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疾患名 病原体 国内での流行地域 国内で媒介するダニ

細菌

ツツガムシ病 Orientia tsutsugamushi 北海道を除く全国 ツツガムシ

日本紅斑熱 Rickettsia japonica 西日本
キチマダニ 

フタトゲチマダニ 
ヤマトマダニ

ライム病 Borrelia burgdorferiなど 北海道など シュルツェマダニ

Borrelia miyamotoi 感染症 Borrelia miyamotoi 北海道など シュルツェマダニ

ヒト顆粒球アナプラズマ症 Anaplasma 
phagocytophilum 西日本 ヤマトマダニおよびシ

ュルツェマダニ?

ウイルス

重症熱性血小板減少症候群
（SFTS） SFTSウイルス 西日本 タカサゴキララマダニ 

フタトゲチマダニ

ダニ媒介性脳炎 ダニ媒介性脳炎ウイルス 北海道 ヤマトマダニ

原虫 バベシア症 Babesia microtiなど 兵庫県で1例のみ ヤマトマダニおよびシ
ュルツェマダニ?



まずはマダニを 
知るべしッ



マダニとは

節足動物門

ダニ目

マダニ類

ツツガムシ類

ヒゼンダニ類

クモ綱

昆虫綱

その他

ツツガムシ病

マダニ科

日本紅斑熱 
回帰熱 
ライム病 
などなど



マダニの生活環
成虫（雌）

成虫（雄）

　卵　

　幼虫　

　若虫　

　 
　

　 
　

　 
　

吸血
吸血

吸血

ほとんどのマダニは生涯に3回吸血し、2回脱皮する 
生存のためには適度な温度、湿度が必要 

長命なものは２年以上生きる



マダニの分布
シュルツェマダニ 

パブロフスキーマダニ

ヤマトチマダニ 
カモシカマダニ 
イスカチマダニ

クリイロコイタマダニ 
ミナミネズミマダニ 
マゲシマチマダニ 
アサヌママダニ

アカコッコマダニ  
タネガタマダニ  
ツノチマダニ  

ヤマアラシチマダニ  
タカサゴチマダニ  
ヒゲナガチマダニ  
タカサゴキララマダニ

全国的に分布： 
ヤマトマダニ  

フタトゲチマダニ 
キチマダニ 

オオトゲチマダニ



けもの道



湿度による分布の違い
フタトゲチマダニ

キチマダニ
オオトゲチマダニ

アカコッコマダニ
ヤマトマダニ

湿度



ダニ媒介感染症に 
感染しやすい 

居住地の特徴は？



Open Forum Infectious Diseases, ofae025, https://doi.org/10.1093/ofid/ofae025



https://www.jpmap-jaxa.jp/jpmap/





DPCデータによる 
ツツガムシ病と日本紅斑熱の患者の居住地

ツツガムシ病 日本紅斑熱

Open Forum Infectious Diseases, ofae025, https://doi.org/10.1093/ofid/ofae025



Table 1. Results of modified Poisson regression analysis (Tsutsugamushi disease) 

Parameter IRR 95% CI P value 

Low temperature 1.29 0.85 – 1.95 0.227 

High temperature 1.63 1.05 – 2.52 0.028 

Low volume of sunshine duration 0.59 0.42 – 0.84 0.003 

High volume of sunshine duration 0.90 0.60 – 1.35 0.607 

Low elevation 0.45 0.25 – 0.80 0.007 

High elevation 1.44 0.88 – 2.36 0.146 

Low precipitation 0.56 0.42 – 0.76 <0.001 

High precipitation 1.16 0.89 – 1.51 0.284 

Vegetation (farm) 4.46 1.59 – 12.52 0.005 

Vegetation (forest) 5.35 1.78 – 16.07 0.003 

Random effect Estimate Standard error  

Population  0.066 0.019  

IRR; Incidence rate ratio, CI; Confidence interval 

 

  

Table Click here to access/download;Table;Tables.docx

Table 2. Results of modified Poisson regression analysis (Japanese spotted fever)  

Parameter IRR 95% CI P value 

Low temperature 0.06 0.02 – 0.20 <0.001 

High temperature 0.75 0.36 – 1.56 0.439 

Low volume of sunshine duration 0.69 0.30 – 1.60 0.388 

High volume of sunshine duration 3.29 1.44 – 7.54 0.005 

Low elevation 0.31 0.11 – 0.86 0.024 

High elevation 0.31 0.16 – 0.58 <0.001 

Low precipitation 3.86 1.54 – 9.69 0.004 

High precipitation 2.66 1.17 – 6.07 0.020 

Vegetation (farm) 1.46 0.72 – 2.96 0.289 

Vegetation (forest) 11.40 4.97 – 26.13 <0.001 

Random effect Estimate Standard error  

Population  0.037 0.048  

IRR; Incidence rate ratio, CI; Confidence interval 

 

  ツツガムシ病の発生リスク因子  
・気温が高い  
・日照時間が短くない 
・高度が低くない 
・降水量の増加  
・農耕地域  
・森林地域

日本紅斑熱の発生リスク因子  
・気温が低くない 
・日照時間が長い 
・高度が中等度 
・降水量が多いまたは少ない 
・森林地域

SFTSの発生リスク因子  
・気温が低くない 
・温度が上がる 
・高度が低くない 
・森林地域

Open Forum Infectious Diseases, ofae025, https://doi.org/10.1093/ofid/ofae025



北海道の 
マダニ媒介感染症



ライム病
• 北米・欧州で流行。国内では北海道や長野を中心に報告がみら
れる 

• シュルツェマダニが媒介（B.miyamotoiとの共感染がありうる） 

• 遊走性紅斑が特徴的だが、関節炎や神経症状を呈することもあ
る 

• 診断は血清抗体測定または血清PCRで行う 

• 治療はドキシサイクリンが第一選択薬

Internal Medicine. 2015;54(6):691.







ライム病とは. 国立感染症研究所



ライム病とは. 国立感染症研究所



ライム病とは. 国立感染症研究所



ライム病の分布と媒介マダニ
Seminar
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In endemic areas, transmission of Lyme borrelia can 
occur in either peri-urban areas or rural areas used for 
forestry and recreational activities.20

The lifecycle of all four tick species have distinct 
seasonality. In the case of I ricinus and I persulcatus, 
nymphs and adults become active, more or less 
concurrently, in early spring and continue to seek hosts 
until mid-summer, or until even later in the year in 
sheltered humid environments. With I ricinus a second 
peak of activity can occur in the autumn. I scapularis 
nymphs are active from early summer to early autumn, 
but the adults do not become active until autumn and 
remain so through winter until early spring, apart from 
periods when temperatures are too low for activity (<3°C). 
Patterns of activity of I pacifi cus seem more like those of 
I ricinus than of I scapularis. In all species, peak activity 
usually occurs slightly later in larvae than in nymphs, 
especially for I scapularis in eastern USA. The roughly 
3-month diff erence between I scapularis peak nymphal 
and larval activity allows time for the reservoir hosts 
infected by nymphs to become infective for larvae and 
could explain the high intensity of transmission there.17

The main vertebrate reservoirs for Lyme borrelia are 
small mammals, such as mice and voles, and some 
species of birds. In most tick habitats, deer are essential 
for the maintenance of tick populations because they are 
one of the few wild hosts that can feed suffi  cient numbers 
of adult ticks, but they are not competent reservoirs for 
spirochaetes. Cattle are also incompetent hosts. Sheep 
also seem unlikely to be important reservoir hosts, but 
this issue should be studied further because little relevant 
data are available.21–23 The diff erent pathogenic geno-
species of B burgdorferi sensu lato show a slight 
predilection for some vertebrates as reservoir hosts 
(fi gure 3), though this host specifi city does not seem to 

be absolute. One factor thought to be relevant to reservoir 
competence is the susceptibility of the particular 
genospecies of Lyme borrelia to complement-mediated 
killing by the animal host.24

Small populations of deer in a tick habitat can be 
regarded as a good indication of Lyme borreliosis risk 
because an array of other hosts, including reservoir-
competent animals, are also likely to be present. However, 
if most animals in a habitat are those which do not act as 
reservoirs for Lyme borrelia, such as deer or cattle, 
Lyme borreliosis risk decreases because ticks will feed 
mostly on these animals and will therefore not become 
infected.25 Most transmission to human beings, 
manifested by cases of erythema migrans, occurs from 
late May to late September, coinciding with the activity of 
nymphs and with the increasing recreational use of tick 
habitats by the public. I persulcatus nymphs, however, 
bite human beings infrequently;  adult female ticks are 
the main vectors in this species. A typical habitat for the 
transmission of Lyme borrelia is much the same 
throughout the geographical range of this disease. It 
usually consists of deciduous or mixed woodland, 
occasionally coniferous, with a substantial understory 
and a layer of decaying vegetation on the ground, thus 
providing suffi  cient humidity for the development and 
survival of ticks, and supporting a range of potential 
vertebrate reservoir hosts.

Pathogenesis
Lyme borrelia are carried in the midgut of unfed Ixodes 
ticks. When an infected tick takes a blood meal, the 
ingested spirochaetes increase in number and undergo 
phenotypic changes, including the expression of outer 
surface protein C (OspC), which allows them to invade 
the host tick’s salivary glands. This process takes several 

Ixodes
pacificus

Ixodes
ricinus

Ixodes
persulcatus

Ixodes
scapularis

Ixodes ricinus and
Ixodes persulcatus

Figure 1: Global distribution of the vectors (Ixodes ricinus species complex) of Lyme borrelia
Reproduced with permission from the European Concerted Action on Lyme Borreliosis.Lancet. 2003 Nov 15;362(9396):1639-47.



40代男性

• 都内在住、生来健康。 

• 数日前に都内の山にピクニッ
クに行った際にマダニに吸血
され、その部位が赤くなって
きたため受診 

• ついでにマダニも持ってきた





シュルツェマダニではなく 
タカサゴキララマダニだッ！！



TARI 
Tick-associated rash illness

• タカサゴキララマダニ刺症
に伴って大きな紅斑を生じ
ることがある 

• 本症の病態は感染症ではな
くマダニ唾液腺物質に対す
るアレルギー反応と推定さ
れるが，ライム病に見られ
る遊走性紅斑と臨床像が類
似する

J Visual Dermatol 17: 1064-1070, 2018

1066 Visual Dermatology Vol.17 No.11 2018

マダニ刺症への対応に関する提言

合がある．また，海外旅行の際に国外でマダニに刺され
て帰国する例も多くなっている．

 2　マダニの吸血様式について

人に付着したマダニは衣類の隙間から侵入して主に衣
服に覆われた部位，すなわち下腹部や腰の周囲，腋周囲
などに吸着することが多いが，小児では頭皮に吸着する
こともある．
マダニが皮膚から吸血する際には，顎体部の触肢を左

右に開き，中央背面の鋏角で皮膚を切るようにしながら
中央腹面の口下片を刺入する．口下片には鋸歯状の構造
があり（図 7），唾液腺物質により周囲が徐々に固められ
るため，吸血が開始されて 3日以上経過すると抜けに
くくなる．マダニが皮膚に口器を刺入しても，通常は痛
みなどの自覚症状がほとんどなく，吸着していることに
気付かないことが多い．しかし，時には軽い痛みや痒み，
チクチクした違和感などを伴うこともある．

 3　Tick-associated rash illnessについて

マダニは吸血の際に，刺入した口器から唾液腺物質を
皮膚内に注入する．この唾液腺物質には種々の免疫調整
因子や吸血調節因子などが含まれているが，生体にとっ
てアレルゲンとしても作用する．そのため，マダニによ
る吸血を何度か受けた場合は，吸着部に痒みを伴う紅斑
を生じる場合がある．とくに，タカサゴキララマダニ刺
症に伴って大きな紅斑を生じる症例は tick-associated 
rash illness（TARI）と呼ばれる（図 8）．本症の病態は
感染症ではなくマダニ唾液腺物質に対するアレルギー反
応と推定されるが，ライム病に見られる遊走性紅斑と臨
床像が類似するため，区別する必要がある 3，4）．

 4　マダニ媒介性感染症について

マダニは病原体を保有する場合があり，唾液腺物質を
注入する際に感染症を媒介することがある．ここでは

図 4　シュルツェマダニ成虫（雌）　
体長約 3 mm

図 5　ヤマトマダニ成虫（雌）　
体長約 3 mm

図 6　フタトゲチマダニ成虫（雌）　
体長約 3 mm

図 8　Tick-associated rash illness図 7　ヤマトマダニの顎体部（腹面）

触肢 口下片 触肢

顎体基部



places on his arms. He complained about fatigue and back pain but
did not have fever. Physical examination did not reveal any
abnormal findings other than the EM. Borrelial antigen and anti-
bodies were not detected by polymerase chain reaction (PCR) and
Western blot, respectively. Considering the clinical findings and
geographical exposure area, the patient was diagnosed as having
TARI. He returned to Switzerland the next day without antimicro-
bial treatment.

2.3. Case 3

A 71-year-old woman from the Yamaguchi prefecture visited
our hospital because of a tick bite. Six days before her visit to the
hospital, she had been bitten by a tick on her left leg. Four days later,
she observed an EM on her left leg (Fig. 1, panel C). She complained
about fatigue without fever. Except for the EM of her leg, physical
examination did not identify any abnormal findings. Borrelial an-
tigen and antibodies were not detected by PCR and Western blot,
respectively.

Furthermore, as ticks that transmit Lyme disease are not com-
mon in Yamaguchi, the patient was clinically diagnosed with TARI.
The EM disappeared after 3e4 days without antibiotic treatment.

3. Discussion

Lyme disease is an infection caused by Borrelia species, which
are transmitted to humans through a tick bite. In most of the cases
in Japan, Lyme disease develops after a bite by Ixodes persulcatus.
This tick is common in Hokkaido and the mountainous areas of
Honshu, Shikoku, and Kyushu [5]. The first case of Lyme disease in
Japan was reported in 1986. From 1999 to 2018, 231 cases of Lyme
disease have been reported in Japan [5]. Most cases were from
Hokkaido or imported [5]. The typical initial symptoms of Lyme
disease include EM and flu-like symptoms such as fever, lymphatic
swelling, fatigue, and muscle or joint pain. In our cases, there is no
case got tick bite by I. persulcatus tick or in habitant area of
I. persulcatus tick and no laboratory abnormal including the PCR
and antibody for Lyme disease, so we didn't diagnose them Lyme
disease.

EM is a well-known symptom of Lyme disease because ~70%e
80% of patients with Lyme disease have this lesion [6]. As Europe
has a high incidence of Lyme disease, a recent position paper

suggested that patients with EM should be diagnosed with Lyme
disease and treated with antibiotics without serological testing [7].
The Infectious Diseases Society of America published similar rec-
ommendations [3]. In Connecticut, an endemic area of Lyme dis-
ease, almost all physicians prescribe Lyme-disease-specific
antibiotics when patients have EM [8]. This practices was adopted
to expedite Lyme disease treatment and reduce costs [7]. However,
several reports stated that overdiagnosis of Lyme disease leads to
unnecessary antibiotic treatment [9,10]. TARI is an alternative
diagnosis of EM. In 1998, Masters et al. reported patients who
developed EM after a tick bite with negative serology results for
Lyme disease [3]. Wormser et al. named this rash illness southern
tick-associated rash illness (STARI) [11]. Natsuaki et al. reported
STARI-like symptoms in Japan and named the disease tick-
associated rash illness (TARI). When TARI was first reported, it
was thought to be an infectious disease. However, this was not
evidenced in subsequent studies [12]. Although the mechanism of
TARI remains unclear, a hypothesis is that TARI is a type of allergic
reaction [13,14]. In previous reports, patients diagnosed with TARI
recovered from the disease without antibiotic treatment [4]. In our
study, we excluded Lyme disease and diagnosed patients as TARI
according to the type of tick identified or area of exposure. The tick
in one case was identified as Amblyomma testudinarium, which is
related to Amblyomma americanum, known to cause STARI in
southern United States. The area of exposure in two cases was not
in the habitat of Ixodes persulcatus, which transmits Lyme disease,
but in that of Amblyomma testudinarium. Two patients recovered
without antibiotics, although we could not follow-up the second
patient because he returned to his country. Our findings support
the current assumption that TARI is a non-infectious disease.

As the habitat of the tick that transmits Lyme disease is limited
in Japan, the incidence of Lyme disease is low in Japan. However,
because some healthcare providers in Japan are still not familiar
with TARI, antibiotics may be administered to patients with EM
who do not suffer from Lyme disease. As antimicrobial resistance is
a major health concern, antibiotics should be prescribed only in
appropriate cases of bacterial infection. It is important to spread the
disease concept of TARI to promoting proper use of antibiotics. In
addition, although tick identification is challenging, medical spe-
cialists should be trained to distinguish between different tick
types. Finally, when physicians examine patients with EM, they
should distinguish between Lyme disease and TARI according to the

Fig. 1. Patients with EM after being bitten by ticks in Japan. (A). EM of a patient bitten by Amblyomma testudinarium, which is known to cause TARI. (B, C) EM of patients bitten by
ticks in Kanagawa and Yamaguchi, where Lyme-disease-transmitting ticks are uncommon.

Y. Moriyama, S. Kutsuna, Y. Toda et al. J Infect Chemother xxx (xxxx) xxx

2

Moriyama Y, Kutsuna S, et al. DOI:https://doi.org/10.1016/j.jiac.2020.11.026



http://www.vet.yamaguchi-u.ac.jp/doc/140421.pdf

1 

lYa-ƻ�ßŜ+Ñ¬ǟÆâǠ-"7,ǟªāƃſǠ

.�7,

lYa-Æâ.úĉßŜ+Æâļ�Gold standard(
=��>,²�'
ƻ�ßŜÑ¬ǟR|
KFzTXDgzLǠ�ÃƇ)+%'�=�ƻ�ßŜÑ¬ļ(.
}Ƽū-·¬�(�+�8-�


<4��4"
lYa-řƅĦǟôYa
ƏYa
	ċYa
�ċYaǠ.·¬�(�+��)

�;
Ă�ä�ǙÿǄů,'lYa@Ɯè�
řƅĦ@Ŧƣ�'�#����;,
DNA ď¥ü

×ŝ@FXc|vů(�ű�=�)@�µ7�"�4��DNAď¥ü8×ŝ.ķ="7
ƻ�Ü,
:=Æâ�¥Ī+�%"ÓÅ
×ŝ@Œ�"úĉßŜ+Æâ@Ɣ+��)�(�4��

Î 1. lYa-úĉßŜ+ŌĀ 
� lYa.ƒƑ-�ǉ(
="7
Ķƈ�ƞǧĨ
=ǟǥéǠ����
ôYa-Ķƈ.ǣĨë+�

Ǥé(
=�Î¡,Ĥ�ǌĂƘ+Ƽ�Ç@ƟƯ�"�

Î 2. ĝĨÏ¡,őĆ�=�ƕŜ+lYa�Ũ-	
 ì�·¬-hx|Zq|^ 
Ǝû.
ÉƓĠ,.§�<,��-(ƄǆÊÍ-ń-ú(«Ě�=)§�<9���

マダニの解剖

http://www.vet.yamaguchi-u.ac.jp/doc/140421.pdf
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マダニの鑑別
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ライム、BMDなど
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TARI
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日本国内でも 
回帰熱がッ！？



症例：70代女性
• 北海道在住 

• マダニに刺された10日後から発熱、筋肉痛、倦怠感が出
現 

• 体幹部に遊走性紅斑を認める 

• 血液検査では肝酵素、CRP上昇、WBC低下（3900） 

• ライム病が疑われミノマイシンが開始されたが・・・

Emerg Infect Dis. 2014 Aug;20(8):1391-3.



B. miyamotoi感染症
• 米国・欧州で近年報告が相次いでいる新興感染症 

• 日本でも北海道で症例が報告されている（アメリカからの
輸入例も） 

• シュルツェマダニなどのカタダニが保有していることがある
ため、提示症例のようにライム病との共感染が起こりうる 

• 診断は血清抗体測定または血清PCRで行う 

• 回帰性発熱を呈することもあるが報告は多くない

Emerg Infect Dis. 2014 Aug;20(8):1391-3.



Borrelia miyamotoi感染症 
(~2016)
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北海道と言えば・・・



症例

• 北海道上磯町在住の農家の女性 

• 39℃の発熱で入院となり、その後複視や痙攣が出現 

• 髄液の細胞数は463/mm3 

• ウイルス性髄膜脳炎という暫定診断で日本脳炎ウイルス抗
体を調べたところ・・・まさかの陽性ッ・・・？

J Clin Microbiol. 1997 Aug;35(8):1943-7.



フラビウイルスに対する中和抗体価

日本脳炎ウイルス ロシア春夏脳炎ウイル ス

血清(第6病日) 10 640

血清(第43病日) 20 2560

CSF(第52病日) NT NT

中和抗体ではロシア春夏脳炎ウイルス（ダニ脳炎ウイルス）抗体が優位に上昇 
患者自宅周辺のイヌ10匹を調べたところ3匹が抗体陽性、別の3匹からウイルスが分離された

J Clin Microbiol. 1997 Aug;35(8):1943-7.

この症例の報告から約20年、北海道で感染したと考えられるダニ脳炎の症例が2例報告 

ちなみに北海道大学大学院獣医学研究科 環境獣医科学講座 公衆衛生学教室の調査によると 
島根県の野ネズミからもダニ脳炎の抗体が検出されている
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signifi cant risk of TBE infection.31 Unfortunately TBE is hardly 
ever mentioned in any travel information available to tourists 
who spend their vacation in endemic areas, so that awareness 
among tourists as well as clinicians outside endemic regions is 
limited.

Modes of transmission and reservoirs 
of infection
Ticks are the chief vectors and reservoir hosts of TBE virus in 
nature. The other reservoir hosts are vertebrates that amplify 
the virus by acting as a source of infection for ticks. In Europe, 
eight species of ticks have been identifi ed so far that are capable 
of transmitting TBE virus. Ixodes ricinus, the common castor 
bean tick, is the chief vector and thus is mainly responsible for 
the spread of the virus in western and central Europe and the 
European part of Russia. The Far Eastern subtype of the virus 
is found in the eastern part of Russia, and its vector is primarily 
Ixodes persulcatus.42 The virus can be transmitted to humans or 
other hosts by larvae, nymphs, or adult ticks (Fig. 32–3). Virus 
can spread between viremic host to tick or from infected tick to 
uninfected tick feeding on the same host by passage of infected 
cells.42 Transovarial transmission of the virus has also been 
described.

However, usually TBE virus is transferred to the host with 
the saliva of the infected tick. On humans, ticks attach themselves 
to the hair-covered portion of the head, the ears, the arm and 
knee joints, and the hands and feet. The epidermis is punctured 
with the chelicerae, and the hypostome is inserted. Owing to 
the anesthetizing effect of the tick’s saliva, the bite causes no 
pain and often passes unnoticed by the host. This may be the 
main reason why persons with manifest TBE sometimes cannot 
recall having been bitten by a tick. Ticks parasitize more than 
100 different species of mammals, reptiles and birds. Infection 

of I. ricinus with TBE virus by a host harboring the virus is only 
possible during the viremic stage in the host, provided the virus 
titer in its blood is high enough to infect the vector. A long 
viremic stage, along with a high virus titer, is most likely to be 
observed in small vertebrates, such as the yellow-necked fi eld 
mouse, the red-backed vole, the common vole and the dormouse. 
In large mammals (e.g., roe, deer, goat), viremia is short-lived, 
and only low virus titers are reached. During the viremic stage, 
milk from goats, cows and sheep may contain the virus and may 
be a source of infection for humans. Infection by the alimentary 
route as a result of the ingestion of raw milk has been reported 
from Slovakia, Poland and other eastern European countries47 
and, over 50 cases of TBE occurred in Slovakia after the patients 
had eaten cheese made from raw sheep’s milk.48 A recent 
epidemic of TBE in Estonia was linked to raw goat milk.49 
However, this route of infection probably does not play any role 
in western Europe. Laboratory infections have likewise been 
reported.50 Although it has not been observed, human-to-human 
transmission is a theoretical possibility when blood from a 
viremic donor is transfused to a patient.33 Transmission by 
human milk from a mother to an infant is also a theoretical 
possibility.

Signifi cance as a public health problem
Table 32–1 lists the number of TBE infections in those European 
countries in which the disease poses a major problem to public 
health and/or such fi gures have been collected for a long time. 
In many of these countries morbidity has been continually 
increasing for years. The course of the disease can be very 
severe with a high frequency of sequelae,51,52 leading to substan-
tial costs for public health systems with long periods of hospi-
talization, long lasting neurological symptoms as well as long 
term working disability.

Figure 32–1 Distribution map of western, eastern and Siberian subtypes of TBE virus.
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A novel nairovirus associated with acute febrile
illness in Hokkaido, Japan
Fumihiro Kodama1,2, Hiroki Yamaguchi3, Eunsil Park4, Kango Tatemoto4, Mariko Sashika5, Ryo Nakao 6,
Yurino Terauchi7, Keita Mizuma8, Yasuko Orba 9,10, Hiroaki Kariwa7, Katsuro Hagiwara11, Katsunori Okazaki12,
Akiko Goto3, Rika Komagome3, Masahiro Miyoshi3, Takuya Ito3, Kimiaki Yamano3, Kentaro Yoshii13,
Chiaki Funaki9, Mariko Ishizuka9, Asako Shigeno14, Yukari Itakura9, Lesley Bell-Sakyi15, Shunji Edagawa1,
Atsushi Nagasaka1, Yoshihiro Sakoda 8, Hirofumi Sawa 9,10,16,17, Ken Maeda4, Masayuki Saijo 18 &

Keita Matsuno 10,14,16✉

The increasing burden of tick-borne orthonairovirus infections, such as Crimean-Congo

hemorrhagic fever, is becoming a global concern for public health. In the present study, we

identify a novel orthonairovirus, designated Yezo virus (YEZV), from two patients showing

acute febrile illness with thrombocytopenia and leukopenia after tick bite in Hokkaido, Japan,

in 2019 and 2020, respectively. YEZV is phylogenetically grouped with Sulina virus detected

in Ixodes ricinus ticks in Romania. YEZV infection has been confirmed in seven patients from

2014–2020, four of whom were co-infected with Borrelia spp. Antibodies to YEZV are found

in wild deer and raccoons, and YEZV RNAs have been detected in ticks from Hokkaido. In this

work, we demonstrate that YEZV is highly likely to be the causative pathogen of febrile

illness, representing the first report of an endemic infection associated with an orthonair-

ovirus potentially transmitted by ticks in Japan.
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Table 2 Summary of clinical findings and pathogen detection in patients infected with YEZV.

Patient ID Sex Age Date Tick bite Fever Joint/
muscle pain

Neurological sign/
paralysis/numbness

Increasing
liver enzymes

Thrombocytopenia Leukocytopenia YEZV infection Borrelia infection

RNA IgG B.
miyamotoi

B. burgdorferi
sensu lato

HH004-2014 F 60 s 2014-
May

+ + ·· ·· + + + + NA ND ND

HH007-2016 M 20 s 2016-
July

+ + ·· ·· + + + + 6,400
(24 d)

+ ND

HH008-2017 M 30 s 2017-
June

+ 39 °C + + ·· + ·· + NA ND ND

HH009-2017 F 70 s 2017-
June

+ 38.5 °C + ·· ·· + + + NA ND +

HH001-2019
(Patient 1)

M 41 2019-
May

+ 39 °C + + + + + + 102,400a ND ND

HH011-2020 M 80 s 2020-
May

+ 38 °C ·· ·· + + + + 6,400
(36 d)

+ +

HH003-2020
(Patient 2)

M 59 2020-
July

+ 38.5 °C ·· + + + + + 25,600a + +

Total 7/7 7/7 3/7 3/7 5/7 7/7 6/7 7/7 4/7 4/7
Percentage 100.0% 100.0% 42.8% 42.8% 71.4% 100.0% 85.7% 100.0% 57.1% 57.1%

NA not available, ND not detected
*Shown in Fig. 1f
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potential reservoirs for the virus, suggesting that YEZV infection
is endemic in this area. Furthermore, the possible role of Ixodes
ticks in the transmission of YEZV in addition to other tick-borne
pathogens may highlight global burden of the emerging
orthonairovirus.

The symptoms of YEZV infection in two patients were rela-
tively nonspecific, such as fever and malaise. Patient 1 had dif-
ficulty walking due to bilateral lower extremity pain, probably
secondary to ongoing YEZV-associated myositis. Although
patient 2 had transient self-reported gait disturbance and left-
hand weakness, no abnormal neurological findings consistent
with his symptoms were found. It is unclear whether YEZV
infection is associated with peripheral neuropathy or neuritis.
Thrombocytopenia, leukopenia, and elevated liver enzyme levels
were common in laboratory testing in patients diagnosed with
YEZV infections. In addition, highly elevated serum ferritin and
CK levels, and significant atypical lymphocytosis, were noted in
two patients, and these findings may be specific to YEZV infec-
tion. The clinical presentation in these two patients highlighted
the various manifestations of YEZV infections: patient 1 had a
significantly high serum viral load, as well as elevated liver
enzymes, ferritin, and CK levels, while patient 2 had relatively
mild to moderate disease with lower viral loads. The neurological
symptoms and pruritic urticarial rash observed with patient 2
could be due to co-infection with Borrelia spp. The clinical fea-
tures in the seven patients were partly comparable with those of
other tick-borne diseases endemic in Japan and neighboring
countries, such as Lyme disease9,10, B. miyamotoi infection11, and
SFTS12,13. Nevertheless, gastrointestinal tract symptoms, which
are frequently observed in SFTS patients12,14, were not recorded
in the two patients in the present study. While our study was
limited to Hokkaido, where the endemicity of SFTS has not been
proven15,16, the overlapping distribution of YEZV and SFTSV in
southern Japan is still unknown. Thus, the differential diagnosis
between these emerging tick-borne bunyavirus infections should
be established with a higher number of patients infected
with YEZV.

Because patients with suspected tick bites are routinely admi-
nistered antibiotics, as were patients 1 and 2, the association
between a clinical outcome and a possible bacterial pathogen may
be unclear. Our study showed that at least three patients lacked
laboratory evidence of a concomitant infection with tick-borne
Borrelia spp., suggesting that YEZV infection might be the only
culprit responsible for acute febrile illness with leukopenia and
thrombocytopenia; the remaining four patients were coinfected
with YEZV and Borrelia spp. Determining the main causative
pathogen of clinical features during coinfection of tick-borne
pathogens is required for diagnosis because ticks are capable of
carrying and transmitting multiple microorganisms
simultaneously17–20. Establishment of animal models to recapi-
tulate clinical outcomes of YEZV infection is needed to verify the
true impact of coinfection of YEZV and Borrelia spp.

While the seroprevalence of YEZV in wild animals was lower
than that of another tick-borne bunyavirus in Hokkaido21, our field
studies on wild animals and ticks suggested endemic circulation of
YEZV or YEZV-like viruses in the local area. Because of potential
cross-reactivity of orthonairovirus N antigens22, a neutralization
test using YEZV should be performed in the future to exclude the
possibility of infections of a novel virus antigenically cross-reactive
to YEZV. The detection of R. helvetica DNA in patient 1 and the
coinfections of Borrelia spp. in patients suggest the association of
Ixodes ticks, especially I. persulcatous, with YEZV infection23.
Efficient replication of YEZV in I. scapularis (blacklegged tick)-
derived cells also implied the importance of Ixodes ticks as vectors
of YEZV. However, no cell lines are available from Haemaphysalis
spp. ticks to confirm the susceptibility of this tick genus to the
virus24. Because ticks belonging to the I. ricinus species complex,
including I. ricinus ticks, which harbor Sulina virus, I. persulcatus,
and I. scapularis, are widely distributed in the northern hemisphere,
possible endemic occurrences of YEZV and similar orthonairovirus
infections should be examined globally, together with other human
pathogens transmitted by Ixodes ticks, such as species of Borrelia,
Babesia, Rickettsia, and TBEV18.

YEZV is the first cultured virus in the genogroup Sulina. Basic
in vitro characterizations of the YEZV isolate, i.e. electron micro-
scopy, growth kinetics, and detection of virus antigens, have been
reported in the present study. Future investigations of YEZV both
in vitro and in vivo are required to understand the molecular basis
of the pathogenesis of YEZV. Furthermore, because the epide-
miology and pathogenicity of Tamdy and Sulina group viruses are
not yet fully elucidated, these emerging viruses in Asian countries
could represent a larger burden on public health than currently
recognized. Comprehensive understanding of orthonairoviruses is
highly desired to develop prophylaxes and therapeutics.

Methods
Cells. Vero E6 (JCRB9007), Huh-7 (JCRB0403), and THP-1 (JCRB0112) cells were
obtained from the Japanese Collection of Research Bioresources Cell Bank.
HEK293T cells (CRL-3216) were obtained from the American Type Culture Col-
lection. Cells were maintained using Dulbecco’s Minimum Essential Medium
(DMEM, Thermo Fisher Scientific) supplemented with 10% fetal bovine serum
(FBS), 100 unit/ml penicillin, and 100 µg/ml streptomycin at 37 °C with 5% CO2.
The ISE6 and BME/CTVM23 tick cell lines were provided by the CEH Institute of
Virology and Environmental Microbiology (Oxford, UK) and the Tick Cell Bio-
bank at the University of Liverpool, respectively. Use of ISE6 cells was authorized
by the University of Minnesota, the original provider of the cell line. The ISE6 cells
were cultured in L-15B medium supplemented with 10% FBS, 5% tryptose phos-
phate broth (TPB, Merk) and 0.1% bovine lipoprotein concentrate (MP Biome-
dicals) at 32 °C25. The BME/CTVM23 cells were maintained in L-15 (Leibovitz)
medium supplemented with 20% FBS, 10% TPB and 2 mM L-glutamine at 32 °C6.

Isolation of virus from patient’s blood. The isolation of virus was initially
attempted using serum samples from patients 1 and 2 as follows. Serum and urine
samples collected on day 5 and diluted 1:100 in serum-free DMEM were inoculated
onto Vero E6, Huh-7, and differentiated THP-1 cells precultured with 50 ng/ml of

Table 4 Detection of YEZV RNA in adult ticks.

Duration Total Positive Positive rate

Total 477 10 2.1%
Haemaphysalis
megaspinosa

2016–2020 108 4 3.7%

Female 55 1 1.8%
Male 53 3 5.7%
Ixodes ovatus 2016–2020 213 4 1.9%
Female 131 1 0.8%
Male 82 3 3.7%
Ixodes persulcatus 2016–2020 156 2 1.3%
Female 87 2 2.3%
Male 69 0 0.0%

Table 3 Detection of YEZV antibodies in serum samples
from wild animals.

Duration Total Positive Positive rate

Hokkaido shika deer 2010–2019 785 6 0.8%
Raccoon 2017–2020 182 3 1.6%
Hokkaido raccoon dog 2017–2020 125 0 0.0%
Rodent 2019 41 0 0.0%
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A B S T R A C T

During the course of tick-borne virus surveillance in Japan, three independent isolates of probably the same virus
were obtained from three geographically distant populations of the hard tick Haemaphysalis flava. Genome
analyses of the three isolates demonstrated that they were closely related but distinct strains of a novel virus,
designated Tarumizu tick virus (TarTV), which has a genome of 12 double-stranded RNA segments. The de-
velopment of the virus-induced cytopathic effects on BHK cells significantly varied according to virus strains.
Ten out of 12 segments of TarTV appeared to encode putative orthologs or functional equivalents of viral
proteins of Colorado tick fever virus (CTFV) and Eyach virus, suggesting that TarTV is the third member of the
genus Coltivirus in the family Reoviridae. This was supported by the facts that the 5′- and 3′-terminal consensus
sequences of coltivirus genomes were found also in TarTV genome, and segment 9 of TarTV had sequence and
structural features that may mediate a stop codon read-through as observed in that of CTFV. However, segment 7
and 10 of TarTV had no significant sequence similarities to any other proteins of known coltiviruses. Electron
microscopic analysis demonstrated that TarTV particle had a non-enveloped bilayer icosahedral structure, and
viral inclusion bodies were formed in infected cells. TarTV could infect and replicate in several mammalian cell
lines tested, but show no clinical symptoms in intracerebrally inoculated mice. Taken together, our findings
provide new insights into genetic diversity and evolution of the genus Coltivirus.

1. Introduction

The family Reoviridae comprises two subfamilies: Sedoreovirinae
(non-turreted reoviruses) and Spinareovirinae (turreted reoviruses)
(King et al., 2011). Coltivirus is one of the nine genera in the subfamily

Spinareovirinae and currently includes two species, Colorado tick fever
virus and Eyach virus, both of which are tick-borne viruses (King et al.,
2011; Attoui et al., 2005). The type virus, Colorado tick fever virus
(CTFV) has been isolated from ticks, wild rodents and humans (Johnson
et al., 1997). CTFV infection is endemic to North America and known to

http://dx.doi.org/10.1016/j.virusres.2017.09.017
Received 4 September 2017; Received in revised form 25 September 2017; Accepted 25 September 2017
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Abstract Among the tick-borne orbiviruses (genus Or-
bivirus, family Reoviridae), 36 serotypes are currently

classified within a single virus species, Great Island virus.

In this study, we report the first characterization of a tick-
borne orbivirus isolated from the tick Ixodes turdus in

Japan, which we identified as a new member of the species

Great Island virus. The virus isolate, designated Muko
virus (MUV), replicated and induced cytopathic effects in

BHK-21, Vero E6, and CCL-141 cells and caused high

mortality in suckling mice after intracerebral inoculation.
Full genome sequence analysis showed that MUV shared

the greatest phylogenetic similarity with Tribeč virus in

terms of the amino acid sequences of all viral proteins
except for outer capsid protein 1 (OC1; VP4 of MUV).

Analysis of genome segment 9 in MUV detected an

uninterrupted open reading frame that overlaps with VP6
(Hel), which putatively encodes a molecular and functional

equivalent of NS4 from Great Island virus. Our study
provides new insights into the geographic distribution,

genetic diversity, and evolutionary history of the members

of the species Great Island virus.

Introduction

Members of the genus Orbivirus and family Reoviridae are
10-segmented, linear double-stranded RNA (dsRNA)

viruses. The genus currently includes 22 recognized virus

species (serogroups) and over 160 named serotypes/strains
[1, 2]. One of the best-studied orbiviruses with detailed

structural information is bluetongue virus (BTV) [2]. The

virion is made of a core consisting of two layers, the
subcore layer, which contains 120 copies of the T2 protein

(VP3 of BTV), and the outer layer of the core, composed of

780 copies of the T13 protein (VP7 of BTV) and an outer
capsid consisting of two proteins, outer capsid protein 1

(OC1; VP2 of BTV) and outer capsid protein 2 (OC2; VP5

of BTV), which form an icosahedral structure (70 nm in
diameter) [2–4]. T2 and T13 encapsidate the 10 segments

of dsRNA and three additional minor proteins, which pri-

marily function as an RNA-dependent RNA polymerase
(VP1; Pol), a guanylyltransferase (Cap; VP4 of BTV), and

a helicase (VP6; Hel). In addition to these structural pro-

teins, BTV encodes four NS proteins: NS1 (TuP), NS2
(ViP), NS3 and NS4 [2, 5, 19].

Most orbiviruses are vertebrate-infecting viruses trans-

mitted by blood-feeding arthropod vectors, including
Culicoides biting midges, phlebotomine sandflies, ticks,

and mosquitoes. Ixodid ticks are important ectoparasitic

pests and vectors of pathogens that threaten human and
animal health, and some are known to transmit orbiviruses

H. Ejiri and C.-K. Lim contributed equally to this work as first
authors.
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レオウイルス科Orbivirus属。 
ヒトでの感染例はまだない。 

長崎県、兵庫県などのマダニから見つかっている。 
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A B S T R A C T

In Japan, indigenous tick-borne phleboviruses (TBPVs) and their associated diseases first became evident in
2013 by reported human cases of severe fever with thrombocytopenia syndrome (SFTS). In this study, we report
a novel member of the genus Phlebovirus designated as Kabuto Mountain virus (KAMV), which was isolated from
the ixodid tick Haemaphysalis flava in Hyogo, Japan. A complete viral genome sequencing and phylogenetic
analyses showed that KAMV is a novel member of TBPVs, which is closely related to the Uukuniemi and Kaisodi
group viruses. However, unlike the Uukuniemi group viruses, the 165-nt intergenic region (IGR) in the KAMV S
segment was highly C-rich in the genomic sense and not predicted to form a secondary structure, which are
rather similar to those of the Kaisodi group viruses and most mosquito/sandfly-borne phleboviruses.
Furthermore, the NSs protein of KAMV was highly divergent from those of other TBPVs. These results provided
further insights into the genetic diversity and evolutionary relationships of TBPVs. KAMV could infect and
replicate in some rodent and primate cell lines. We evaluated the infectivity and pathogenicity of KAMV in
suckling mice, where we obtained a virulent strain after two passages via intracerebral inoculation. This is the
first report showing the existence of a previously unrecognized TBPV in Japan, other than the SFTS virus.

1. Introduction

The order Bunyavirales is currently classified into nine families
(Feraviridae, Fimoviridae, Hantaviridae, Jonviridae, Nairoviridae,
Peribunyaviridae, Phasmaviridae, Phenuiviridae, and Tospoviridae), as
defined in the 10th Report of the Internal Committee for Taxonomy of
Viruses (ICTV) (https://talk.ictvonline.org/taxonomy/). Some mem-
bers of bunyaviruses, formerly classified as the family Bunyaviridae, are
transmitted to their vertebrate (e.g., orthobunyaviruses, orthonair-
oviruses, and phleboviruses) or plant (e.g., orthotospoviruses) hosts by
specific arthropod vectors (Elliott, 1996; Walter and Barr, 2011). Their

genomes generally comprise three single-stranded negative sense and
ambisense RNA segments: the large (L) segment encoding RNA-de-
pendent RNA polymerase (RdRp), the medium (M) segment encoding
envelope glycoproteins (GPs; Gn and Gc), and the small (S) segment
encoding viral nucleocapsid protein (N). In addition, some bunya-
viruses encode nonstructural proteins (NS) in their M segments (NSm)
and/or S segments (NSs) (Elliott, 1996; Walter and Barr, 2011; Plyusnin
et al., 2011).

Members of the genus Phlebovirus (family Phenuiviridae), including
several pathogens of medical and veterinary importance, are trans-
mitted by blood-feeding arthropods such as mosquitoes, sandflies, or

https://doi.org/10.1016/j.virusres.2017.11.030
Received 1 September 2017; Received in revised form 15 November 2017; Accepted 28 November 2017
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Detection and phylogenetic analysis of 
phlebovirus, including severe fever  
with thrombocytopenia syndrome virus,  
in ticks collected from Tokyo, Japan
Nami MATSUMOTO1), Hiroaki MASUOKA1), Kazuhiro HIRAYAMA1),  
Akio YAMADA1) and Kozue HOTTA1)*

1)Graduate School of Agricultural and Life Sciences, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku,  
Tokyo 113-8657, Japan

ABSTRACT. Severe fever with thrombocytopenia syndrome (SFTS) was detected for the first 
time in China in 2011. Since then, human cases have been reported in endemic regions, including 
Japan. To investigate the presence of tick-borne pathogens in Tokyo, 551 ticks (266 samples) 
were collected from October 2015 to October 2016. Although the SFTS virus was not detected by 
RT-PCR, a novel phlebovirus was detected in one sample. In a phylogenetic analysis based on the 
partial nucleotide sequences of the L and S segments of the virus, the virus clustered with Lesvos 
virus (Greece), Yongjia tick virus, and Dabieshan tick virus (China). Further studies involving virus 
isolation are required to characterize this novel phlebovirus and to expand the epidemiological 
knowledge of related pathogens.
KEY WORDS: phlebovirus, tick, tick-borne pathogen, Tokyo

The genus Phlebovirus, which includes the causative pathogen for severe fever with thrombocytopenia syndrome (SFTS), was 
classified in the order Bunyavirales, family Phenuviridae in the 10th Report of the International Committee for Taxonomy of Virus 
(ICTV) (https://talk.ictvonline.org/taxonomy/). SFTS is one of the most serious tick-borne diseases. The SFTS virus was first 
isolated in China in 2011 [16]. Fever, thrombocytopenia, gastrointestinal symptoms, multiple organ failure, muscular symptoms, 
neurological abnormalities, and coagulopathy are observed in SFTS patients. The fatality rate is 10 to 30% [16].  
In 2012, the Heartland virus, which is closely related to the SFTS virus, was isolated in the United States [7]. The previously 
reported but uncharacterized Bhanja and Uukuniemi viruses were classified to the genus Phlebovirus in 1990 and 2013, 
respectively [6, 10, 12–14].

By 2016, 229 cases of human SFTS, including 53 fatal cases, had been reported in Japan [9]. There has not been a case report 
of human SFTS in Tokyo. However, the presence of SFTS virus in ticks have been reported in neighboring prefectures [8]. To 
investigate the presence of SFTS virus in Tokyo, we conducted a molecular epidemiological survey of SFTS virus and other tick-
borne phleboviruses in Tokyo.

From October 2015 to October 2016, ticks were collected using the drag-flag method from two areas (35°48ʹ 20.2ʺ N, 139°10ʹ 
36.2ʺ E and 35°58ʹ 85.34ʺ N, 139°66ʹ 45.48ʺ E) along the Tamagawa River, which flows along the border of Tokyo and Kanagawa 
prefecture. Tick species were identified by morphology using a stereo-microscope (Nikon, Tokyo, Japan) and taxonomic criteria 
[2]. One adult or nymph of each tick species was individually put in a separate tube, and one to six larvae were combined in one 
tube as a pooled sample. The ticks were stored at −80°C until further testing.

Ticks were thawed and homogenized using a BEAD CRUSHER (TAITEC, Nagoya, Japan) with a Ceramic Sphere (MP 
Biomedicals, Santa Ana, CA, U.S.A.; diameter, 6.35 mm) and one dispensing spoonful of Garnet Matrix A Bulk (MP Biomedicals). 
Total RNA was extracted from ticks using ISOGEN (Nippongene, Tokyo, Japan) according to the manual of National Institute 
of Infectious Diseases in Japan (http://www0.nih.go.jp/~auda/tick-SFTS-manual.pdf). A total of 20 µl of the extracted RNA was 
converted to cDNA using 5 µl of PrimeScript RT Master Mix Perfect Real Time including random primers (TaKaRa Bio, Kusatsu, 
Japan) at 37°C for 15 min.

Detection of the SFTS virus was conducted by nested PCR using the SFTSV NP-2F and SFTSV NP-1Rd primers for the first 
reaction and the SFTSV NP-1F and SFTSV NP-2R primers for the second reaction (35 cycles of 94°C for 30 sec, 52°C for 30 sec, 
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The Unique Phylogenetic Position of a Novel Tick-Borne
Phlebovirus Ensures an Ixodid Origin of the Genus Phlebovirus

Keita Matsuno,a,b Masahiro Kajihara,c Ryo Nakao,d Naganori Nao,e Akina Mori-Kajihara,c Mieko Muramatsu,c Yongjin Qiu,f

Shiho Torii,g Manabu Igarashi,b,c Nodoka Kasajima,c Keita Mizuma,a Kentaro Yoshii,h Hirofumi Sawa,b,g Chihiro Sugimoto,b,i

Ayato Takada,b,c Hideki Ebiharaj

aLaboratory of Microbiology, Faculty of Veterinary Medicine, Hokkaido University, Sapporo, Hokkaido, Japan
bDivision of International Services, Global Institution for Collaborative Research and Education (GI-CoRE),
Hokkaido University, Sapporo, Japan

cDivision of Global Epidemiology, Hokkaido University Research Center for Zoonosis Control, Sapporo, Japan
dLaboratory of Parasitology, Faculty of Veterinary Medicine, Hokkaido University, Sapporo, Hokkaido, Japan
eDepartment of Virology III, National Institute of Infectious Diseases, Tokyo, Japan
fHokudai Center for Zoonosis Control in Zambia, Hokkaido University Research Center for Zoonosis Control,
University of Zambia, Lusaka, Zambia

gDivision of Molecular Pathobiology, Hokkaido University Research Center for Zoonosis Control, Sapporo,
Japan

hLaboratory of Public Health, Faculty of Veterinary Medicine, Hokkaido University, Sapporo, Hokkaido, Japan
iDivision of Collaboration and Education, Hokkaido University Research Center for Zoonosis Control, Sapporo,
Japan
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ABSTRACT The recent emergence of novel tick-borne RNA viruses has complicated
the epidemiological landscape of tick-borne infectious diseases, posing a significant
challenge to public health systems that seek to counteract tick-borne diseases. The
identification of two novel tick-borne phleboviruses (TBPVs), severe fever with
thrombocytopenia syndrome virus (SFTSV) and Heartland virus (HRTV), as causative
agents of severe illness in humans has accelerated the investigation and discoveries
of novel TBPVs. In the present study, we isolated a novel TBPV designated Mukawa
virus (MKWV) from host-questing Ixodes persulcatus females captured in Japan.
Genetic characterization revealed that MKWV is a member of the genus Phlebovirus
in the family Phenuiviridae. Interestingly, MKWV is genetically distinct from other
known TBPVs and shares a most recent common ancestor with mosquito/sandfly-
borne (insect-borne) phleboviruses. Despite its genetic similarity to insect-borne
phleboviruses, the molecular footprints of its viral proteins and its biological charac-
teristics define MKWV as a tick-borne virus that can be transmitted to mammals. A
phylogenetic ancestral-state reconstruction for arthropod vectors of phleboviruses
including MKWV based on viral L segment sequences indicated that ticks likely har-
bored ancestral phleboviruses that evolved into both the tick-borne and MKWV/
insect-borne phlebovirus lineages. Overall, our findings suggest that most of the
phlebovirus evolution has occurred in hard ticks to generate divergent viruses,
which may provide a seminal foundation for understanding the mechanisms under-
lying the evolution and emergence of pathogenic phleboviruses, such as Rift Valley
fever virus and SFTSV/HRTV.

IMPORTANCE The emergence of novel tick-borne RNA viruses causing severe illness
in humans has complicated the epidemiological landscape of tick-borne diseases, re-
quiring further investigation to safeguard public health. In the present study, we dis-
covered a novel tick-borne phlebovirus from Ixodes persulcatus ticks in Japan. While
its viral RNA genome sequences were similar to those of mosquito/sandfly-borne vi-
ruses, molecular and biological footprints confirmed that this is a tick-borne virus.
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フェヌイウイルス科フレボウイルス属。 
ヒトでの感染例はまだない。 

北海道のマダニから見つかっている。 
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Tarumizu Tick Virus
Muko Virus

Kabuto Mountain Virus
Okutama Virus

Mukawa Virus

日本国内でのSFTSの発見以降、
マダニの持つウイルスのNGS解析が進められ、

ヒトでの感染例が報告されていない
新しいウイルスが日本全国で見つかっている
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最も遭遇する頻度が高い 
ダニ媒介性感染症は？



四類感染症の報告数上位疾患
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ツツガムシ病は年間400-500例 
日本紅斑熱は年間200-300例
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症例：40代女性
• 主訴：発熱、皮疹  

• 生来健康な40代女性。 

• 来院の5日前から発熱と頭痛、関節痛があり昨日から顔面・体幹に皮疹が
出現してきたため近医を受診し、精査加療目的で当院に紹介となった。  

• 森林曝露歴：発熱が出現する12日前に福島県楢葉町の郭公山の登山をした 

• 身体所見： BT 38.7℃, BP 102/76mmHg, PR 87bpm, RR 20/min, 
SpO2 98%(室内気)  

• 顔面全体に紅斑が散在、左下腹部に中心が一部黒色化し周囲の発赤を伴う
硬結を認める。体幹にも淡い紅斑を認めるが、四肢には皮疹を認めない。







ツツガムシ病と日本紅斑熱 
両疾患の共通点

• 発熱、頭痛、関節痛、皮疹を呈する 

• マダニ（日本紅斑熱）またはツツガムシ（ツツガムシ病）
による刺し口がみられることがある 

• CRPや肝酵素の上昇、血小板低下がみられることがある 

• 診断はペア血清の抗体価を取るか全血または痂皮のPCR 

• テトラサイクリン系抗菌薬が第一選択薬



分布域 活動時期 セロタイプ

アカツツガムシ
（Leptotrombidum 
akamushi）

北日本(東北地方) 夏から秋 Kato

フトゲツツガムシ 
（L. pallidum）

北海道南部～鹿児
島県 秋から初秋、翌春 Karp, Gilliam

タテツツガムシ 
（L. scutellare）

東北中部から南西
日本 秋から冬 Kawasaki, 

Kuroki

ツツガムシの種類と分布・活動時期



ツツガムシ病





 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 24, No. 9, September 2018 1637

Kuroki type are endemic may not be directly applicable to 
other settings in which other serotypes are endemic, such as 
Akita and Niigata in northern Japan.

Fever has been considered one of the typical signs of 
JSF and ST. Most patients in our study had a high body 
temperature during the clinical course of their illness; how-
ever, fever was not apparent at the time of initial physi-
cal examination for 26% of patients with JSF and 27% of  

patients with ST. Although rash and eschar were com-
monly observed by the physicians, more than half of the 
patients did not notice these signs. Consequently, 33% of 
the patients with JSF and 34% of the patients with ST re-
ceived incorrect diagnoses during their first medical visit. 
Furthermore, fewer clinicians were aware of JSF than of 
ST (34). These findings indicate that a substantial number 
of rickettsial diseases may be underdiagnosed in Japan.

Figure 3. Geographic distribution and clusters of JSF and ST, Japan, 2004–2015. A) JSF; B) ST; C) geographic clusters of JSF and 
ST; D) locations of study facilities. White diamonds (JSF) and circles (ST) represent the locations of each patient’s address. Shaded 
circles (black, JSF; gray, ST) represent statistically significant spatial clusters (p<0.05). The geographic distribution of the patients with 
nonrickettsial diseases, which were used for the cluster analysis as the reference, is shown in the Technical Appendix Figure (https://
wwwnc.cdc.gov/EID/article/24/9/17-1436-Techapp1.pdf). ARMEC, Awa Regional Medical Center; JSF, Japanese spotted fever; KFCT, 
Kameda Family Clinic Tateyama; KMC, Kameda Medical Center; ST, scrub typhus.

 Japanese Spotted Fever and Scrub Typhus

Emerg Infect Dis. 2018 Sep;24(9):1633-1641.
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鹿児島県環境保険センター 御供田睦代先生のご厚意による

房総半島 鹿児島県

JSF, STどちらも流行している都道府県であっても 
感染地域は異なる



ツツガムシ病 日本紅斑熱

媒介節足動物 ツツガムシ マダニ
（チマダニ、カクマダニ）

流行地域 北海道を除く日本全国 西日本～関東

発生時期 春～初夏、秋～初冬 
（地域によって異なる）

初夏～秋

潜伏期 10-14日 2-8日

刺し口 黒いのがデカイ 黒いのは小さい
周囲の発赤がデカイ

皮疹の分布 体幹中心 四肢に多い
（手掌にも）

リンパ節腫脹 多い 少ない

肝脾腫 多い 少ない



ツツガムシ病の痂皮の場所

Am J Trop Med Hyg. 2007 May;76(5):806-9.

体幹の前面が多い 
鼠径部・腋窩・頸部をしっかり観察する



房総半島でのリケッチア症
• 日本紅斑熱は4～10月に、ツツガムシ病は11～12月に多く発生 

• 日本紅斑熱とツツガムシ病の患者は、非リケッチア症患者と比較
して有意に年齢が高く、雑木林の近くに居住する割合が高かった 

• ツツガムシ病と比較して日本紅斑熱では、出血を伴う発疹（紫
斑）、手のひらや足の裏の発疹、低ナトリウム血症、臓器障害、
および治療後の解熱の遅れが多くみられた 

• リケッチア症患者全体で25％以上が受診時に発熱を認めず、
50％以上が発疹やダニの刺し口に気づいていなかった

Emerg Infect Dis. 2018 Sep;24(9):1633-1641.



ķĦ�日本紅斑熱患者の紫斑（livedo reculais/ racemosa）

J-IDEO 「日本全国感染症ケースカンファレンス道場破り」第5話より
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over the last two centuries, its usage has become more restricted 
as our knowledge of the causes of these illnesses has expanded, 
and it now refers only to those caused by Rickettsia.

Ancient Accounts
Hippocrates in 460 bc used the term typhus, meaning ‘smoke’, 
to describe the ‘confused state of the intellect – a tendency to 
stupor’ associated with high fevers.24 His first book L’epidemion, 
contains descriptions of typhus as a febrile, exanthematic illness 
associated with nervous symptoms.25 In an account of the 
plague of Athens in 430–425 bc his contemporary colleague 
Thucydides describes what could be ‘classical’ epidemic typhus, 
although recently measles and smallpox have also been consid-
ered possible causes.26,27

The earliest concise accounts consistent with epidemic 
typhus underline its later association with times of crises, wars 
and famine in the fifteenth century. In 1492, during the civil 
wars in Granada (Andalusia, Spain), six times more people were 
killed from this ‘febrile eruption’ termed Tabardillo (Spanish 
‘red cloak’) than in battle. Reports from missionaries in Mexico 
in the sixteenth century speak of millions of native Indians in 
the highlands dying of Tabardillo.28 Typhus was particularly 
associated with siege-warfare where high population density 
and poor hygiene led to epidemics in the besieged population, 
e.g. during the French Imperial Army’s siege of Naples in 
1494.25,29

In 1546, Girolamo Fracastoro – Fracastorius (1478–1553)- 
differentiated ‘plague’ from ‘typhus’ for the first time in De 
contagione et contagiosis morbis (‘On Contagion and Conta-
gious Diseases’).30 During outbreaks in armies, ships and 
prisons measures such as the burning of clothes, changing of 
bedding and the introduction of crude quarantine measures 

rates, translates into approximately 50 000–80 000 deaths per 
year.10

Although rickettsial infections are an important cause of 
‘fever of unknown origin’ (FUO), and increasing numbers of 
returning travellers have fevers attributable to rickettsial infec-
tions, robust epidemiological data on typhus remain very 
limited, especially from Africa and South America. Although 
some rickettsioses are distributed worldwide (e.g. Q-fever, 
murine typhus), diseases are usually associated with a specific 
area. Rickettsial agents are associated with arthropods, which 
require their preferred environmental conditions, biotopes and 
hosts to act as vectors, reservoirs and/or amplifiers of the organ-
isms, which in turn determines their geographic distribution 
and consequently, define the areas of risk for contracting a 
particular rickettsial illness. Most rickettsioses are therefore 
geographic diseases. However, these geographical boundaries 
may be influenced by the dynamics of climate and environmen-
tal changes, and should be adapted in the light of new discover-
ies. Orientia chuto sp. nov. was recently discovered in the United 
Arabic Emirates (UAE), well beyond the expected geographical 
range for scrub typhus. Reports of febrile cases from Chile and 
Africa11–14 with possible scrub typhus suggest that the disease 
could be distributed around the tropical/subtropical belt rather 
than confined to Asia.

African tick-bite fever (ATBF) is caused by a spotted fever 
group Rickettsia (R. africae) and is transmitted by cattle ticks 
(of the Amblyomma genus). R. africae has been detected by PCR 
in many African countries, including Niger, Mali, Burundi, 
Sudan and recently, Senegal, and in most countries of equatorial 
and southern Africa and often affects visitors to these regions.15,16 
Epidemic louse-borne typhus is still present in foci of low socio-
economic standards found in the highlands of northern and 
eastern Africa, in Eastern Europe, and also in the mountainous 
regions of Central America, north-western South America, 
southern Asia, and southern Africa.17–19

Rickettsial diseases account for approximately 1.5–3.5% of 
febrile illnesses in travellers and can be life-threatening.20 From 
published accounts the vast majority of travel-associated cases 
of imported rickettsial illnesses are murine typhus (R. typhi), 
Mediterranean spotted fever (R. conorii), African tick-bite fever 
(R. africae) or scrub typhus (O. tsutsugamushi).21–23

There are no vaccines currently available against any tropical 
rickettsioses. Prevention is mainly focused on avoiding an 
arthropod bite. Currently, the best method to prevent tick, 
louse, flea and chigger bites is to apply DEET (N,N-diethyl-m-
toluamide) insect repellent to exposed skin and treat clothing 
with permethrin, which kills arthropods on contact. Bites may 
also be limited by covering exposed body parts (i.e. wearing 
long trousers tucked into boots). People staying in infested or 
endemic areas should be advised to check their bodies routinely 
for the presence of arthropods. If any mites, ticks, fleas and/or 
lice are found, seeking professional advice for arthropod 
removal and initiation of adequate baseline/follow-up diagnos-
tics should be prioritized (Figure 22.1, Table 22.1).

HISTORY

The major milestones in our understanding of typhus and 
typhus-like diseases, their causative agents and their transmis-
sion modes are summarized in Table 22.2.

The term ‘typhus’ initially referred to a wide spectrum of 
undefined infections causing a particular clinical syndrome, but 

Figure 22.1 Map of the scrub typhus endemic geographical regions. 
Reports of scrub typhus-like cases from Africa (Cameroon) and South 
America (Chile) suggest that the disease could be distributed around 
the tropical/subtropical belt rather than confined to Asia. The primary 
vectors for the described regions are given in Table 22.1. 

ツツガムシ病の分布
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Brief Report

Summ a r y

Scrub typhus is a life-threatening zoonosis caused by Orientia tsutsugamushi organ-
isms that are transmitted by the larvae of trombiculid mites. Endemic scrub ty-
phus was originally thought to be confined to the so called “tsutsugamushi tri-
angle” within the Asia–Pacific region. In 2006, however, two individual cases were 
detected in the Middle East and South America, which suggested that the pathogen 
was present farther afield. Here, we report three autochthonous cases of scrub 
typhus caused by O. tsutsugamushi acquired on Chiloé Island in southern Chile, 
which suggests the existence of an endemic focus in South America. (Funded by 
the Chilean Comisión Nacional de Investigación Científica y Tecnológica and the 
Wellcome Trust.)

Scrub typhus is a vector-borne zoonosis caused by Orientia tsutsuga-
mushi. The infection is transmitted by “chiggers” (i.e., the larvae of trombi-
culid mites of the genus leptotrombidium). Although chiggers feed on vari-

ous vertebrates, the main reservoir is the vector itself, which maintains orientia 
organisms through transstadial and transovarial transmission.1 After the bite of 
an infective chigger, a characteristic necrotic inoculation lesion, termed eschar, 
can develop, which typically contains high bacterial loads. The microorganism 
then spreads through the lymphatic fluid and blood, causing systemic manifesta-
tions that include fever, rash, and laboratory abnormalities such as elevated levels 
of C-reactive protein and liver enzymes.2

Scrub typhus is endemic in a region called the “tsutsugamushi triangle,” which 
extends from Pakistan in the west to far eastern Russia in the east to northern 
Australia in the south. Although the exact burden of disease remains unclear, 
scrub typhus potentially threatens more than a billion people and is estimated to 
cause a million clinical cases per year in association with substantial mortality.3 
Scrub typhus is increasingly recognized as a leading cause of treatable febrile ill-
ness in regions in which the disease is endemic.1,4,5

Until 2006, scrub typhus infections had not been confirmed beyond the Asia–
Pacific boundaries. In 2006, two independent cases of infection with orientia spe-
cies were detected in unexpected locations; the first case led to the identification 
of a new species, O. chuto, in the Middle East,6 and the second case was associated 
with an orientia-like species of bacteria in southern Chile.7 Here, we report three 
scrub typhus cases caused by O. tsutsugamushi in Chiloé Island in Chile; their pres-
ence suggests that this pathogen may be endemic in this part of South America, 
which is 12,000 km away from the tsutsugamushi triangle.
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Figure 1. Geographic Location and Clinical Presentation of Scrub Typhus Cases in Chile.

Panel A shows a map of Chiloé Island in southern Chile, where all the patients in this case report acquired scrub 
 typhus in rural areas close to the city of Ancud (41°52′14"S, 73°48′58"W). Panels B through G show images of the 
maculopapular exanthema and eschar of Patient 1 (Panels B and C), Patient 2 (Panels D and E), and Patient 3 
(Panels F and G).
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世界各地のリケッチア症

Clin Infect Dis. 2007 Jul 15;45 Suppl 1:S39-44.



紅斑熱群 発疹チフス群
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dengue fever was reported in Germany after the patient returned
from Japan [14]. Although not yet published, one autochthonous
dengue case was reported from Okinawa and two from Tokyo in
2019. As described above, in Japan, reports of autochthonous
dengue fever, which had not been reported for the past 70 years,
have been increasing in recent years, and caution is required before
the Tokyo Olympic and Paralympic Games.

Foreigners accounted for 23.6% of this registry, but they
accounted for 48.9% of patients diagnosed with malaria. The fact
that VFR was an important reason for traveling and that P. falcipa-
rum was dominant among the malaria species was also consistent
with overseas reports [4]. Most of the patients enrolled in this
registry were traveling to and from Southeast Asia, but in recent
years, malaria from Southeast Asia has dropped sharply [15], and in
this study, most of the malaria cases were transmitted from Africa.
If a case meets criteria for severe malaria, treatment options are
intravenous artesunate or intravenous quinine internationally [16].
In this study, although eleven cases met the criteria for severe
malaria, only 4 cases received intravenous quinine. This may be due
to poor access to drugs for treating severe malaria in Japan. Other

cases were treated with artemether and lumefantrine (AL). Partic-
ularly in non-immune patients, a high treatment failure rate with
AL has become a problem [17,18]. A report states that the frequency
of relapse is high, especially in cases with a high parasitic rate
where AL should not be used [19]. Although the first-line drug for
severe malaria is intravenous quinine or intravenous artesunate,
they are not approved by Pharmaceuticals and Medical Devices
Agency yet and intravenous quinine is only available for research
provided by the research group of tropical and parasitic diseases,
and artesunate is unavailable in Japan. Fortunately, there were no
deaths in the malaria cases in this study, but this poor access could
lead to a worse prognosis. There is an urgent need to develop
treatment options for severe malaria in Japan. Prevention of ma-
laria as well as vaccination before travel is one of the major pur-
poses of travel clinics. Only 6.4% malaria cases were on malaria
prophylaxis. Travelers traveling to malaria endemic areas need to
be strongly encouraged to take medication for malaria prophylaxis.

Sexually transmitted diseases (STD) are also important among
travelers. Travel is considered to cause a risk of STDs [20], and the
import of resistant gonococci has become an international issue in

Fig. 3. The common final diagnosis and age distribution of patients in this study.

S. Kutsuna, Y. Asai, K. Yamamoto et al. J Infect Chemother xxx (xxxx) xxx
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リケッチア症の診断

• 抗体検査は急性期には上昇していないことが多いので 
必ずペア血清を提出する 

• 交差反応が多いので、できる限りPCRで診断を 

• PCRの検体は全血、または痂皮



リケッチア症の 
トピック



DISPATCHES
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Table 2. Distribution of antibody titers in Rickettsia typhi IgG–
positive persons in study of seroprevalence and predictors of 
murine typhus, Japan 
Antibody titer Seropositive participants, no. (%), n = 269  
1:40 53 (19.7) 
1:80 33 (12.3) 
1:160 80 (29.7) 
1:320 37 (13.7) 
1:640 46 (17.1) 
1:1,280 5 (1.9) 
1:2,560 8 (3.0) 
1:5,120 2 (0.7) 
1:10,240 1 (0.4) 
1:20,480 0  
>1:40,960 4 (1.5) 

 

Figure 1. Seroprevalence rates of Rickettsia typhi and Orientia 
tsutsugamushi in study of seroprevalence and predictors of 
murine typhus, Japan. R. typhi IgG was detected in 11.3% 
(95% CI 10.0–12.6) of participants and O. tsutsugamushi IgG 
was detected in 7.9% (95% CI 6.9–9.1) of all participants. The 
seroprevalence of both infections was compared using the 
McNemar test. The estimated seropositivity ratio was 1.42 (95% 
CI 1.20–1.68).

titers, although some exhibited notably high titers 
(Appendix Table 2).

R. typhi seroprevalence was 11.3% higher than 
that of O. tsutsugamushi (7.9%) (ratio of seropositiv-
ity 1.42; 95% CI 1.20–1.68) (Figure 1). Of the 2,382 
residents, 204 were R. japonica seropositive, for a 
seroprevalence of 8.6%, lower than that of R. typhi. 
Furthermore, the antibody titer for R. typhi was 
higher than that for R. japonica in participants who 
were seropositive for both R. typhi and R. japonica 
(Appendix Table 3). Results of the sensitivity analy-
ses did not show any changes to the predominance 
of the R. typhi seroprevalence over the O. tsutsuga-
mushi seroprevalence (Appendix Table 4). 

According to the multivariate analysis (Figure 
2), the factors associated with R. typhi seropositiv-
ity were age (per 10-year increase; adjusted odds 
ratio [aOR] 2.09 [95% CI 1.80–2.42]), low population 
density (per 1,000 persons/km2 increase; aOR 0.59 

[95% CI 0.40–0.86]), and history of bush exposure 
(aOR 1.39 [95% CI 1.01–1.92]) (Appendix).

Figure 2. Predictors of Rickettsia 
typhi IgG seropositivity in study 
of seroprevalence and predictors 
of murine typhus, Japan. Shown 
are adjusted odds ratios for age 
per 10-year increase; population 
density increase; residential 
geographic features, such as 
coasts, forests, farmland, and 
rivers and lakes; and wilderness 
per 10-hectare increase. Bushes 
refer to areas with small trees 
and weeds.

Murine typhus (MT), a fleaborne rickettsiosis 
caused by the bacterium Rickettsia typhi, is a 

ubiquitous but clinically less recognizable disease 
than scrub typhus or spotted fever group rickett-
sioses (1). Limited testing because of the infection’s 
nonspecific symptoms and the need for expert labo-
ratories for serodiagnosis makes MT an underrec-
ognized infection. MT occurs worldwide and is en-
demic to warm urban or coastal regions where the 
climate is favorable for rats, which can serve as the 
reservoir of R. typhi. However, epidemiologic char-
acteristics and risk factors often vary by region (1–3). 
Therefore, accumulating specific and local evidence 
from each region is required to elucidate the com-
plete picture of MT epidemiology.

In Japan, MT with Xenopsylla cheopis fleas as 
the vector and Rattus rattus or R. norvegicus rats 
as the reservoir was endemic before the 1950s (4), 
but the disease has not been notifiable; only a few 
cases have been reported since then (5). As a con-
sequence, the epidemiologic characteristics remain 
unknown, rendering MT an underrecognized and 
neglected infection. Clarifying the epidemiologic 
features of MT in Japan will help clinicians recog-
nize the disease and provide early treatment. We 
estimate the seroprevalence of rickettsia, primarily 
of R. typhi, in rickettsia-endemic areas of Honshu 

Island (the largest island of Japan) and characterize 
the risk factors for MT.

The Study
We conducted a cross-sectional study in 3 sites 
in the southeastern part of Honshu (Boso Penin-
sula), endemic areas for scrub typhus and Japa-
nese spotted fever (6). We included persons who 
underwent regular checkups during August–No-
vember 2020 (Appendix, https://wwwnc.cdc.gov/ 
EID/article/29/7/23-0037-App1.pdf). Question-
naires were distributed during checkups, and the 
following data were collected: medical history of 
rickettsioses; environmental exposure to moun-
tains, agriculture, and bushes; and residential ad-
dresses. The respondents were asked through ques-
tionnaires whether they resided in or had visited 
mountainous areas, had visited areas with small 
trees and weeds, or engaged in agricultural work. 
In addition, we measured the population density 
and area of each land use (coasts, forests, farmland, 
rivers or lakes, and wilderness) within a 500-me-
ter radius of the participant’s address (Appendix). 
The study was approved by the Institutional Re-
view Boards of Nagasaki University and Fukushi-
ma Medical University (approval nos. 200305230-2 
and 2022-190). Written consent was obtained from  
all participants.

The primary outcomes were R. typhi seropreva-
lence and ratio of R. typhi to Orientia tsutsugamushi 
seroprevalence. O. tsutsugamushi was selected as the 
comparator outcome because scrub typhus is a no-
tifiable disease and the rickettsiosis most endemic 
to Japan. Furthermore, we evaluated the seropreva-
lence of R. japonica, the pathogen of Japanese spotted 
fever, to determine the possibility of an apparently 
high seroprevalence of R. typhi because of cross-re-
activity in the genus Rickettsia (7) (Appendix). We 
defined seropositivity as a ratio of >1:40 and de-
fined O. tsutsugamushi seropositivity as a positive 
result for any of the O. tsutsugamushi serotypes. The  
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To elucidate the epidemiology of murine typhus, which 
is infrequently reported in Japan, we conducted a 
cross-sectional study involving 2,382 residents of rick-
ettsiosis-endemic areas in Honshu Island during Au-
gust–November 2020. Rickettsia typhi seroprevalence 
rate was higher than that of Orientia tsutsugamushi, 
indicating that murine typhus is a neglected disease.
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was detected in 7.9% (95% CI 6.9–9.1) of all participants. The 
seroprevalence of both infections was compared using the 
McNemar test. The estimated seropositivity ratio was 1.42 (95% 
CI 1.20–1.68).
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R. typhi seroprevalence was 11.3% higher than 
that of O. tsutsugamushi (7.9%) (ratio of seropositiv-
ity 1.42; 95% CI 1.20–1.68) (Figure 1). Of the 2,382 
residents, 204 were R. japonica seropositive, for a 
seroprevalence of 8.6%, lower than that of R. typhi. 
Furthermore, the antibody titer for R. typhi was 
higher than that for R. japonica in participants who 
were seropositive for both R. typhi and R. japonica 
(Appendix Table 3). Results of the sensitivity analy-
ses did not show any changes to the predominance 
of the R. typhi seroprevalence over the O. tsutsuga-
mushi seroprevalence (Appendix Table 4). 

According to the multivariate analysis (Figure 
2), the factors associated with R. typhi seropositiv-
ity were age (per 10-year increase; adjusted odds 
ratio [aOR] 2.09 [95% CI 1.80–2.42]), low population 
density (per 1,000 persons/km2 increase; aOR 0.59 

[95% CI 0.40–0.86]), and history of bush exposure 
(aOR 1.39 [95% CI 1.01–1.92]) (Appendix).

Figure 2. Predictors of Rickettsia 
typhi IgG seropositivity in study 
of seroprevalence and predictors 
of murine typhus, Japan. Shown 
are adjusted odds ratios for age 
per 10-year increase; population 
density increase; residential 
geographic features, such as 
coasts, forests, farmland, and 
rivers and lakes; and wilderness 
per 10-hectare increase. Bushes 
refer to areas with small trees 
and weeds.

房総半島のリケッチア症流行地域に住む2382人の住民を対象に、2020年8月から11月にかけ
て横断的研究を実施した。結果として、Rickettsia typhi（発疹熱 

の病原体）の血清陽性率がOrientia tsutsugamushiよりも高かったことが明らかになった。

Emerg Infect Dis. 2023;29(7):1438-1442.
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Figure 1. Cross-reactions against Rickettsia typhi in patients with JSF: (a) IgM and (b) IgG. Of the 145 cases analyzed, 119 underwent a ≥4-fold increase in titers against 
Rickettsia japonica or the occurrence of seroconversion in paired sera for both IgM and IgG, with seven and 19 showing these serological reactions only for IgM and IgG, 
respectively (total number of analyzed cases with IgM, 126; those with IgG, 138). 
Ig, immunoglobulin; JSF, Japanese spotted fever. 
cross-reaction [5] , no clinical evidence is available to support this. 
Using a conventional method, we investigated the cross-reactions 
between R. japonica and R. typhi in paired sera from patients with 
a clinically and serologically confirmed R. japonica infection. 
Methods 

We retrospectively examined serological data from two refer- 
ence centers for rickettsiosis in Japan between January 01, 2003, 
and December 31, 2016. All patient samples were tested by IP us- 
ing the Aoki strain of R. japonica and the Wilmington strain of R. 
typhi ( Appendix ). IP has a specificity comparable to that of IFA and 
represents an alternative standard serological diagnostic test for 
rickettsioses [6] . Patients with JSF were defined as having clinical 
features of the disease and a ≥4-fold increase in immunoglobulin 
(Ig)M or IgG titers against R. japonica or seroconversion (defined as 
titers ≥80) in paired sera [7] . 

Cross-reaction was defined as a higher titer against R. typhi 
in convalescent sera than in acute sera among patients fulfilling 
the criteria for JSF diagnosis. The frequencies were calculated for 
IgM and IgG. This definition was developed to overcome the dif- 
ficulty in differentiating between previous R. typhi infections and 
cross-reactions using only monophasic sera [4] . We also examined 
cross-reactivity among patients with JSF, which was confirmed by 
positive combination tests of conventional polymerase chain reac- 
tion (PCR) and the sequencing analysis of R. japonica using blood 
and skin specimens and/or positive immunohistochemistry for SFG 
rickettsia using skin biopsy specimens, such as eschars and ery- 
thematous lesions [8] . These positive results were reported by the 
physicians in charge of the cases. Additionally, patient samples that 
showed cross-reactivity but posed challenges in being identified 
as either JSF or MT based on IP alone were subjected to indirect 
hemagglutination tests (HA) [9] . 
Results 

In total, 145 patients with JSF were analyzed. The median in- 
terval between acute and convalescent serum collection was 13 

days (interquartile range: 8-17 days). Changes in titers for R. japon- 
ica and R. typhi are shown in Appendix Figure A1 . Cross-reactions 
against R. typhi in patients with JSF were observed in 21.4% of 
the cases (27/126, 95% confidence interval [CI] 14.6-29.6) for IgM 
and 19.6% (27/138, 95% CI 13.3-27.2) for IgG ( Figure 1 ). IgM and 
IgG titers are shown in Table 1 . In 11 cases of JSF confirmed 
by PCR and/or immunohistological tests, cross-reactions were ob- 
served in 18.2% of cases (2/11, 95% CI 2.3-51.8) each for IgM and 
IgG ( Appendix, Table A1 ). Eight cases could not be identified as 
true infections or cross-reactions by comparing the endpoint titer 
levels of the two rickettsiae; of these, seven cases could be differ- 
entiated using HA ( Appendix, Tables A2 and A3 ). 
Discussion 

Using conventional serological methods with paired sera, we 
found that the proportion of cross-reactions between R. japonica 
and R. typhi in patients with JSF was approximately 20%, suggesting 
that some degree of misclassification in serodiagnosis does occur. 
The robustness of our results was supported by a similar frequency 
of cross-reactions in patients with JSF, confirmed using PCR and/or 
immunohistological skin findings. 

A previous study identified cross-reactions between R. japonica 
and R. typhi in patients with JSF using IFA, immunoblotting, and 
cross-absorption assays, and focused on identifying proteins with 
common antigenicity using a small sample size [3] . Our study is 
the first to estimate the frequency of cross-reactions using a large 
number of patients with JSF and evaluate distinguishability using 
changes in antibody titers. 

The value of endpoint antibody titers has been proposed to dif- 
ferentiate SFG from TG [ 4 , 5 ], and this proposition has been par- 
tially supported by our research. In fact, using a case definition of 
clinically and serologically confirmed patients with JSF, we were 
able to distinguish between these rickettsial infections in most pa- 
tients by comparing each endpoint titer in the acute and convales- 
cent sera. However, the presence of cross-reactions showing equal 
or higher endpoint titers in R. typhi compared to R. japonica high- 
lights the need for further studies on the diagnostic ability of end- 
point titers among rickettsiae. 
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a b s t r a c t 
Objectives: We examined the frequency of cross-reactions to Rickettsia typhi in patients with Japanese 
spotted fever (JSF) and evaluated the differences between two rickettsiae using antibody endpoint titers. 
Methods: Patients’ immunoglobulin (Ig)M and IgG titers against Rickettsia japonica and Rickettsia typhi in 
two phases were measured using an indirect immunoperoxidase assay at two reference centers for rick- 
ettsiosis in Japan. Cross-reaction was defined as a higher titer against R. typhi in convalescent sera than 
in acute sera among patients fulfilling the criteria for JSF diagnosis. The frequencies of IgM and IgG were 
also evaluated. 
Results: Approximately 20% of cases showed positive cross-reactions. A comparison of antibody titers 
revealed the difficulty in identifying some positive cases. 
Conclusion: Cross-reactions of 20% in serodiagnosis may lead to the misclassification of rickettsial dis- 
eases. However, with the exception of some cases, we were able to successfully differentiate JSF from 
murine typhus using each endpoint titer. 

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 
Diseases. 
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Introduction 
Rickettsioses are caused by the transmission of intracellular 

Gram-negative bacteria of the genus Rickettsia from arthropods to 
humans. They are classified into two groups, namely the spotted 
fever group (SFG) and the typhus group (TG) [1] . Although SFG and 
TG rickettsiae are predominantly transmitted by ticks and fleas, re- 
spectively, both infections have similar manifestations. Thus, their 
diagnosis relies mainly on serological tests [1] . 

Conventional serodiagnosis using indirect immunofluorescence 
assay (IFA) or indirect immunoperoxidase (IP) assay in paired sera 
remains a cornerstone for acute rickettsial infections [2] . How- 
ever, serological cross-reactions between different rickettsia groups 
can occur because of the production of antibodies that recognize 
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proteins with the same antigenicity [3] . These cross-reactions can 
lead to misdiagnosis, especially in patients with non-specific clin- 
ical manifestations, unless physicians differentiate the rickettsia 
groups by comparing the respective rickettsial antibody titers in 
the acute and convalescent sera and by physical findings, such as 
eschars [2] . 

Although cross-reactivity within SFG has been investigated [4] , 
cross-reactivity between SFG and TG has not been fully evaluated. 
The organisms responsible for cross-reactivity between SFG and 
TG in Japan today are Rickettsia japonica , known as Japanese spot- 
ted fever (JSF), and Rickettsia typhi , known as murine typhus (MT). 
Uchiyama et al. [3] identified cross-reactive antibodies of R. ty- 
phi against R. japonica in patients with JSF using western blotting 
and cross-absorption. Nonetheless, these assays are difficult to im- 
plement as standard diagnostic tests because they require exper- 
tise. Clinicians must consider cross-reactions based on clinical fea- 
tures and conventional serological results in paired sera. Although 
experts have proposed that the variation of each rickettsial anti- 
body titer in the two phases differentiates a true infection from a 

https://doi.org/10.1016/j.ijid.2023.03.012 
1201-9712/© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY license 
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日本紅斑熱と診断された患者の血清サンプルを用いて、Rickettsia japonicaと
Rickettsia typhiに対するIgM とIgGの抗体価を調査した。結果として、約20％のケー

スでJSF患者の血清においてR. typhiに対する交差反応が見られた。

Int J Infect Dis. 2023 May;130:178-181.



日本紅斑熱の治療に 
新たなる展開が！
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日本紅斑熱における 
テトラサイクリン投与の遅れと予後との関係

• 2010-2020にDPCに登録された日本紅斑熱の症例データ
を解析 

• 入院初日にテトラサイクリンが投与された群（早期投与
群）と2日目以降に投与された群（遅延群）とを比較 

• IPTWで重症度を調整 

• 1360人の日本紅斑熱患者が本研究に登録された

Open Forum Infectious Diseases, ofac573



Before IPTW After IPTW

Delayed TC Early TC Delayed TC Early TC Odds ratio or risk 
difference

(n=300) (n=1,060) (n=296) (n=1,064) (95% CI) P value

In-hospital mortality, n 
(%) 12 (4.0) 15 (1.4) 11 (3.9) 14 (1.4) 2.94 (1.34, 6.47) 0.007

Total hospitalization 
cost, USD

4989 
(3358-8591)

3327 
(2541-5047)

4927 
(3298-8359)

3346 
(2549-5098) 2997 (1810, 4185) <0.001

Length of hospital 
stay, days 14 (9-20) 10 (8-14) 14 (9-19) 10 (8-14) 5.7 (3.7, 7.6) <0.001

Open Forum Infectious Diseases, ofac573

遅延群は、早期治療群よりも病院内死亡が2.94倍多かった 
→日本紅斑熱を疑ったら速やかにテトラサイクリンを投与すべし！！
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 ࠋ࠸࡞ᑡࡣ⪅ᝈࡿࡍぬ⮬ࢆ࡜ࡇࡓࢀࡉ่࡟ࢽࢲ࣐ࡸࢩ࣒࢞ࢶࢶ࣭

㸦3㸧㌟యᡤぢ 

࣭Ⓨ⇕୕ࡀཱྀࡋ่ࠊ⑈⓶ࠊᚩࠋ 

 ࠋࡿࡍデᐹࡃ῝ὀពࠊ࡛ࡢࡿ࠶ࡀ࡜ࡇ࠸࡞࠼ッࠊ࡟ࡎ࠿Ẽ࡙ࡀᝈ⪅⮬㌟ࡣཱྀࡋ่ࠊ⑈⓶࣭

ࢆ₶ᾐࠊࡎࢃకࢆᥙ⑛ឤࠊ③⑊ࠋ࠸࡞ࡉࡓࡁࢆᖖ␗ࡣ࡟(⓶⾲)㠃⾲ࡢ⭵⓶ࠊࡶሙྜ࡛ࡿࡵㄆࢆ⑈⓶࣭

ゐࠋࡿࢀ 

 ࠋ࠸ከࡀ࡜ࡇࡿ࠶ᅄ⫥ඃ఩࡛ࡣ⇕᪥ᮏ⣚ᩬࠊయᖿඃ఩ࡣ⑓࡛ࢩ࣒࢞ࢶࢶࠊࡣศᕸࡢ⑈⓶࣭

࣭ᚲࡎ඲㌟ࡢ⓶⭵ᡤぢࢆ☜ㄆࠋࡿࡍ኱⭣㒊ࡣ⑈⓶ࡢほᐹࠋ࠸ࡍࡸࡋ 

࡞㒊ศࡿࡓᙜࡢ╔ୗࠊୗࡢ᫬ィ⭎ࠊ㢌㒊ࠊ㝜㒊ࠊ⮖ࠊ❐⭸ࠊ❐⭆ࠋࡍ᥈࡛ࡲࠎ㝮ࡢ඲㌟ࠊࡣཱྀࡋ่࣭

 ࠋࡿࡍὀព࡛ࡢ࠸ࡍࡸࡋ࡜ぢⴠࡣ࡝

 

࠙ཧ⪃ᡤぢࠚ 

⾑ᾮ᳨ᰝ㸸⾑ᑠᯈῶᑡࠊ⫢㐓⬺㓝⣲ୖ᪼ࠊప࣒࢘ࣜࢺࢼ⾑⑕ࠊCRPୖ᪼ࠊ␗ᆺࣜࣥࣃ⌫ 

ᒀ᳨ᰝ㸸ᒀ₯⾑ࠊᒀ⺮ⓑ㝧ᛶ 

 ࠋࡿࡵ␃࡟ཧ⪃⛬ᗘࠊ࡛ࡢ࠸࡞ࡣⓗ࡛␗≉࡟ឤᰁ⑕࢔ࢳࢵࢣࣜࡣᰝ␗ᖖ᳨ࡢࡽࢀࡇ

 

 

 

࠙☜ᐃ᳨ᰝࠚ 

᳨ᰝᥦฟ࡜ಖ೺ᡤ㐃⤡ࠊࡣឤᰁ⑕⛉࡛ᑐᛂࡈࠊ࡛ࡢࡍࡲࡋ㐃⤡࠸ࡉࡔࡃ 

<ᚲせ᳨࡞య> ึデ᫬ࠊ࡟௨ୗࢆಖᏑࠋࡃ࠾࡚ࡋ෭ⶶࠊ෭෾ࡣၥࠋ࠸࡞ࢃ 

࣭⑐⓶(PCR⏝)㸸࡛ࢺࢵࢭࣥࣆ๤࡟ࢶࢵࣆࢫ⳦⁛ࠊ࡛࠸ධࡿࢀ 

࣭඲⾑(PCR⏝)㸸⾑⟬ࢶࢵࣆࢫ 

࣭⾑Ύ(ᢠయ⏝)㸸⏕໬ࢶࢵࣆࢫ 

<ゎㄝ> 

࣭デ᩿࢔࣌ࡣ⾑Ύࡢᢠయ᳨ᰝ࡛⾜1ࠋ࠺ᅇ┠(ᛴᛶᮇ)ࠊࡽ࠿⣙ 2㐌㛫ᚋ࡟ 2ᅇ┠(ᅇ᚟ᮇ)࢔࣌ࡢ⾑Ύ

ࡀIgGࠊΎ࡛⾑࢔࣌ࡢᅇ᚟ᮇ࡜ᛴᛶᮇࠊ࠿(Ӎ40ಸ)᪼ୖ࡞᭷ពࡢIgMࠋࡿ࡜ࢆ 4ಸ௨ୖࢆ᪼ୖࡢㄆࡵ

 ࠋࡿࡍ࡜ᐃデ᩿☜ࠊ࡟᫬ࡿ

࣭ᢠయ᳨ᰝࢩ࣒࢞ࢶࢶࠊࡣ⑓ࡢᶆ‽୕ᆺ(KatoࠊKarpࠊGilliam)ࡳࡢ࡚࠸ࡘ࡟ಖ㝤཰㍕ࠊࡾ࠾࡚ࢀࡉ

㟁Ꮚྍ࣮ࢲ࣮࡛࢜ࢸࣝ࢝⬟(2ᅇ┠࢔࣌ࡢ⾑Ύᥦฟࢆᛀ࡜ࡇ࠸࡞ࢀ)ࠋIrie/KawasakiࠊHirano/Kurokiࠊ

Shimokoshiࡢ㠀ᶆ‽ᆺࡿࡼ࡟ឤᰁ࡛ࡓࡗ࠶ሙྜࠊࡣ࡟㏻ᖖࡢᢠయ᳨ᰝ࡛ࡣぢ㏨ྍࡍ⬟ᛶࠋࡿ࠶ࡀᶆ‽

୕ᆺࡢᢠయࡀ㝜ᛶ࡛ࡶ⮫ᗋⓗࢩ࣒࢞ࢶࢶ࡟⑓ࢆ␲࠺ሙྜࠊࡣಖ೺ᡤ⤒⏤࡛ྛᆅ᪉⾨⏕◊✲ᡤ࡟ᢠయ᳨

ᰝࢆ┦ㄯࠋࡿࡍ 

࣭ᢠయ᳨ᰝࡢḞⅬࡣ᫬㛫ࢆせࠊ࡛࡜ࡇࡿࡍᅇ᚟ᮇࡢ⾑Ύᥦฟ᫬ࡣ࡟἞⒪ࡣ⤊஢ࡀ࡜ࡇࡿ࠸࡚ࡋከࠋ࠸

㎿㏿࡟デ᩿࠸ࡓࡋሙྜࢩ࣒࢞ࢶࢶࠊࡣ࡟⑓ࠊ᪥ᮏ⣚ᩬ⇕࡟ࡶ࡜ PCR᳨ᰝࡀ᭷⏝࡛ࠋࡿ࠶PCR᳨ᰝࠊࡣ

࣌ࡢᅇ᚟ᮇࠊࡣ㏻ᖖࠋ࠸㧗ࡀឤᗘ࡟㡰ࡢΎ⾑ࠊ඲⾑(buffy coat)ࠊ⧊⤌᳨⏕ࡢ⑐⓶࣭⣚ᩬ㒊ࡢཱྀࡋ่

㔜ࠊࡀࡿࡍᥦฟ࡟⥴୍ࢆ(ࢶࢵࣆࢫ⟭⾑:⾑඲ࠊ⓶⑐ࡣᙜ㝔࡛)య᳨ࡢ⏝PCRࠊ᫬Ⅼ࡛ࡓࡗࢁࡑࡀΎ⾑࢔

⑕࡛デ᩿ࢆᛴࡄሙྜࠊࡣ࡟ᛴᛶᮇࡢ⾑Ύࠊ⑐⓶ࠊ඲⾑ࡓࡗࢁࡑࡀ᫬Ⅼ᳨࡛ࠊᰝࡢᐇ᪋࠿⬟ྍࡀಖ೺ᡤ

 ࠋ㸧ࡍࡲࡋᑐᛂࡀ⛉㸦ឤᰁ⑕ࡿࡍㄯ┦࡟

 

࠙἞⒪ࠚ 

࣭἞⒪ࡢ㐜ࡀࢀ㔜⑕໬ࠊ࡛ࡢࡿࡀ࡞ࡘ࡟⮫ᗋⓗ࡟␲࠺ሙྜ᳨ࠊࡣᰝ⤖ᯝࢆᚅ࡟ࡎࡓ἞⒪ࢆ㛤ጞ 

࣭኱༙ࡢ⑕౛࡛ࠊࡣ἞⒪㛤ጞᚋ 2-3᪥࡛㏿࡟࠿ࡸゎ⇕ࠊࡋ⑕≧ࡀᨵၿࠋࡿࡍ 

࣭⮫ᗋⓗᨵၿ࡟ஈ࠸ࡋሙྜࡢูࡣ㚷ู⑌ᝈࠋࡿ࠼⪄ࢆ 

࣭➨ 1㑅ᢥ⸆ࢩ࣒࢞ࢶࢶࠊࡣ⑓ࡶ᪥ᮏ⣚ᩬ⇕ࣥࣜࢡ࢖ࢧࣛࢺࢸࠊࡶ⣔ᢠ⳦⸆ࠋ 

Ⅼ⁲㸸100 ࣥࣜࢡ࢖ࢧࣀ࣑mg 12᫬㛫ࡁ࠾ 

ෆ᭹㸸100 ࣥࣜࢡ࢖ࢧࢩ࢟ࢻmg 1ᅇ 1㘄 1᪥ 2ᅇ 

100mg 1ᅇ ࣥࣜࢡ࢖ࢧࣀ࣑    1㘄 1᪥ 2ᅇ 

 ࠋࡿ࠶ᚲせ࡛ࡀὀពࡣ࡟ሙྜࡿࡍ⏝౑࡟⪅㧗㱋ࠊ࡛ࡢ࠸ࡍࡸฟࡀ࠸ࡲࡵࡣࣥࣜࢡ࢖ࢧࣀ࣑ͤ

࣭➨ 2㑅ᢥ⸆ࡣ  ࡿ࡞␗⑌ᝈ࡛ࡢࡘ2

 (ຠ↓ࡣ⸆⳦⣔ᢠࣥࣟࣀ࣮࢟ࣗࢽ)ࣥࢩ࢖࣐ࣟࢫࢪ࢔⑓㸸ࢩ࣒࢞ࢶࢶ

᪥ᮏ⣚ᩬ⇕㸸ࣥࣟࣀ࣮࢟ࣗࢽ⣔ᢠ⳦⸆ 

࣭἞⒪ᮇ㛫㸸7-14᪥㛫(୰➼⑕௨ୖ࡛ࡣ 10-14᪥㛫) 

࣭㔜⑕ࡢ᪥ᮏ⣚ᩬ⇕࡛ࣥࣜࢡ࢖ࢧࣛࢺࢸࠊࡣ⣔ᢠ⳦⸆࡟ຍࣥࣟࣀ࣮࢟ࣗࢽ࠼⣔ᢠ⳦⸆ࢆ⏝ేࡢ᥎ዡࡍ

ࠊేࡀࡿ࠸ࡶᑓ㛛ᐙࡿ ⏝⒪ἲࣥࣜࢡ࢖ࢧࣛࢺࢸࡀ༢⊂⒪ἲ࡟ẚ࡚ࡋඃ఩࡛ࡓࡋ♧ࢆ࡜ࡇࡿ࠶ẚ㍑ヨ㦂

 ࠋࡿ࠸࡚ࡋ⣔ᢠ⳦⸆༢๣࡛἞⒪ࣥࣜࢡ࢖ࢧࣛࢺࢸࡣᙜ㝔࡛ࠊࡵࡓ࠸࡞ࡋᏑᅾࡣ
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日本紅斑熱における 
キノロン追加投与の有効性の検討
• 2010-2020にDPCに登録された日本紅斑熱の症例データ
を解析 

• テトラサイクリンにキノロンが併用されていた群
（FQ+TC群）とテトラサイクリンのみ投与されていた群
（TC群）とを比較 

• IPTWで重症度を調整 

• 1060人の日本紅斑熱患者が本研究に登録された

DOI:https://doi.org/10.1016/j.ijid.2022.08.006



Setting and Participants Results

Retrospective cohort study using 
the Japanese Diagnosis Procedure 
Combination(DPC) inpatient 

database

Effectiveness of fluoroquinolone antimicrobials  
in addition to tetracyclines for Japanese Spotted Fever

1060  
Japanese Spotted Fever(JSF) 

cases included

FQ+TC 

434 cases 
fluoroquinolone plus 
tetracycline on the 
day of admission

TC alone 

626 cases 
tetracycline alone on 
the day of admission

After IPTW
FQ + TC TC alone Odds ratio 

or risk 
difference

(n=435) (n=625) (95% CI) P value

Primary Outcome
In-hospital 
mortality, n (%) 9 6 1.94 0.206

Secondary Outcome
In-hospital 
comlications, n (%) 37 39 1.36 0.195
Total hospitalization 
cost, USD 3254 3342 300 0.533
Length of hospital 
stay, days 10 10 1.4 0.104

Conclusion:  
This study did not show significant any improved 
effectiveness with the use of fluoroquinolone in 
combination with tetracyclines, for treating JSF



日本紅斑熱の治療

• 疑ったら速やかにテトラサイクリンを投与すべし 

• 治療の遅れは予後の悪化に直結する 

• テトラサイクリンとキノロンの併用については、DPCデー
タの解析では予後に差はなかった



日本紅斑熱の治療

• 疑ったら速やかにテトラサイクリンを投与すべし 

• 治療の遅れは予後の悪化に直結する 

• テトラサイクリンとキノロンの併用については、DPCデー
タの解析では予後に差はなかった



日本に常在する 
ウイルス性出血熱



重症熱性血小板減少症候群
SFTS

• 2011年に中国の研究者により初めて報告された、ブニヤウイル
ス科フレボウイルス属SFTSウイルスによる新興感染症 

• 日本国内では2013年に初めて患者が報告されたが、後方視的に
少なくとも2005年には患者が発生していたことが判明している 

• 発熱、白血球減少、血小板減少に加えて、重症例では出血傾
向、多臓器不全をきたす 

• マダニ刺咬が主要な感染経路だが、中国で患者の血液・体液曝
露による家族内・職業感染事例の報告があり、医療従事者は適
切な感染防止作を取りながら診療を行う必要がある

重症熱性血小板減少症候群（SFTS）診療の手引き 第4版



SFTSの感染経路

重症熱性血小板減少症候群（SFTS）診療の手引き 2019



患者発生地

重症熱性血小板減少症候群（SFTS）診療の手引き 第4版
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図２　東アジアでの患者発生地　　　　　　　　　　　　　　　　　　　　　　　　　　IASR 37:41-43, 2016.

図１　SFTS ウイルスのヒトへの感染経路　　　　　　　　　　　　　　　　　　　　 　IASR 37:41-43, 2016.　　　　　　　　　　　　　
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　中国では安徽省，湖北省，江蘇省の丘陵地などを中心に年間千人程度の患者が報告されている．韓国では農村部
を中心に全国的に患者発生が認められる．日本国内では西日本を中心に患者発生がみられるが，発生地は徐々に東
に拡大しているとも考えられる．

　後方視的研究により，日本国内では2005年には患者が発生していたと考えられる．また，分子系統樹解析によれば，
国内で分離されたほとんどの SFTS ウイルス株は中国で分離されるウイルス株と異なり，長期間日本国内の自然環
境で維持されてきたと考えられる．近年，マダニ - 哺乳動物によるウイルスの感染環がヒトの生活圏に拡大してき
た可能性が指摘されている．

　SFTS ウイルスは，成ダニから幼ダニへ伝播する経卵性ルートとマダニの吸血によるマダニ - 哺乳動物ルートによ
り自然環境で維持されている．マダニは SFTS ウイルスのベクターであると同時にレザボアともなっている．

（感染症発生動向調査：2016 年 2 月 24 日現在報告数）

中華人民共和国 

韓国

日本 

　　 主な患者発生地域



Emerg Infect Dis. 2019;25(5):1029-1031.
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　SFTS の病原体診断および血清診断は保険収載されていない．これらの実験室診断は行政検査として地方衛生研
究所で行われるため，検査件数に制限のあるのが現状である．SFTS はまれな疾患であるため，疑い患者を曝露歴
や臨床像からスクリーニングし，保健所と連携して実験室診断につなげることが求められている．

１ 曝露歴
　2013 年 1月に本疾患がわが国にも常在していることが明らかにされて以来，患者の発生は西日本に限定されて
いる．都市部での感染はまれで，郊外での感染が多いと推定される．SFTS ウイルスの遺伝子を検出したマダニや
抗体陽性動物（シカ，イノシシ）は北海道，東北，関東甲信越でもみつかっており，感染リスクは全国どの地域に
おいてもあると考えられる．ただし，西日本の患者発生地付近ではこれらの動物の抗体陽性率が高いことも知られ
ている．
　その他のマダニ媒介性ウイルス性出血熱では，ウイルス保有動物の血液・体液に接触する事で感染することがある．
SFTS ではこのような経路で感染した症例の報告はないが，今後，注意を要する .また，ネコやイヌを飼育している
患者が多いという指摘もあるが，詳細は不明である．
　中国では遺体に接触したことによる家族内および職業感染が報告されている．これには患者が致死的と病院で判
断されると家族が患者を自宅に連れて帰るという習慣が関連している可能性がある．

２ 診　断

  図３　SFTS ウイルスの国内分布調査（第三報）              　　　　　　　　　　　　　　　IASR 37:50-51, 2016.

（感染症発生動向調査：2016 年 2月 24日現在報告数）

SFTSウイルスの国内分布

重症熱性血小板減少症候群（SFTS）診療の手引き 第4版



  図２　SFTS 症例の推定感染地域（n ＝ 401，2019 年 3 月 27 日現在）                  国立感染症研究所まとめ



「海外」渡航歴だけでなく国内の渡航歴
も！！
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　患者の発生時期は夏季に多い傾向を認める．マダニの活動性とヒトの野外活動が増えることに関連があると考え
られる．
　日本における病原体を保有するマダニはフタトゲチマダニ，タカサゴキララマダニが代表である．マダニの刺咬
を自覚している患者は 30 〜 50% に止まると考えられる．患者の職業は無職に次いで，農業・林業が多い．
　患者は高齢者に多く（年齢中央値：74），50 歳未満の症例はまれである．　　

図３　わが国におけるSFTS症例の疫学（2019年 3月 27日現在）　

２ 臨床像

　死亡例はより高齢者に多い（年齢中央値：80). 日本における致死率は感染症発生動向調査によると，年々低下傾
向にあるが，詳細な調査では 25 〜 30％と高いままである．一方，中国では 10% 程度と報告されている．患者発
生地付近で実施された血清疫学調査によると，抗体陽性者はまれであるため，SFTS は不顕性感染の少ない疾患と
考えられる．
　小児の患者はまれで，日本国内では１例（５歳女児 ）のみ報告されている．高齢者に比べて一般に軽症と考えら
れる . 現在のところ，妊婦症例の報告はない．

a) 2013年 3月以降に届けられたSFTS症例の発症時期（n＝ 393，2019年 3月 27日現在）

b) 基本情報（2019年 3月 27日現在）

＊届出対象となる日時以前の発症例８例を除く
　　　（SFTS は 2013 年 3 月 4 日に感染症法で全数把握対象疾患である４類感染症に指定された）

＊死亡数は感染症発生動向調査の届出時点での情報であることから，正確な死亡数及び算出される死亡率はより高い可能
性がある．また自治体による公表情報とは異なる場合がある．



SFTSの死亡率は低下している?
Reported numbers of patients and fatal cases in SFTS cases 
since March 4, 2013.

Year 2013 2014 2015 2016 2017
Fatal 14 16 11 8 6

Survive 26 45 49 52 68
Total 40 61 60 60 74

Fatality (%) 35.0 26.2 18.3 13.3 8.1

国立感染症研究所 週報より



追跡調査をすると致死率は 
ほとんど下がっていなかった



発 　熱 168（99） 46（100） 122（98）
頭 　痛 30（18） 5（11） 25（20）
神経学的症状 60（35） 27（59） 33（27）
筋⾁肉痛 30（18） 7（15） 23（19）
全⾝身倦怠感 112（66） 33（72） 79（64）
消化器症状
 　全体 150（88） 39（85） 111（90）
 　腹痛 32（19） 9（20） 23（19）
 　下痢痢 101（59） 27（59） 74（60）
 　嘔吐 43（25） 8（17） 35（28）
 　⾷食欲不不振 111（65） 32（70） 79（64）
出⾎血傾向 39（23） 23（50） 16（13）
紫 　斑 24（14） 13（28） 11（9）
消化管出⾎血 18（11） 11（24） 7（6）
リンパ節腫脹 60（35） 15（33） 45（36）
⾎血液学的所⾒見見
 　⾎血⼩小板減少 162（95） 46（100） 116（94）
 　⽩白⾎血球減少 150（88） 44（96） 106（85）

＊

＊
＊

＊

                           
     

　　　　　　　　　　   症例数（％）　　　　　　　　               　

全体 n=170　　　         死亡例 n=46  　　            生存例 n=124　  

＊死亡例に多い所見（p ＜ 0.05）                          （感染症発生動向調査：2016 年 2 月 24 日現在報告数）

重症熱性血小板減少症候群（SFTS）診療の手引き 第4版
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•26例が登録され、SFTSV陽性症例は23例であった

（SFTSV陽性症例：42歳～89歳（中央値　71歳）、男性14人、女性9
人）。
•SFTSV陽性23例中4例は治療6日目以内に原疾患の増悪のため死

亡した（死亡率17.4%）。

•死亡した患者のSFTSVのRNAレベルは、生存者のそれよりも有意
に高かった（p＝0.0029）。 
・ファビピラビル投与から中央値で8日後に生存していた患者では，
ウイルスゲノムは検出されなかった。 
・本研究における28日後の死亡率は，日本で行われた過去の研究
に比べて低かった．
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Abstract

Severe fever with thrombocytopenia syndrome (SFTS) is a bunyavirus infection with high

mortality. Favipiravir has shown effectiveness in preventing and treating SFTS virus

(SFTSV) infection in animal models. A multicenter non-randomized, uncontrolled single arm

trial was conducted to collect data on the safety and the effectiveness of favipiravir in treat-

ment of SFTS patients. All participants received favipiravir orally (first-day loading dose of

1800 mg twice a day followed by 800 mg twice a day for 7–14 days in total). SFTSV RT-

PCR and biochemistry tests were performed at designated time points. Outcomes were 28-

day mortality, clinical improvement, viral load evolution, and adverse events (AEs). Twenty-

six patients were enrolled, of whom 23 were analyzed. Four of these 23 patients died of

multi-organ failure within one week (28-day mortality rate: 17.3%). Oral favipiravir was well

tolerated in the surviving patients. AEs (abnormal hepatic function and insomnia) occurred
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2013年4月から2021年3月までの日本の入院患者データベースから得
たSFTS患者のデータを使用し、ステロイドパルス療法を受けた患者と
未治療患者を比較した。この研究には412人のSFTS患者が含まれ、66
人（16%）が入院後3日以内にステロイドパルス療法を受けた。結果と
して、ステロイドパルス療法群は未治療群に比べて院内死亡率が有意に
高かった。早期のステロイドパルス療法が重症SFTS患者の予後改善に
は貢献しないことを示唆している。





オレ的トピック 
SFTSとアスペルギルス

  日集中医誌 2017;24:567-8. 
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短　　報

A case of severe fever with thrombocytopenia syndrome with deep mycosis

Hiroki Harada＊1, Takahiro Futatsuki＊2, Shotaro Miyamoto＊2, Hideki Kawamura＊3, Junichiro Taniguchi＊2, 
Maiko Hayashida＊4, Kosuke Yanagimoto＊2, Yasuyuki Kakihana＊2
＊1 Department of Anesthesiology, ＊2 Division of Intensive Care Medicine, ＊3 Department of Infection Control and Prevention, Division of Medical 
Environment Safety, ＊4 Department of Hematology and Immunology, Kagoshima University Hospital
（8-35-1 Sakuragaoka, Kagoshima, Kagoshima 890-8544, Japan）

J Jpn Soc Intensive Care Med 2017;24:567-8.

はじめに
発熱・血小板減少に加え多臓器障害を引き起こす重症熱

性血小板減少症候群（severe fever with thrombocytopenia 
syndrome, SFTS）はマダニ媒介性感染症の1つであり，
2009年に中国より報告され，2012年以降，国内でも報告が
相次いでいる。今回我々は，SFTSに深在性真菌症を併発
し治療に難渋した症例を経験したため報告する。

症　例
患者：57歳，女性。生来健康。
既往歴：特記事項なし。
現病歴：38℃前後の発熱・下痢・倦怠感が出現し，発熱

が持続するため第6病日に近医を受診した。血液検査で血
球減少（WBC 1,140/μl，Plt 3.7×104 /μl），肝逸脱酵素上
昇（AST 649 IU/l，ALT 224 IU/l），高CK血症（2,009 IU/
l）を認めた。右前脛骨部にダニ咬傷を認め，リケッチア感
染症が疑われたため，入院となりミノサイクリン 100 mg/
dayとパズフロキサシン 1 g/dayの投与が開始された。第
7病日に骨髄検査で血球貪食像が確認され，血球貪食症候
群（hemophagocytic syndrome, HPS）の診断で，ステロイ
ド短期大量療法が開始された。第8病日にSFTSウイルス
のpolymerase chain reaction（PCR）検査が陽性と判明し，
集学的治療目的に当院へ紹介された。
入院時現症：意識GCS 15点（E4, V5, M6），血圧123/75 
mmHg，心拍数71 /min，SpO2 96％（酸素3 l/min鼻カヌ
ラ），体温36.7℃。身体所見では，右鼠径リンパ節腫大と右
前脛骨部にダニ咬傷を認めた。

入院時血液検査（第8病日）：WBCは上昇へ転じていた
（4,870 /μl）が，Pltの低下（3.3×104/μl）と，肝逸脱酵素
の上昇（AST 1,182 IU/l，ALT 450 IU/l，LDH 2,401 IU/
l），高CK血症（1,818 IU/l）を認めた。FDPは上昇（28.8
μg/ml）していたが，その他の凝固系異常は認めず，腎機
能正常，CRP正常（0.01 mg/dl）であった。
入院後経過：Fig. 1に治療経過を示す。前医から施行さ

れたHPSに対するステロイド短期大量療法は第9病日まで
継続した（メチルプレドニゾロン 1,000 mg/dayを3日間
投与）。第11病日に急激な呼吸不全と循環動態の悪化を認
めた。人工呼吸管理とし，輸液負荷とカテコラミン投与で
も循環動態は不安定であったため，メチルプレドニゾロン 
125 mg/dayの投与を開始した。同日，β-Dグルカン高値
（275 pg/ml），アスペルギルス抗原陽性が判明したため，
ニューモシスチス肺炎や肺アスペルギルス症を疑い，アム
ホテリシンB 150 mg/dayとスルファメトキサゾール
1,200 mg/dayの投与を開始した。第13病日の胸部CT検
査で右中肺野の空洞性病変と両肺野のすりガラス状陰影を
認め，提出済みの喀痰培養検査からAspergillusが検出され
たため，全身状態の悪化は肺アスペルギルス症によるもの
と考えられた。
その後，治療への反応が乏しかったため，カスポファン

ギン50 mg/day（初日は70 mg/day）を追加した。徐々に
呼吸・循環は安定してきたため，ステロイドは第22病日に
漸減中止した。第25病日に意識障害が出現し，頭部CT検
査で大脳に多発性のリング状造影効果を伴う低吸収域を認
めた。アスペルギルス脳膿瘍が疑われ，アスペルギルス症
の病勢は抑えきれていないと判断し，アムホテリシンBの
投与を中止，カスポファンギンを継続しつつ，ボリコナゾー
ル 400 mg/day（初日は600 mg/day）を追加した。その後
もβ-Dグルカン高値は持続したが，徐々に低下傾向とな
り，GCS 11点（E4, VT, M6）と意識レベルも改善し，離握
手も可能となった。

深在性真菌症を併発した重症熱性血小板減少症候群の１症例
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この論文は今号のハイライトで取り上げています。
朝野　和典．新興感染症としての重症熱性血小板減少症候
群（severe fever with thrombocytopenia syndrome, SFTS）
診断のための疫学情報．日集中医誌 2017;24:531-3.
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ICUから理学療法を介入した重症熱性血小板減少症候群（Severe fever with
thrombocytopenia syndrome : SFTS）ウイルス感染症の一症例

中尾 周平1），榊間 春利2），池田 聡1）
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【はじめに，目的】重症熱性血小板減少症候群（SFTS）は 2011 年に中国の研究者らによって発表されたブニヤウイルス科フレ
ボウイルス属に分類される新しいウイルスによるダニ媒介性感染症である。2013 年 1 月，日本国内で初めて SFTSウイルスによ
る感染症患者の発症が厚生労働省を通じて発表された。本疾患は発熱，消化器症状，神経症状，易感染性，呼吸器症状などを呈
し，死に至る患者も少なくない。現在までに当院 ICUで 2名の SFTSウイルス感染症患者が治療され，一例は 80 歳代の女性で
理学療法を介入することなくアスペルギルス肺炎による呼吸不全により死亡した。もう一例は ICUから理学療法を実施し，悪化
と緩解を繰り返しながら全身状態の改善がみられた。これまで SFTSウイルス感染症患者の理学療法経過に関する報告はない。
そこで今回，ICUから理学療法を介入し良好な成績が得られた SFTSウイルス感染症患者の理学療法経過について報告する。
【方法，症例紹介】症例は 50 歳代女性で，草むしりなどをすることがしばしばあった。38 度台の発熱，下痢，嘔気，全身倦怠感，
食思不振が出現し，近医を受診した。右鼡径リンパ節腫大，白血球減少，血小板減少，肝機能障害，凝固線溶異常を認めたため
同院入院となった。全身CTスキャンで腸管浮腫，右外腸骨から右鼡径リンパ節の腫大を認め，骨髄検査で血球貪食像を認めた。
抗生剤，トロンボモジュリン，ステロイドパルス療法が開始されたが，8日目には白血球減少，肝機能障害，凝固線溶異常の改
善が乏しく当院 ICUへ転院となった。同日，既出の検体から SFTSウイルス陽性が確認された。11 日目より呼吸不全，心房細
動，血圧低下などを認め，人工呼吸器管理および除細動，循環作動薬が投与された。14 日目より全身状態が落ち着き，医師より
理学療法の依頼があり，理学療法開始となった。無気肺に対する呼吸理学療法を主に実施し，翌日には改善が得られた。しかし
気管支鏡，痰培養およびCT所見にてアスペルギルス肺炎，脳膿瘍と診断された。気管および気管支内に多量の白苔が見られ，
また脳膿瘍の影響で意識レベルの低下を認めた。よって理学療法の目的を気道確保および体位管理とし，完全側臥位や前傾側臥
位への体位ドレナージやHead up 等を施行した。その後痰量が多くなり，体位ドレナージやスクイージングなどでは十分に排痰
が困難と判断し，スマートベストを使用した。また抗生剤投与による脳膿瘍のコントロールが良好となり，意識レベルの改善が
みられるようになってから目標を離床へ移行し，端座位練習などを実施した。61 日目に ICUを退室し，一般病棟に転棟となっ
た。その後も病棟担当の理学療法士が介入を継続し，段階的に理学療法をすすめた。その間に意識状態や呼吸状態，感染，多臓
器不全などに改善を認め，徐々に人工呼吸器のウィニングが進んだ。75 日目には初めて車椅子移乗を施行した。その後，呼吸器
を離脱し，立ちあがりや歩行が可能となり転院となった。
【倫理的配慮】当院では入院時，全例とも事前に書面によって匿名での検査データの公表について説明され同意を得ているが，
本症例については直接本人および家族より同意を得た。
【考察】SFTSウイルス感染症患者の死亡率は約 6.3～50％であり，日本においては平成 25 年 9月で発症者が 32 名，うち 11
名の死亡が確認されていることから死亡率は 34％程度である。このように死亡率が高い背景には効果的な治療方法がなく，基
本的には対症療法であることがあげられる。また発症者が農業をする高齢者が多く，免疫力の低下に伴う合併症に耐え得る全身
状態にないこともあげられる。今回，理学療法の経験を得た患者は 50 歳代と若いことも，合併症に耐えて救命できた要因であ
ると思われる。また，SFTSウイルス感染症によりアスペルギルス肺炎を合併した患者に呼吸理学療法を施行することが呼吸状
態の維持および改善を図り，呼吸不全を回避して救命の一助になったと思われる。
本症例を経験して，SFTSウイルス感染症患者の二次的な合併症の病態に対して，特に呼吸不全が予測される場合には理学療法
の介入が必要であると思われた。
【理学療法学研究としての意義】SFTSウイルス感染症患者に対して理学療法を介入した報告はなく，今回の報告は ICUから継
続した理学療法を行うことにより SFTSウイルス感染症患者への理学療法の効果と有効性を示すものである。

【はじめに】重症熱性血小板減少症候群（severe fever 
with thrombocytopenia syndrome:以下 SFTS）は、2011年
に中国で報告された SFTSウイルスによる新興感染症で
ある。マダニを介して人に感染し、国内では西日本を

中心に患者発生が見られる。今回、当院において

SFTSの症例を 2例経験したので報告する。
【症例 1】60歳代、男性。発熱と体動困難を主訴に近医
受診。言語障害などの神経症状と消化器症状が見られた

ため当院紹介受診後、緊急入院。

【症例 2】80歳代、女性。発熱を主訴に近医受診。熱中
症疑いで経過観察されていた。その後も発熱が継続する

ため当院紹介搬送。

【入院時検査所見】二症例に共通して、末梢血検査では、

WBC 、PLT の減少、末梢血標本では形質細胞様の反応
性リンパ球がみられた。生化学検査では、AST 、ALT、
LDH、フェリチンが上昇していた。骨髄検査では、赤芽
球系細胞が著明に減少し、血球貪食像が多数認められた。

また末梢血と同様の反応性リンパ球が認められた。

【経過】症例 1では、ウイルス量の増加とともに末梢血
で反応性リンパ球の増加がみられた。その後一時小康状

態となったが、侵襲性アスペルギルス症を合併し、永眠

された。症例 2では、PLTは正常域まで回復し、全身状
態が改善したため転院された。

【まとめ】症例 1は重症例、症例 2は軽症例であったが、
共通する所見がいくつかみられた。末梢血では形質細胞

様の反応性リンパ球の増加がみられた。また症例 1では、
反応性リンパ球数のピークが、ウイルス量のピークと一

致していた。骨髄検査では血球貪食症候群を合併し、ま

た赤芽球癆も呈していた。血球貪食症候群の合併は他の

症例でも報告されているが、赤芽球癆についても、今回

の二症例の共通点として認められたことから、ウイルス

感染を原因として起こる赤芽球癆が、本ウイルスでみら

れる可能性が示唆された。

連絡先 0836-22-2594

重症熱性血小板減少症候群の二症例

◎吉富 比呂香 1)、中野 かおり 1)、岸田 由香里 1)、斉藤 沙耶香 1)、古谷 裕美 1)、平良 彩香 1)、水野 秀一 1)

山口大学医学部附属病院 1)
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マダニ媒介性感染症を 
疑うポイント

• 発熱、頭痛、関節痛、皮疹など「フォーカスを伴わない
非特異的症状」を呈する 

• その土地の疫学を知っておくことが大事 

• 森林曝露歴、登山歴などのマダニ曝露歴がある 
ことが多い。職業歴（農業）や居住地も重要 

• 刺し口があれば儲けものだが、刺し口ができない 
マダニ媒介感染症もある



予防



ディート

イカリジン

• 有効時間(目安:10%=2hrs)  
• 露出した部分(皮膚、衣服)  
• 妊婦、小児へも使用可能(6か月～2歳未満は1日 
1回、2歳～12歳未満は1日1～3回を目安に使用)  
• 切り傷、炎症部位、粘膜等に 使用しない 

• 15%製剤 
• 切り傷、炎症部位、粘膜等に 使用しない 
• 新生児を含む小児にも使用可能

ペルメトリン • 国内では未承認 
• 直接皮膚には塗布しない



マダニ曝露後予防
• 北海道や長野県の一部を除く日本国内において、マダニ刺咬後にマダニの鑑別のでき
ない医師がやみくもに抗菌薬を投与するプラクティスは根拠に乏しく、むしろ有害で
ある可能性が高い 

• 地域におけるマダニ媒介感染症の疫学を把握しておくことが重要（例えばチマダニの
日本紅斑熱の病原体保有率は，ホットスポットと言われ る三重でも約3%程度）。日
本紅斑熱流行地域であっても刺咬したマダニはチマダニではなくタカサゴキララマダ
ニかも（JSFを媒介しない） 

• マダニ刺咬後にドキシサイクリン200mgを単回投与することによってライム病の発
症を減らすことができたという報告もあるが、Number Need To Preventは40であ
り、一方で嘔気や嘔吐など副作用は30％の患者にみられた。この臨床研究が行われ
たアメリカと同様に、北海道もIxodes spp.のライム病ボレリアを保有率も約30％と
非常に高いため、マダニ刺咬後に抗菌薬を処方する根拠として無いわけではない

N Engl J Med. 2001;345(2):79.
PLoS One. 2014 Aug 11;9(8):e104532.
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Rickettsiae in Ticks, Japan, 2007–2011 

Technical Appendix 

 

Figure 1. Prefectures where ticks were collected for a study of Rickettsia spp.–related pathogens in ticks in 

central and western Japan, 2007–2011. SFG, spotted fever group rickettsiae; Rj, R. japonica; Ap, A. 

phagocytophilum; Eh, Ehrlichia spp. Numbers indicate the number of positive ticks/number of ticks tested. 

The prevalence of respective Rickettsiales bacteria in each area is shown in parentheses. 
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Take Home Message
• 日本でもまだ知られていないマダニ媒介感染症が潜在して
いる 

• ツツガムシ病、日本紅斑熱、SFTSは最も遭遇しやすいマ
ダニ媒介感染症である 

• マダニ媒介性感染症の多くは発熱, 頭痛, 関節痛（＋皮
疹）といったフォーカスを伴わない非特異的症状を呈す
る


