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Yezoウイルスについて
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動物由来感染症対策技術研修会

2

n 北海道内でマダニ咬傷後にSFTS様症状を発症した患者より, 
新規ダニ媒介性ナイロウイルス, エゾウイルスを発見した.

n 同様の症状が見られた患者複数名（後方視的調査含む）より，
エゾウイルスが検出された．

n エゾウイルスをマウスに接種したところ，体重減少等が認めら
れた.

n 感染マウスからウイルスが分離された.

Yezo（エゾ）ウイルスはコッホの原則を
（ある程度）満たす新規病原体
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⾃⼰紹介
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• ペーパー獣医師
• ウイルス学博⼠
（⾍博⼠ではない・・・）
• 主な研究対象︓ダニ媒介性ウイルス Sasaki Hakusensha 1988



背景① ダニ媒介性ウイルスの研究
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Matsuno et al. J Virol 2015

ダニ媒介性フレボウイルス*を網羅的に
検出可能なRT-PCR法の開発

*最新の分類法ではフェヌイウイルス

様々な国の研究者が本法を⽤いてマダニ中の
新規ウイルスを発⾒

背景②北海道における新規ダニ媒介性フレボウイルスの発⾒

6

北海道むかわ町で採集したシュルツェマダニから
新規ウイルス（Mukawa virus）を発⾒

Tick photo: NIID

Ixodes persulcatus

Matsuno and Kajihara et al. mSphere 2018

ticks are limited, their potential risks of spillover into the human po-
pulation have not been fully understood.

Screening of novel TBPVs in ticks is required especially in endemic
countries of tick-borne diseases for differentiating novel TBPV infec-
tions from known diseases, as replication of a novel TBPV may cause
nonspecific febrile illness. In Japan, SFTS and tick-borne encephalitis
(Lindquist and Vapalahti, 2008; Takashima, 1998; Yoshii et al., 2017)
are reported as viral tick-borne diseases, and tick-borne diseases caused
by bacteria or parasites such as Lyme disease (Saito et al., 2007; Sato
et al., 2014; Takano et al., 2014), rickettsiosis (Ando et al., 2010;
Imaoka et al., 2011; National Institute of Infectious Diseases, 2017),
and human granulocytic anaplasmosis (Ohashi et al., 2013), are also
recognized. These diseases present non-specific febrile illness (Bakken
and Dumler, 2006; Parola and Raoult, 2001; Suttinont et al., 2006). To
identify the potential causes of febrile illness by novel TBPVs, clar-
ification of TBPV’s distribution and pathogenicity will be beneficial in
case of their future emergence.

In the present study, we report the ecological characteristic of a
previously reported TBPV, Mukawa virus (MKWV) (Matsuno et al.,
2018). Our previous study discussed the unique genetic and biological
characteristics of MKWV, a tick-derived virus genetically similar to
mosquito/sandfly-borne phleboviruses rather than other TBPVs. Even
though the potential of MKWV to adapt to a human cell line has been
shown, the life cycle of MKWV and its infectivity and pathogenicity in
mammals is unknown. Here, serological screening and experimental
infection was performed to understand the ecological life cycle as well
as the pathogenicity of MKWV in nature.

The current epidemiological landscape of tick-borne diseases is
complicated, as studies of known and novel pathogens in ticks as well as
their correlations with each other in nature are limited. Thus, potential
pathogens in ticks should be discovered using a comprehensive method
in addition to studying each pathogen specifically. The present study
also aimed to reveal a complete picture of TBPV distribution in a lim-
ited area in Japan (i.e. Hokkaido) by genetic screening of ticks using
pan-phlebovirus RT-PCR (Matsuno et al., 2015).

2. Materials and methods

2.1. Study site and sample collection

Only adult ticks (n=1,481) were collected from various locations
in Hokkaido, the northernmost island in Japan from 2013 to 2015 and
used for genetic surveillance of TBPVs. Ticks (n=67) collected in
Mukawa area in the previous study were also included. Questing ticks
(n=1,217) were captured by the flagging method, and blood-sucking
ticks were removed from wild Yezo-deer (Cervus nippon yesoensis) cap-
tured by hunters in 2013 (n= 54) and from wild raccoons (Procyon
lotor) captured by local veterinary offices in 2015 (n= 210). Tick
species were identified under a stereomicroscope based on morphologic
features (Sasa and Aoki, 1977).

Serum samples of Yezo-deer and raccoons were used for serological
testing for MKWV. Serum samples of Yezo-deer (n=50) hunted in
Hidaka area from 2010 to 2011 (Fig. 1) were a part of the samples
previously used for a serological study targeting hepatitis E virus
(Tomiyama et al., 2009). Serum samples were also obtained from rac-
coons (n= 64) captured in Mukawa, Kuriyama, Atsuma, and Ebetsu
areas from 2007 to 2010 as a part of raccoon population control pro-
grams implemented by the Hokkaido Government (Fig. 1). These
samples were stored at −80 °C until use.

2.2. RNA extraction from ticks

Each tick was washed once in 70% ethanol and soaked twice in
distilled sterile water for 10min. The samples were then homogenized
with 100 μl of Dulbecco’s modified Eagle’s medium (DMEM) (Nissui,
Tokyo, Japan) using a homogenizer (Tomy Seiko, Tokyo, Japan) twice

at 3000 rpm. Total RNA was extracted from 50 μl of the homogenate
using blackPREP Tick DNA/RNA Kit (Analytic Jena, Jena, Germany)
according to the manufacturer’s protocol and the remaining homo-
genized samples were stored at −80 °C until use for virus isolation.

2.3. Detection of TBPV RNAs

A one-step RT-PCR system reported previously (Matsuno et al.,
2015) was employed to detect a wide range of TBPVs in the extracted
tick RNAs. Briefly, around a 500-bp fragment of the L segment RNA was
amplified using a PrimeScript One step RT-PCR Kit Ver. 2 (Dye Plus)
(TAKARA, Shiga, Japan) from the tick RNA using the primer set; HRT-
GOUL2759 F (5′-CAGCATGGIGGIYTIAGRGAAATYTATGT-3′) and HRT-
GOUL3276R (5′-GAWGTRWARTGCAGGATICCYTGCATCAT-3′). The
amplified products were sequenced using the ABI Prism BigDye Ter-
minator v3.1 Cycle Sequencing Kit on a 3500 Genetic Analyzer
(ABI3500) (Thermo Fisher Scientific, Waltham, MA) using the HRT-
GOUL2759 F or HRT-GOUL3276R primer. The nucleotide sequences
were determined using GENETYX version 13 (GENETYX, Tokyo,
Japan).

2.4. Virus isolation

The remaining homogenates of RT-PCR-positive ticks were sub-
jected to virus isolation. The Ixodes scapularis embryo-derived ISE6 cells
were cultured in modified L-15B medium supplemented with 10% fetal
bovine serum (FBS) (Thermo Fisher Scientific), 5% tryptose phosphate
broth (TPB) (Sigma, St. Louis, MO), 0.1% bovine lipoprotein con-
centrate (MP Biomedicals, Irvine, CA), and 2% penicillin-streptomycin
(Thermo Fisher Scientific) at 34 °C as reported previously (Munderloh
and Kurtti, 1989). After ISE6 cells were cultured in 12-well plates
(Becton Dickinson and Co, Franklin Lakes, NJ) for one day, the media
were removed and 20 μl of tick homogenates were inoculated into
cultured cells in 1ml of the modified L-15B medium. One hour after
inoculation, the media were changed, and the cells were cultured for
seven days at 34 °C under 5% CO2. Following three blind passages (i.e.
four weeks after the inoculation), viral production in the supernatant
was confirmed using the RT-PCR described above.

Fig. 1. Map of the present study sites. Hokkaido is the second largest island in
Japan and is geographically isolated from other prefectures. The areas where
Mukawa virus or Kuriyama virus-positive ticks were captured from 2013 to
2015 (Mukawa, Kuriyama, Obihiro, and Shimizu) are indicated by black stars,
areas where Yezo-deer (Cervus nippon yesoensis) were captured from 2010 to
2011 (Hidaka) are colored in dark gray, and areas where raccoons (Procyon
lotor) were captured from 2007 to 2010 (Mukawa, Kuriyama, Atsuma, and
Ebetsu) are colored in light gray.
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北海道のシュルツェマダニ-野⽣動物間で成⽴
しているMukawa virusの⽣活環
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n 「北海道」「マダニ」「ウイルス」などをキーワードに論文が
検索可能だったために臨床医から研究者へのアクセスができた。

地道な研究と論文発表の重要性
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症例①⼊院までの経緯
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• 高尿酸血症，高脂血症の既往歴がある札幌市在住の40代男性．
• 5月中旬（刺咬当日）道央圏域の山林にて約4時間滞在し山菜採取を行った．
• 刺咬翌日の夕方，右側腹部に米粒大の虫刺咬に気付き自己抜去した．
• 刺咬後5日目の朝から39℃台の発熱が出現し，刺咬後7日目には両下肢痛のため
歩行困難となった．

• 刺咬後9日目、精査・加療目的に札幌市内の病院に入院した．

マダニ咬傷
（⾍体⾃⼰抜去） 発熱

5⽇⽬

⼊院

9⽇⽬

>39˚C 38.9˚C

23⽇⽬

退院

13⽇⽬

発熱期間

第1病⽇ 第5病⽇ 第19病⽇第9病⽇

Kodama et al. IASR 2020

症例①⼊院時の所⾒
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• 血圧138/96 mmHg，脈拍99/分，体温38.9℃．
• 右下腹部に虫刺咬痕と思われる小丘疹とその周囲の発赤を認めた．
• その他身体所見に明らかな異常は認めなかった．
• 入院時，白血球減少（WBC 1.6/µL），血小板減少（PLT 87.0×103 /µL ），肝機能酵素
の上昇（AST 3,703 IU/L, ALT 1,783 IU/L）, 筋原性酵素上昇（CK 5,847 U/L），
フェリチン値の高度上昇（55200 ng/ml）などの異常所見を認めた．

• CT画像上は明らかな異常所見は認められなかった．
• マダニ媒介性感染症を疑い，入院の上抗菌薬投与による治療，各種感染症精査を行った．

マダニ咬傷
（⾍体⾃⼰抜去） 発熱

5⽇⽬

⼊院

9⽇⽬

>39˚C 38.9˚C

23⽇⽬

退院

13⽇⽬

発熱期間

第1病⽇ 第5病⽇ 第19病⽇第9病⽇

Kodama et al. IASR 2020



症例①⼊院後の臨床経過
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• 精査の結果，以下の既知の感染症は否定された．
ボレリア感染症，リケッチア感染症，野兎病，ダニ媒介脳炎，重症熱性⾎⼩板減少症候群，⽇本脳炎

• 入院5日目より症状改善し，入院15日目に後遺症なく自宅退院となった
• 感染症精査のため，研究機関で精査を行った．

北海道大学大学院 獣医学研究院 微生物学教室，北海道立衛生研究所，国立感染症研究所

マダニ咬傷
（⾍体⾃⼰抜去） 発熱

5⽇⽬

⼊院

9⽇⽬

>39˚C 38.9˚C

23⽇⽬

退院

13⽇⽬

発熱期間

第1病⽇ 第5病⽇ 第19病⽇第9病⽇

Kodama et al. IASR 2020

次世代シーケンサーを⽤いた網羅的ウイルス探索
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Vero E6細胞

14⽇

11⽇⽬

⾎清

イルミナ社MiSeq

マダニ咬傷
（⾍体⾃⼰抜去） 発熱

5⽇⽬

⼊院

9⽇⽬

>39˚C 38.9˚C

23⽇⽬

退院

13⽇⽬

発熱期間

第1病⽇ 第5病⽇ 第19病⽇第9病⽇

Kodama et al. IASR 2020



網羅的ウイルス探索によるウイルス遺伝⼦断⽚の検出
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イルミナ社MiSeq

リード
300塩基弱の配列データ

コンティグ
配列が重なるリード同⼠を繋
ぎ合わせて得られた塩基配列

de novo
assembly

Contig 192191 1891 b

BLAST
検索

オルソナイロウイルス
Lタンパク質

エゾウイルスと呼称

Kodama et al. IASR 2020
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n 培養上清よりもデータ量を増やして（コストをかけて）解析し
てみたところ，ごくわずかなオルソナイロウイルス遺伝子断片
が検出された．

患者検体を直接シーケンスできないのか？

n ウイルス粒子の濃縮，ヒト由来RNAの除去，ウイルス由来RNA
の優先的逆転写など，複数の方法を組み合わせを検討すべき．



症例②来院までの経緯
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第1病⽇ 第9病⽇

マダニ咬傷
（脱落︖）

発病
（⾷欲不振）

9⽇⽬ 17⽇⽬

>37℃ フォローアップ
（回復）

21⽇⽬

発熱期間

第13病⽇

• 特記すべき既往歴のない札幌市在住の50代男性. 喫煙者.
• 8月初旬（刺咬当日）道央圏域の山林にて約4時間山歩きを行った．
• 刺咬当日，右下肢外側に虫付着に気付き30分程度放置した後にズボンの上から
叩いた．掻痒なし.

• 刺咬後9日目から食欲低下. 発熱なし. 17日目に37℃台の発熱が出現した．
• 刺咬後19日目、札幌市内のA病院を受診した．

27⽇⽬
第19病⽇

Kodama et al. Nat Commun 2021

症例②通院時の所⾒
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第1病⽇

マダニ咬傷
（脱落︖）

発病
（⾷欲不振）

9⽇⽬

>37℃ フォローアップ
（回復）

21⽇⽬

発熱期間

第13病⽇

• 19日目, A病院受診. 血液検査で血球減少あり.
• 20日目, B病院紹介受診．貧血, 血小板減少, 肝機能酵素上昇, LDH上昇. 異型リ
ンパ球認めず. ドキシサイクリン1回100mg・1日2回内服開始.

• 21日目, C病院紹介受診. 白血球減少（WBC 1.7/µL），血小板減少（PLT 
52.0×103 /µL ），肝機能酵素の上昇（AST 730 IU/L, ALT 532 IU/L）, 筋原性
酵素上昇（CK 442 U/L）などの異常所見を認めた．

• 紅斑/色素沈着様の発疹多数.
• 22日目, ふらつきを主訴とし市立札幌病院再受診, MRI, 神経伝達速度検査では異
常所見なし. 発熱寛解し, その後回復.

第11病⽇
19⽇⽬ 27⽇⽬

第19病⽇

Kodama et al. Nat Commun 2021



症例②体幹部等に⾒られた発疹
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⾍刺咬部 発疹 発疹

Kodama et al. Nat Commun 2021

所⾒まとめ
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リアルタイムPCR法によるYEZV L分節遺伝⼦の検出
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Figure 1

橙: 2019年に発⾒された患者（第1例）でのYEZV遺伝⼦検出量
緑: 2020年に発⾒された患者（第2例）でのYEZV遺伝⼦検出量

• 発熱直後の急性期において、患者⾎清からYEZV遺伝⼦が
検出され、ウイルス⾎症を起こしていると考えられた。

• 尿からのYEZV遺伝⼦検出量は多くないが、⾎清よりも⻑
期間に渡り検出された。

Kodama et al. Nat Commun 2021

ELISA法によるYEZV特異抗体の検出
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Figure 1• 組換えYEZV Nタンパク質をHEK293T細胞に発現させ、細胞可溶化液を抗原としてELISA法を開発した。
• 2例の患者の⾎清中のELISA抗体価を測定した。
• 急性期に検出されなかったYEZV特異抗体が、時間の経過と共に増加していたことが明らかとなった。

Kodama et al. Nat Commun 2021



新規YEZV患者の発⾒と後⽅視的調査結果（北海道衛研）

21
Kodama et al. Nat Commun 2021

Patient ID 性別 年齢 年⽉ マダニ
刺咬歴

発熱 ⾎⼩板減少 ⽩⾎球減少 YEZV感染 Borellia感染

遺伝⼦検出 抗体価陽転 B. 
miyamotoi

B. 
burgdorferi

HH004-2014 F 60s 2014-
May Y Y Y Y Y NA ND ND

HH007-2016 M 20s 2016-
July Y Y Y Y Y 24 d + ND

HH008-2017 M 30s 2017-
June Y 39˚C Y Y NA ND ND

HH009-2017 F 70s 2017-
June Y 38.5˚C Y Y Y NA ND +

HH001-2019 
(Patient 1) M 41 2019-

May Y 39˚C Y Y Y 12 d ND ND

HH011-2020 M 80s 2020-
May Y 38˚C Y Y Y 36 d + +

HH003-2020 
(Patient 2) M 59 2020-

July Y 38.5˚C Y Y Y 8 d + +

Total 7/7 7/7 7/7 6/7 7/7 4/7 4/7
Percentage 100% 100% 100% 85.7% 100% 57.1% 57.1%

• マダニ媒介性感染症を疑う症例の検査残余検体（北海道衛研）を⽤いて、開発したリアルタイムPCRおよ
びELISA法により調査を実施した。

• 5名の患者が発⾒され、合計で7名の患者が過去7年間で発⽣していることが分かった。

• YEZV感染症では⾼率に発熱・⾎⼩板減少・⽩⾎球減少が⾒られ、SFTSとの類症鑑別が重要である。
• ボレリア感染症との共感染について、更なる検討が必要である。

野⽣動物・マダニにおけるYEZV感染状況調査
材料提供︓北海道衛研・国⽴感染研・酪農学園⼤学・北海道⼤学獣医学部
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• 野⽣動物材料を⽤いて、開発したリアルタイムPCRおよびELISA法により調査を実施した。

マダニ種 個体数 メス オス
H. megaspinosa 106 55 53

Positive 4 1 3
Rate 3.8% 1.8% 5.7%

I. ovatus 213 131 82
Positive 4 1 3
Rate 1.9% 0.8% 3.7%

I. persulcatus 156 87 69
Positive 2 2 0
Rate 1.3% 2.3% 0.0%

北海道のマダニにおけるエゾウイルス
陽性率（RT-qPCR）

動物種 個体数 陽性数 陽性率
エゾシカ 120 2 1.7%
アライグマ 191 3 1.6%
タヌキ 129 0 0.0%
げっ⻭類 42 0 0.0%

北海道の野⽣動物におけるエゾウイルス
特異抗体陽性率（ELISA）
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AG129マウスを⽤いたYEZV分離
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1. AG129マウス（インターフェロンɑ/ɣ受容体ダブルノックアウトマウス）4頭に
10倍希釈した患者⾎清を100µL/headで腹腔内接種

2. 5⽇⽬に2頭を安楽死させ、サンプリング

5⽇⽬⾎清中ウイルスRNA
-/-
+/+
+/-
+/- Vero E6細胞

症例2 回復期⾎清

YEZV mock

bar = 100 nm

†
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Huh-7細胞

2⽇⾎清

イルミナ社MiSeq

L

G

N

L

M

S

11,817b/3,939aa

12,143b
4,071b/1,357aa

4,279-4,281b
1,509b/503aa

1,701-1,703b

• エゾウイルス遺伝子はL, M, Sの3分節
からなるマイナス鎖RNA.

• 各分節RNAは1つのタンパク質をコー
ドしており, そのいずれもオルソナイロ
ウイルスに近縁なアミノ酸配列を持つ.

• L: RNAポリメラーゼ
• G: 膜タンパク質
• N: 核タンパク質

3’ 5’

3’

3’

5’

5’
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エゾウイルスの遺伝⼦系統解析
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• エゾウイルスはナイロウイルス科オルソナイロ
ウイルス属に分類される.

• Sulinaウイルスと共に遺伝子群を形成する.
• もっとも近縁なウイルスはTamdyオルソナイロ
ウイルスとその近縁種である.

• Sulinaウイルスはルーマニアのドナウデルタで
2016年に採集されたマダニから検出されたウイ
ルス．

Sulina

Tamdy

NSD

Kasokero

Qalyub

Keterah

Sakhalin

Dera Ghazi Khan

Artashat/Thiafora

outgroup

Estero Real/Hughes

N gene
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Discovery and genetic characterization of a novel orthonairovirus in Ixodes 
ricinus ticks from Danube Delta 

Alexandru Tomazatos a, Ronald von Possel a, Neele Pekarek a, Tobias Holm a, Toni Rieger a, 
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A R T I C L E  I N F O   
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A B S T R A C T   

Different arthropod species are vectors of a wide array of arboviruses (arthropod-borne viruses) and have likely 
been central to viral evolution. To better understand the extent of arthropod-borne pathogens, as well as their 
origin and evolutionary history, it is crucial to uncover the full range of microbial agents, including viruses 
associated with arthropods. In this study, a collection of ticks obtained in 2016 directly from mammal and bird 
hosts from several rural and natural sites of Danube Delta was subjected to transcriptome sequencing and 
amplification assays. Vector surveillance revealed the presence of a novel orthonairovirus species, designated 
Sulina virus, in Ixodes ricinus ticks. Phylogenetic clustering of each viral protein consistently placed the new virus 
in the Orthonairovirus genus as a new genogroup closely related to Tamdy orthonairovirus, a genogroup 
comprising both pathogenic and tick-associated orthonairoviruses. The serological testing of engorged ticks and 
blood of infected hosts, along with the inoculation of vertebrate cells and mice found no specific antibodies or 
viral replication, suggesting that Sulina virus is an orthonairovirus associated with the virome of Ixodes ricinus. 
Finally, the characterization of a novel orthonairovirus identified using high throughput sequencing will advance 
our knowledge of interactions between viruses and tick vectors, expanding our perspective on fundamental 
questions regarding orthonairovirus evolution, diversity, ecology and potential of emergence as pathogens.   

1. Introduction 

The unique biology of ticks (order Ixodida) enables the transmission 
of a large variety of pathogens, of which a consistent part is represented 
by arthropod-borne viruses. Of particular interest is the genus Ortho-
nairovirus (family Nairoviridae, order Bunyavirales), a group almost 
exclusively transmitted by ticks, comprising some of the most important 
tick-borne pathogens (Labuda and Nuttall, 2004). To date, 43 ortho-
nairoviruses are officially classified into 15 viral species (Abudurexiti 
et al., 2019), with additional taxa described by recent studies (Bouquet 
et al., 2017; Gauci et al., 2017). The genome of orthonairoviruses is a tri- 
partite, negative-sense single-stranded RNA (-ssRNA) genome, 

consisting of a small segment (S) encoding the nucleocapsid (NP), a 
medium segment (M) encoding a glycoprotein precursor (GPC) and a 
large segment (L), the longest of all bunyaviruses, encoding an RNA- 
dependent RNA polymerase (RdRp) (Lasecka and Baron, 2014). 

Most of orthonairoviruses are maintained in arthropods or trans-
mitted by ticks between rodents, bats, eulipotyphlae, camelids and birds 
(Kuhn et al., 2016). Crimean-Congo hemorrhagic fever virus (CCHFV) is 
the most prominent orthonairovirus, as the etiologic agent of probably 
the most important tick-borne viral disease of humans. It occurs in about 
30 countries from Africa and Eurasia and can cause a high mortality rate 
(up to 40%) (Ergonul, 2006; Knipe and Howley, 2013). The most 
important orthonairovirus of veterinary interest is Nairobi sheep disease 
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エゾウイルスはどこから来たのか？

n Sulinaウイルスとエゾウイルスは近縁種だが，それぞれ独立し
た系統を形成している．

n Sulinaウイルスとエゾウイルスの祖先や，Tamdyウイルスとそ
れらの祖先にあたるウイルスが，それぞれの地域で進化したも
のであると考えられる．
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Tamdy
orthonairovirus

オルソナイロウイルス属の病原ウイルス
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 Hazara virus
 Nairobi sheep disease virus
 Dugbe virus
 Crimean-Congo hemorrhagic fever virus

 Thiafora virus
 Erve virus

 Avalon virus
 Taggert virus
 Hughes virus
 Farallon virus
 Raza virus
 Punta Salinas virus
 Soldado virus

 Saphire II virus
 Dera Ghazi Khan virus

 Abu Hammad virus
 Abu Mina virus

 Issyk-Kul virus
 Keterrah virus
 Gossas virus
 Bandia virus
 Qalyub virus
 Yogue virus
 Kasokero virus
 Leopards Hill virus
● Yezo virus

 Huangpi Tick Virus 1
 Tamdy virus
 Tacheng Tick Virus 1
 Wenzhou Tick Virus
 Burana virus

 South Bay virus
 Shayang Spider Virus 1

 Xinzhou Spider Virus
 Sanxia Water Strider Virus 1100
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• クリミア-コンゴ出血熱ウイルス

• ナイロビ羊病ウイルス

• Dugbeウイルス

• Kasokeroウイルス

ダニ媒介性ウイルスでは唯⼀のBSL4病原体。アフリカ〜アジア
の広い範囲に分布する。最⾼で40%の致死率。近年は⼤き
なアウトブレイクは報告されていない。

ヒツジ・ヤギに致死的な病気を引き起こす。ヒトにも感染し、軽
度のインフルエンザ様症状を引き起こすことがある。近縁種の
Ganjamウイルスとともにアフリカ〜アジアに分布する。

ヒトに軽度の熱性疾患を引き起こす。ウシが感受性動物。

コウモリおよびマダニから分離されたウイルス。実験室内感染に
よりヒトに熱性疾患を引き起こすことが判明した。

Tamdyオルソナイロウイルスとは

30

• ブハラ（ウズベキスタン）のTamdymskyで
採集されたマダニから発見されたウイルス.

• 中央アジアに広く分布しており, 哺乳動物に
感染することが分かっていた.
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Virus  "Ta mdy"- -A Ne w Arbovirus , 
Is o late d in the  Uzbe e  S .S .R. and Turkme n S .S .R. from Tie ks  
Hgalomma as iaticum as iaticum S e hule e  e t S e hlottke , 1929, 

and Hgalomma plumbeum plumbeum Panze r, 1796 

By 

D. K. Lvov, G. A. SIDOROVA, V. L. GROMASHEVSKY, M. KURBANOV, 
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V. A. ZAKHz4~YAN, V. A. ARISTOVA, a n d  V. M. NERONOV 
The  D. I.  Iva n o vs ky In s titu te  of Virology, 

U.S .S .R. Aca de my of MedicM S cie nce s , 
Mos cow, U.S .S .R. 

With  1 F igure  

Acce pte d  Nove mbe r 28, 1975 

S ummary 
E le ve n  viru s  s tra in s  we re  is o la te d  fro m  tic ks  Hyalomma asiaticum asiaticum 

S chulce  e t S ch lo ttke ,  1929, a n d  Hyalomma ptumbeum plumbeum P a n z e r,  1796, 
co lle c te d  in  1 9 7 1 --1 9 7 4  in  d e s e rt re g ions  of th e  Uz b e c  S .S .R. a n d  th e  Tu rkm e n  
S .S .R. Acco rd ing  to  CF te s t th e  s tra in s  we re  c los e ly re la te d  to  e a c h  o th e r a n d  n o t 
a n tig e n ic a lly c o n n e c te d  with  viru s e s  fro m  a n tige n ic  g ro u p s  A, B, Ca liforn ia , C HF - 
Congo, Ba ka u ,  Bu n ya m we ra ,  G a n ja m ,  Ka is od i,  Q a lyu b ,  Ke m e ro vo ,  Qua ra nfil,  
S imb u ,  Tu rlock,  Hu g h e s ,  Uu ku n ie m i,  Te te  a n d  21 u n g ro n p e d  virus e s  is o la te d  fro m  
ticks . Th e  viru s  wa s  n a m e d  "T a m d y " a fte r th e  p la ce  of is o la tion  of a  p ro to typ e  
s tra in  LE IV-1 3 0 8  Uz . Th e  viru s  doe s  n o t a g g lu tin a te  goos e  e ryth ro c yte s ,  it is  
p a th o g e n ic  fo r s uckling  mice  a n d  3 we e ks  old m ic e  b y  in tra c e re b rM in fe c tion . 
R e p lic a tio n  of a  viru s  with  C P E  in  ce ll c u ltu re s - -L,  R h ,  Al- - a n d  with o u t C P E  
- - in  p ig  e m b ryo  kid n e y ce ll c u ltu re s - -wa s  d e m o n s tra te d .  Accord ing  to  u ltra - 
filtra tio n  a n d  e le c tron  mic ros cope  d a ta  th e  s ize  of th e  viru s  is  a b o u t 90 n m .  

It  is  ra th e r s e ns itive  to  lip id  s o lve n ts  a n d  is  a n  R,NA-virus . Morpho log ica lly 
th e  viru s  re s e mb le s  th e  Bu n ya virid a e .  

Introdue tion 

E le ve n  a n tig e n ic a lly re la te d  viru s  s tra in s  we re  is o la te d  d u rin g  viro log ica l 
s u rve y of ixod id  ticks , co lle c te d  in  1 9 7 1 --t  974 in  Bu kh a r re g ion , th e  Uz b e c  S .S .R.,  
a n d  a long  th e  tra c k o f Ka ra -Ku m  ca na l,  th e  Tu rkm e n  S .S .I~. Th e  re s u lts  of th e  
s tu d y of is o la te d  viru s  a re  p re s e n te d .  
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Unprecedented genomic diversity of RNA
viruses in arthropods reveals the ancestry
of negative-sense RNA viruses
Ci-Xiu Li1,2†, Mang Shi1,2,3†, Jun-Hua Tian4†, Xian-Dan Lin5†, Yan-Jun Kang1,2†,
Liang-Jun Chen1,2, Xin-Cheng Qin1,2, Jianguo Xu1,2, Edward C Holmes1,3,
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Institute for Infectious Diseases and Biosecurity, Charles Perkins Centre, School of
Biological Sciences and Sydney Medical School, The University of Sydney, Sydney,
Australia; 4Wuhan Center for Disease Control and Prevention, Wuhan, China;
5Wenzhou Center for Disease Control and Prevention, Wenzhou, China

Abstract Although arthropods are important viral vectors, the biodiversity of arthropod viruses, as
well as the role that arthropods have played in viral origins and evolution, is unclear. Through RNA
sequencing of 70 arthropod species we discovered 112 novel viruses that appear to be ancestral to
much of the documented genetic diversity of negative-sense RNA viruses, a number of which are also
present as endogenous genomic copies. With this greatly enriched diversity we revealed that
arthropods contain viruses that fall basal to major virus groups, including the vertebrate-specific
arenaviruses, filoviruses, hantaviruses, influenza viruses, lyssaviruses, and paramyxoviruses. We
similarly documented a remarkable diversity of genome structures in arthropod viruses, including
a putative circular form, that sheds new light on the evolution of genome organization. Hence,
arthropods are a major reservoir of viral genetic diversity and have likely been central to viral evolution.
DOI: 10.7554/eLife.05378.001

Introduction
Negative-sense RNA viruses are important pathogens that cause a variety of diseases in humans
including influenza, hemorrhagic fever, encephalitis, and rabies. Taxonomically, those negative-sense
RNA viruses described to date comprise at least eight virus families and four unassigned genera or
species (King et al., 2012). Although they share (i) a homologous RNA-dependent RNA polymerase
(RdRp), (ii) inverted complementary genome ends, and (iii) an encapsidated negative-sense RNA
genome, these viruses display substantial diversity in terms of virion morphology and genome
organization (King et al., 2012). One key aspect of genome organization is the number of distinct
segments, which is also central to virus classification. Among negative-sense RNA viruses, the number
of segments varies from one (order Mononegavirales; unsegmented) to two (family Arenaviridae),
three (Bunyaviridae), three-to-four (Ophioviridae), and six-to-eight (Orthomyxoviridae) and is further
complicated by differences in the number, structure, and arrangement of the encoded genes.

Despite their diversity and importance in infectious disease, the origins and evolutionary history of
the negative-sense RNA viruses are largely obscure. Arthropods harbor a diverse range of RNA
viruses, which are often divergent from those that infect vertebrates (Marklewitz et al., 2011, 2013;

*For correspondence:

zhangyongzhen@icdc.cn

†These authors contributed

equally to this work

Competing interests: The

authors declare that no

competing interests exist.

Funding: See page 24

Received: 29 October 2014

Accepted: 27 January 2015

Published: 29 January 2015

Reviewing editor: Stephen P

Goff, Howard Hughes Medical

Institute, Columbia University,

United States

Copyright Li et al. This article

is distributed under the terms of

the Creative Commons

Attribution License, which

permits unrestricted use and

redistribution provided that the

original author and source are

credited.

Li et al. eLife 2015;4:e05378. DOI: 10.7554/eLife.05378 1 of 26

elifesciences.org
RESEARCH ARTICLE

Unprecedented genomic diversity of RNA
viruses in arthropods reveals the ancestry
of negative-sense RNA viruses
Ci-Xiu Li1,2†, Mang Shi1,2,3†, Jun-Hua Tian4†, Xian-Dan Lin5†, Yan-Jun Kang1,2†,
Liang-Jun Chen1,2, Xin-Cheng Qin1,2, Jianguo Xu1,2, Edward C Holmes1,3,
Yong-Zhen Zhang1,2*

1State Key Laboratory for Infectious Disease Prevention and Control, National
Institute for Communicable Disease Control and Prevention, Chinese Center for
Disease Control and Prevention, Beijing, China; 2Collaborative Innovation Center for
Diagnosis and Treatment of Infectious Diseases, Hangzhou, China; 3Marie Bashir
Institute for Infectious Diseases and Biosecurity, Charles Perkins Centre, School of
Biological Sciences and Sydney Medical School, The University of Sydney, Sydney,
Australia; 4Wuhan Center for Disease Control and Prevention, Wuhan, China;
5Wenzhou Center for Disease Control and Prevention, Wenzhou, China

Abstract Although arthropods are important viral vectors, the biodiversity of arthropod viruses, as
well as the role that arthropods have played in viral origins and evolution, is unclear. Through RNA
sequencing of 70 arthropod species we discovered 112 novel viruses that appear to be ancestral to
much of the documented genetic diversity of negative-sense RNA viruses, a number of which are also
present as endogenous genomic copies. With this greatly enriched diversity we revealed that
arthropods contain viruses that fall basal to major virus groups, including the vertebrate-specific
arenaviruses, filoviruses, hantaviruses, influenza viruses, lyssaviruses, and paramyxoviruses. We
similarly documented a remarkable diversity of genome structures in arthropod viruses, including
a putative circular form, that sheds new light on the evolution of genome organization. Hence,
arthropods are a major reservoir of viral genetic diversity and have likely been central to viral evolution.
DOI: 10.7554/eLife.05378.001

Introduction
Negative-sense RNA viruses are important pathogens that cause a variety of diseases in humans
including influenza, hemorrhagic fever, encephalitis, and rabies. Taxonomically, those negative-sense
RNA viruses described to date comprise at least eight virus families and four unassigned genera or
species (King et al., 2012). Although they share (i) a homologous RNA-dependent RNA polymerase
(RdRp), (ii) inverted complementary genome ends, and (iii) an encapsidated negative-sense RNA
genome, these viruses display substantial diversity in terms of virion morphology and genome
organization (King et al., 2012). One key aspect of genome organization is the number of distinct
segments, which is also central to virus classification. Among negative-sense RNA viruses, the number
of segments varies from one (order Mononegavirales; unsegmented) to two (family Arenaviridae),
three (Bunyaviridae), three-to-four (Ophioviridae), and six-to-eight (Orthomyxoviridae) and is further
complicated by differences in the number, structure, and arrangement of the encoded genes.

Despite their diversity and importance in infectious disease, the origins and evolutionary history of
the negative-sense RNA viruses are largely obscure. Arthropods harbor a diverse range of RNA
viruses, which are often divergent from those that infect vertebrates (Marklewitz et al., 2011, 2013;
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• 中国からTamdyオルソナイロウイルスと同
じ遺伝子群に属するTacheng tickウイルス-
1が報告された.

• 中央～東アジアに広く分布する.

1970年代

2010年代
Karas et al. 1973
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• 2018年に新疆ウイグル自治区で発熱し, 
病院を受診した農業従事者の62歳女性
からTacheng tickウイルス-1を検出し
た.

• 周辺地域の住人を対象に血清調査を実
施したところ, 4.7%が中和抗体陽性で
あった.Liu et al. Clin Infect Dis 2020
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A Tentative Tamdy Orthonairovirus Related to Febrile 
Illness in Northwestern China
Xiafei Liu,1,2,a Xu Zhang,1,a Zedong Wang,1,a Zhihui Dong,2 Songsong Xie,3 Mengmeng Jiang,2 Ruixia Song,2 Jun Ma,1 Shouyi Chen,4 Kuncai Chen,4  
Haoji Zhang,1 Xingkui Si,1 Chang Li,5 Ningyi Jin,5 Yuanzhi Wang,2,a and Quan Liu1,a,

1School of Life Sciences and Engineering, Foshan University, 2Department of Basic Medicine, School of Medicine, Shihezi University, 3The First Affiliated Hospital, School of Medicine, Shihezi 
University, 4Guangzhou Center for Disease Control and Prevention, and 5Key Laboratory of Jilin Province for Zoonosis Prevention and Control, Institute of Military Veterinary, Academy of Military 
Medical Science, Changchun, China

Background. Many novel tick-borne viruses have been discovered by deep-sequencing technology in recent years; however, 
their medical signi"cance is unknown.

Methods. We obtained clinical data of a patient from Xinjiang, China. Possible pathogens were detected by metagenomic anal-
ysis; the causative pathogen Tacheng tick virus 1 (TcTV-1) was found and further con"rmed by reverse transcriptase–polymerase 
chain reaction, viral culture, and sequence analyses. Epidemiological investigation was conducted in the local human population, 
domestic animals, and ticks by serological/molecular methods.

Results. A 62-year-old woman with a history of tick bite in Qinghe, Xinjiang, presented with fever and rashes. #ese symptoms 
were relieved a$er clinical treatment. TcTV-1 (strain QH1) was isolated from the patient’s cerebrospinal %uid, throat swabs, and 
urine on day 47 a$er illness onset. Although the blood and urine showed viral RNA positive on day 73 a$er illness onset, the virus 
was only isolated from urine. Serological detection revealed a virus neutralizing antibody titer of 1:40 and 1:80 on day 47 and 73 a$er 
illness onset, respectively. No coinfection with other pathogens was detected, suggesting TcTV-1 may be the potential causative path-
ogen. We detected anti–TcTV-1 antibodies (immunoglobulin G: 10.1%; immunoglobulin M: 4.8%) in the local human population. 
#e viral RNA was also found in cattle (4.9%), sheep (9.2%), and ticks, including Dermacentor marginatus (14.3%), Dermacentor 
silvarum (11.8%), Dermacentor nuttalli (6.7%), and Hyalomma asiaticum (4.8%).

Conclusions. TcTV-1 may be associated with a febrile illness syndrome, and epidemiological data of the virus in humans and 
animals necessitate disease surveillance of TcTV-1 infection in China.

Keywords. tick-borne virus; Tacheng tick virus 1; patient; epidemiology; northwestern China.

There are at least 14 serotypes in the genus Orthonairovirus of 
the family Nairoviridae, with each serogroup having a number of 
related viruses [1]. To date, only 4 viruses have been considered 
as human pathogens in this genus, including Crimean-Congo 
hemorrhagic fever virus, Dugbe virus, Nairobi sheep disease 
virus, and Kasokero virus. Crimean-Congo hemorrhagic fever 
virus can cause sporadic cases or outbreaks of hemorrhagic 
fever in humans across a huge geographic areas, from China 
to the Middle East, Europe, and Africa [2]. Dugbe virus infec-
tion may present with fever and thrombocytopenia in Africa 
[3, 4]. Nairobi sheep disease virus infection has been showed 
to elicit febrile illness, headache, nausea, and vomiting in hu-
mans [5, 6], while Kasokero virus infection may cause mild to 

severe illnesses in humans [7]. Erve virus may also be patho-
genic for humans [8]. Tacheng tick virus 1 (TcTV-1), belonging 
to the serotype of Tamdy orthonairovirus, was first identified in 
Dermacentor marginatus in Xinjiang of northwestern China by 
high-throughput sequencing [9]. Other members in this sero-
type include Burana virus, Huangpi tick virus 1, Tamdy virus, 
and Wenzhou tick virus [1]. All of these viruses have been de-
tected in ticks; however, their medical and veterinary signifi-
cance is unknown.

#e sentinel hospital-based surveillance system has been 
shown to be a powerful tool for early detection of human in-
fection with novel vector-borne pathogens. In 2017, the 
emerging Alongshan virus was identi"ed in northeastern 
China by this system [10]. Here we report a case of febrile ill-
ness related to TcTV-1 and the epidemiological investigation in 
northwestern China.

METHODS

Ethics Statement

The research protocol was approved by the human bioethics 
committee and the Administrative Committee on Animal 
Welfare of Foshan University and Shihezi University China.
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The genus Orthonairovirus, which is part of the family 
Nairoviridae, includes the important tick-transmitted patho-
gens Crimean–Congo hemorrhagic fever virus and Nairobi 
sheep disease virus, as well as many other poorly charac-
terized viruses found in ticks, birds and mammals1,2. In this 
study, we identified a new orthonairovirus, Songling virus 
(SGLV), from patients who reported being bitten by ticks in 
Heilongjiang Province in northeastern China. SGLV shared 
similar genomic and morphological features with orthonairo-
viruses and phylogenetically formed a unique clade in Tamdy 
orthonairovirus of the Nairoviridae family. The isolated SGLV 
induced cytopathic effects in human hepatoma cells in vitro. 
SGLV infection was confirmed in 42 hospitalized patients 
analyzed between 2017 and 2018, with the main clinical mani-
festations being headache, fever, depression, fatigue and diz-
ziness. More than two-thirds (69%) of patients generated 
virus-specific antibody responses in the acute phase. Taken 
together, these results suggest that this newly discovered 
orthonairovirus is associated with human febrile illness in 
China.

Tick-borne orthonairoviruses have been characterized as a 
global health threat to humans and animals3. Crimean–Congo 
hemorrhagic fever virus (CCHFV) causes fatal hemorrhagic fever 
in humans in Asia, Africa and Europe4,5, and Nairobi sheep disease 
virus (NSDV) leads to hemorrhagic gastroenteritis in sheep and 
goats in Africa and Asia6. Other orthonairoviruses, such as Dugbe 
virus, Tacheng tick virus 1, Erve virus, Tamdy virus, Soldado virus 
and Ganjam virus, might cause fever, headache, rashes, thrombo-
cytopenia or neurological disorders in humans7–12. In this study, we 
identified a novel orthonairovirus, designated SGLV, which is asso-
ciated with human febrile illness in China.

In April 2017, a 47-year-old male farmer from Songling in 
Heilongjiang Province, China, who had a history of tick bites, pre-
sented to a hospital in Hulunbuir/Hulunbei’er of Inner Mongolia, 
China, with fever, headache, fatigue and depression. Tests for 
tick-borne pathogens, such as tick-borne encephalitis virus, severe 
fever with thrombocytopenia syndrome virus, Alongshan virus, 
Borrelia burgdorferi sensu lato, Borrelia miyamotoi, Anaplasma spp., 
Babesia spp. and Rickettsia spp., were negative13–16. Blood specimens 
were used for viral metagenomic analysis, which produced 1,522 

virus-related reads (Fig. 1a), 68% of which were assembled into 
29 contigs annotated to Wenzhou tick virus, a previously reported 
orthonairovirus (Supplementary Tables 1–3).

The complete genome of the virus (strain HLJ1202), as deter-
mined by overlap reverse transcription polymerase chain reaction 
(RT–PCR) and rapid amplification of complementary DNA (cDNA) 
ends (Extended Data Fig. 1), included large (L, 12,001 nt), medium 
(M, 4,335 nt) and small (S, 1,881 nt) segments (GenBank accession 
numbers MT328775–MT328777). This novel virus was tentatively 
named SGLV, which has a genomic structure similar to those of 
typical orthonairoviruses, with a negative-sense single-stranded tri-
partite RNA genome encoding the large (L) protein, glycoprotein 
precursor (GPC) and nucleoprotein (N), respectively (Fig. 1b)2. The 
5′-terminus of the SGLV L and S segments have a terminal sequence 
typical of orthonairoviruses (UCUCAAAGA)2, whereas the 
3′-terminus of all three segments end with the sequence CCCATGT, 
and the 5′-terminus of the M segment has a reverse-complementary 
sequence ACATGGG (Extended Data Fig. 2).

The L segment encodes a large protein that consists of 3,951 
amino acids (aa). The predicted catalytic polymerase domain is 
located at aa 2279–2594, with six conserved motifs (pre-motif A 
and motifs A–E)2. Other motifs, including an ovarian tumor-like 
domain, a zinc finger and leucine zipper motifs, were also present in 
SGLV (Extended Data Fig. 3)17,18. The M segment encodes a 1,355-aa 
glycoprotein precursor (Gn and Gc), which has a N-terminal signal 
peptide followed by an O-glycosylated mucin-like domain.19 The 
cleavage sites of the subtilisin/kexin-isozyme-1 (SKI-1) protease, 
which cleaves GPC into mature Gn and Gc, were identified at the 
sites RRLL329↓ and RHLL701↓ (Fig. 1b)20. The S segment encodes a 
487-aa nucleoprotein similar to those of orthonairoviruses21, and a 
positively charged region involved in RNA binding was identified at 
the C-terminus (Extended Data Fig. 2a and Fig. 4)22,23.

We also obtained partial sequences of three other strains, 
HLB178, HLJ1175 and GH1185, from archived samples by nested 
RT–PCR assay, which were genetically related to the strain HLJ1202. 
SGLVs were phylogenetically grouped into the Tamdy genogroup 
and formed a unique clade distinct from other Tamdy orthonairo-
viruses, indicating that SGLV might represent a new species in the 
Nairoviridae family (Fig. 1c–e and Extended Data Fig. 5). Sequence 
comparison demonstrated that SGLV was more closely related to the 
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• 2017年に黒龍江省で発熱し, 病院を受
診した農業従事者の47歳男性から
Songlingウイルスを検出した.

• 2017年4月～2018年12月の間に発熱
等を主徴とする42人の入院患者からウ
イルスが検出された。

Karas et al. 1973

• 1973年に，ウズベキスタンで熱性疾患
を呈した患者よりTamdyウイルスが分
離された．

!"#
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n 北海道内でマダニ咬傷後にSFTS様症状を発症した患者より, 
新規ダニ媒介性ナイロウイルス, エゾウイルスを発見した.

n 2014～2020年の間に7名のYEZV感染症患者が発生しており、
野生動物やマダニでも感染が確認されたことから，YEZVが北
海道に定着していることが分かった．

n YEZV感染症の症状はSFTSに類似しているものの，例えば消
化器症状が見られないなどの違いはあるかもしれない．また，
ライム病・回帰熱ボレリアとの共感染が半数（4名）の患者で
見られた．

n 急性の発熱・白血球減少・血小板減少が見られ, ウイルス感染
が強く疑われるにもかかわらず, 起因ウイルスの同定ができな
い場合, 網羅的なウイルス探索技術が有用である.

いつでもご相談
ください！
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本発表に関する問い合わせ先
北海道大学人獣共通感染症国際共同研究所
危機分析・対応部門
松野啓太 matsuk@czc.hokudai.ac.jp
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原因不明の熱性疾患への対応について

n 既存の検査により，既知の感染症が否定されることが重要．

n 次世代シーケンサーを用いた網羅的病原体探索のルーチーン化．

本発表に関する問い合わせ先
北海道大学人獣共通感染症国際共同研究所
危機分析・対応部門
松野啓太 matsuk@czc.hokudai.ac.jp

n ウイルス学的手法（分離培養技術）と次世代シーケンサーを組
み合わせた網羅的病原体探索手法の提供．


