMIFESETFMAFTEE 2D,
HOPFBARTIEZ, 7T ADTORNANEDIFEMZESLS 20, Bis TR A
ELAAW KRB ELATLATHD, 2O Eix, B (BIMR) B A IEHIFR
ThdZeEZRLTEY, WAEZEDREEMANBAIETCH D, b, ME1 T¥
TN F I BREEMEL ICHWS SRB 1%, Fkx BNERTHO TRWE LT
T ) IA R TFNVGTFTHY, TiEEE@/?‘j‘/I/ T (K1) EHEENREL D G
I%. SRB 2R3 2 & Fr O AL B MEE . S OICHERE S O 6 R & i
LTHEY, ﬂﬁﬁ‘/v—j’@iﬁ%%ﬁbfb‘tﬁb\o FFmIC X, MED SBEROBRAEIC
THHMEOE WM ENAZREEL., 200 oK - RRBOEEILEZEAEDYE D,
EWVIHIMEHRICED  FHEEDESOREENREBEENICHERTE DL, £0D
FES. B 2 I THEBEM L R UR RIEEEZ B T B Em B AW S D 2
EMRWIZHIFFTE D,

i

&ﬂ:

. R
O a4 (2022) 4 EhE k2%t 3 5 52 ki

HF T4 6k

o N B RFFERRET R (HUT) SR FEEE 2 0 & LTz Streptomyces JBIAKRE 67 ¥F
- ZD 9B, 1Cs<10uM & 235 2 £k

« 7 FV5rF SRB OFFE AR C8-SRB (X 1)

HO
(@] B3
7 LDA, THF-HMPA BB, CHeClp ! I
o | octanal THF 1 4 0
2 A

o} 38%
y-menthyloxybutenolide C8-SRB

B 1. C8-SRB D&M R F—L
5 PR

B~ 7 U TR R R
- A 45 PERBR
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RADD ST FRFEFMTBHET
FR- R Ex FWTED?

HEDH BEPH
P—
RNA polymerase g TS
-\2‘ B 'A ® e ./ o
B promoter
= ::kﬁémir;
. B
) X Crude#y 7 JUIz & 2 HilR= FEERER
HREICS T IV 7 & RNk Hl (ZSUFR&R: YV Y—TRR * EEEMORE- #ERE
ThEhizsit 3 EEDREE Kif) >
QYT TS T # BT RIEHE
Ho 5 W @YU FIST FMTx RIER
4 I ag* T ‘
e o N 8 CCso, ICsoDIEE TR B B HH
O ™ O Sephadex LH20%4* )L 38
SRB1 SRB7FRY DT F1L5F OFM- * FM SYNFNY AT TTT 4 —

BREC EEE D 28

> M
Basz #ﬁk#ﬂ%ﬁﬁs = e
EEPOE: ‘

BOEL  EMBY @vIF LS DFEMI=LY ESIMS. NMR
EERALEL f# ‘
BAZREE 10 M
4 iR
BUS7 OFMICEY R EE
EaMDs EHHE

B2 AXHARDTIERIAY

@ AR GER+B%)
ICso<10puM Z 235 2 BRIZK » THHR - it 272, £, 6liter 27 —/v
I TR ZITV, HEfg = F L2 X 2. Sephadex LH20 |12 X 2 7 /L igisg . o
VBTN T LERETo, M3 TFVIERBEROERT — X 2#ll 5,
Fraction 8, 10-16 (Z{EMEEI 3035 Z L W LN TE e, YU BTNV T AR
IZBWTH, HERICH~ 7 U 7iEMERE, MlaEERRELE2EGDE, ivT Y
TGO REE - ERELZHEEL TV D,

Frs. 8, 10-16 may be active components ?

30
—e—2,500x_Inh —e—2,500x_Cyt 2,500x_Inh-Cty
PrrTS :‘. ......... N - . - .
: EH : feeend C—
uv (ijnm) Adisaldelyde staining 2 UV (254nm) Anisaldehyde staining
.......... Yeua asssnnnnnn®

3. Sephadex LH20 7V iEBE S &< 5 ) 7 EMEHR
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@ WMEOAFE
(o383 1 1F]
(1) BRBRZFER 2023 FEFE RS (BE) 2003/3/14-3/17 (X 54 V)
(i~ 7 U 7RG LR ERm LIy 7PV 1iF8 s ) A~ A =7
EH FE, B OE 7, kot BH & -, Awet Alem Teklemichael, & 1 H H 3%,
KR, R BTG (2023/3/14; 1F04-08)

Flo, ABOBEREZGEDTEREAEZD T EIZOWVTI, KRIE 6. B
W CREE T D,
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6 .

e AT

R T Hoar L7zl v, 2021, 2022 4 1E 67 #ED SRB RANE X O FEHIN D 15 5%
WHKE G134 FN) D56 Y U VB THEHERR~TF IV TEERZE L,
REPOMBEEEE RS R olz, FHES T SRBOFEIILr»DOLTH~TZ U TS
PEa 2T O BMERICE L Tk, #8589 FIEERERN Rt~ 7 U Z7IEMELEY O EH
DRBEND, £ 2 TEYROREREAZITV, KT Sephadex LH20 7 /L g, o
VAT nvra~ N7 Z 7 4—, HPLC 40 H7p & & BEME U CTIE ML B O HEEAZ AT
ESI-MS, NMR 72 K D 3 Jetas a W TRESEIRE X ZER T 5, ARG FHFLHE O 2022 4
FEFRATIZE W T, 2 HRICB T DIEMM Y O EREZED TRV | BLELTE R E B
LSRR EZIToCWD, BER~T Y TIEERBRORA 7 Y —=2 71T 50
Te R % G SCEEE R (Teklemichael, Teshima, et al.) TH V. £72 20234 3 HDO HAE
ZFaRBFIZTHRELEZ (TH~ 7 ) 7T RAEECEWHRBE LB Loy 7T+
BT ) A~ A =27 SFEIEN), 2023 FEERR S U ERE TIE, 2021, 2022 A E
— IR TR D NG o TV O B HED | TG PEARR O REE R E 21T
ML ARRLSIORDFPERBRETI TETH D,

CERE ([T O)

I (T ORRFITIZ L LV EZBNR BRI T)
il (R LR D D — IR DR E 2T Hiv7)

(FHGE Y OREE T 5 i)

v (PRULDOKRRZZET N

AbffiZ F L72BEm (T6. B O] TR ~THITERA)

—172—



3.

Sf4 (2022) FE—KIEFRFERE (B SFEM)

DR 4LV fFEmR oI R TR EMARHHICE T SRS

o ¥ F o 2022—Ippan—35

S R F GRRHERT JREBpE R o ¥ — - ZdR) WEE R

I [m BFIE A RIRHERTY LFRREZR - %4) Bm O
(HIRBmERY: LFEEEZFR - 24) &k BEP
(ARG A T X v 7 AT 8 - WeEER) MkiE X ==/
(FFAERFNE - 20%) BY H O
(R AAE 700 8 - %) b 3R

e E K350 TH

4 . WFZEEHE

@O HF%EHE B

U AMEME RSEXT 7Y . R U TR . B KR SR o T AT
DD B D T /AR T, AR (WHO) X2 0K & @A DI WEVE R
WCHREL T, BB REHEL WD, ZOFERBORBEICITTTIOH T
v (PZQ) M —IBINFE L L CHWVHIL, WHO X, PQZ HAIZ X 2B (Mass
Drug Administration: MDA) % . Z OFAERFOE EE S OPERRICHIT 255K & L
THER LU S L TV D, — . HANC X 2bBREICITFEICmEo BN & b
O T2, A oEME BIERBEIEORBE R RO LTS, RIEFEFETIE, «
Y UFEMBEEROI har R THERBFICEBWTEELRERAZHES L TFHEIND
SmMSUOX % HFZE%f 5 & L. (K SmSUOX (rSmSUOX) % KFH TR EFH - kil
L. RIBRERRMEE O FEHE L 72 D AL FHIBHIT B L O, AERICB T 2R T w7 7
AIWVIRITZAT O FE HINE T 5,

@ WF N E

rSmSUOX 1 5 o k5 il

(1) SmSUOX (ID: Smp_048310) El%|Z KIGE CHRIET 7=l Ko kifb Lz
A EL A2, BBEMA 77 A F (pET151 B L O pET101) (/7 u—=r27%5%,
(2) His # 7 OfiiE (NEK/ICEK) DEREB LOBRIEHEICG 22226027
%o F£72, rSmSUOX FEHLICH L7z KIGEHKZIRE L, MR 3 BEE 8 SR0 (B,
mnyy . W7 L) RS GRRARE, NilCo Loy i - # 7 Ul %/
L. rSmSUOX # K& 325 (5mglllk) .

(3) ML 72 rSmSUOX % i LRAMEIE T NA 2 (7T I3 y) TRIEEL, 37
BRELZ BCAX LV NNIVET viEA TERET D, BRELOMELZ, SDSHY 727V
T X RERIKENE T 5,
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rSmSUOX 4 it D % 3 15 ML E

(1) rSmSUOX O % 1E M 2 [SOs2 +H.0+2(cyt c)ox & SO.2+2(cyt c)red+2H'] (Qiu
JAcetal., 2010) #ZEIZL THIET 5, BIRMIZIL, HEPES (pH7.6) ik THlH
fig> R U oA (Na.SOs) #HE & LT, cytochromec ~DEFDIniE GEit) %00
JEEFE (OD550nm) TRIET 5, ISR T 2B HE &I SV TR %2 H
T 5,

(2) K8 rSmSUOX z T fIEIRAE . i pH. F5E O Kl Viax/ Kear 72 £ O FE
Wb T — 2 2 NET D,
Qiu, JA.et al., The Structures of the C185S and C185A Mutants of Sulfite Oxidase Reveal
Rearrangement of the Active Site. Biochemistry 49: 3989-4000 (2010) DOI:
10.1021/bi1001954

SMSUOX ORI 7 1 7 7 A VRN -

(1) EIELTH2D SMSUOX DT F RHLIKD rSmSUOX & Jix L7 > T2 56
R 2 ¥ F 120k L THME 2 ER L, SmSUOX IZx 3 2 Hiik 2155,

(2) $T1SMSUOX Hilkx W T, v Y AEMW o EIEER (BEN, BAB T
KON ALEE EARN) HE AT — VI8 5 SUOX DORFZEM AR EL (FEBLRFH] & B
EAL) a7 s A NERITT D,

FRIN DR

AR EZED D FTTPRINDFERE LT, FEll B3 AEY O ELFIC A 72
T FE HoS/SOZ BR B~ D il s & Al REIC L 7= W AL IS Bk O i 7= 2 A RS 5 5 9
Z A2, SMSUOX 24k 5 Ff T 7 — % O BUSN B P& A& KB I N 5 2 &R
RWIZHIFFTE D, £, AWFECiT, kb ofE FREESEBICBIT S
E A OEFE L SUOX O&EFIZHM L, FAEKICB T 2HLVWAREGEL Z &
NDHIFFCTE 5,
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5. F#
©)

Figure 1. Purification of recombinant SUOX (rSmSUOX). (A) Purified rSmSUOX

it e

i

BSR4 (2022) B I EE B ) D Sk

(1) =Y AEMm% o SUOX (SmSUOX) 7 2 / Eefd%] (Smp_048310) % K
MG = R okl L@z 2 Ak L <, Mk 2 o278 (rSmSUOX) 124
DB - R AL LT,

(2) rSmSUOX #Efa HW T, KE L5 sulfite KO, EFZAEKERD
cytochrome ¢ (2%} % i KIS IEE Vinax (umol/min/mg) KON = U ZEH K
(UM) fE %, FEFR O BEEE K O pH &4 FCkE L,

(3) rSmSUOX it & VT, FAHiEE (H2S203) @ SUOX i& M FEFH 2

AEL 72,
R (RS + 5 42)
(K 2]

(1) rSmSUOX # &t 0 3 B & 1 il
C KUilZ His x10 # 7 Z @A L 7= SmSUOX f#e ik % v /37 & (rSmSUOX) % Ki5
NiCo21(DE3)k TR H L. Ni-NTA 7 Hu—R &L X F &2 v OB L
Too RBEOSLMZ R TH 2L T, ILDOEEKRSHZY 3.7mg D 7 AI2EMA
A) (B) L 72 rSmSUOX % i

M T A5 ENTE -
(Figure 1A), F7=,
HEQE 235 0 D A
& M o K B R X
30.8% C& - 7= (Table
1), B Iz
rSmSUOX D iE M (24.9
umol/min/mg) %, #H A

showing its pinkish color indicating proper incorporation of heme & into the mature 2. I 53 O i 4 (0.36
enzyme. (B) Fractions collected from each purification step were separated by SDS- pmollmin/mg) L L
PAGE. M: protein marker; 1: cytosolic fraction (1 pg); 2: flow through from Ni-NTA (1 .

a L ” o . - T 69.7 fFICc EH LT
ug); 3: 10 mM imidazole wash (1 pg); 4: ATP/Mg?* wash (1 ug), 5; 15 mM imidazole
wash (0.12 pug); 6: 50 mM imidazole wash (0.75 ug); 7: 300 mM imidazole elution (1 W7z, rISmSUOX D ¥
ug;); 8: concentrated flow-through from Chitin column (1 pg). #IpF 1T SDS-PAGE

DOFEAN T, 1 90% & H#eE 7= (Figure 1B),

Table 1. Expression and purification of recombinant SmSUOX.

Fraction Total Total Yield Specific Purification
protein activity (%) activity (x-fold)
(mg) (umol/min) (umol/min/mg)
Cytosol 1,516 540.5 100 0.36 1
Elution Ni-NTA 7.00 216.4 40.0 30.9 86.7
Flow-through Chitin 6.69 166.3 30.8 24.9 69.7
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(2) rSmSUOX #5 ity O i 35 S Y PR 4K

B L 72 rSmSUOX #E 5 & v T, & & IRk RE S B 1% (steady-state Kkinetic

analysis) I[ZH WD i Sk 2 e Lo, FERIRE 2 2k &8 T rSmSUOX 1% i

EMHEEZRE L E Z A, 0.01 pg/mL 205 1.0 ug/mL £ THRIEHEISE (Ilnear

A) ® dose-response) NELEE X,
Z DORFO R fE1E 0.995 TdH
- 7= (Figure 2A) , rSmSUOX
L O M o IR E X
50C Ch o722, [FHEESMNIE
37°C2» 5 60°C oM TH K

© TEMED 80.0~88.7% 0 i 1k
AR FF L Tz (Figure
2B), pH &b s 7= HlE
T O rSmSUOX #2 5 D& M
I, pH7.6 T KIEMH %R
FT LB S (bell-shaped

Figure 2. Optimization of SUOX activity assay. (A) SUOX activity was assayed under res ponse) % o~ L 7= 5 ﬂiﬂ. IH%
vary|.ng co.ncentratlons. (?f rSmSUOX, ranging from 0.01 pg/mL to 3 pg/mL in a 1. mL {513 e pH? 0~80 O
reaction mixture containing 50 mM HEPES pH 7.6, 50 uM cytochrome c, at RT. The inlet — N : '
shows rSmSUOX activity assayed under 0.01 pg/mL to 1.25 pg/mL of rSmSUOX. (B) {ElJ E %ﬁ: IBWT, v Egg
rSmSUOX activity was assayed at 550 nm under varying temperatures from 25°C to 60°C o e s i

in triplicate. Temperature-dependent activity of rSmSQOR is shown in the inlet (Talaam 71 17 A ik @I & ( KPI) %

et al., manuscript in preparation). (C) pH optimization was performed using plate reader );H Y Hj{‘ 12 rSmSUOX T -
under different pH conditions at RT. The reaction was measured at 550 nm in triplicate.
OIEME N FE & <

Tris-HCI #E K 2 FH W 72 I E 23 Z v ic e vy 7= (Figure 2C), MiFLEEE EAN TO A&

PR 72 IR S & % 8 L | steady-state kinetic analysis T o fx i 72 I & S 1% . 1R E

37°C. rSmSUOX #Z 5 d 2 £ 0.5 ug/mL., KPi f&fE % pH7.6 & L7z,
EHE SO> L E AR
cytochrome ¢ O Z L Z iz
KT D Km & Vo i, —H
DIREZLEE L, thFEE
&% CTHELEZ, SOs&
& cytochrome ¢ (2% 95 Km
T, ENE I, 106 TN T71.2
UM ToH o7z, 7. Viax

Figure 3. Determination of kinetic parameters of rSmSUOX. Kinetic parameters of (B N ThTh . 65.07 & 6
sulfite (SOs%) and cytochrome ¢ were determined at 37°C and KPi buffer pH 7.6 by the  101.1 pmol/mi n/mg protein
direct reduction of cytochrome ¢ at 550 nm in triplicate. (A) The Km and Vmax 0of SO3% . .

were determined with varying concentrations of SO3* from 0.0001 to 4 mM at fixed Tholo (Flgure 3A & & B) °
concentration of 50 uM cytochrome c. Note that at concentrations of SOs* higher than ~ — 75 . ‘,% (&% E ) 3032'1’?@ T
0.4 mM, the SUOX activity is inhibited with a calculated K; of 3.126 mM. (B) Similarly, e i .

S = .

Km and Vmax Of cytochrome ¢ were determined with varying concentrations of cytochrome T A Bﬂ = e ii ( Ki ) 3
¢ from 0.1 to 150 uM at fixed concentration of 0.4 mM SOs?". These data were calculated 3 126mM A n . HH Eﬁ 7o 3L

using GraphPad Prism 9.0 software.
EHRENPBE SN Vinax

GV ()
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MEHEH L7 rSmSUOX HE D % — o — N —5 (Kea) 1%, SO 12X 5 F 0
67.9 st cytochrome ¢ IZxf 3223 10558t 720, =U ~VU (71.4-85.0s1)
KOt b (26.951) SUOX @ Keat & LEHE L TEIWZ &R 0o 7z,

(3) FAHBRIZ X % rSmSUOX i M o BH % 1E H
SMSUOX 7% S;0:2 % E L LTRIATE M E I nEMILH, £7 S0:7%
S2032° I 2 LT, cytochrome ¢ O uiGME 2 HIE L=, ZoiEHEIgigsnz
Mol (F—HIFrET),
—J7. S0z & S,0:2 D i &
BAFIET 556 . rISmSUOX
5 D2 X % cytochrome ¢
DIRTCIEME X, SOs% D B AF
£ FTHIE LR &
e L CRIEICIEKT L
(Table 2), = Z T. F4Hi
g (H2S,03) @ SUOX I& %

== S
Figure 4. Inhibition of rSmSUOX activity by S:03%. The SUOX activity was assayed in EMEHZR AL S
the presence of S;03? at 550 nm, and Residual activity (%) relative to the well without ICso 25 0.391mM & fcﬁ -7
S,03% (100%) and with 30 mM S,03% (0%) were plotted. The concentrations of S;03% .

used for this assay were 0.001, 0.003, 0.01, 0.03, 0.1, 0.3, 1, 3, 10, and 30 mM. The ICso (Figure 4),

of S204% was determined to be 0.391 + 0.038 mM using GraphPad Prism 9.0.

Table 2. r'SmSUOX activity without (None) and in the presence of 5 mM S;03%.

Specific activity Keat Relative activity
Additives
(umol/min/mg) (sh (%)
None 22.3+£0.62 23.2 100
S,05* 0.36 +0.06 0.37 1.6
(& %]

Km K Y Viax TE ORI EFE R 5, SmSUOX D EEE sulfite & OVE % FI1K
cytochrome ¢ & OB FIPED LI DOEES & ik L TR W 2 & 2345 0> o 7o, {1 sulfite
B OB CHAET DM AEO SUOX LiTRAey . <> Y U FEmlk i o SUOX T
X, ZOWBNAERT L EBED sulfite BREEICHEIST D 72 wic, REHMMENK
X%, b, SBREOREFET CHWVBEZEENEONIBEIGHNEL L E
b, ZOZ NG, @IEEMAKFEREREICIC SUOX BERT 5 Z L NBLEI
Nilzo —F. HS-F /) A F v FY X7 Z—+¥ (SmSQOR) (* S:0:7% 4 L
SMSUOX DREREZ FHET L CW D ATREMEN H 1 | S203% 1% SUOX DFLEHA| & L Tl
ZENRHD TRENT, SMSQOR & SMSUOX D i /5 WIFIET 5 4. SmSQOR
1% HoS & SO ZFIH LT S:0:% %45k L. SmSUOX D i Z #ifl L T ATP A ik
KAWL N EXILF AR EZ RO RLT LI ENTEDEEXDL, ZOH#
FROEYFENEFIZTOWTIL, S, mansoni %3 E AT — TP SQOR L' SUOX
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6 .

ER=EA

rSmSUOX 1Z /it D3 Bl & FE U D\ CTlid, & O A L FE R PER AT 12 B D 72 oy B K Y
FEREOEMLOERICRS L, £, TOBRFHEROEITICONTS+07%T
— X PEGFH T2, rSmSUOX fZ AL 12kt 32 v F @ Mg OERIZLE T35 2 &M
k7=, —7F. SmSUOX @ S. mansoni %% B AT — Y TORI T 0 7 7 A JVFEHTIZD
WTIE, 7— X5 F L5 EnHkT. EE RT-PCRICEHAELBTFHE T mn 7 74
JVFRRT 2 N % 7o FEBRGHE &2 B fn 5 AR EILEFZE I C, BEEE T HZ LN olz,

R (TR NzO)

I (B O BT I & A ¥ 23678 6 7 i 1)
(1) CRMiEms 5 EORRE S )
I (PHEBY ORREEZFT NI

v (FALL LR & % 1T &)

iz B L7-8m (16, B ORI T XTHAITEMEA)
(6. B Rkl (2 TRUIR W 2,
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2022 General Joint Research Seminar Report (self-evaluation)

Seminar Title : E 2D 72D O fHEICE T 5 EHEE 2 —
Project number : 2022—A—01
Scheduled period : Year 2022 Month 6 Day 1 ~ Year 2022 Month 6 Day 3

Principal investigator : Kl KPR FFEEFES - 7 1o — b~ Z5F5EF
WeZ % Nguyen Tien Huy

Amount allotted : 1,000,000 yen

Outline of research seminar

The Declaration of Helsinki, CIOMS, WHO guidelines, and ICH-GCP guidelines
are currently applied as global ethical standards in medical research. These
guidelines generally stipulate the ethics codes for medical research on human
subjects and the ethics codes for individual researchers' personalities as a globally
unified Minimum Requirement. However, more detailed consideration is required
to apply this spirit to actual research sites, especially in developing countries. This
seminar invited experts in medical research ethics, researchers involved in medical
research and other fields from several countries, and Nagasaki University students.
With the participation of experts in medical research ethics, we discussed various
study cases conducted around the world, which took into account differences in
culture and customs, and examined future directions. The meeting was also open
to the public.

Implementation report :

This meeting was co-sponsored with the "International Training Course on
Ethics for Medical Research". It was held online for three days from June 1 to June
3, 2022 by nine lecturers (including four from overseas and five from Japan) and
27 participants (including 23 from abroad and 4 from Japan). Cristina Torres
(FERCAP-Philippines), Kwanchanok Yimtae (Khon Khen University), Utcharee
Intusoma (Prince of Songkla University), Kenji Hirayama (Nagasaki University),
Juntra Karbwang (SIDCER-FERCAP Foundation), Tsuyoshi Kihara (Nagasaki
University), Konosuke Morimoto (Nagasaki University), Dhoubhabel Bhim Gopal
(Nagasaki University), Tien Huy Nguyen (Nagasaki University) gave lectures and
motivated group discussion. The lecture contents were the composition, roles, and
functions of ethics committees, informed consent (consent form), evaluation of
benefits and risks, guidance, and ethical issues in research conduction, especially

in developing countries. Participants understood what the consensus is and what
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1s controversial about medical research ethics today and discussed how to deal with
it.

Course description

This international course is an overview of research ethics, focusing on the
ethics of health research. This course will cover the following: a) historical
background, principles, and guidelines of research ethics; b) structure, roles, and
functions of research ethics committees; c) ethical considerations in health
research such as those related to informed consent, conflict of interest, and risk
and benefit evaluation; and d) ethical issues and methodologies in different
health research fields (genetics research, epidemiological and social research and
pediatric research) in the context of national, regional, and international
collaborative research.
Course objectives

The general objectives of this course are: a) To demonstrate a common
understanding of the ethical principles in health research and b) To utilize the
ethical principles in reviewing different considerations and issues related to
various health research fields.
Course format

This course will (to a large extent) be organized as interactive learning where
the participants will work on a number of problem cases. The case studies will
illustrate the main points made in the lectures and presentations. It will be a
three-day intensive course. English is a common language in the course,
however, the lecturers and mentors are able to communicate in other 3
languages, i.e. Japanese, Filipino, and Thai. Comprehensive background
materials will be provided to the participants.
Course organizers
Prof. Dr. Juntra Karbwang

President, SIDCER-FERCAP Foundation, Thailand
Prof. Dr. Kenji Hirayama

Professor and Head, Immunogenetics, NEKKEN, Nagasaki University
Course lecturers and moderators
Cristina Torres (FERCAP-Philippines), Kwanchanok Yimtae (Khon Khen
University), Chusak Okascharoen (Mahidol University, Thailand), Phanthipa
Wongwai (Khon Khen University, Thailand), Kenji Hirayama (Nagasaki
University), Juntra Karbwang (SIDCER-FERCAP Foundation),
Facilitators‘Tsuyoshi Kihara (Nagasaki University), Konosuke Morimoto
(Nagasaki University), Dhoubhabel Bhim Gopal (Nagasaki University), Tien
Huy Nguyen (Nagasaki University)

Course venue
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Global Health General Research Building in Sakamoto Campus, Nagasaki
University
All the lectures and workshops will be conducted via an online system.
Course fee
Free to all participants
The course is financially supported by the Institute of Tropical Medicine
(NEKKEN)
Course outline
First Day: June 1, 2022 (Wednesday)
08:45 Inaugural session
Facilitators: Kenji Hirayama
Introduction to the workshop
Presentation of participants
09:15 Introduction to research ethics: History and the need of an ethical

review system (Juntra Karbwang)

10:00 Break

10:30 Roles and functions of research ethics committees (Phanthipa
Wongwai)

11:15 Informed consent (Juntra Karbwang)

12:00 Lunch

13:00 Conflict of interest (Kwanchanok Yimtae)

13:30 Vulnerability, Risks and benefits evaluation (Cristina Torres)

14:15 Break

14:30 Case Study (3 cases): Group discussion (Kwanchanok Yimtae,

Cristina Torres, Phanthipa Wongwai, Kenji Hirayama, Juntra
Karbwang, Tsuyoshi Kihara, Konosuke Morimoto, Dhoubhabel Bhim
Gopal, Nguyen Tien Huy)

15:30 Case Study: Reporting and Plenary discussion (Juntra Karbwang &
Kwanchanok Yimtae)

17:00 End of day one

Second Day: June 2, 2022 (Thursday)

08:30 Ethical issues in pharmacogenomics research (Kenji Hirayama)

09:00 Ethical issues in Emergency Medicine Research (Kwanchanok
Yimtae)

09:45 Ethical issues in epidemiological and social research (Cristina Torres)

10:30 Break

11:00 Ethical issues in pediatric research (Chusak Okascharoen)

12:00 Lunch
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13:00

15:00
15:30

17:00

Case Study 2! Group discussion(Kwanchanok Yimtae, Cristina Torres,
Phanthipa Wongwai , , Kenji Hirayama, Juntra Karbwang, Tsuyoshi
Kihara, Konosuke Morimoto, Dhoubhabel Bhim Gopal, Nguyen Tien
Huy)

Break

Case Study 2: Reporting and Plenary discussion (Juntra Karbwang &
Kwanchanok Yimtae)

End of day two

Third Day: June 3, 2022 (Friday)

09:00

10:30
11:00
12:00

Ethical issues in international health research: Study design,
informed consent, level of care, post trial benefit (Cristina Torres)
Break

Plenary discussion (Cristina Torres and Juntra Karbwang)
Presentation of certificate (Kenji Hirayama)

End of the course

Course participants

The target participants for this course are postgraduate students,

researchers in biomedical sciences (including health social sciences), and

members of research ethics committees.
Vicente Sotto Memorial Medical Center, Cebu

1.
2.
3.
4.
5.

Dr. Maria Philina P. Villamor: p_squared2005@yahoo.com
Dr. Shanida Camomot: shanida_camomot@yahoo.com

Ms. Chona Baltazar: dpo@vsmmec.doh.gov.ph

Fr. Raphy Catane: fr.raphydcatane@gmail.com

Ms. Catherine Ruiz: cathyruiz@gmail.com

Research Institute for Tropical Medicine

6.

7
8.
9

Edison R. Alberto, MD - edison.alberto@ritm.gov.ph
Veronica L. Tallo, PhD - veronica.tallo2015@gmail.com
Salud Zaldivar, RN, MA - saludzaldivarb@gmail.com
Jeniffer Landicho - jenski_08@yahoo.com

Lung Center
10. Gladys L. Gillera, MD - ggillera.lcpierb@gmail.com

11. Czarina J. Mora, MD - cjoaquinmora@gmail.com

12. Glynna O. Cabrera, MD - gcabrera.lcpierb@gmail.com
13. Lizbeth G. Jacaban, MD - ljacaban.lcpierb@gmail.com
Baguio General Hospital

14.Dr. Concesa B. Padilla - concesa_padilla@yahoo.com

15.Dr. Celestrel May W. Oras-Macalingay - celestrellmay@yahoo.com

16.Dr. Eleonor D. Cuarte - edrcuarte@gmail.com
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17.Atty. Ruth B. Bawayan - ruthbawayan@gmail.com
e University of the East
18. Dr. Jennifer M. Nailes - jmnailes@uerm.edu.ph
19. Dr. Maria Milagros U. Magat - drmmumagat@gmail.com
20. Dr. Vinna Marie T. Quifiones - eirammdO1@yahoo.com
e Far Eastern University (4)
21. Dr. Milagros Neri - mfneri@feu-nrmf.edu.ph
22. Dr. Nimfa Baria - nimbar_md@yahoo.com.ph
23. Dr. Lorelie Ann Rivera - lerivera@feu-nrmf.edu.ph
24. Dr. Priscila Doctolero - pdoctolero2004@yahoo.com
e National Kidney Transplant Institute
25. Dr. Sigrid Agcaoile - sigrid.agcaoili@gmail.com
26. Dr. Victoria Regina Pineda- victoriaregina65NY@gmail.com

27. Lumberto Mendoza - mendoza.lumberto@gmail.com

6 . Self-evaluation

An international training course on research ethics in English was held online
for three days from June 1 to June 3, 2022., with by nine lecturers (including four
from overseas and five from Japan) and 27 participants. We gathered 27 people
(including 23 from abroad and 4 from Japan) and held a gathering seminar unlike
any other in the world. There were many participants from various countries and
active discussions were held from an international perspective, demonstrating the
characteristics of this workshop. A questionnaire survey of the participants
revealed that the content was well received, although there were some difficulties
in using English. This year was the 21th course, led by Ms. Cristina Torres,
FERCAP Coordinator of WHO-TDR Clinical Coordination and Training Center in
Thailand. We were also able to discuss trends. The results were better than

expected.

7 . Attainment level (circle one of I to IV below)

I (Few expected results were achieved.)
I (Not fully satisfied, but certain results were achieved.)
11 (The expected results were attained with full satisfaction.)

@ (Even better than expected results were attained)
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Explain your evaluation

Explanation is as in no.6 above.
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HAEOoLD 1R, BEHFOoLD 1K),
BASNGISEMISMBEICLI>TICICEREINFHROEREICEBL TWS, F 7o,
3DTY VR OBMEELCHRFMALETRTCHE, COLIRERIREIL. HEEOHE
ESL L TIEENTHY, FEEFOHFZ LA >TWS, FILAEMEOERE L THRWT
WBZEAESLFML 7z 0,
7. ERE (AInHi2O)

(FRLIERBIZIZFEAEENSEAL - T2)

I (RBIIEDPA—ISOREEZFIToNT)

Il (FRRBYOREEZITONL, BHH)

@ (FABLLE D REE 2T 5 17)
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SF4 (2022) FEHENLAEEILFEFERSE (B 26

D4 T T AV ATERRBUR O R SR AT SR O REFE
PREE S 2022—Kyoten—1

A R F e (ESLRBEMTERT - EENEE) BN G
LRBFZEH © (N M T AR - #fR) BRAEKR. (M AR - BIE) VTR AR

LR K700 TH

A 5T -

® o =
Fo AN A (DENV) Z7 T A ALARICE L, I k> TN I ARED
RTNVARTANATH D, R FODENY ELICT K DEFAMITERTHLZ LD,
DENV Jsk Ju il 48] 15 D BR B 1L EERANICBEBE ORE & > T b, Lo L., HUREKFME

@%%@(wmc:iwUﬁ%yﬁwﬁEEMJxa%%kéﬁTLi ZEbmE
ENTEY, BREHEEOBRBICIEE-> TWRY, T v 7 RYE O BEIEE & (KM
G INEIIIHEEN DD LN I NETOMENLLRBINTNDLIN, EOLIH7%
TV =T Z2RBTLIEDEIECOEFIZHFE L T L200EIAHTHDL, £72
iR L ST & W%zvxtmhiﬁmﬁ%ﬂ@%é& ZONWTHARBRENRZN, Zhb O3
PRI HT-DICIE, T UANAKPEBREICB T DT AL AR B MDA
AN —TF F@ﬂﬂffﬁé‘]ﬁﬁﬁﬂ%?k%ﬁ%ﬂéip ZTDX IR AT DIFELR
W, FITAMIETIIT 7oAV 2R NUEOMEBHRIRIT 2L T 5,
B A2kt (VLP) 7ur—7 & NGSIZX 2 BCRITIEOR N2 BINET 5,

@ W% N E

AR TIEET T 7 UANVABHBHMRE SBET 572D VLP 72— 7 OERK %
BIhol, WEEIZBWTIK., (ERLET 7O NVAE XN EE2ZIDIAL

TRkt VLP B M A LRI TR LN, UA LV AEGREF O B ML % 5%
THZ L EMERT D, VLP ICHRIERRMICHEST 2 BAIRIX, E X 37 E % L
DIAFE TV ARWVWREEN VLP O#iE# L2 FiE s L TR+ 2, Zhbo VLP
Tu—T7%HNWT, LY —F =l EoTT VI UANAEYEF PBMC LV, E
R REBMRAESEEL, 7 AL PCRICED IgG EETO HE L L84
B, =77 XD EERNNERET D, RELZESNE S &IZ IgG = H
BE, BIBSHE, EX LV RXI~OAMHEEHRT D, SHICE X RXIEOT )
MRELSNI NS 167 X JBEBEOF—N—F v T XTFRIALATT7V—H LFTAER
ZEANLTZBDENVAEZRHWT, BEELEIGGOZE h—T7RE~EREIED,
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@ TN DR

E X U EA Bz T v 7w AL A B PBMC LV flifElc oL, E # v
NRIBFHEBCR LR RT & IgG A A)—T > F TRRITFRE/R S AT A ST
Do ZOVATAIEYD T U T IANREGEE D DENV 2R L 725 BCR L X
N7 EEBE D DUNE T D EER R R A MM T A LT, Ty UL OEEE
OHBEAEZHONETHZENAEBERD, ZHiIZL>T, BCROLV /NN 25
ET, TUTUANAEREOBEEEDO THINAREE D, o, T UAN
AERFEFO 1gG iR E T v 7BOEREEOBBREH O & TCEE, EIE/EZM
#il92 IgG O h—7%FEL, FLEICL DT > 7BOME A 1 =X L% fifH4
LTENMFETE D, RMIEIIAE DL DT v 7 U A NV AEPBERE LD | FmK
FEM ORI T T ANV AFEROBBEFIEREMH L, T2 7 U740 AR
RARFNVENERT D20 D, BB AT AERBRERT L EEHMELTWVD,

24
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5.

ES
)

it e

BSR4 (2022) B I EE B ) D Sk
AEFIZBNTIEH, VAR (VLP)ZFIH LT, T 7 A VA E X8 D
fEA IgG A AN—"T"> N TR VAT A EMETDHTETH-T-, L
WURING E X Ry EEANY A VR (VLPII AR Z E TREARNINETH
DB EDBHLMNE o2, FDOT-OE XL X7 BRIV EERBEIEKRTHD LIV
E— R IED VAT ACHBEEELE LT, TV 7 UANAD 4O il iE R
DHHIMBEAICHONT, LY rE— AR HENER T e —7 & U THERZE T
L, MEM1IDOE X R —712o0nTiEk, TV 7 UANVAE XY
B EZREATRETCH D Z L AR LT, ZNHDORERNG, E U X7 EHEA
IgG DA ZAN—T y MEN OEBEITH ST F R 5,

MUNIAEE P ICRABRE MG 2 AT 217> TETH -T2, b MM
BEDZEOTFHEICBELIVERMEA o2, M cor v 7 rTo
EATICIZE S 2o T,

R GRS+ &%)
TUTTANAE X RIS 1gG A A)V—"T N TN AIRRR S AT LD
MEZAMNE LT, E Z N7 BHEDOL Yy E— AR O 7 v — 7 ek &
RBTe, TV T UANAD E & N7 EfifasEgk%Z Halo V T Ry e —
REFRAET D Halo ¥ 7 &2 X7 G LRtas e % 37 T 5 Cherry Ol &
2RI EELTHEETSD CMV RI7AT7RBL 77 AI N7 X —%2HEL T
(Fig. 1A), T 7 AN RICIFZ 1 ~4A D4 H>DMERBHFELET HN, FDHH
MmiEM1, 3, 4DE XU RXIEDENENIZONT, LELORENT X — %
L7z (Fig. 1B), TNOHORHFNRT X —% 293T fifldic @iz -EAL, @a ¥ v
RI7GDORBEH Cherry FilkEZEH LIV = A X Ty T 4 U 7B XD
BLTZe T oAV AmMERL, 3, 4O E X278 IZH>W\WT Halo # 7' &
Cherry L@l & L7249 125kDa @ % )7 BERE O b vz (Fig. 1C), F721fik
1o E %>/ 7 Halo-Cherry @A % > /87 B, G177 ANV AE X
VR EEBPUARIC L o Th 125kDa TORENEB D 57z (Fig. 1C), Zh b
DFEF ML E Z 237 Halo-Cherry il & % v X7 EIZT VA L LIZHE Y ITEFRIC
FEHLTWD I ENRBINT,
BpnrmigoTr 7y
A IV AT D HUR & N
A AN—"T"> NIRRT
HREET DD,
MDD EH 8
7 Halo-Cherry ft & %
Vo Fa—T7 %6 U
ra CTRBITE S Z &
HETHDH, TDRD,

—193—



Fexizwkic, T 77 A4 A E %237 Halo-Cherry & % /37 BNiEE+ 5
Halo V v FE—XZ 8Ot A FETIEMT 2 2 L 2l A7, BEKMIZIE Halo # 7
\Z SNAP ¥ V& fhE Lic X U NI ERBIR 7 Z —ZHE LT, SNAP ¥ 7' % Halo
X JRERIZ SNAP U v REMIIN DGR T RELBEHEEZERT D208, £
DR ML Halo # 77U H o FEITRAR->TWwE Y, SNAP # 713 SNAP U # >
NEDORIEET H, T —TDHARKE % Fig. 2 1Z/x L7, Mik® Halo U %>
KL vy e —X(HaloL-Bead) & 7 7 U A )L A E % 737 Halo-Cherry @il &5 % >
X7, Halo-SNAP f@a % > X7 8, fktad )t SNAP U % > R(SNAPLGreen)
ZRAETHE. LY E—XIT Cherry #t 2 HT 2 E # X7 H LA HEE
FENHREND, SNAP U RELTCEERENAEDRTRINTNDZD,

FUTTANVAE X RN EOMEM T LICSNAP U Ty ROBFEEZEFT I IE,
MEM DT —T 2HNAEOENVTEYTHZENTES, ZDXHIICL
THER LTV I OANAE X RIBETa—T12, L7 v T UANVAFEREE
eb MIIEEMA, PiE b IgG HiEkEZHWTZO/MAGEMRMT 52 LT, MEF
WCEENDENTROMER~OFEGHRE . PUREA B Milaz i@t 425 2 &2
AEETH D,

IOTa—=TEHOTRT VI UL NVAZFEPRINTE S 2 L 2 HRT 5720,
MEH 1 OF L I OANAR Z Ry TFu—T 2R L, HRO 2 BEOHT >
FUANARTYRAE) 7 a—F Ak (72— DEL & L0 DE2) LEAL
Tk, RO A EZ i~ U A IgG HiETHRINL7Z, Zof%. DE1. DE2 Wih
DT v 7 ANV ABEHKIZOWTS E ¥ 287 Halo-Cherry i & & > /8 7 B fik
AE—ADHT, PUROMEEZ LOTHFARENRO LI, E & v 87 Pl i
Witk A2 M TE 5 2 L R SN (Fig. 3), ZOMHTRTIEX, E & o8
s OftiA & (Cherry OARMHE), MEROEME (SNAP U v ROHEMHE),
E %250 B#yE (20w 2H—E— X L TRIBTE 2720, A
AN—=Ty MR T VT ANAE XN THIRD R 7 ) —= 0 TR,
TYTUANAT s F UM, B Y 8 HR B M O RN 7 ST IR <GS 2
AHETH 5,
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@ MHEROAE
BE, 2hbooe—703e MIEFORT 7 VA VA E iRz T&Es 2
LEERT D OORIAEFEREZIT) TETHY ., TOEENRZALVKRE., XL
LTEMETAHTETH D,
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6. B CEFAMm

VLP 2B LY v E—A~DHEOE L T oot o0, BEE L, HHoD E ¥ X
BRI T D 1g6 #E G A A —FEERR TR FTRER v AT LMIMETCE L LB X
TWb, L2LAans, SFEERICEEL L CWEZE MUK TOMITE TEXEL 20
STl EEREIL I &5,

SNAP U B> ROENOELZBHIRTEDLEDL Z L TIRFEROMAEDEDE ¥ X
JET =T EERAETHY, 7a—F A MA—F—LOHHEDLET, MFFD
ADE iRk fuhih7e 22 b TAA AN —Ty FTHRIHTE 2 BN ES- LS
Z Do

7. ERE ([ThnicO)
I (T ORRFITIZE AL EER L RN T2)
@ (R IEFR D D — IR DR E 2T HiT)
il (TRREY OREZET LN

v (PRULEDORRZZET N

a2 T U728l (T6. A O] Tl ~THAITERA)
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a4 (2022) FEMHIMLGELEILFAMERS (B CRHD)

1. RE A =782V 7F R ESMMR Z T A N AROPEIR & 0B O fig
EE S 2022—Kyoten—02
2. KR F K

Feoks GREFHERMRFETR - W)
SLFEMFIERE ©

PALEES
I

ek R ERRZET - Rl R)
KAt (i ER R FPE AR « RPEBeA)
Goun

FifEZS (HRFHERRLEAIER - KFBed)

3.k &

B (RIR KBV EE AT IERT - %)
E

% - 900 T

4. WEIEGTE

@O #F5EH K

aZ A NA RY) 1T&b FERDEFTBROBFKDO—>T, 77V 0 - 77
DOBAFEE EEZ OICER 12 AL ES O IERETE LT D, 2O RV HERIC
*4HeEEVsFy (mX U7 A RVL) . vXZT w7 (RV5) 72 &) MBI
T 130 ELLE TR, 90 2EU L TESEE I N TWD, £OAMFRITIEHERET
DO TEWABRB EE BT 7V -7 V7)) TRV, ZOFERE LT,
T BARE BE TR MIER GBIE TR BT 2 RVESOMTH L, b
N EEO RV R TORIE T2 (V7 Y — b A2 b)) BEBECRE TND 2N
FFONDLODRELLS Do TR, —FHT, §TIZUZF U EASNZEA
TIE, FFED RV BE TR IC, FEEMN 2B R TR A AT 2 RV RS @BE C
M END X 912720 5040 RVEROMERICKRE RBMA R oD Kol

AMWFFE T, 77 =7 Hmi Tiflkfse L TUEE L T D RV FHRHE B OERA Z VT
U 7 F BB AARTR TOOAN RV BROBARF RO L ZDA T =X L FFIZT 7

YU

F N & 43 A RV BROPER & OB A2 B 5029 5, AFFEOREIX. RV IZxT 5
WHARD 7 F o OB N L L 70 o - B O BB 7 Eli A Ot 2 " REIC T 5 &

@ HFFENE

AW T T D7D G EELE D DOIXEHREE O THRERIKTH 505, 2
DINEINZ BTz > TIIHFEE D RFEOHELRIC L VEHBARZENTCE T r =77
o x 7 WS =T ESIESSZERT (KEMRI) @ Dr. Ernest Apondi Wandera O
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TN—TTIRHNESTEY, F=TEN2HKX (X707, ©4) b EfRIg
ENM TN TS, FHIEMENS DRV RNAHIH, AU 727 VA7 I R LVEKK
%) (PAGE) fi##T. semi—nested RT-PCRIZ & 2D G/P & A TUYIE & o T FIHIALER IZ DU
TIE, HEEBEOHMBIEE L H 0 r =7 WA TIThTEB Y, V7 F U8 AN 51
RV R TR OBEBIZONWTOT — X RERICEHE L >ob b,

AMFFETIX, WEE LT BIBREE O FTRIERIAZ VT, RV U 7 F 4R IL KT
TOHAT RV EED 6/P B+, BIGFERDOEILE EDA T =KL, FHZ, VI F
VIhF L A RV R OYER OZAL & OB A B 52N T 5,

HFRFIEIZLL T O®@Y Th 5,

O THEREOINE

H[FEFFEE T D7 =7 fs KEMRT OFFFEERRE TH T v 7 HIX & v & #i[X
D B EE O THRERKZINET 5, U7 F U BEOILKHiER L& ZiLE
TITINEE U C & 7o FHMERR & AT THW S,

RV SBAs T DT

A — T N D VAR L DT BRI TR U 72D 20%(E I & RV
477 I RNA il U C, PAGE fi##TC/47 /7 L RNA DYKEN R Z — v B RET D, £
semi—nested RT-PCRIZX 2D G/P ¥ A TIREZEITH, ZAIVOIENTIZL V., 4346 RV
BRIZOW TR TRLOZEERH LI/ 5 & &b, TR RE R T B O
EATDHRVEEBRSBUITHRE S D,

FEEBH RV R L T v & BITRB ST BRI RV BRI OWT, 7 =T LRI
BN /IR —7 o — (MiSeq) ZBUE LTc Ry ) Ay —r v T HAT D,
BONTIERSNT — 2 21 LICe 11 KOBET0E O 2 12OV Rl %
ERd 5 2 & T, FEBFOHKROFEMAHA GNICT 2, bR F—7IC
REREREZFT D RVRIZOWTIE, MAL04 i E A= 7 A VA BfEEFT U,
U0 F B MG E AT oA BATH LT, UOTFUBERE R
SIEET RV BROFEEA D =KX 5 L OREEH LT 5,

295 LT, BIBREEO TRIERIKDIED B3 RV RO T LD A )V AR
T E CH I =THLRCREM ST 2 IET L & BIT, RV MFEICEBIT 2 H T &
HEROBER S B L2V,

©

@ THINDME
INETORENS, 77U « TIVT THA RV KOBLEFREZRETHZ L1
L0 EEETIIREREENS Z L DORWVEMIH K RV R & Vo 72 IEEREY 72 RV £
DS BHEND b DL Bbns, 2, 8% RV MREROEEF o8 2 AT 5
N7y =% MERZERETE 5L Bbhd, £z, 7TV IZFUEALL
Ex TR Shs L) 1lleolz, IEEMN BB TR EZFFO RV BEbRHITx 5 &
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MRS D, EBRIZ, 2019 FFLIBEIZ R > CTENE T =T TR ESH LT o
72 P8I DM N E I E £~ 72, T2, BEAERICRIT 2 RERBEMICERT S
LEZONDZEE (77X, UY) OEM) RV BRICHKRT 28510 &2 oIk ER )
72 G3P[6]#K. G3P[8]#E. GAP[6lBEHMM L T2 (Wandera et al., mamsC¥EfT),
HEN SR Lz EHERI S 2 878 G12P [6]#% & M & 4172 (Wandera et al.,
FSCHER ) . 2B FEERIA RV BRI O W TR S — 7 o —Z W =24 ) LR
Wrzt7> 28T, 77V NITBIT L RV AGHRE - (KO A D= L% ) T NZ A L TH
LMITEDERDbND, 29 LT, U7 FUEHEROBRMGKICOAN RV FROPER
WCRERBANDIRZ D 50H L5 =T IZBW A2 £+ 5 Z & T U7 F %)
B L0 RV BROVER DAL & DRI SOW T OBMFEN R & < A, RV BIBEICKd
HWHMART 7 F o OBRFE RN L 72 o o BEO B e Tl B Ot & "l RBIc 5 &
s s,
5. FEkE3
O Ff4 (2022) 48 HE 63 2 FEhR
2023 FE2 HIZRH7r LC, Filan oA VAR T R v 7 LSk SES D ([CHLH
TOILFRNFGE & i U7z, 7 =7 s KEMRT OFZEE Mkt EE L Cu 7= FHiE
FRRIZDOWT, RV & I G/P X A 7 & PAGE T DFER AT 4 AT v a v L=
2, Wt —7 v —MiSeq TR/ AENTT 2 24 BiEZ 3k L7z, HEEH.
BHHL R B24:, Dr. Wandera & TRV #/ Afilitt, cDNA 7 A 75 U {EHL MiSeq v
— Y TR =T HLETITY, i LIe R — v TR O BLMISE
fEx HE LT,

it
<

He
=

@ HR R +5%

=T R TOFERIL, cDNA T4 77 VERE CIHIEFICEATZ b DD, il
R —F v 7 Tlik MiSeq g Rl EIL L T LE ST, 22T =7
LA /KEMRT DGR AEFFTZ LT eDNA 74 77 U ZHfIRIECHARICE IR | %
HERKFD MiSeq Har CHERMIA Y —r v 72 Tol- b 2 A, Blif7f
REGDZENTE,

VA 11 RDSRD0H 2 A8 RNA 2757 ) 5L LTCRFD, 2 DONNEREAE
VP7, VP4 IS L7cFnfti Th v . enenmig® (BE7M) 6 # A4 7L P X
A THERETD, G XA 1L G1~G642, P XA 71X P[1]1~P[58] & G/P ¥ A T D%
BRIEIZBIE TH D, S HITFED ORICHEHEEREO B D Z L s IEFETIEE
11 KOBEETHIRER (VPT-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5) %
KilT 5D, FAEDE b RVKIT Wa Bz FREE DS-1 BInFREE ICKAIS L D8, £
NENOBE 7RISR 61/3/4/9/12-P[8]-T1-R1-C1-M1-A1-N1-T1-E1-Hl & G2-
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P[4]-12-R2-C2-M2-A2-N2-T2-E2-H2 Tdh 5, bt MUSMT b, FA & ORFLEM & S
FEICZNZAUER O RV MFET 503, FEOBEXEE CTlide<, v M@ (Frlc
T, THEEVSTEFEE) FOBEM)NRE R sk TR RS EEITE X 5,
AIFFEDORE L LT, =718\ TH G3P8IHE (Wa-like) DR HIBHEE DS E
ZLEERHL, SHICHEERE L 225 ATH£R (G8P[14]) & MB25 £k (G8P[6]) Z#k
H L7z, AT5 k& MB25 #HROE S FRIMRITE N4 G8-P[14]-12-R2-C2-M2-A11-
N2-T6-E2-H3 & G8-P[6]-12-R2-C2-M2-A2-N2-T2-E2-H2 T -7, A75 FEDEIET
RURE R I ABEEEL RV (SR MA) Td 5, BLAST AT OFE RN D ATE KRD 11 AD B
FRTHE FRV XD T LWV o BEE RV ICTETH L Z N RS
TW5, MB25 #RIZA 11 KDBIFD 5 H 10 A& (VP7, VP4, VP6, VP1-VP3, NSP1-
NSP3, NSP5) 177 Uh Dt bk RVIZEBZE TH o720, FEH NSP4 IR 122\ T
X7 7 U I OBEFERVICERZR TH D Z EBRB I T, Z 9 LT AT5#(G8P[14])
eV F 20 b ONEETED b MIFEMERE L7 EETERY TH 5 &ai < HEH
SAu, MB25 £k (G8P[6]) 1E., & R RV Z/Nw 7 R—r & LT, BEERY O NSP4 &
BrEHETDHE/ VT )—H 2 METHD EEZ BTz, AT5 & MB25 Bk & Tl
21 AKOBEFETHEERBRE RIS RN ENDL, 0L 2O =T D
B N G8 RO LT RE S B D Z LAURE ST, HE, RFBIEIT 2
NS 28D T 7 U 1 G8 KR DFEM 72 H 3k & HEAL DFRF Z D T\ b,
FoTIZBWTIE 20147 AL RVL U7 FURNBEREA SN, U7 F i
ARG RV OYERIC KT B L EEICHRE T 20N H D, DAEO L HITEE
U7 FUBASNE2 T BEIRR L & HIC RV MHERE RIS 0D,
3 RV OBBFRUCKRERZEB R O6ND L9757z, RVI U7 FUNEAS
NT-E % TiX DS-1 B FREOBFIMEEZ AT D RV OEERPREL EFT2
ED, HERAICIE GPIBIREDRIHBEE S EH LT\ 5b, SRR L7z AT5 B
(G8P[14]) & MB25 #k (G8P[6]) DWFh b/ Ny 7 AR—r & LTDS-1 B FHED
BIRFRERRZ R D, W1U&%y@ﬁﬁ%ﬁﬁ(mwmknmkmMPMWkn—
E1-H1) 32 1N BEFAE<EELTELT, VIV ZF U EALEE L TV D
AREMEN D D, T 7 U A TR, ABISERYYED A FFORV At FOR, BX
VEW) & O TR ERFEZBVIELTRY, BRELTHEOE N RV RITHEIS
AT DARMEE R 725, =T LR THAR RVROBEFRIOLEEIZOWT, IE
B EREMT A ERH D,

R R DINF

e L (SR L7 AT5 BE & MB25 BRIZ DU TR SR S0 2 08 L CHEs S
xR T D2 FETHD)
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6.

B CRFAh

=T HSIZEB W T, FAT2 B AY 10 R OMFEAS i 4 38 U CHARBHA L T & 72 ELISA,
PAGE, RT-PCRIZ &2 FHIEBE THIED RV RHAZ U —=27" Wa/DS-1 iBfxT-HED
HIR], G/P ZA ¥ 7 Dr. Wandera D 27 /b— 71 & THEFHICEMH L TV 55803 +5
IR C& 5, S4EEIXSEM L OAE TH 7277 L CORFEFENRER L, ¥ =7
ANAZ w712 MiSeq ¥ —7 v T OEMNBES 5 Z LA REAREE L THMTHE
Bra 2 T o 72, B MiSeq v — 7 U —FRANRH 7= H DD, Dr. Wandera & & 1%
F L7z cDNA T A 77 VITITRIBEIT R < . mAEAITIT BB L9 ICHHEN S =7 Dk
R GBIRIZOW T EHEMREREHFD LN TE, F=T ANAK v 7 LB IHE LT
BONTAEEORREZIEME LT, WEEICSOIZRBIELEBEZ O L2 LR
TEAIIEEHE L TWD,

. ERE (firhzO)

I (FTHIO R RITITE A EEZER S 2o 77)
(:) CRIE 1% 2 78— TS OB A 361 B LT
n (FALE D ORRE 2T D)

v (PRUEDORREZZT HhT)

Az T L72BEfm (76, B CRHl T~ THiTEIEA)
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T4 (2022) EEEAR[EZLRMERS (B D)

1. 8 4 Fr=71CB8 5~ ¥ =N EYE O E Pl A
PREEE S - 2022—Kyoten—03
2. 0 £ #F: (Lo RFLEFEEESVIRE BREMAEDT) B Kl
LFEpFIEE 0 (bR RFPILFEERE S ER BREMASDT) TH OH
(B R R ER E e R BREMAEY ) B R
(B R R B E A Fe R BREMZAEY ) Shelly Wulandari
(1 AR R ERE 20 JE R BRIEMEY ) Nyampong Samuel
(A RFEFRERE AR BREREY) i %
(r=7#5) &£ =BEE
(r=74#L5) Elizabeth Ajema Chevichi
(7 A4V AF4E) Mya Myat Ngwe Tun
3. %k & #H:1,500 TH
4. WFEEtHE
O WL E®
< A= R LD e FREWITHR & e NERIR IR GUE O UK & 7r B AE 2 O TR
BT D,

T 7V ARBIZHMT D~ F =N EEIEDORIREREE LTiX, 77V X =BDRK
ERD VT FT T 7V VT a4 N AR, F2. FE
R TR R ST X TV AKBAT AN R ERMLATND,

LWL s, B O~ X AR EIC W TIEERICZ LS, Bt RS
DB LT, v F =RIKIZ LY BALKZ R EOEREZRTHIZH > TH2ER >
MREVWEALEZENEDZ LT, BRERICOVWTIEARHARENRZ W, F72, Bt~ & =)
DHHTANALEL AHINTIEWDER, b M@~ Y, ISV T
SN TR DHZ U,

~ H S EIYEO TRIIZEB W T, F—IC, WEKEZRAET I =l anin
EREARIR LD, TOTD, WEh~X=ICBT HREERORERNEZTET S Z &
N, BRET EOBEERERIFE 2D, F-. BBRMOBRFEMERICMZ ., K - BHHE OB
EHRBRIC, ZEHRCFHEEREEZELL TR 2 &, MIEERFEEN S BRI %
fEEL T I &, BRIV E LTORENE,

FIZTCARMETIE, F=7 BT 5~ F =N EYYEORE FRELFEML, B~ F
= LRIEERORE - ARG, B b - @B ERG L LR MiEEFERES D
Z LT, X NEGED T RICES T MR ORI E BHE T,
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@ W % N &

LB OARFEFEIL 3 FM A2 TEL TR, 2022 FERISERBECIT, BEETB X
OZEEZ NUITM 23 L. HFEB8ROWB HIob e, ZAETICHE LR 4 TIRU L
D HE=ZONWT, TR~ X =LA 2 ER U, W EE 78S X ORI (R
WA NR) SR s, 7o, RELE~ X =00, ~ % =0OREKER. K
AR DS AR BN SN\ CTIE R 2T 5,

1. v X =06 O FRE R H

NUITM B3 X P KEMRIIZBRE L TV ALV X =122\ T, B — X a2 T~ ¥ =
A ZAERIT 5, FEBRIL BSL-3 EBREN TITV, v ¥ =TT = — 7 iH 7 & o Al 6
MEEREL, 22Xy EX Yy NNTITY, ¥ =73 7=k (K200 7— /1)
T D, v~ X WA EAECEE L, =L0%, EEB I OREY O i
EBAHICH L, R0 oY o IR RS EEICHW S,

Bt % >~ ~ %2 H T RNA, DNA fili H 2170 NUITM O %2 I L, ¥ =5
W7 ITETANA, ANV FARTANVA, VEITAINA FLIIFVTALNA B
XOR VI TR, Voo TFT7TROBEERNT T 4 ~—%H\= PCR £721% RT-PCR T &
DBETFRHERR D, Ml L7oEBIL, WEEDREER T EORER—7 = 2T
L omEmmicitT o720, BEEE L THEL, Bt anziae., s
BEBHNZRE L, 0 F RN 21T D,

2. VX =D DR FAR LY B

NUITM @ BSL-3 FZR®R=EIZ T, v ¥ =A AR (Vero Mifd, BHK Mifu7z &)
WCHER L CUA VAR A5, BEMRT., F EERZOW I T 2 0 %R
T 5, CPEXNMRSNTHA, B FREOMEL 8T, RT-PCRICE Y # =
TIEUANA ANV FABTANA VETA LA ANV IFYTANLADBIR
TR X DHEREIT S, BWIEEY 2 RE LREENIT 21T 5,

DA NVANREETE R ooy d, WEELRE, )RR —7 = —%2 0Tl
72 B sl - 2 EfT 272010, MEERZGHEEET L B,

@ THRIN DL
AKWFZET, F=TICBWTEZMEREN+DICHL L TE LT, WITRIEOFERDS

RRELTWD Y N EYIE L ZOIRFRICER T2 50N/ GaTH D,

1L r=7nms o~ & =f, ARG, FEEORAERNOERPFOLND, W5
HEOHIE, CRETERCTANRNY Yy, A vFdn, R UrIaEMicBn T~ =2&E
LTEBY, BIGTCOERY X O~ X =N ERT 250, BimicHFET 2~ =
R EDOEREH/FTND, AFERICBNT, v~ X =HFOFFEKREERLZEET S
LT, MIRICB T v X = LRIEEO SR E M D FHND LD,

2. KBFRICHESN DG IREEDIIARENO X =P B8ROFHIA VA (b7 T D
ANVA, XY~ TTFIANVAE) ZRHELTEY, FEBRE FFlcv A rR) oy
HtL ZD%RDOMITOERN D, iz, nHEFOESHHARIT, ME., ~¥=%%
L3270, MEOHEECHLIFEEL T\W5, MW IE L 7%e5 KEMRI @ Dr.
Rosemary Sang. Dr. Joel Lutomiah (X8 B2~ X =L HBOA VY T4 BT A LA
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ERHTRE M- RALEO THEROREER AL TNLZ B THEIND,
IR 3Bt S LT, D% OYERMENT . 2 - T - IBIROMLIZ DR N D T
DOEREBMELE D LRI D,

AR TR, B ER AT RIS, B2t A SE LT AR R YL E IS S 2 Y
THN, BREFONEP LB ORBIE S AL TEMT LD, v X = ZFEOEHE
AR (R, A VA M) R L B CIRRRICIRA R EE RIF LT
Wb, FEOWHET, REMENOE FOBBEICHESEEELRITTLOTHRED,
FEOFHROAKEZIBW T OEHEERMENRLEZOND,

AT, v X = AR E LR RAR A 2 T A O FE I X
V. B b WHHEMICE T HEERNICET2AAREROBRGS TREND, £
7o, BRI O RAR A2 I L G2 WHERZ IE A St L, 7 = 7 i~ H Al i it %
To7, BB 5~ ¥ =N RYE OB WAL ICH S5 T2 A CTHERT
H 5,

CBRE L7 Hyalomma @127 UV 27 - a2 I HME w4 L 2 (CCHFV) O~ 4 =
ThoH7-H, CCHFV B an s b BE SN b, VALV ABEB BB S
NS E . TA N ASEEE FO% OB NITIE BSL-4 Mgk AL & 72 508, 13k
IC R R TR FHE A A TWD BSL-4 ik 2 FIH LIZBEy v 7 v o Bk
W fRRTE . SR TRFE R E ORI TEDONDHI I LEFEAL TS
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5. F#
©)

it e

BSR4 (2022) B I EE B ) D Sk
1. =X =oAL 2GR O RENT
1) Ay F A e AR

JUVIT caryIafHmBo A NV AEZER ALY FA 0T AL RFED T A )V AE
IR O EWEKE 2 — 7 b L2774 ~—%3REF L7 (Kurosaki et
al., unpublished data, 77 A ¥ —1FMIZ OV TITFMICKRBERDO - OIEARH),

RT-PCR IZ. F 75 % A /LA (TFLV, Shimada et al., Sci rep. 2016) @ RNA
oy b —/LE LT, PrimeScript® One Step RT-PCR Kit Ver. 2 (Takara Bio)
ZHWT, 797 b.p. DFF RNV RO &2 AT,

2) NUBETANA, T—=TTANVA (Tx=aATALAF)

BE L E R G CREFAONETCH T =Y VANAR T LR IA LV AE),
NWCETANVA, T—=T TAIADY A )V A BT ITHIEME D & W iEl 2 2 — 7
v h& L7 T4 ~— (TBPVL2759F / TBPVL3497R) % #Efi L 7= (Matsuno et al.,
J Virol, 2015), = JE ZVE /MR 800 i B BE (SFTS) ™ o4 L2 (SFTSV) @ RNA %
Btk =t b —/L & L, RT-PCR I% OneStep RT-PCR kit (QIAGEN) % v T 500 b. p.
DR RN RO 2R AT,

3) 79T AR

BELMEIEIC, TN EME T A VA, BAME VA VAL E2EL 7T
TANAIBO AN ABEFITHRMEOSWHEHEEZ Y =7y e LTS 74 ~—
Z ¥4 L7~ (Maher-Sturgess et al., Virol J, 2008), H AW A /LA (JEV)
® RNA [tk b —/ L& L., RT-PCR |X OneStep RT-PCR kit (QIAGEN) % A
W 800 b.p. DEFRM N RO Z2RAT-,

2. ENO~X =%\ T A I)VABL TR ORG

~ X ZHAAMERE AN ZABEFREEREZ S =TIZBWTERTLICHTY
EMATC, WA RPICTHEERFIEOERE Z KR T, BROF =2xRICVA
IV AR A R AT

dbvEE (FLIRVTZS. 7IHlTH) TERELZ Y~ b~ & = (Ixodes ovatus) DL H
A 5 PEF > 1 7 —L b L, 10%FCS &Ee PBSIEKH CE—X27 T v ¥ —I2 LD
e Lz, L%, EEEZAAE LCEIRL, k& (v & =) 75 Isogen
(=R P—) ZHWTHIME L RNA 2 7 A4 L AEE TR L7, 72,
HANF TR A v —Tzn LS ¥— v 77U R~ A (A129, AG129) %= H
WT A NVAGEEZ AT (=7 ZAIRIE L7 BNRERD E D TR +) .

3. F=T CHRELE~ZX=2PLD T A )RR HEH

NUITM TEBRZEZITOITHID | 2016 F~2019 FI27 =7 & THEE L. KEMRI
TNVERTANVAFERMADOT 4 —7 7 ) —F—ICHERE L WX =%, J
EHEEOWIITNIIIMOT 4 =77 U —F—IZBE LT,

2023 4E 2 H 20 A, WFZEAREE (FIKE) B L OIEEIESE (SRS X
X Shelly Wulandari) 23 NUITM 2@ L., ~ & =% 7L OMER., ERERS %
1To7-, LEMIEHE 241X, 3 H 10 HETOR 3 BT A 2 EITHAEL. NUITM
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T~ X =LA OERB LT AV AE B RHOEREZIT- 72,
4. = B =5 OFFJEAR S

FR LI~ F=HAN D DT A )V Z 55 BEC DWW TIE NUITM (& THREZE M 2 F
TEETHFHE TH 22, MIOEHFROREOREEIZL Y, LFAFRE OWHE
BT OEBPEL o7/, 5l & & H EFER I X O° KEMRI-NUITM 7T & @
Elizabeth Ajema Chevichi I LV HED TS,

F7o, 2028 FEEFICICF=BI O~ F =LA &2 ILD KE~BEL T, Al29,
AG129 ~ U 2R E HWTIHEERDEEZIT O TETHH oD T O EIRD T2, 7235,
KEMRT i B @ Lydia Mali 723, 2023 4F 4 H (T [L A R4 R ER = 0 70 FHE LR AR I
ANFLTele®, 2023 FEEHRIC~ X =% HARA~EE L, (L0 RFETZITAND RIA
HNWTETWND,

5. 2023 2 FHE 7 2 W 58 HE

AWFFEIX SEMOFE TH Y, 2023 FFFEIXF A o B RFEEZREHIL, F
w. BAE HMEBVEOMEEOY TV EAFTL, 5T, BIWHKOY X =
FREL, MFEEFRESCY Y =REHLZO0ATF S5 TETHD, £ 2T, 5
REFBLORFRFREET DT A 2 BITHET, T A a2 ERFEEHESRIT DO Dr.
Gabriel Oluga Aboge, Dr. George Karuoya Gitau & EL[FEFEDIT S 21T -7,
AR (R 5+ 5 52)

il

1. =X =N A0 285 TR O

2. ENO~F =% Wiz T A )V ABG B OBRE
D Ay Amy AL ARIETORH

RT-PCRIC K VB = & b m—v (TFLV) O @z F23 i &47z, (Figure 1, PC
L—y), dkMEE D I ovatus T — NV EHAWTCEEFBREER AL A, 3T
—/ (no.2, 6, 7) IZBWVWTAY RRERINTZ, ZhHDOF Tz o0 T
WERIZFHRDLTETH D,
2T = aA AN ARELETF OB

RT-PCRIC X W Bt = > b r— L (SFTSV) O#Eis T2 Sz (Figure 2),
dbEiE D 1. ovatus T 7 — VTG R Z A TZNEIERNIL 720> 7=,

3) 7T E AN AEBLET DR

RT-PCRIZE WGt = hr—v (JEV) OBz 23 &7z (Figure 3), b

WEIE D 1. ovatus 7T 7 — )V Tl M 2R A= NG 0o 72,
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3. FE=T TRELIEF=nDDOU ANV ABEBTHH

2019 4 1 H |Z Marigat THE4E L 7= Rhipicephalus appendiculatus, R.
pulchellus, Amblyomma gemma, Hyalomma truncatum @ X W % %tRIZE5E 68 L (1
PEF2 1 7 —) IZHONWT, v =FAAMER, RNA i, £V AV 2ABEFREE
To7,

ZORR, 23 RMICBWTALY FAr UL LV ABEFHREBEETH -7
(Figure 4 [ XX ROflZR1d), ZHb 23 PCix$_T R appendiculatus (M
LLPE, #E12P8) T, o~ =F CHMIERIL o7,

TrxZmaAd JANVART ANV AR FHEETIE #7268 EONTNIZDONT
LIGEBIIIMER CE o tz, T2, 77 EUA AV AEETFRHEICB W TH B
BHIHRTE o T,

/,j%"i%

=7 CEE LT R appendiculatus )& AV A4 0 v A )L ABIGF DB H
S HEME N R &N 7=, 7 = 7 121X CCHFV R° Nairobi sheep disease,Dugbe virus
REDFNYFABTANVARZHLTNDLZD, ZTROBRAMELIXHFHRO A
NANE I NOREMNEEEH T, 2O/ RIZHOWT NUITM & CHE RS % 3R
THTETHD, £, B 7o~ F =HANT DWW Tik, NUITM IZ TE & A
oz HWTOANAGEEZR AL, 618, WARFEAYF TV EBETEIZY
AL AL129, AGI29 D RAZHWTOUA N AL ZRL D, VAL AEETTHo T
BAE., Wity —r7 2o R L 2RI ERET D,

Fo. THABRWICENO XY =CHRILEZRAATZL O TH L2, LiffEO~ ¥
=ML FANLYFTA R TANVABEFPRE ST ARERD D7D, duifEiE T
ENRHDLT T UANAEED, WHEEIIORE, VANVAGEEZED D TETH
Do
%R D A FE
fﬁ?%&:ob\fi Sl & M 21D, RN T L FVKRE (2023 FEFE20ESD
HRIZ), P2 TOREBLIOHMXERZED L TETH D,
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6. B CEFAMm

2022 FEHF DO R WEREHNC r =7 2 L. PR CThITEEENZ D72 > TNUITMIZ T
RN 2D D TETH >N EEIZCOICBWTIL COVID-19 (IZ L D ENE 75K -
T2 Z &0, NUITM OEBREO KRB R WE, Z ANHAB L X REMT 2H5EEH O
AT E D, 202342 A TO 1 HIOBMTOEE 2> T LI, FEHEPIC
GYERRAR D D A VA G EERCHE SRS 235 2 LN TE o T,

L LARNS, =7 TRELEE =LA VY F A a AL A E LS BED R
RN RENTZD, SBOMITICB N THERFEREBZ X 5, 2023 FEE b5 X hi X
fRtr 2D DI HTY . A ERFEETFHE OLRFFEAEH METE T Ln
b, SHOBEDWFETE T,

7. ERE (TRnizO)
I (BT RBILIE & h &35 5 e n o 1)
() CRlims s EORRE T bR
n (TAUE Y O R AR B )

v (PRULEDORRZZET N

a2 T U728l (T6. A O] Tl ~THAITERA)
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T4 (2022) FEENLEHEILFRNERSE (B D)

1. A4 XM TACBT2 THEMERGEOY U~V AT Fa—F
AR B 2022 —Kyoten—04

2. 0 R AR M CEIR RS RS & e R R R - HERR)
LFEFEE - BAH K (RIFREBEEZOIEITN b LR - #i6R)
: Nguyen Thi Thu Huong (Thai Nguyen University of Agriculture and Forestry
« Gl

3. E  %H:600 TH

4. WRIEEE
O #EED

TR E KB E (DEC : diarrheagenic Escherichia coli) 1%, ¥ Ei® EEICE T 5
IR THRIE D FERJRRBAEN TH Y 5 FOERFECHREIZHEZR> TS, &
DICATHIR Z N T2 iRITEIC L D THRIEDQRKEIC S 725, LorL, XM AZzET
TATREEICB W T, IR & 72> Tu5 DEC O#E (X4 7)) MBI T 2% #ix
D, 6T, YR RNTRRARICTHE R LI AR KRBEH TH DL EEZ LN DD,
BRSOV YRR IR T 2R IR E A ST Ty, DEC DT~ )L AT
B—FIZBNTC, BENPODHSNDRNEIZ T Tl Z0REE EEZZ DG
PIRCB YR A BT 5 Z N E L D, £ 2 CAZETIL, X M A THITT
% DEC Ofs# 2 A fEMICH T2 2 L2 B E L, B, B, F&7% & ORI
e T ExG E L DEC ORE EMHEEZIT O,

@ %N E

B OIEE : N~ A T Z OB HIROEE RGBT, FEITKOFERE (G
10-20 i fR) ZHET 25, &b, RS TV a2 RM (FH., KA., BER L. §
10-20 &) ZifidG7e E CHAT 5, UL ED 20-40 ka2 e LTHWS,

OB - [FE - BREEUEEZ . RN R IR BE R R EE . (DHL, 27 » €7 4 —STEC 72
E) KBHELTHEL, KEFkar=—2 &KX 06RKK 20 an=—8K T 5,
KIGE OFRE & WIRER T (stxl, stx2, eae, It, st, ipaH, aggR) D A7 V) —=2 7 % BE
WD PCRIETIT O, RAEtOUNE L O HEE - [FEIX. Nguyen (JLRBFZEHE) B LW
RAE (N AR 25EEE L TERT 5, LEITIE LT, N b J AE SRS
WFEFEFT A B (R ICBRBE - S5 E 2 31T 2 AP B i T 7 v — 7)) O AR — M &%
T %,

DNA-base O IR : EFLA 27 U —=2 7 T4y L7- DEC ® DNA Z K% L. =k
RF~EET 5D, FRKRETIZ, PCRIEICE Y MIEROZEMEHET S,

T DA ARER 2R L (10-208F) . U ARSI EIRETS D, BEHRRKE S
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DI AW 72 7 ) DR OGRS N T LAERNTHY - 1T L T % DEC
DIERB 2R AEHA LT D,

FHRIN DR

ik L7z v, EE EEICBT D FHREEDRE & 72 2 96 IR AR D15 LR 075 Y %
BIZEAT 2 EHRITV R0, RRIC L > THLND THA I EIL. XM T AIZBT
2% B -EF2—VICHDECO —MEHLMNCT DL O LIRS, EYLE 3
RRONREADN 2D ETCOBKROREIZHEHMKTE D, £/, XM ATHEES
L7 DEC O Mgl 7e E o ff @ %, o EE LEICR T 2 THIERFE S, BEE -
E &I ifRITE I K 2 FHAEFEFID L BES L7z DEC L i35 2 & T, MiomH
IM7- DEC EBEFME - IX BRI 2 R A Y v 7 T 2 0 ER R B~ E BIB S D
ZENHREE R D,
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5. F#
©)

it e

=
B4 (2022) BN EE BN %9 D S ek

R#EE OFn) L EEMEE (Nguyen) X, X F AL A X v 7 OHKR— b
LD, 2022 4FED 9 AnG 10 AT CTHMTREEAT->72 GFOix 9 A 5 H
235 13 BIC/ T CHMFAEICSM), YWOFETIX, FEO#EMEFRKINT
WHLBMERESR LT L TPETHo 2., HAERNICEE & ORBEN 7o
Tl N ABLOZEORNED~—7y FTHALEZERN (FAB X OKRA)
WCHERREZR > THEM Lz, o8- FETIE, REDRE2 EIF 572012, Biikz
MEC s HICHERE L, T OREREZA WV THRESEELR FOR T ) —=0 T 2TV,
Btk CH o iRk DR E AT, BHEKROSEEEZR AT, kT2 X512, 6 kD
DEC #/7HT 2 2 &L B HOR7ZY . Wik B % ORIR THRER £ 72122 D DNA % H
ARGt 25 2 &N HET, Gl LTz DNA-base ® IiER B3 LW/ L fif
BrixsEhe Le o 7o, BERRIZ N /7 A BLRIZEB W T-80°CTHRE L TEB L, 5%,
Wk FIEEEZRF L CHARANERXE L, FFMRMBITE2ET 2 TETH D,

B (R R+ & 42)

NN FAAEEICALE T D N A &2 D JE4E (Thai Nguyen, Hung Yen, Bac Ninh,
Bac Giang ¥ & U* Vinh Phuc) & ~—4% v K CTHEA L7244 R B L OKK O G 48 ik
(ZEhEhn 13/ L 35 ik) ZHVWTHMAELLZ (K1,2).

Thai Nguyen (8)

beef (2), pork (6)

Bac Ninh (6)
beef (2), pork (4)

Bac Giang (7)

beef (1), pork (6)
Hung Yen (6)
beef (2), pork (4)

M1, BmOBABAT EARIEE M2, ¥—Tv hOKRF

Vinh Phuc (9)
beef (2), pork (7)

Ha noi (12)
beef (4), pork (8)

DEC ICBAH 3 2 7 B OF R MEEEE(R 4 PCRIECTHRE L Z A, T1LE
A 2.1%70 6 313N DR TR S (£ 1), ITE THUED EREK & 722 2 1
EmRFEMHEAWGE (ETEC) ORFEE T (st & 1) 13 47.9% (23 iK) 26 i
v, BB MR E (EHEC) OJRIREIs 7 (six] & six2) 13 14.6% (7 #iK)
NHBRHEINT, £, WEMEKEE (EPEC, eae). BERAMEKEE (EIEC,
ipaH) B X OWGEMEBRENEKEE (EAEC, aggR) (ZBIET 2R BB 1. £
NEI 18.8%, 10.4%FB LT3 1% ot sz, LEORR I | filkEihTw
5HABLIOBAOEBICITEWVEA TDEC YL TWDHEENRHFAL M E -
oo TNOLEBAE EROICMBGE SN2, SR STV CiF YL 2 R H
A ORIMBAHBMICRZEBYRT DA REENRDH D, b F~OMYRRIEE & LT,
INDO WRIBREMEEZN LERENRR I N,
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K1, FHRS IOBA(CH N TRE SRR BLEER F

stx1 stx2 eae ipaH st It aggR

Beef 7.7% | 15.4% | 0% | 7.7% | 61.5% | 7.7% | 7.7%
(n=13) €)) (2) 0) 1) (8) €)) )

Pork 5.7% | 11.4% | 25.7% | 11.4% | 20.0% | 28.6% | 0%
(n=35) (2) “) ©) “) () (10) )

All 6.3% | 12.5% | 18.8% | 10.4% | 31.3% | 22.9% | 2.1%
(n=48) (3) (6) ©) ©) (15) | (11) )

Btk &I E ST BRI 2 VD C L2 B O By BiERE H IS K 0 ERY & 3 5 DEC
Do BEERATZN, DTN 5 BRIELS 6 D DEC LBt cE otz (F
2), AWFgECHEH LY vE7 H—STEC (BAH/ L) X, 0157 X 026 72 KT @
325 X% EHEC Z RIS DT 2 2 LN TX 2BIREH TH D08, SO
BETHIOBEMIIEFT Lcarn=—/)b EHEC #0875 Z L BN Kho T,
LRIV, R FATHRENL TS EAICHE YL TS EHEC 1. HA
RBKK R ETHAITL TS 0157 72 XD EHEC L X B4 A4 7 ThHhDH ERES
iz, BRE»OHFEERBE FIIREBESNDG OO, TOBIK %A 7 5 DEC
DOEETCERWERRIZOWT, BMICIERKGEZE0MES 2 MENHERLTEY .,
B T/HEE L7 DEC OFER BIEWZ &b, 1 BRIKICHOXR KA 20 an =
—DORBEEITHTZH DD, %< OMIKTDEC ONBECIZESL oz L HEER S h
7=

F2. DE=NIZDEC

Elzz GRS REEILT |[BAll BROY A
TN4_7 ETEC It Thai Nguyen  |Pork
HN3 STEC/ETEC [stx2, stp Ha Noi Beef
HY1-4 ETEC It Hung Yen Pork
HY1-8 ETEC stp Hung Yen Pork
HY3-6 ETEC It Hung Yen Pork
BG2-7 ETEC It Bac Giang Pork

UEOREIZ, R FTAICBT2ELSCE SO DECHRMAELITH L THAZR
M L e o7z, 5%, DEC 2 X VR DBET 2720 DL ENLETH D
LEZ N,

AR DN

2020 FJER LU 2021 EEICHEM LIZAIEOKREZIY £&H T, LT O
EHEE LT,

lguchi A, Takemura T, Ogura Y, Nguyen TTH, Kikuchi T, Okuno M, Tokizawa A, lwashita
H, Pham HQA, Doan TH, Tran NL, Tran TL, Nguyen TH, Tran TH, Pham TNL, Dao TD,
Vu TMH, Nguyen TN, Vu H, Nguyen VT, Vu TTH, Le TH, Lai TA, Ngo TC, Hasebe F,
Nguyen DT, Yamashiro T. Genomic characterization of endemic diarrheagenic Escherichia

coli and Escherichia albertii from infants with diarrhea in Vietham. PLOS Neglected
Tropical Diseases, 17(4):e0011259, April 4, 2023.
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6 .

ER=EA

2020 fFJE & 2021 LI, COVID-19 DIATIZ X D AR S OB L O~ A EF
NTOBBNHIR S 772D, REERFICEHE LB COFEZ EET D5 2 & BN HK
Rinolz, 22T, REFAMRICHRE STV BIOFET ey =7 FTHlES
Aiz) FHRYE/N KR DEC O 7 7 MR &2 Rl & T D& e T L TITWV ., £ DO RER
ZHL Y % & 8 T PLOS Neglected Tropical Diseases (25395 Z & 28 T & 7= (A 1% 2023
4 ), AT, AMEFICRRHMLIZEY | 2022 FEIZHMICBWTEREZ HW\W
DEC OG5l E 2 £l Lz, DB CTX /- DECIZ 6 HkOATH -7, BRICBITS
BWEIS TOBYRFEENPA LN LR o7, HRS~OFEKEZIX DNA X ZHE T 5
TENHET. HMETICES RN o I ERKEEIND, L., SR OFZEICE
MWH—TEDORREEFTDZENRHKEZESZ XD,

ST, DEEEORESCHEME E 21X DNAB R OB EZ ik L, BIK, &, F&7k
EORWR R TR E L DEC O L e 2 R ST THE 20,

CERE ([T O)

I (O B B & A B 5678 B 70 0o 1)
<> RIS 175 5 78— 5 0 B 5 3 3618 B L 7)
m (FHUE D DR R % %1 57

v (PRULEDORRZZET NI

abffi2 F U728l (T6. A i) THR~NTHIXE W)
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T4 (2022) FEENMLEHEIEFRNERE (B D)

1. A4 F=7 BT 2H5EERNEI L OV EEELEROINE L EEFD.
R oy AR R R AT
PR 5 2022 — Kyoten—5

2. f £ F: (TERFHEEZSNEL 22— - EHR) XA BE
LEFEE . (TERXRFPEHEEFSEE ¥ — - #EEHER) SiF L=
(TERFEHEHEZMNITEE X — - B#H) £ SO0
(FERFPEHELFEL ¥ — - BHEFER) SWMEY
(Chief Research Officer Kenya Medical Research Institute) Bii C. Christine

3. %/ &  FH:1,500FH

4. WFFCE

O W E W
=T ICBOWTHEBREIVERSWIEHBL O EHEER ST RRE
B LT Mot E L2 RIETE S A HEE - 5% - R ET 5, ChOOREEZE
RER), A TAICERICEE L, BAEEKE ORI X Hsifs 202 8 5 0
L, BFOMREEZED D, BEESNT-EHIZ, 7y7=7 TOFJORSG T A TH
KICHAL, TERCBWTHEEBLOZDOFEKEBHEO-DDY VY —2L L
A - BHL, ZOSFOMEHEICTFET S,

@ WF N E
IES

BRI (W89K) 76 4y Biff S +u7- Aspergillus sect. Fumgati 33 X OY sect. Nigri [Z)&
3 2% W #k % b-tubulin, calmodulin JE{5 F D IEEL SN KV EEfMRFEEZITO & &b,
T = VERIZ R A B A R L MR I B TR R O AT & E T 5,
sect. Nigri 28V Tix, &FOBFBRICE S W= RHIE (STACEY L) THOX S L5y
Iz B D HETE 21T 5 .

F72 . KEMRI Fi@OWFseE & LF T, 7 =7 & i CUUE L 7280~ 6 | Aspergillus,
Penicillium. Fusarium # 0Bt L. BHEOEHEAZREEZITY L bl hEHEOBRHE %
FEhid 5,

UAEJE LA

B IR 36 K OVBR BE H1 ok i [ ME Aspergillus Z fiffe L CorME L. [EfEZRFIE, FEAK
SRR E R 5, £/, DERITE D BBEIGYIIFTHEH - Az K LEZICX
S THYEERRR DT, ML Tr =7 FMOBMNOIHREEZDBEL, £ D5
T RMHRALE DT O, ~A a bx v UEAEZREL, F=7EHRNICBIT 2
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~A 3 MU UPEAROG YRR 2 RRFRICRE T D,

TR DR

FETIB T ERICE D TEABOBHROHERBILZ. CHETICLES -
FSCREFLAMCH R, EESMETHRY BT b, BHMo N 22k B EBERICRT
LHEkAZESD, QOL oM\ FIZHEBKL C& 7/, 4% b, 2T E TOMEMRES 2 [EHH
THEE LT -EEBERZIEC, BYWELEITEONE, VEFEREONE., b bEEHK
S R IR B 0 4y e . SEA RS2 PR 2 ke 0912 TV =7 1 0 TR BARICE
WThH, RO EEHYR, b NEFHBIMEOEFMHEELBE L T, @EEY X7 %2
FEL, ZOXNRIZHBKTE 5,
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i

5. FEhiE
O a4 (2022) 4Bk at iz k3 5 FEhE R

1. Aspergillus niger BI#FE D% RS IKT T L TOMH

INFTTr=7EHTEMLEROFR LD, b NMIAERIECEHEEZEALT D
Aspergillus niger B#fE (Aspergillus series Nigri) & 45 F R # ). FEREZ AN 21T -
T&, TRNETHEIHEHA SN TWS calmodulin, b-tubulin {5 7 TIXEEmAE & 1%
KB SNDPGICEENLIERHLZENHALE, 22T, &7 7 2528 L%
Bis I X 2 R HHHE, calmodulin &A1 HIMIZ L 2 RHHE TII AP TH - 7257
AR 72 0 (FROFRBI A AIEE & 72 > 7=, series Nigri (& 15 276 FRIZHB VT benA,
CaM,RPB2 &fx+ DO FEEH] 2 T, 4 5D single-locus method (GMYC.bGMYC,
PTP. bPTP) & 1 5™ multilocus method (STACEY : # %t D& 1 @ DNA E 5 & H\»
T, OX 5y L BEREOHEE) 2 5L RZHEKRET LT, 14 Hx 6 MICHKAT D
T ER|EB L,

1. Aspergillus series Nigri @ %t (benA, CaM, RPB2 i#fs ). STACEY &
single-locus methods (GMYC, bGMYC, PTP, bPTP) Z & % ff D X 4y
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2. BRENSHBESNT-EEORE & Aspergillus sydowii B#EED 22 A KT T
)V O fiRHT

=T EFIA R EOEIERERT PO SIS NTCEEOREL ELIZEZ A,
Fusarium, Cladosporium, Alternaria D =N E o7z (£ 1), I EHDOEEN
P LTV D Aspergillus (28T, b-tubulin Bz CTHAZRE LzE A, A
luchuensis A& < a7z (£ 2), BHARDOERE T A niger, A. fumigatus 73
BhREND.2FHICEL B &7 A sydowii A& 45 series Versicolores (2
BT, series Nigri RO FIETHEHOMRF L FEm L, 17 2 4 FEITRET
HZEHRE LT,

# 1 ERE D OEEO
)= BEE (%)
Fusarium 79.7
Mucor 11.9
Acremoniun 54.2
Cladosporium 69.5
Alternaria 66.1
Aspergillus 32.2
Penicillium 27.1
Yeast 47.5

# 2. fEBREED 5 O Aspergillus @ 57 ¥4

e BR% (BK)
A. luchuensis 12
A. sydowii 3
A. fumigatus 2
A. flavus 1
A. lentulus 1
At 19

3. =7 Ok EE BT DRI T R~V XL ZAE O A

=7 ORI EE IR BN AL F L ZSE (CPA) O IfLIE 5 I FE L
ZAEHET 2 2 L 2 HRVIZ . 4 D OB THRBZIBIRIZ b 220 & 3 il il A% & G o il IR
IR R T D BRE N O 7 234 OV TV B Lz, DS -ERiT,
~7ukBLO 7 B EFNEEZITV, calmadulin, betatubilin 35 X OV ITS &
R OBEH 3 HTIC L0 REGR L7,
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@ PR (HR+B5)

1.

Aspergillus niger BI#ELFE D% R AK€ 7 /L CTOMEHT

series Nigri (ZJ& 3 % 276 #RIZEB VT benA, CaM, RPB2 ® 3B+ DT — X &
vy hEHAWT, 4 DOHEE (GMYC, bGMYC, PTP, bPTP) & 1 ©DZ kL
(STACEY) Z BT ZEAIRE T WIS R 2 Fhia L 7=, & &k 15 O
FEEZOBREND, 11 FEO FIEN 3 DORMBITHIET % series Nigri N A.
niger, A. tubingensis, A. brasiliensis 3 i A % i85k L 7=, BLAST fig# TH 72 58
G 2 T L2 A . H—EarOREMICFENEL, MORENREZRD
TEMLVHAEM SN TV OO EITMEFTE RV LR ENTZ, £ T,
BT ) NERNDL T X AT 200 BiIs T EED, FNEN 20 Efa T2, B 10
Bl STACEY fi#fT 21T -7= (X 2), =DOFEH. A. niger & A. brasiliensis ® % T
. TRTOMNT T 1O LD, S, A tubingensis DR #E TiX 1~4 AT )&
A END Z ERHERINTE, TNORERE EENREELER LR
series Nigri \IC6 flia &5 Z L2 E L (M3), ASHIZBW T, mke L
OEERE M S5 BEE A luchunensis (3FE & L TRk S iz, £ 72 A niger &
A. lacticoffeatus 72 EREIITER AR D03, R E 2 5H)EH -7,

2. Aspergillus series Nigri (2331} % STACEY FiEIZ X 2 FEO & O H#EE
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3. Aspergillus series Nigri (Z#1F 5 4r% (Bian et al., Stud Mycol. 102: 95-132,
2022.)

CBENO DM SN EEORE L Aspergillus sydowii BEFED % R A AT T

JL T DAY

=T EFA v e OETFRRE T D EES Tz Aspergillus 9 B 2 HHICE <
Bt &7z Al sydowii A& £ D series Versicolores (23T, series Nigri & [
RO FIETHEOMRF 2 3 L 7o,

5 5D iEfs 7 (benA, CaM, RPB2, Mcm7, Tsrl) (233 %, STACEY B L UV'5
DO HEDE (GMYC, bGMYC, PTP, bPTP, ABGD) R#EfFEHNT 2 FEhE L 7= (X 4),
FIET AR TOREXE Y BNAROFEM S L "L, —BL TR/ 4 o
HTh o7, UL EOFER M5 series Versicolores % A. versicolor, A. creber, A. sydowii,
A. subversicolor ® 4 FE & L, 7% OFEIX A. versicolor £ 721X A. creber ® ¥/ = A

() T 23-EEX LI,
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4. Aspergillus series Versicolores @ Z &t (Tsrl, Mcm7, RPB2, CaM, benA &1x
¥). STACEY & single-locus methods (GMYC, bGMYC, PTP, bPTP) (Z X 5 fE D X

N
73

5. Aspergillus series Versicolores (23317 % F43 % (Sklenaf et al, Stud Mycol. 102:
53-93, 2022.)
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3.

=7 OGRS EEICEBIT 5N T AL XL RIE O

i ZITEEREIEOEBER YR 77 7 2 —Thd, MEREIZLLNDLH
I RE AL G D R IR )RR FR e T 2 BB B A5 T2 234 oGV o v E2 i L
7o MIEFHIIZ CPA E72IXEEOBAIENHR I L= DX 46 4 (19.7%) TH Y |
WK OB EFRIMA TIT, 88 4 (38%) BNEEEELIETH- T, 2055,
Aspergillus J& 7% 25 (28%. A. fumigatus 7% 13 (14.8%) . A. niger 7’ 8 (9.1%) ) . Candida
albicans 7% 18(20.5%) T& - 7=,

FAZIR I S 2202 b TERIRIER 23 Fife 42 EF 121, HiRROHEIIC CPA DT
D DORFEAT ATV ZAGURIRA & HEEZ W O T2 D OMAEY TR R 2 E i
HMEND D,

% B0 N

Bian C, Kusuya Y, Sklenar F, D’hooge E, Yaguchi T, Ban S, Visagie CM, Houbraken
J, Takahashi H, Hubka V. Reducing the number of accepted species in Aspergillus
series Nigri. Stud Mycol. 102: 95-132, 2022.

Sklenat F, Glassnerovéa K, Jurjevi¢ Z, Houbraken J, Samson RA, Visagie CM, Yilmaz
N, Gené J, Cano J, Chen AJ, Novakovd A, Yaguchi T, Kolatik M, Hubka V.
Taxonomy of Aspergillus series Versicolores: species reduction and lessons learned
about intraspecific variability. Stud Mycol. 102: 53-93, 2022.

Mohamed A, Obanda BA Njeri HK, Loroyokie SN, Mashedi OM, Ouko TT, Gatumwa
EM, Korir RK, Yaguchi T, Bii CC. Serological evidence of chronic pulmonary
aspergillosis in tuberculosis patients in Kenya. BMC Infect Dis. 22:798-806, 2022.
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e AT

ARAEFE1XE & LT, Aspergillus series Nigri 35 & O series Versicolores (25T, 3 %
LT 5 BEFoTr—2y hZHWVWT, 4 LT 5 OHEELE 1 DOLHEIE
(STACEY) 2 &L ZEAKRET WIS RMMNT 2 Ehi L7z, FEFEE TORFTIT
1%, series Nigri IX3FEICHEG T HRETH 7228, S LICHRFTZMA, EROKEE
B E X EEBE LR, 63252 L& L7, series Versicolores (23T,
FEINTEFMITIAFEOALTH >, 21 b ORI, Studies in Mycology (IF = 25.731)
2 2%, B S/, £72. KEMRI FiBO#FEHE &R T, BEBBEICL LD S
TR R IEAR DR 9 2 ISR LT, FIRF ORIIC CPA O 72D DR RN T A ~L ¥ )L
AHERE L EEZB OO OMEMTFHIRELZER T L2 ERNAHTHL Z L a2
L7,

A IR ZZHREM. F=T7 ~OEMDBH R o Te N, AFEIXS =T &
B L CIFEIMFEE Bii LAEICINETORBEELERE L, EinxiTtoTt, TDRD,
AK7v Yzl MIMORERGEEBVERL TN EERX D,

L ERE (THMzO)

I (FTHA DO BRIZIT E A EER o T2)
1l (R N —IS DR EEZE T ONT)

() (PR Y DR E T 5 )

v (FPHEU EORERZZET bNTE)
FifiZ T L=l (6. B O THRXTHNITEMT)

6. HCabfli) (ZRCH#.
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SF4 (2022) FEHENLAEEILFEFERSE (B 26

i

m

I3

BOE 4L R T A 7Y A BT SR RE EICKT SBREERA D R
REZEZ B :2022—Kyoten—06

2. 8 £ F EF = (RRENERKRY FHEAE - REDEESY HEHR)
ERBTZEE - H)I ERE GREBRSIER KT FEUE - RGP E S #i%)

BH OEY  (RBRSLER KT WEE - B EY: BBRE)
Hiks 0 < H (RIFRT BUFEFSUZEET A RS BOE)

hAr Y (RIGRZE BUFEZLIEET FA RS B

B H R (RIERY: BV EFSIERT 4 RY %)

3. & E® B :1200TH

4. WREE
O WF%E B
Fm % hE L, AT 2 AU LOREFEATLHMA - REFERHFH DO 1 >TH 5,
MEMW R 1, WAKICAERT H2EHZRHEEE L, BE BICRREET 5, AW
ZIXFFNIE T T 2 T v PZQIT K D HEHFEAI 5 MDA & fER~DREFHIFENT K 2 K
PHIERBHE L DN TV DE N, BRICHIET 2121, 2 TR TO B ARG M % B AE O
BEIRICAD O ICHEEICER L, FMRADOT A 7 A 7 Vv EEBLY 5 2 LN FE
Thsd, LrLens, FilEE (H) WIZB 2 EMW B oS B3 E T RMET] 72 50
%<, E FA~DRPEBRETHIENLN DI T ~ORREAI=ALEMIAT 5 L NRFICE
LLZZbND, Fxld, KBHFEHEICT, AL R IA 7 A 7V TEEFET D TH]
&L EBIOERE BN LTS EAREETOREEE TH] ICEB L, ShhBER
RBADRBELEETLHZ LT, HEHOHBMECHEMR B RORE L ORFHEME (R
FEEE) AT EHEBE LT,

@ MAENE

FEmRET LVELT, v~ Y U fEMW R S mansoni (75 EE K, EIFK - B -
FTHEBKE, F=THE8R) B OFHE EDO&RE B glabrata (FREE KK, K - #
WF - FAEBEK, F=7EK) AHWT, ERENTEY (ICR v 7 RA) &G,
HEERDTATHA I NV EMFET D, K2, F=7THERIZONTIE, 797 - 77
U G JEMF i D 1 > Th 5 7 =7 L (Mbita station) ELIZHFET H S
mansoni AT H 2 BIHEE L . EMSZEMESRKNEZ 27 V7 Lctk, ERNICEHEL, REE
KRB LOERK « BGF - F4E D ORYG B R NI CTHERF T2, MW duik Bk
DEFIZL Y, S mansoni J&Yet% O B. glabrata W TOHHEDOFEEFRE (AFnm v A
M, AR A N, BB D7) 2EUUAFEICEDEAEL, BRHEIC X 2 GG
BRGNS 5, £, & B glabratatk L0 filafhii gk (BGP) a8 L, &
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S. mansoni fREYe~ 7 A XL VFEE L7 AKR v A2 MM BGP #iRkN4 5 Z & T, in vitro
BB R CHRMMEMICB T 29 BB E~DRE (viability, E&hE, BEMES) 2HEAEL,
s EHOBERE (M) BXOYEMW R ORE L OREME (BRERFEM) 2T+ 5,
HHNTHRET D S mansoni DFFNTIZIL. R KFEM ERMKNICKRE I L 248
FIh AL B BE 2 BV & O LRI RICTE AT 5, ek, B - WARFETHEINL TV
B. glabrata # £ () BGP X, B\ & OLFRMEIC L W EAAEELE 2D | F =T ERREH
DR L O BGP fiHicik, 7 =7 #Ls (Mbita station) ~®OJEH « 7 1 —/b FiEH)
MMLETHDH, o, HREBRROITLELEE EIHKY: - 2WFE X ORRRLEFR
RZETITH TETH D,

@ FTHRIIDEE

E hA~DERIFETHLEAL DYV TOREA D =X LOMAZ., EMREDT A 74
AT NVDOFRTHRICHERTRERAT -V LEZOND, Fx BAFRICTRET 2 HM
fE FIC T HERER FORELZFEMICHIT T 22 & T, fkx RBKETOEWNLL, Fil
WHOREF ZHIERERNF2 RSN AEEEL LN, BRERETHDIELDY
T OFAELZIE R BFHEEAN ORI, A RERE T L TGS 2 EB T 5 2
CICHLENRDLZENTFHEND, ThETIC, BEEHOERHRAEITIH L DD, A
ZEREE O X 5 ICH OEYEI M RIS W FZEIE, HRAIC A TH B R,

Fo, AFEET AL LT, v Y U ELMWEREET L E L TR O AN, R TELE
THZOMOEMW R (B FEfl s, AAREMW R, A2 R hR%ER )
WHISHARARERRZRTHY . Hx ORERFOMPAZ[BHICES, (EMKREFTO=
Y= LRRBRECHT IR Y —= 7 -, BOBKRZITOPICEE = b
L TCXLAEELMD TR, AEREZILT I <, BARERE~ORE S 7T
B2 DIV, AU M BAE O RKGHIE L RIS OB TE S EMEL, BEICE

> 7,
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5.

Ehe® L
O aF4 (2022) FEEMEFE KT 5 EMHERRT

B REBICBIT A~ v Y AR D5 T RAT

~ Y AEMW R (S, mansoni) 1. ICR~D AL A Y T 2K ESE, 8
I Lo L 0 BF 2B L, bS8 I TV U A2 RAKER (B
glabrata) \ZJEYe ¥, fH &M L, RRFFAYIC A%PFA ICCTHEE L, WS
AR . HRE Befa | Fi~ o Y AEMR R HUARZ W mgg gl L HNIZE T
% S. mansoni D43 Af & GE M fEHT L 7=,

B BEkEHE® BGP) KLd~vr /U EMEHDREE~DEE

KIEYe B, glabrata X 0 & Ffifas (SEE HF, MR Ct. JOfE Hr, FFFENR - O0KS B
HPOT) (2431, £ T 2 v 7 BE— XX 0 MR L. ELoBER O Big5ym %
Heskfty (BeP) & L7,

S. mansoni &Y~ U ANFIE LV FH %, RO A AR L, I 7 P U AT b,
in vitro ¥s®EE AT o 1=, HE 1%, Bge-M &2 H\v, 28COIEE TIT-7=, S
mansoni X 7T AD in vitro iR RICETE BGP A A S Y D Z L THRNE:
FBEATV, BREFMIC 7YY A0, 81 (viability) &7z,

B SoTRBIA2~vry Y EMRBEEERATRENSE

TIT T 7 U AEGIEN TR D 1 O TH D7 =T R EILTD S. mansoni
WA OB S ZBRR L, E2ME, 7V VILEERIZB T ST 0 — v Nl L
Tolz, WA PORGMHEZITV, AT RICBER, BICRLEZRAE L
7=,

R (BR+EBZ)
B RLEBICBIT D~V AR R DG EAT

S. mansoni %KY S ¥ 7= B glabrata Z#EiH) (RYt% 10 HE. 56 A A) I
B E L., SO ESE Y & (Bt . HE Ye s X OV Ye ol L 0 BUR o 43 A % iR #T
L7 (Fig. 1A), Z O, Y 10 H BIXFE H OSEEE HF IZ//E L, MifE ct <
D Hr O —3 I FET DO TH -7z (Fig. 1B), — 5T, ¥ 56 A B Tix.
FAZ[F B o fF g 0P, JPRE S OT IC/F(ET 2 Z &R b e o7 (Fig. 1B),

Fig. 1.
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B HESkHHY (BGP) LB~ r Y U EMBKBDORE~DRE

RIEEY: B. glabrata L0 % FlEs (Ct, Hr, HPOT, HF) HkHitH# (BGP) % i
B I TV TALD invitrofEERICAFBCP 2L 7T HEEEE LIRS,
Ct 3k =Hr H 3k <HPOT Hi 3k <HF 3k BGP DJIE T, EE MR 238D 7=, £ Z T,
HF 35 L OF HPOT Hak BGP Z W TRERFRYIC, B4 RfilA G T (Fig. 2A). 28
AR AT o7, ZORE, HF % 14 A&, S 5IC HPOT % 14 A MM+
5% (@) Nk b viability OMEEF N AREL £ % (Fig. 2B,C). # D&M T T
BELEFELRHERO —HTCEHENBICBARe A N E2HTH5BERRBD LN
(Fig. 20),

Fig. 2.

B r=T7BIs~r Y rEMERREEZEAFTRERE
=T e FYTHBEOEZPEICEB N T T 4 — L RIEEZITV (Fig. 3A).
TRICEDIRVIEEEOAFE AR L= (Fig. 3B),

Fig. 3.
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W2, ZULVHERBICB TS 7 40—V FRELZITW., RA 2 MEOHSHHAE
(Fig. 4A) KON, TN ZEN OGN 2 FEIRBEMSEIC L v & L7- (Fig. 4B),

Fig. 4.

® BMROLFE
1.0uji Y, Hamasaki M, Misu M, Kitamura T, Hamano S, Yoshikawa M.
Schistosoma mansoni larvae In vitro cultures using Biomphalaria glabrata
extracts.
Acta Trop. 2022 Nov;235:106636. doi: 10.1016/j.actatropica. 2022. 106636.
Epub 2022 Aug 6.

2. AT EN -, JEE — . PO, s s ST B, dbR A AREERRE, 11—
AR, md s, SR, ESFsER, H)IEK.
JEBRIEE T i, & D% AFBRERIE 2, 22 B 2 R O 7o IFERE 1 4l
Clinical Parasitology, 33(1), 79-83 (2022).

3. ESFsEE L dbkr s L, SZHBUE L, AT BHEE L BRSO A A FR
b2, EWE A A HER Y CRERBESER KT WA - LB E
PR KT BGHESSARIEET HAEDRT)

HZRAWZAW in vitrofFEMW RS 2T L DR
F91 M AATAERYS (202245 A, #IKTH)

4. EpdelE ' Bk O <A 2, dbAanE L BN BEE T L R 2 B
B HNIER CRRRSZERKRT WA - R EES P RIFRY B
& EH IR AR
YL HE & A D (E I W IR AR A7 1R D B %

%92 | AARFADFE (202343 H, @R

Flo. LRROKKZ £ & OmCHELED TN D,
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6.

B O

FEEEZATOIRERDTA TH A 7 VERREL )L TEIT HI1T1E, 15 E (F
W1 1. 18 1) OMEFFPERRERRLEZHBMOTn e XA - BIENLETH D, LL,
— A P EE EENICB T D FAE RO ERNOBESCHATIIR S Tldlen, Fx
X, Z2hETICEMBRREZETVE LTz in vitro 7944 7V A 7 LVOEBREZHEL C.
B E (H) A LRVWERBRCBI 2R EERELRKALTND,

AWFZE I, WIEMEE B glabrata WIZEB T 5 S. mansoni % B D3 B B HE O FEHE
ZARRRERICIRAT L2 fE 3, ORI E BT, o nfmiEkoZ R R0 b
oo TNDHORAEIEL, Sh AT —DIZBIT DIEsH kK -0 BNEFICE D 5 fTagtk
%ﬂ‘ﬂ*‘zb'ﬂ\é &V DT YA T I EE 2 (HF) | JHs 1% 39 C U e - IR &S B (HPOT)
D FEIIT I DAANMPEETHoT2Z b, TS Y (B6P) OB %L invitro
i%%f—ﬁ‘?%ﬁ Lf:o FORER. ZHEWN viability OfEFFCRBICEE KN+ TH
HIEHNFET D ENTET,

Fo, EEHOHBMECHELR LS EHEET L OREELZTHL72D, 7 =T i
ICBW TR IR IC AT 2 BN HOREN R EZITo72, TORR, TNLHD T 4 —
N RBFRIZED . HOSHAMSCEEELRH LN E o7, B TRILL 7ZHIZHOWNT
X, EXISICB T 2B ERNENOOH D, AKX, FMELRFOKREILS, B b
—HORB CEBICEPEERENRL L CTWDIEREZ invitroff B RICE VM T 52 &
T, MW B EEFREORENETI TEHLELTND,

FERRE (T iz O)

I (T ORRITIEE A EED LR T)
| (RN IEFE D D — IR DR 2T HiT)
I (THEEY ORREZET bNT)

C) (PRSI E O R 20T BT

A2 T L7-8A (6. HERHME) THEXTHIIXEIEA])
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T4 (2022) EEEAR[EZLRMERS (B D)

B4 =TI RBT oA T BBORMERE L O T AV AMICE T 205

PREEE S - 2022-Kyoten—08

- R

3t

.

* FHAIEFH (ESLEGENZERT B UER R, EEAOEE)
M A 98 F 0 H EESE (RERFEEEFAIEHT 7 =7 s, 24%)
A)MERER (ESLEYWET 72 AT B B ER 75, FEEE)
Dida O Gabriel (The Technical University of Kenya,Lecturer)

E R 1, 200 TH

AERFEE LY

O 78 B #Y

BERTFIEREEOREIZLY, BFEFHICIESETERVHEIZB W T HHEFE
MARE L role. ZOHIER, RETESDETHERIENLRAATRE TH > L HEK Iz LT
LHEEFENFRETH D P, FEEICIE, EMICHERE SN EEOBE - 1EH LT
WTO2ULERNDDL. 77V IEEHRO~T v A LMECTHE S NTZA = HEOIIC
X, YN IWEUE CAEERMERINLTVWARAVWERE T, Z0oEE2 & Cx
univittatus complex % West Nile virus <° Rift Valley fever virus /Mt ¢& 5 = & 28
FN BTV S (Maekawa et al., 2021). 77 =7 22 b Bk S 1L 72 Cx. univittatus complex
D COl AnFITIE, RO TH L WREMEN R INTCBIZFOEENATEY, M
DHERBNBDBE THDH. RFEEMIETIL, Cx. univittatus complex % & e A — 7 J& %
KL LT, WERE, HEonHRE (BLEks) L, REWNLLDO T AL
Atz B E 95, KFZE THW D Bin 77281k, Itokawa et al., (2019)
RBA%E L7Z NGS Z Wz m i ilE s A& 2 0F L, COl s+ T T
RWFEIC B RS TE D L 9T LTz,

@ 72 N &

=T EWNIZE T D Cx. univittatus complex 72 & O A = 1 J§ O R EFL#k (Ajama et
al., 2016)(%, Mbita A ZHIE I SME SN TWDH D, 70—V FREFAEIT T =
THLE D Mibta 7 R EF AT 5. Vo T REFRRES R ERSGE L TITY, B
MIEk B E CHRET S, BE LR RIE, BRI EICEEFHSEIE CREEEZ1T
W, ALY =T 4L, FAREDTRTUANALARHEEITS. NGS & COI
BRFIZE DT, o7 v E BARICEEDIFY Itokawa et al., (2019) & Maekawa
et al,, (2021)I24E > TAT 9. MEHTICIE, REREO B VA REK & 5 B F % 12
b Lo R 2T 5. bRy 7 vk, BlHCHEEE#ICHRE
EARZERL, EABICIML CTREST S, £, BEEFHMITCERNR 2o
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TERIE, EAOATIEEEZMRL, BFREFHICOLEENVWHEBEM O & thikd
5.

@FMHIN D AR

AWFGEZE L TRLOND & PRSI DRI, SREMBO LR, KRR MR
LEDOHRA, BT - BEFHERBEOFE, BUEMMEY ALV AOEETHD.
A T HBIZ & o THI S D EGWER, ABCELBEGEL L CAMHEICEES T
ZAXLEAEBMIZE > THREREWMER>TWVD., AFENETEAHENS VAL
2R ETIT O T LIk, RAMBIZIEWT, THETH LI TV > 72 BRI
MR E A R CE D eI ND. ZoFIE, FEMREOHIBEA~DEITICEK
RN, BRI B 1T D B MES AR AR RN G BR DRI L PIBRICHFE 5 TE 5 &5 A T
W5,

5. FEMRI AL -
OFFn4 (2022) 4R FFE %7 2 5 ki
a. 7 =7 TOWERE

2022 4211 A 21 A5 26 H £ T Mbita BB D 5 X TA = @ % & FeBCE D
REZITOHBETH oD, HEMTHEBEET L ZDMHEE S 34 0 2 v TGN A
BHLU7=7, sFMEiZ 1 BEN L. F25E L2 RERE T, HMLRMFEFICLY #
FHCERE SN AHKICBWT 11 A 21 HD 24 HE TIro 7=,

WAL, CDC T4 M FTF v FEHWTITY, bF v AIXHEF T 257 &5
SHEOZRREEEWAIZ 16 FENO RG] 6 FEETHMY T2, EDE, REH &3
(27 —F =Ky 7 AZHEE L, NUITM @ Mbita 7 R IZE)f->T—80CH 7 Y —H T
B L. MREL Y —T 4 > 7%, EIZ Edwards (1941)I121E » T RE LA FE R &
wiTo 72,

b. RO COIl BEix AT
Culexsp.72 £, FEHE TITFE D X FIA 272 W E K 2 v T COl i fn 1T 2 17 -
7=

c. Cx. univittatus complex @ NGS fi# 4t
ik 56 ER DM 1-2 ARIZ-5u T DNA ZfLfliH L. Mutliplex PCR (2 X 2 & b
Uik S 372 48 JEAL O HENE & Z 4 512DV T NGS 12 £ % 5 1B D bt % 4T -
7=. ZTDOWIRIX, Cx. univittatus complex 45 i {&, Mansoniasp. 9 fE{&, Anopheles
sp. 2 ik & L7=. Mansonia sp.t Anopheles sp.i%, FEBRARFEAM O =2z 7=,
B L 72BN D\ T, Kl s 7L OB As M O i s S L 72BN & 2 %
AT 24T o T2

—230—



d.

BEWD S O 7 A )V A5 HER X OB

AEERE L-tto &5 3 )8 9 ff 1,297 fH{Kk (87 pools, 1~20/ pool) DWW, 27
TV EE =TTy — I THIELILAIIC L, 0.45um 7 4 L X —IZTAE L
7% 2 FEOBMLMAL (B h AV~ lk C6/36 Milaks L7 7 U I KU HFL
Bk Vero MiliE) ICHEFE L, EHMICAZ 2 BBl EM VIR L CH 3 L, CPE (HijRZ

MEZHE) OB ARLLE LTUA NV AR R AT,

@R (FER+55)

a.

=7 TOBERSE

R4 1T Hommabay 3 #1[X (Gode Ariyo, Wanga, Angalo), Sindo 1 #1[X (Kaungudi)
TiTo7o. TOREE, 68 21 ffE 1,497 {H{K (sp.&) Z#HE LR (X—-1). Culex
BOW DR % < BE S, IR\WTT Mansonia J&, Anopheles J& To - 7=. FE T,
Cx. antennatus i b % < BRE I, &IKD 74% % 5 Tz, Culex univittatus
complex (Cx. univittatus, Cx. neavei, Cx. perexiguus)i%, Homabay Hi[X T D LR
i, ARFC L2l HEEST-.

BRGNS X 2RI S 22 L 5 41, Homabay #i X Tl Culex )& & Mansonia
JB THERL S 4L T U5 A3, Sindo X 1X Culex)& & Anopheles& T & V) , FFlZ Anopheles
& D 5D 5 EIE D F o 7. Homabay Hi[X & Sindo HiX & & 27 ~ U 7i#iCH L
TWDN, BESNTEBHEOMEERNER D700, ARREZHEAEL, FEROR
ROBEREWPALICTILENRDDH. TOERNSHIE, WEO DA TN G IE
MTED7280, FRIICITEIIEDRIT FRICHTEMNTE 5.

AKFRETIE, IBBEEFIEB X2 o72. FFEITIE, 74—V FREKKBIZ
TOFETHTD, HEFELOaa FEENHBAL, &z I LD THD.

AW D COl EAx 1 fR AT

Culex sp. L CE DT TN, BICHREIZHE RN REN KIE L
FIENITZ VAR TH S, L, £OHFIZIE Cx. univitatus complex & B b
HME S ZEALTWD D, FHOMEOOIZ COl BB T MRTa1To7- (K—1).
S BT Mansonia J& T, EIEHORBXF — L ITRRLEEIETEN TNV,
COl AR FHfMT 24T 72 (M —2).

X — 112" 7 12 fEfE (Cx. K-XX) 7%, Cx. univitatus complex & % W 3T fxfE ¢
HOERNEONT. F=T TREII GenBank [ZEFE I N TWD Cx. neavei
(KU380473) Dl [A E 28 1E LW & F4UIE, Cx. univittatus (KU380475)D 7 7 A X —
%, RHEID Cx. univitatuscomplex OFEToH 5 ATEEEN FmWEB X TWD . il
5 Cx. neavei like M215&216 1%, HEEHE N~ T U A THE L Cx. neavei & Fi[FlE
Lich 7 VvThsh, COlI Bz THEELILE ZA, Cx. neavei (KU380473)
CIWERRD 7 T AZ =% LT2To®, RO Cx. univitatus complex OFE TH %
AREMERH D EEZTVWDINLTHD.

X —2 \Z/”k3 Mansonia sp.D N, #RE1Z D 7= 4 BIRIE, FEIZHER OB 2SR
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KR INTWD Ma. africana & 572> TE Y, HIFE L Bboni-. Mok
R, 4 fEAEY 3 ERIXMER L R CRE % K> Ma. africana L 1357257 7 A %
—ZR L. —H T, 3EEDI TR —IZIXATHIE T Ma. africana & L T
BERENTWIHEAELEENTWD D, LA LN EEETIERL,
s hU TR IS A LA S b v EHEER S, Lo LA b, il
ZeL LT =705 GenBank IZ X &k S 41T % KU3BOXXX @ COI AL %1% (Ajama et
al.,2016), FAFEE &L Bbh s Tt blkeln. 20D, o7V HE
R0, E~Pl B E TORSEARZ M L CREREOE LM E3E, X5
[ COl BInFE2BIT D2MENDD.

Culex univittatus complex @ NGS f##T

A [l AT U 72 WK O N, Mansonia J& % X OY Anopheles J& O Wz >\ Tk, +
DR oOT o) arnEgEonirolz. Thii, AEHWET I A ~—F v b
23 Culex J&. Aedes BOWODEIINGT A Il énb blifFI LR
TiEH o 7.

Culex univittatus complex OEIZHOWNWTH LN IZFK B FEMDOT LV EZ R
Th—oF oA Licarhhr~—%ER L, ZHETEIT-o7 (K—-3). #H
RV Z L2, REMICIEE S iz Cx. univittatus complex D& FEIZDOWT, —
fE & (sample no. 8) ZBRITIZHMEREE IRV hotz. 2, S8R T
MOBLETHEHONTERDONICED 7 T AX T &2iTo72 (K—4) 23,
sample no. 8 OfEKN K & < s T B A B e 5 LIAMEE O o 8 71220 T B e
RENERMTENTERD o, ZUHORENL, F=7I2BWVWT Cx
univittatus complex O ZFNENDOFEIZHSONWT, BEMRER L BIEFHRERAD
BEIZOWTHZERLETHLIEEZDLNLD.

AN D D 7 A L ZAS5BER KO

27 =N H DA NAGEEE RIS Ma. uniformis © 1 77—/, Cx.
antennatus ® 3 7 — L 7)n 5 C6/36 Mz xt L C CPE 2R L7278 ., fk{C A 4 [k
DIKLTCPEDHEMEZMR LT, 26 47— TVl L7=iwo 7 —
NTHSTTDHEET ANV AR OERNIZHEELZ S O, Wil L7 IicfF
FELTEDONIZONWTIEARATH D, BIZTVRTA LA (WZFTHR<<E FB X
OB LR EZ /LW ORMEICL > TRIET D2 VA VR) RONRO Y
ANA (OB TOREREEEFFOU ANV R) ROIBREETIIAHTH D,

L%, 7T VANALE S TA~—, bW - TAT7UANALBEB ST~
— T =T IVANAKBE S T~ — KT VAT A NV AZMET 5 RT-PCRIZT
A NAZADORERREZHED, & 52 DNA Y —47 2 R K > TRFEBHENT S 21T -
TWEZW, WTFNOKBET 74 v —IZBWVWTHRHTE R o84 1E, NGS
FRMTIZ CTRIE Lz,
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F—1 FANNTy SETHE LK
Homabay Sindo
Genus species Gode Ariyo Wanga Angalo Kaungudi Total
20221121 20221122 20221123 20221124
Anopheles gambiae s.1. 12 24 36
pharoensis 2 2
funestus 1 1
ziemanni 1 1
sp. 4 12 16
Culex antennatus 76 422 582 29 1109
univittatus 1 48 19 68
neavei 17 19 36
perexiguus 13 4 17
cinereus 3 1 8 12
philipi 6 6
quinquefasciatus 2 2
striatipes 2 2
terzii 1 1
sp. 11 43 1 2 57
Aedes sp. 2 2 8 2 14
Mansonia uniformis 69 8 2 79
africana 11 16 2 29
sp. 5 1 6
Cogquillettidia sp. 2 2
Ficalbia sp. 1 1
Total 207 588 635 67 1497
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Cx. K-6
O, K-20
Cx. K-7
Cx. K-43
s b O K-4
Cx. K-42
38 Cx. K-35
O univittatus KU380425 Kenya
Cx. neavel like M215
| w0 L Cx. neavei like M216
100 O} univitiatus LOD88987 Spain
Cx. univittatus LC100115 Spain
35 — O univittatus K-32
% O, univitiatus M242
55| O univitiatus LC102157 South Africa
Cx. univittatus LC102159 South Africa
Cx. perexiguus KJ012105 Turkey
ﬂo{. perexiguus KU380423

98

Cx. perexiguus KU380476
Cx. perexiguus KU 380348
Cx. perexiguus KF406802 Pakistan
Cx. perexiguus M177
Cx. perexiguus K1012109 Turkey
o || Cx. perexiguus K1012106 Turkey

Cx. perexiguus KJ012107 Turkey
Cx. K-36

100

v |— Cx. K-1
Cx. K-31

O K-33

Cx. K-30

Cx. neavei KUU380473
Cx.quinquefasdatus F1210901 Iran
Cx.quinquefasdatus AB738305 Japan
Ox.quinquefasdatus MF172300 French Guiana
Cx.quinquefasdatus K1012173 Turkey
Cx.quinquefasdatus KU920694 India
Cx.quinguefasdatus KT028689 China
Cx.quinquefasdatus KF407828 Pakistan

| Out group HM 137890

ma|

100

100 | Qut group HM 137925

002

M —1 Culexsp.® COIl B 1Bl Z H 7= R A A 6 & (658bp, NJ %)
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Ma.unifermis KU380409 Kenya
Ma.uniformis KU187157 Kenya
Ma.uniformis M12
Ma.uniformis M2
Ma.unformis M11
Ma.uniformis KU187170 Kenya
Ma.unformis KU380461 Kenya
Ma.unformi KU380399 Kenya
Ma.uniformis KU380360 Kenya
Ma.uniformis KU187155 Kenya
Ma.uniformis KU380449 Kenya
Ma.unfformis KU380378 Kenya
Ma.uniformis KU380460 Kenya
Ma.uniformis KU187173 Kenya
Ma.uniformis KU187172 Kenya
Ma.unformis HQ398880 Thaiand
Ma.uniformis 3169 Japan
Ma.bonneae HQ398879 Thailand
Ma.unformis KJ768107 Pakistan
Ma.unformi K1768160 Pakistan
Ma. uniformi K1768184 Pakistan
Ma.bonneae HQ398878 Thaiand
Ma.unformi 3170 Japan
Ma.bonneae KF407919 Pakistan
Ma.africana KU187144 Kenya
@ Mbia K16
Ma.africana KU380365 Kenya
@ Mbia K14
@ Mbia K13
Ma.africana KU380478 Kenya
88 | Ma.africana KU380393 Kenya
@ Mbita K9
Ma.africana M4
Ma.africana KU187130 Kenya
Ma.africana KU187129 Kenya
Ma.africana M5
Ma.africana M3
Ma.africana KU187150 Kenya
Ma.africana KU187131 Kenya
Ma. africana M8
Ma.africana KU187149 Kenya
Ma.africana KU187126 Kenya
Ma.africana KU380402 Kenya
Ma.africana KU380448 Kenya
Ma.africana KU187123 Kenya
[ Ma.africana KU380479 Kenya
Ma.africana KU380371 Kenya
Ma.africana KU187128 Kenya
Ma.dives JF811412 Myanma
Ma.dves JF811415 Myanmar
Ma.dives JF811426 Myanmar
Ma.dives JF811420 Myanmar
Ma.titilans KY 859899 Colbmbia
‘Ma.titilans KY 859898 Colbombia
Ma.titilans KM452759 Colombia
Ma.titilans KM452758 Colombia
Ma.flaveola Puerto Rico JX260065
—— Ma.annulata HQ341635 Thaibnd
T Ma.annulata HQ341640 Thaiand
499{ Ma.annulata HQ341638 Thailand
Ma.annulata HQ341634 Thailand
| Out group HM137925
100 | Qut group HM137890

99

100

94

100

100

[ —2 Mansonia J& ® COIl &A1& 1-EL A & F W 72 SR8 R AT # 5 (468bp, NJ %)
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Cxunivittatus-36
Cx.univittatus-44
Cx.neavei-7
Cx.neavei-16
Cx.univitiatus-18
Cx.perexiguus-31
Cxunivittalus-23
Cx.perexiguus-29
Cx.univittatus-19
Cr.univittalus-46
Cuunivittatus-40
Cx.univittatus-43
Cx.univittatus-24

Cx.univittatus-25

Caxunivittatus-17
Cx univittatus-48

Cr.neavei-21
Ex neavei-1
Cx perexiguus-30
Cx.univittatus-37

Cx.univittatus-22
Ci.perexiguus-32

Cox.univittatus-45

Cx.neavei-20
Cxneavei-15

Cx.univittatus-47
Cxneavei-5
Cax.univittatus-41
Cx.neavei-34

Cx.neavei-§

Cx.univittatus-42
Cx.univittatus-26
Cx.univittatus-38

L

Cx

M —3 7 =% Tt S N7z Cx. univitatus complex DO EEENLFL AN K 5D ML F e Kt

d=10
(o8
%J Eigenvalues

X —4 r =% CEE I N7= Cx. univitatus complex OEGE R K D7 T A XY 7
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@R DT

BREETIIARLTWRWD, T XTOMTHREELD TNLDOAREEZT
W5,

6. H ki

FTHEANADO N TZ T ANEE, BRERELZEGE I 22500070, B gt mim
DICEmTETe. —F, r=7 CTWORELITO KELREIX 4, 5 ATHD. =
ORFITAEARXO L — LT, PEIITEFAEZEMAHE L VR TH D08, 50
OXREHLE T, LOHRNZAENEZITY, FEEKRZBHM~E LN ES
A TW5S. ERERE FRRICRT.
a. RHMOMEOFIEZHA LT
b. TREMIZ L DT DEND 0o T2
c. HrHloo NGS M 1L DL
BEAT O J7 15 T m 1R Z2 6 32 2%, ARBFZE CIEIEOR CIT 5 ik % #eSt
L7,
d. BEWNHS DDA VR HE
BIE SR, B IO N TIE 6 AUBIC S SICRES1T 9 .
e. TDH
AR L NTTA B ED NUITM 2 & v 7 & OIFRASHR
SRINEEIC L DBM AL v 7 ~D NGS @i (A 1)

7. EE (TnnicO)
I (EfE 3 2 5 L TV n,)

il (FEhFtmE B0 R L TWun,)
(m)

v (Eh a2 EDOERBFHFOoN TN D)

it

g={10}

b

THE B VHERL TWVWD,)

A2 F L7728l (6 O H SRl TR THIITEK L TR
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A E AT L E R i a T B E (5 4 )

X5y K4 PR - WA
W EE | BIKEEAEFUERE 4 — - s — R
Bk JEE | HBKERERE R AR - g
OWE % KOS RELEL - Hi2 (RI%E)
=~ HBRLEbD e e “ “ — N <
- wR OIS BFUBKREAMERTT - R
s
% 23 & EAEN ey — Y ey La .
8 e [ ST Y RERF T - YR -
Ver A B HRREREGELRIEHR - 202
b iy | ENRUERRZET - BRERES - 5 RE
S bSn | HEEEGKE IR Sl - EEH R - 202
=%
AN ES/A » TR . =
ol ¥ T | RKFEEEOERATITR - 2%
=l
L SP N R RSB RZET (BRBEE 25 - #fe
P boLl ~ 3% RS A [ RS LT T = PATE =
N Reliy KB EEE7eiT (BRIRMFFEEIM) - 2%
M
% g e “ “ — - ~ - -
& bt A Tl KL ELITRRT (727 « 77 U WIRYSENF S fiaR) - 2%
Eam ok RISKPBEERET (7U7 - 77 ) WY - S
2ol &7 B RWREHGEERRIED - TR
7
]\‘
f W R BB I - BITTE GERAEHAY)
OFIT%
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