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Establishment of tick experimental systems to accelerate research on tick-borne
infectious diseases

Nakao, Ryo
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Tick cell lines, laboratory tick rearing systems, and laboratory tick
colonies are important experimental platforms to conduct basic and applied studies for the control
of tick-borne diseases. In this study, we developed these experimental bases for tick species
prevalent in Japan through international collaborations. We were able to establish several tick cell

lines from ticks of the genus Haemaphysalis. Furthermore, several laboratory colonies of
Haemaphysalis ticks were obtained.



B XL C—19, F—19—1, Z—19 (@)

1. WFFEBRAE SO 5=

~ A =3 R E TH Y | B O IR EME—OREIRE U CHIH L, & OB & HiFF
LTWo, T7hbob, JEsshhipbiz, shii—Em, Hhoph, h—opEIROR{ AT —Y
TR A ME L 725, WIFFZ LIZUIE, B FREMIC & > CTORBREGIET D2 0006, A
b, FEBAE L IEFRICEERAEM TH D, v X =2 Lo TS S D~ F =B MRk
JEIX MR P CTHEED X I ICHZICRRAINTE Y\ ZOITFEL 2 T D, BRI W TE,
AZAALBEZA R & D~ # =AM RRSE DN AT L TV D A, F OSSR ER IME I 3 5,
~ A = WG A 95 BB T, 472 2> & 2R - ISR T TV AR, =
X =i, EERE -~ X = fE R, EERE < X = HERARI BRI O SR B W CEE /Y — LT
HD, v F =HIZEB T, BT 7 U B &ERNIOAAT D Rhipicephalus J&. Ixodes )& .
Amblyomma J&72 & DO~ X —FEOMINBAR INTWAEN, BARZIZI LD ETHT T HETES
I 5 Haemaphysalis J&~ % = OFIIITFIE L2\, -, K TIZALIEZ AW ERE~ X =
fAE RO NPET N, ENICOM T~ =HIZE L2 DR TH D,

2. WFEOEH

ENICAERT 2~ =MICHRT Mg L ERE~ X =FBEREMAET LI LT, v ¥ =K
I PERRGSENTIEIC A I 22 SR AR 2 5T 5,

3. WHFED ik
(1) =& =HilaD/EH
O~ & =HfaDpEr & Tk

AN DEREE LT~ & =B EE L OVERR E ~ & =Rk 2 VT o 612 & 5 Wi iR &
Tt Lfaifl~ ¥ = %257, FHABMAREN SRR L2~ 2 =6 FEBRIZHAV 2, FEII%IZ
INEE A —E MM E L, ~ ¥ =filast el & Uic, LEFEE Th D 9EE - U N7 — LK%+ Lesley
Bell-Sakyi T -LOMFIEE CEE I TWDH~ X =JI L L15 Bz H - FiEA2 LI, JF8En
DHAAER L, MIREERET o7, MIERIZIZ, 7% NPT~ = (Haemaphysalis
longicornis TEEE « HAAERERIT, EAER - WAELTERT, BIME) ., Y~T 70 F ¥ =

(Haemaphysalis hystricis fA¥EKR) . ¥ F~ X = (Haemaphysalis flava =EKE), X B IF
<X = (Haemaphysalis formosensis faEHK) . Y~ h~& = (Ixodes ovatus BFHME) . Z W
I% T T~ X = (Amblyomma testudinarium BFHEE) Z H -,

QKM O

INFETIZIEL v X =B ORBIST « #EFFICHW ST X 72 L-16 B4, L-15B E2Huicinz . &
HUHIIE OHERFIC IV BT D B G A 1IN 2 R DI E# CTREE M 2T LT, & 51,
HHRANIEL NS TWAS~Z =/ (ISE18 X° IRE/CTVML9 72 &) Tli. BAMENTIZ L v Y
RO BEMERBIE SN TV S (Kotsarenko et al. 2020), Z I LIZHEH L, BEaEBR MG S
(SR DO Y Ry ZUBREW S 2 BN U, e i o B 2 N THICHERT 5 2 & T,
~ X =i o EEiEib 2 BICRBR A2 1T 7 o 1=,

@~ & =M O TEVERFM’ 4 D BA%E

TRE TSR S e~ & =IO % < 1 R IHICIIE L, BERkPLSE 4 = S 720 (Nakao
2019), — XA HEAR A B~ OBEE 1353 < | BESHNL & TRARINRAE L 7R RE THIAHT %, Sz,
A A B — RSIERITHE S | &\ WIS T Ar ATRE 2T, FREIOICTRIE &3R5 = & 18 T
ERV, ZLT, NH DT I F B A Pk m— R BRGT ORIFHEIRIC 7 T A ~— &
AL, T ORET B RI-PCR AT & 0 M9 5 MIIEMERTAR % 2 2 L7,

(2) FBRE~ S =fHEROHE

OANTHEDVERL



~ HA = NLTWRIL S AT LOREEED T2, ) a UEOVERIS 2 st Uiz, LFEFEE Th D
RAY o ~LY U EHHB R - Ard M Njihof oW iod &, Ly A= =B LRI —/L R
B =R AF NIV ) av ZBATH5LTU a s lR R L, Y arvi~F L
DIRBEIGEZTIEL, V) aVEOREIZHRIE L,

W i #7551 75 D Ft

~ X =OWINATEN 25T 272012, VU 3 URICEBA T 550 B OMET 21T o 1o, IS

SCHREE D & 2 RO E 2 B L, TOREMEELTZ, S6I12, 8% (v, 1/
UL 7)) OREMENG . AL (%Yo BTV, A X ) —) BROKEM
WCHIRZ[EIN L, ANV T 77 A =2 —IZ kD~ =35 R % i L,

QAN L= h DREEE

~ Z =R A E STV D MR FE 2 Wi~ = > SIS TaR R AR L,
ANLRIMISEDL R 21T/ o0z, ZFRILKFEA o F aX—F 2 HWT, W= bRz
{5 - e 5 FEbRE LT,

4. WFICERSE
(1) ~&=faolEH

MZEHRINIC 7 X NP~ A =, Y= T 7V F~F = ¥ F~F =, AP aAF~E=nbE
¥owuy hovF=fanErEn (K1), 2NETIES AL TE 7, L-15 E54l1, L-15B
Rz, BRI CTH S TN-FH B2, TC-100 B3t ~ # =fMila O /EH - #eRfic A H
ThDHZENbroT, Ytk yRREYE % BIRE TR L& C, REYFoMRERIZS
TN DM S o T2,

YIF7SOFIH kM (TCO57-1B#k) YITF7SOFIH —fk#Ema (TCO59+k)

EEMAM26, AR EEMAK265, AR
¥ - L-15Big ik ¥ - TC-10035

(73 = &
¢ onor " L -
* g

AhYITFIF_hkME (TC115-1A%) AAYITFIF—hRME (TCO9TH)

EEFAKTYAB EEMAKIT, AR
i - L-158% ¥&3h - TNM-FHiE

B1. S-S _flan—



(2) FEBRE~ X =FHROWHE

<~ X =D NTIE~DFS|, Wi TEetEZ B0 & Lie N TIEA~OAL AW E RN CId, #5%
OALEWE (0-= a7 =)=/ U F A FILVE) OFRIMCL Y, ~Z =DFE~OWFE )
et SN2, W AT DA B RIREIC TSR BN R otz £/, ANV T 77 b A—F—%H
W= B O FZ TGN D ORI X 5~ Z =5 IEEOFHMEICB Wi, AR~ X =5l
IEHEEEE SN2 o T, Wil = v b ~O LR BFRAEORFHI BV TR, Wil = k
ERENE - BT 2 FE~OLUR T, v~ X =OAEFEROFZELWEEN RO, AT I
FL X EEOEIEAHEMUIZ b 00, FRMMICZE 5~ & = TGS o7,

IHNETIZ, WL OO~ =Tl AL CRIFE LU7- N LW E (2 X 2 50 W 23 8lg <
- (®2), LLens, famicELEEIIELNTE ST, B ANLRIMRIC L 2 FER=E
~ A =B ROEREICIE, BARE~F I LR OBRMN S HICnEEE 2 bz,

AT Z B L T~y ¥ = 7TF 9 RROERE~ ¥ —HEFR 2L Cc&E e (7 NPT~ &= (EH
BR - AR, @A - WAEATER) . Y~T 70 F v &= (FHEK), ¥TF~v&¥= (BH
), ZhadF~x= (JEEK)., 20 TXT7 T~ = (BEK, BIRK) ., Z7ervihxs~
X = (Haemaphysalis pentalagi #HRIK), A = F~ X = (Haemaphysalis yeni FB/AEHK)),
INBIE, A% A =IROREERERY — L L LTUEATE 5,

BRI A

1000, 00,

AAhYIXSSIH= (BER) YITP7SOFTH = (BRHR) YT rIHZ (BRHR)

B2 AITRmMEFEICKYHSERMAAH NS =

SESCHRY A B

Nakao R. Characteristics and application of tick cell lines. Med. Entomol. Zool. Vol.
70(4) :175-179. 2019.

Kotsarenko K, Vechtova P, Lieskovska J, Fiissy Z, Cabral-de-Mello DC, Rego ROM, Alberdi
P, Collins M, Bell-Sakyi L, Sterba J, Grubhoffer L. Karyotype changes in long—term
cultured tick cell lines. Sci Rep. 10(1):13443.2020.



19 19 19 19

Barker Dayana Kelava Samuel Shao Renfu Seeman Owen D. Jones Malcolm K. Nakao Ryo Barker 15

Stephen C. Apanaskevich Dmitry A.

Description of the female, nymph and larva and mitochondrial genome, and redescription of the 2022

male of Ixodes barkeri Barker, 2019 (Acari: Ixodidae), from the short-beaked echidna,

Tachyglossus aculeatus, with a consideration of the most suitable subgenus for this tick

Parasites & Vectors 117
DOl

10.1186/s13071-022-05165-2

Chatanga Elisha Ohari Yuma Muleya Walter Hayashida Kyoko Sugimoto Chihiro Katakura Ken 149

Nonaka Nariaki Nakao Ryo

Genotyping of Theileria parva populations in vaccinated and non-vaccinated cattle in Malawi 2022

Parasitology 983 990
DOl

10.1017/S0031182022000464

Moustafa Mohamed Abdallah Mohamed Mohamed Wessam Mohamed Ahmed Lau Alice C.C. Chatanga 20

Elisha Qiu Yongjin Hayashi Naoki Naguib Doaa Sato Kozue Takano Ai Matsuno Keita Nonaka

Nariaki Taylor DeMar Kawabata Hiroki Nakao Ryo

Novel symbionts and potential human pathogens excavated from argasid tick microbiomes that are 2022

shaped by dual or single symbiosis

Computational and Structural Biotechnology Journal 1979 1992
DOl

10.1016/j .csbj .2022.04.020

Qiu Yongjin Simuunza Martin Kajihara Masahiro Ndebe Joseph Saasa Ngonda Kapila Penjani 11

Furumoto Hayato Lau Alice C. C. Nakao Ryo Takada Ayato Sawa Hirofumi

Detection of Tick-Borne Bacterial and Protozoan Pathogens in Ticks from the Zambia-Angola 2022

Border

Pathogens 566 566
DOl

10.3390/pathogens11050566




Mohamed Wessam Mohamed Ahmed Moustafa Mohamed Abdallah Mohamed Thu May June Kakisaka Keita 15

Chatanga Elisha Ogata Shohei Hayashi Naoki Taya Yurie Ohari Yuma Naguib Doaa Qiu

Yongjin Matsuno Keita Bawm Saw Htun Lat Lat Barker Stephen C. Katakura Ken Ito Kimihito

Nonaka Nariaki Nakao Ryo

Comparative mitogenomics elucidates the population genetic structure of Amblyomma testudinarium 2022

in Japan and a closely related Amblyomma species in Myanmar

Evolutionary Applications 1062 1078
DOl

10.1111/eva.13426

Kelava Samuel Mans Ben J. Shao Renfu Barker Dayana Teo Ernest J.M. Chatanga Elisha Gofton 14

Alexander W. Moustafa Mohamed Abdallah Mohamed Nakao Ryo Barker Stephen C.

Seventy-eight entire mitochondrial genomes and nuclear rRNA genes provide insight into the 2023

phylogeny of the hard ticks, particularly the Haemaphysalis species, Africaniella transversale
and Robertsicus elaphensis

Ticks and Tick-borne Diseases

102070 102070

DOl
10.1016/j . ttbdis.2022.102070

Abdelbaset Abdelbaset Eweda Nonaka Nariaki Nakao Ryo

15

Tick-borne diseases in Egypt: A one health perspective

2022

One Health

100443 100443

DOl
10.1016/j .onehlt.2022.100443

Qiu Yongjin Chambaro Herman M. Sato Kozue Squarre David Simulundu Edgar Kajihara 11

Masahiro Changula Katendi Simbotwe Manyando Harima Hayato Ndebe Joseph Moonga Ladslav

Nakao Ryo Takada Ayato Hang’ ombe Bernard Mudenda Sawa Hirofumi Kawabata Hiroki

Detection of Old and New World Relapsing Fever Borreliae in Ornithodoros Ticks Collected from 2023

Warthog Burrows in Zambia

Microorganisms 200 200
DOl

10.3390/microorganisms11010200




Qiu Yongjin Simuunza Martin Kajihara Masahiro Chambaro Herman Harima Hayato Eto Yoshiki 12
Simulundu Edgar Squarre David Torii Shiho Takada Ayato Hang’ ombe Bernard Mudenda Sawa

Hirofumi Sugimoto Chihiro Nakao Ryo

Screening of tick-borne pathogens in argasid ticks in Zambia: Expansion of the geographic 2021

distribution of Rickettsia lusitaniae and Rickettsia hoogstraalii and detection of putative
novel Anaplasma species

Ticks and Tick-borne Diseases

101720 101720

DOl
10.1016/j . ttbdis.2021.101720

Taya Yurie Kinoshita Gohta Mohamed Wessam Mohamed Ahmed Moustafa Mohamed Abdallah Mohamed 9

Ogata Shohei Chatanga Elisha Ohari Yuma Kusakisako Kodai Matsuno Keita Nonaka Nariaki

Nakao Ryo

Applications of Blocker Nucleic Acids and Non-Metazoan PCR Improves the Discovery of the 2021

Eukaryotic Microbiome in Ticks

Microorganisms 1051 1051
DOl

10.3390/microorganisms9051051

Kobayashi Toshiya Chatanga Elisha Qiu Yongjin Simuunza Martin Kajihara Masahiro Hang' ombe 10

Bernard Mudenda Eto Yoshiki Saasa Ngonda Mori-Kajihara Akina Simulundu Edgar Takada

Ayato Sawa Hirofumi Katakura Ken Nonaka Nariaki Nakao Ryo

Molecular Detection and Genotyping of Coxiella-Like Endosymbionts in Ticks Collected from 2021

Animals and Vegetation in Zambia

Pathogens 779 779
DOl

10.3390/pathogens10060779

Ogata Shohei Pereira Juan Antonio Cristian Jhonny Loza Vega Ariel Carolina Herbas Perez 8

Gladys Matsuno Keita Orba Yasuko Sawa Hirofumi Kawamori Fumihiko Nonaka Nariaki Nakao Ryo

Molecular Survey of Babesia and Anaplasma Infection in Cattle in Bolivia 2021

Veterinary Sciences 188 188

DOl
10.3390/vetsci8090188




Mohamed Wessam Mohamed Ahmed Moustafa Mohamed Abdallah Mohamed Kelava Samuel Barker Dayana
Matsuno Keita Nonaka Nariaki Shao Renfu Mans Ben J. Barker Stephen C. Nakao Ryo

13

Reconstruction of mitochondrial genomes from raw sequencing data provides insights on the
phylogeny of Ixodes ticks and cautions for species misidentification

2022

Ticks and Tick-borne Diseases

101832 101832

DOl
10.1016/j . ttbdis.2021.101832

Qiu Yongjin Squarre David Nakamura Yukiko Lau Alice C. C. Moonga Lavel Chinyama Kawai 9

Naoko Ohnuma Aiko Hayashida Kyoko Nakao Ryo Yamagishi Junya Sawa Hirofumi Namangala

Boniface Kawabata Hiroki

Evidence of Borrelia theileri in Wild and Domestic Animals in the Kafue Ecosystem of Zambia 2021

Microorganisms 2405 2405
DOl

10.3390/microorganisms9112405

Barker Dayana Kelava Samuel Shao Renfu Seeman Owen D. Jones Malcolm K. Nakao Ryo Barker 15

Stephen C. Apanaskevich Dmitry A.

Description of the female, nymph and larva and mitochondrial genome, and redescription of the 2022

male of Ixodes barkeri Barker, 2019 (Acari: Ixodidae), from the short-beaked echidna,

Tachyglossus aculeatus, with a consideration of the most suitable subgenus for this tick

Parasites & Vectors 117
DOl

10.1186/s13071-022-05165-2

Chatanga Elisha Maganga Emmanuel Mohamed Wessam Mohamed Ahmed Ogata Shohei Pandey Gita 231

Sadaula Abdelbaset Abdelbaset Eweda Hayashida Kyoko Sugimoto Chihiro Katakura Ken Nonaka

Nariaki Nakao Ryo

High infection rate of tick-borne protozoan and rickettsial pathogens of cattle in Malawi and 2022

the development of a multiplex PCR for Babesia and Theileria species identification

Acta Tropica

106413 106413

DOl
10.1016/j -actatropica.2022.106413




Barker Dayana Kelava Samuel Seeman Owen D. Shao Renfu Seaniger James R. Jones Malcolm K. 18

Apanaskevich Maria A. Nakao Ryo Apanaskevich Dmitry A. Barker Stephen C.

Rediscovery of Ixodes confusus in Australia with the first description of the male from 2022

Australia, a redescription of the female and the mitochondrial (mt) genomes of five species of

Ixodes

International Journal for Parasitology: Parasites and Wildlife 1 11
DOl

10.1016/j . ijppaw.2022.03.006

Ogata Shohei Mohamed Wessam Mohamed Ahmed Kusakisako Kodai Thu May June Qiu Yongjin 9

Moustafa Mohamed Abdallah Mohamed Matsuno Keita Katakura Ken Nonaka Nariaki Nakao Ryo

Spiroplasma Infection among Ixodid Ticks Exhibits Species Dependence and Suggests a Vertical 2021

Pattern of Transmission

Microorganisms 333 333
DOl

10.3390/microorganisms9020333

Mohamed Wessam Mohamed Ahmed Ali Alsagher O. Mahmoud Hassan Y. A. H. Omar Mosaab A. 10

Chatanga Elisha Salim Bashir Naguib Doaa Anders Jason L. Nonaka Nariaki Moustafa Mohamed

Abdallah Mohamed Nakao Ryo

Exploring Prokaryotic and Eukaryotic Microbiomes Helps in Detecting Tick-Borne Infectious 2021

Agents in the Blood of Camels

Pathogens 351 351
DOl

10.3390/pathogens10030351

91

2022




29

2022

Yurie Taya Gohta Kinoshita Wessam Mohamed Ahmed Mohamed
Nariaki Nonaka Ryo Nakao

Mohamed Abdallah Mohamed Moustafa Yuma Ohari

Keita Ohari

Exploring the eukaryotic microbiome in ticks

10th Tick and Tick Borne Pathogen Conference (TTP10)

2022

68

2022

Mohamed Abdallah Mohamed Moustafa

92

2022




Wessam Mohamed Ahmed Mohamed

Mohamed Abdallah Mohamed Moustafa

164

2021

May June Thu

67

2021

(Sasaki Noboru)

(00754532)

(10101)

(Qiu Yongjin)

(00760985)

(82603)

(Ogata Shohei)

(60962751)

(32665)







