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マダニと感染症



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

エゾウイルス感染症 エゾウイルス 北海道
オオトゲチマダニ? 
ヤマトマダニ？ 

シュルツェマダニ？

オズウイルス感染症 オズウイルス 不明（本州） タカサゴキララマダニ？

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?

日本で感染しうるダニ媒介感染症



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



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



佐々学. 風土病との戦い



けもの道



ダニ媒介感染症に 
感染しやすい 

居住地の特徴は？
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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
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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 
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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



マダニ媒介 
新興再興感染症の潮流



current systems are inadequate. A One Health perspective, de-
fined as using “a collaborative, multisectoral, and transdisci-
plinary approach—working at the local, regional, national, 
and global levels—with the goal of achieving optimal health 
outcomes recognizing the interconnection between people, 
animals, plants, and their shared environment,” offers a frame-
work to adapt to changing environmental, social, developmen-
tal, and health-related terrains [11, 12].

Climate change poses a grave and multifaceted threat to human 
health. Improving surveillance for emerging and established path-
ogens and expanding monitoring and analysis of climatic and en-
vironmental changes as they relate to infectious disease 
epidemiology can help public health professionals anticipate 
and respond to the infectious disease impacts of climate change.

ASSESSING IMPACTS OF GLOBAL WARMING ON 
INFECTIOUS DISEASES

Climate-related changes in the geographic and seasonal range of 
pathogens and vectors and in the prevalence and emergence of 
vector- and waterborne infectious diseases have been documented 

across many global regions [13]. Surveillance studies and mathe-
matical models are the 2 scientific approaches used to assess 
the impact of climate change on infectious diseases [14]. 
Surveillance studies correlate precipitation, temperature, humid-
ity, and other climatic factors with changes in the epidemiology of 
disease. A principal challenge to surveillance studies is that mete-
orologic measurements and data collection methods may not al-
ways be consonant with epidemiologic data systems, including 
differences in areas covered and in timing of observations. 
Short-term changes in disease epidemiology may reflect 
climate-related factors, such as land use, human migration, and 
distribution of animal and bird vectors, as well as changes in dis-
ease ascertainment and surveillance measures. Mathematical 
modeling studies offer another approach to estimating the effects 
of climate change on infectious diseases [15, 16] and can be useful 
for directing surveillance activities to emerging geographic and 
spatial areas [17]. However, mathematical models depend on 
the accuracy and completeness of the underlying data, as well as 
assumptions used in the models [18].

To continue to assess the interplay between climate change 
and emerging diseases and to meaningfully compare trends 

Figure 1. Impact of climate change on infectious diseases. Adapted in part from Haines and Ebi [67].
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異常気象 人の移動 動物、ベクターの 
生態変化 温暖化 水量と水質

化石燃料による汚染と気候変動
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A bs tr ac t

Background
Heightened surveillance of acute febrile illness in China since 2009 has led to the 
identification of a severe fever with thrombocytopenia syndrome (SFTS) with an un-
known cause. Infection with Anaplasma phagocytophilum has been suggested as a cause, 
but the pathogen has not been detected in most patients on laboratory testing.

Methods
We obtained blood samples from patients with the case definition of SFTS in six 
provinces in China. The blood samples were used to isolate the causal pathogen by 
inoculation of cell culture and for detection of viral RNA on polymerase-chain-
reaction assay. The pathogen was characterized on electron microscopy and nucleic 
acid sequencing. We used enzyme-linked immunosorbent assay, indirect immuno-
fluorescence assay, and neutralization testing to analyze the level of virus-specific 
antibody in patients’ serum samples.

Results
We isolated a novel virus, designated SFTS bunyavirus, from patients who presented 
with fever, thrombocytopenia, leukocytopenia, and multiorgan dysfunction. RNA 
sequence analysis revealed that the virus was a newly identified member of the 
genus phlebovirus in the Bunyaviridae family. Electron-microscopical examination 
revealed virions with the morphologic characteristics of a bunyavirus. The presence 
of the virus was confirmed in 171 patients with SFTS from six provinces by detection 
of viral RNA, specific antibodies to the virus in blood, or both. Serologic assays 
showed a virus-specific immune response in all 35 pairs of serum samples col-
lected from patients during the acute and convalescent phases of the illness.

Conclusions
A novel phlebovirus was identified in patients with a life-threatening illness associ-
ated with fever and thrombocytopenia in China. (Funded by the China Mega-Project 
for Infectious Diseases and others.)

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
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other hand, 10 of 186 ticks (5.4%) of the species 
Haemaphysalis longicornis that were collected from 
domestic animals in the areas where the patients 
lived contained SFTSV RNA. The viruses in the 
ticks were isolated in Vero cell culture, and the 
RNA sequences of these viruses were very closely 
related but not identical to the SFTSV isolated in 
samples obtained from the patients (data not 
shown). There was no epidemiologic evidence of 
human-to-human transmission of the virus.

Discussion

Although we have not fulfilled Koch’s postulates 
for establishing a causal relationship between a mi-
crobe and a disease in their entirety, our findings 
suggest that SFTS is caused by a newly identified 

bunyavirus. These data include epidemiologic, 
clinical, and laboratory findings and several lines 
of evidence that include virus isolation, viral RNA 
detection, and molecular and serologic analyses. 
SFTS has been identified in Central and Northeast 
China, which covers all six provinces where sur-
veillance for SFTS was carried out. It is most 
likely that SFTS had been prevalent in China for 
some time, but it had not been identified. In pre-
vious studies, viral pathogens were cultured in 
Vero cells, in which SFTSV does not produce a 
cytopathic effect. We identified the virus by us-
ing several cell lines, including DH82, which is 
very sensitive to SFTSV.

SFTS needs to be differentiated from human 
anaplasmosis, hemorrhagic fever with renal syn-
drome,8 and leptospirosis. Similar to patients with 
SFTS, patients with human anaplasmosis have fever 
and a decreased number of circulating white cells 
and platelets, but gastrointestinal symptoms are 
not common.10 In the initial febrile phase, patients 
with hemorrhagic fever with renal syndrome may 
have gastrointestinal symptoms and abdominal 
pain resembling symptoms of SFTS, but the char-
acteristic flushing of the face and V-area of the 
neck and thorax, conjunctival suffusion, and peri-
orbital edema, hypotension, oliguria, polyuria, 
and bleeding disorders have not been observed in 
patients with SFTS.11 Leptospirosis may be con-
fused with SFTS because of the initial fever, chills, 
headache, myalgia, and abdominal pain, but com-
mon symptoms of leptospirosis, such as rash and 
jaundice,12 are rare in patients with SFTS.

Most phleboviruses are associated with sand-
flies, and in such cases there is evidence of trans-
ovarial transmission.13 The nonpathogenic Uuku-
niemi virus is a tickborne phlebovirus. Rift Valley 
fever is transmitted mainly by aedes species mos-
quitoes. SFTSV RNA was detected in some ticks 
in the Ixodidae family of the species H. longicornis 
that were obtained from animals, and these ticks 
may be a candidate vector of SFTSV. Regular hosts 
of H. longicornis include most mammals, includ-
ing goats, cattle, sheep, yak, donkeys, pigs, deer, 
cats, rats, mice, hedgehogs, weasels, brushtail 
possums, and humans, along with some birds. 
H. longicornis is widely distributed in the Asia–
Pacific region, including China, Korea, Japan, 
Australia, the Pacific Islands, and New Zealand.14

Our finding that SFTSV is the probable cause 
of a previously unknown severe febrile disease 

Table!2.!Clinical!Symptoms!of!Hospitalized!Patients!with!Laboratory-
Confirmed!SFTS.*

Symptom

Patients!with!
Symptoms

(N!=!81)
Deaths
(N!=!11)

no. (%)

Fever 81 (100) 11 (100)

Anorexia 61 (75) 7 (64)

Fatigue 53 (65) 6 (55)

Nausea 56 (69) 5 (45)

Abdominal pain or tenderness 40 (49) 4 (36)

Vomiting 38 (47) 4 (36)

Malaise† 32 (46) 7 (64)

Diarrhea 34 (42) 3 (27)

Lymphadenopathy† 23 (33) 2 (18)

Myalgia 22 (27) 2 (18)

Confusion 18 (22) 4 (36)

Headache 10 (12) NA

Throat congestion 10 (12) 2 (18)

Cough 8 (10) 2 (18)

Conjunctival congestion 8 (10) NA

Petechiae† 5 (7) 3 (27)

Apathy† 6 (9) 1 (9)

Slurred speech† 4 (6) 1 (9)

Coma† 4 (6) 3 (27)

* Symptoms were evaluated in 81 patients with laboratory-confirmed SFTSV in-
fection who had a complete medical record. NA denotes not available.

† This symptom was evaluated in 69 of the 81 patients.
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restriction-fragment–length-polymorphism assay 
with amplified complementary DNA, as described 
previously.6 For the remaining 11 strains of the 
virus, the whole genomes were sequenced with the 
use of the sequence-independent, single-primer 
amplification (SISPA) method.7 The 5' and 3' ter-
minals of viral RNA segments were determined 
with a RACE Kit (Invitrogen). Phylogenetic analy-
ses were performed with the neighbor-joining 
method with the use of the Poisson correction and 
complete deletion of gaps.

Neutralization Assay
For microneutralization testing, serial dilutions 
of serum samples were mixed with an equal vol-
ume of 100 median tissue-culture infectious dos-
es of SFTSV (strain HB29) and incubated at 37°C 

for 1.5 hours. The mixture was then added to a 
96-well plate containing Vero cells in quadrupli-
cate. The plates were incubated at 37°C in a 5% 
carbon dioxide atmosphere for 12 days. Viral in-
fection was detected on specific immunofluores-
cence assays in serum samples from patients with 
laboratory-confirmed infection. The end-point ti-
ter was expressed as the reciprocal of the highest 
dilution of serum that prevented infection.

Polymerase Chain Reaction
RNA that was extracted from serum, whole blood, 
or homogenized arthropods was amplified with 
the use of a one-step, multiplex real-time reverse-
transcriptase polymerase chain reaction (RT-PCR) 
with primers for SFTSV (Qiagen). The cutoff cycle-
threshold value for a positive sample was set at 
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Figure!1.!Geographic!Distribution!of!SFTS!in!Mainland!China.

Areas where SFTS surveillance was carried out and SFTS bunyavirus was isolated from patients are shown in red.
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Summ a r y

Two men from northwestern Missouri independently presented to a medical facil-
ity with fever, fatigue, diarrhea, thrombocytopenia, and leukopenia, and both had 
been bitten by ticks 5 to 7 days before the onset of illness. Ehrlichia chaffeensis was 
suspected as the causal agent but was not found on serologic analysis, polymerase-
chain-reaction (PCR) assay, or cell culture. Electron microscopy revealed viruses 
consistent with members of the Bunyaviridae family. Next-generation sequencing 
and phylogenetic analysis identified the viruses as novel members of the phlebovirus 
genus. Although Koch’s postulates have not been completely fulfilled, we believe 
that this phlebovirus, which is novel in the Americas, is the cause of this clinical 
syndrome.

T he phlebovirus genus contains more than 70 antigenically dis-
tinct viruses, which are divided into virus complexes according to whether 
they are borne by sand flies, mosquitoes, or ticks.1 Sand-fly–borne viruses 

are found in the Americas, Asia, Africa, and the Mediterranean region, and infec-
tion with these viruses commonly results in a self-limiting 3-day fever, with the 
exception of Toscana virus, which can cause aseptic meningitis.2 The prototype 
mosquito-borne phlebovirus is Rift Valley fever virus, which causes large-scale 
epizootics; human infection is often a self-limiting febrile illness that can progress 
to hepatitis, encephalitis, or hemorrhagic fever.3 The only tickborne phlebovirus 
known to cause human disease is severe fever with thrombocytopenia syndrome 
virus (SFTSV), which was recently identified in central and northeastern China.4

C a se R eport s

Patient 1
Patient 1 was a healthy 57-year-old man who lived on a 70-acre farm in northwestern 
Missouri. In early June 2009, he noticed a small nymphal tick embedded on his 
abdomen. The tick was subsequently removed with tweezers. There was no rash or 
localized itching. The following day, fever developed, which was followed by severe 
fatigue, headache, anorexia, nausea, and nonbloody diarrhea. Four days later, he was 
admitted to the hospital with a temperature of 37.9°C, which increased to 39.1°C the 
next day. Laboratory tests revealed a low white-cell count of 1900 cells per cubic 
millimeter, a low platelet count of 115,000 cells per cubic millimeter, and a low 
sodium level of 132 mmol per liter. Serum levels of liver aminotransferases were 
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Figure 3. Phylogenetic Analyses of Amino Acid Sequencing of Representative Members of the Phlebovirus Genus.

The novel virus that was identified in Patients 1 and 2, a member of the phlebovirus genus, clusters with the tick-
borne viruses and is most closely related to the severe fever with thrombocytopenia syndrome virus (SFTSV), which 
was recently identified in China. Analyses included sequencing of nucleoprotein (Panel A), nonstructural protein 
NSs (Panel B), glycoprotein (Panel C), and polymerase (Panel D). Phlebovirus sequences of each virus protein were 
aligned with the use of multiple alignment with fast Fourier transform (MAFFT), and phylogenic relationships were 
inferred with the use of the unweighted pair group method with arithmetic mean (UPGMA) method with 2000 boot-
strap replicates for statistical support (CLC Genomics, Geneious). The GenBank accession numbers for the three 
segments for virus isolates from the two patients are provided in the Supplementary Appendix.
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After hospital discharge, the patient noted fa-
tigue, short-term memory difficulty, and anorex-
ia. All the symptoms abated after 4 to 6 weeks 
and have not recurred in 2 years. Six months 
after discharge, the CDC confirmed the patient 
was negative for E. chaffeensis and Anaplasma 
phagocytophilum on IgG assay.

Me thods

Clinical Specimens and Virus Culture
EDTA-treated blood was collected and leuko-
cytes separated with the use of Ficoll histopaque 
gradients and inoculated onto the canine mono-
cyte cell line DH82.5 Adherent and nonadherent 
cells were examined with the use of a modified 
rapid Wright–Giemsa stain (Diff-Quik). Culture 
supernatant was collected and transferred to 
Vero E6 cells and LLC-MK2 cells for virus propa-
gation.

Virus Genome Sequencing
Total RNA was extracted from infected cell cul-
ture media with the use of TriPure (Roche) and 
RNeasy (Qiagen) columns and nonspecifically am-
plified by means of random primers in a one-step 
reverse-transcriptase PCR reaction (SSIII RT–
Platinum Taq HiFi Enzyme Mix, Invitrogen). 
Complementary DNA products were sequenced 
by means of next-generation sequencing (Roche 
454) and analyzed with the use of bioinformat-
ics tools.6 (Details are provided in the Supple-
mentary Appendix.)

R esult s

Isolation of a Virus from Patient Leukocytes
Leukocytes were collected from both patients on 
day 2 of hospitalization and inoculated onto cul-
tures of DH82 cells. These cultures showed cyto-
pathic effects similar to early cultures of  
E. chaffeensis. However, cellular vacuoles did not 
contain bacterial morulae. Transfer of culture su-
pernatants onto fresh DH82 cells resulted in 
similar cytopathic effects within 9 to 11 days. 
Cytopathic effects were less evident but also not-
ed in Vero E6 cells 9 days after inoculation.

Studies were initiated to identify the sus-
pected virus. Thin-section electron microscopy 
revealed enveloped particles averaging 86 nm in 
diameter, typical of a virus in the Bunyaviridae 
family (Fig. 2).

Genetic Analysis of a Novel Phlebovirus

Total RNA was isolated from infected culture 
media and subjected to next-generation sequenc-
ing. The resulting full-length genome sequences 
were found to be similar to those of phlebovi-
ruses in the Bunyaviridae family, which are single-
stranded, negative-sense RNA viruses comprised 
of three genome segments. We called this newly 
discovered virus the Heartland virus.

The phleboviruses share a similar genome 
organization.7 The L segment is 6.4 kb in length 
and encodes a large RNA-dependent RNA poly-
merase. The M segment is 3.4 kb in length and 
encodes a polyprotein processed into the virus 
glycoproteins Gn and Gc, which are used for vi-
rion entry and assembly. The S segment is 1.7 kb 
in length and encodes the nucleoprotein that en-
capsidates the genomic RNA and a nonstructural 
(NSs) protein in an ambisense coding strategy. 
The genomes of virus isolates from both pa-
tients were sequenced in their entirety and 
found to be closely related, with 98%, 95%, and 
99% identity for the S, M, and L virus segments, 
respectively. The high genetic identity indicates 
that both patients were infected with the same 
phlebovirus strain, but the differences between 
the isolates suggest that the two patients were 
infected independently.

Phylogenetic Analysis
Phylogenetic analysis of the aligned amino acid 
sequence of the polymerase, glycoprotein, nucleo-

Figure 2. Thin-Section Electron Microscopy of Vero E6 
Cells Revealing Virus Particles.

Extracellular enveloped, spherical virus particles with 
fairly homogeneous cores are visible in Vero E6 cells that 
were fixed in glutaraldehyde and processed for thin-
section electron microscopy. Scale bar indicates 500 nm.
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A previously healthy man from eastern Kansas, USA, sought 
medical care in late spring because of a history of tick bite, 
fever, and fatigue. The patient had thrombocytopenia and 
leukopenia and was given doxycycline for a presumed tick-
borne illness. His condition did not improve. Multiorgan fail-
ure developed, and he died 11 days after illness onset from 
cardiopulmonary arrest. Molecular and serologic testing 
results for known tickborne pathogens were negative. How-
ever, testing of a specimen for antibodies against Heartland 
virus by using plaque reduction neutralization indicated the 
presence of another virus. Next-generation sequencing and 
phylogenetic analysis identified the virus as a novel mem-
ber of the genus Thogotovirus.

The genus Thogotovirus (family Orthomyxoviridae) 
contains >6 distinct viruses, including Araguari, Aran-

sas Bay, Dhori, Jos, Thogoto, and Upolu viruses (1–3). 
These viruses have been primarily associated with either 
hard or soft ticks and have a wide geographic distribution 
(1–8). The only virus in this genus known to occur in the 
United States is Aransas Bay virus, which was isolated 
from soft ticks (Ornithodoros spp.) collected from a sea-
bird nest off the coast of Texas (3).

Two viruses in the genus Thogotovirus (Thogoto and 
Dhori viruses) are currently known to cause human infec-
tion and disease. Antibodies against Thogoto virus have 
been identified in humans living in parts of Europe, Asia, 
and Africa (1,4,6,8). Two persons from Nigeria infected 
with this virus were identified in 1966. The first patient was 
a man with a febrile illness in whom neuromyelitis optica 
later developed. The second patient was a 14-year-old boy 
in whom meningitis developed and who died 6 days later 
because of complications of sickle cell disease (9).

Antibodies against Dhori virus in humans have been 
reported in a similar distribution as those against Thogoto 
virus (1,6,8,10). Five patients with disease have been de-
scribed after accidental laboratory exposure to Dhori virus; 
encephalitis developed in 2 of these patients (11). We report 
a novel Thogotovirus associated with a febrile illness and 
death that occurred in a man in the United States in 2014.

The Case-Patient
The patient was a previously healthy man >50 years of 
age from Bourbon County, Kansas, USA. While work-
ing outdoors on his property in late spring 2014, the pa-
tient had several tick bites and found an engorged tick 
on his shoulder several days before he became ill with 
nausea, weakness, and diarrhea. The following day, a fe-
ver, anorexia, chills, headache, myalgia, and arthralgia 
developed. On the third day of illness, the patient went 
to his primary care physician, who empirically prescribed 
doxycycline for a presumed tickborne illness because of 
his history of tick bites, symptoms, and no reported travel 
outside the immediate area. The following morning, the 
patient’s wife found him obtunded (experiencing reduced 
consciousness) but arousable. He was taken by ambulance 
to a local hospital.

At the hospital, he had a temperature of 37.3°C, a pulse 
rate of 84 beats/min, and an increased blood pressure of 
151/65 mm Hg. The patient had a papular rash on his trunk, 
but otherwise results of his physical examination were un-
remarkable. Initial laboratory findings showed leukopenia 
(2,200 cells/μL), lymphopenia (absolute lymphocyte count 
550 cells/μL), thrombocytopenia (72,000 cells/μL), mild 
hyponatremia (sodium 133 mmol/L), hypokalemia (potas-
sium 3.0 mmol/L), a creatinine level (0.8 mg/dL) within 
the reference range (0.6 mg/dL–1.2 mg/dL), a slightly in-
creased level of blood urea nitrogen (25 μg/dL), and in-
creased levels of aspartate aminotransferase (138 U/L) and 
alanine aminotransferase (86 U/L). He was admitted be-
cause of the principal problems of dehydration, syncope, 
and possible tickborne illness. He was given an intravenous 
(IV) fluid bolus, then maintenance fluids, and doxycycline 
(200 mg IV every 12 h for the first 24 h, then 100 mg IV 
every 12 h).
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the source of the novel virus by real-time RT-PCR–based 
detection of viral RNA in these samples.

Phylogenetic Analyses
Three phylogenies, each generated by a neighbor-joining 
method applied with 2,000 bootstrap replicates for grouping 
analysis, were chosen as representative of overall genetic 
relationships of selected viruses (Figure 3). The novel virus 
was found to group with strong support along with Dhori 
virus, and the closely related Batken virus, in all trees.

Discussion
Using traditional techniques (i.e., PRNT and culturing on 
animal cells) in combination with NGS, we isolated a nov-
el virus from a blood sample collected 9 days after illness 
onset from a previously healthy man. It is likely that this 
novel Thogotovirus, which we are proposing to call Bour-
bon virus after the county of residence of the patient, was 
the cause of his illness. Although it is unclear what role the 
virus played in the death of the patient, the high level of 
viremia, as shown by multiple isolations from the blood of 
the patient 2 days before his death, suggests that this might 
have contributed to the death of the patient.

The patient had a history of tick exposure, as well as 
symptoms and laboratory findings (i.e., leukopenia and 
thrombocytopenia) consistent with a tickborne illness. 
Several tickborne pathogens, such as Ehrlichia chaffensis, 
Rickettsia, and Heartland virus, are present in eastern Kan-
sas and adjacent areas (17–19). However, the patient did 
not respond to doxycycline therapy initiated 3 days after 
illness onset and had negative results for these and other 
tickborne pathogens.

Of the 7 symptomatic human infections that have been 
associated with viruses in the genus Thogotovirus, most 
case-patients have had neurologic findings (e.g., menin-
gitis, encephalitis) without any described abnormalities in 
blood counts (9,11). Although cerebrospinal fluid was not 
tested for the patient reported, his clinical signs and symp-
toms were not suggestive of neurologic infection. Further-
more, the patient did not have any respiratory symptoms 
that would be expected with other viruses that are known 
human pathogens in the large family of Orthomyxoviridae, 
such as influenza virus (1).

Phylogenetic analyses indicated that Bourbon virus is 
most closely related to Dhori and Batken viruses. However, 
the branch lengths suggest a relatively distant evolution-
ary distinction of Bourbon virus from Dhori and Batken 
viruses, which have only been described in the Eastern 
Hemisphere. Dhori, Batken, and Thogoto viruses have 
been identified in various hard tick species (1). However, 
Batken virus also has been identified in mosquitoes (1). It 
is currently unknown how Bourbon virus is transmitted to 
humans. However, illness onset of the patient in late spring 

and a history of finding an embedded tick before becoming 
ill support the notion that  Bourbon virus might be trans-
mitted by ticks. Therefore, to potentially prevent Bourbon 
virus disease, as well as other tickborne diseases, persons 
should be advised to avoid tick bites by using an insect re-
pellent registered with the US Environmental Protection 
Agency to be effective against ticks, wearing long sleeves 
and pants, avoiding bushy and wooded areas, and perform-
ing tick checks after spending time outdoors.
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Figure 3. Phylogenies of deduced amino acid sequences 
of representative genes of Bourbon virus in comparison to 
homologous sequences of selected orthomyxoviruses. A neighbor-
joining method was used for inference of each phylogeny with 
2,000 replicates for bootstrap testing. Values at nodes are 
bootstrap values. A) PA polymerase subunit (segment 3). B) 
Nucleocapsid protein (segment 5). C) Membrane protein (segment 
6). GenBank accession numbers appear next to taxon names. 
Scale bars indicate number of amino acid substitutions per site.
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Negative stain and thin-section electron microscopy 
showed pleomorphic viral particles consistent with vi-
ruses in the family Orthomyxoviridae (Figure 2). NGS 
methods applied to cell culture supernatants from multiple  

isolations showed the presence of novel orthomyxoviral 
RNA. We observed ≈70% overall average nucleotide se-
quence percentage identity with Dhori virus in multiple ge-
nomic segments. Blood and serum samples were verified as 
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Figure 1. Plaque reduction neutralization test of patient sample for Heartland virus, showing images of the same well obtained days 6, 7, 
and 8 postinoculation at a dilution of 1:20. Arrows with single heads indicate appearance of a novel virus plaque beginning at day 6. Arrows 
with double heads indicate development of a typical Heartland virus plaque, apparent on day 7 and more evident on day 8, generated from 
a control strain added to each well in defined quantities to identify Heartland virus–specific antibodies in the patient sample.

Figure 2. Electron microscopic 
images of novel Thogotovirus isolate. 
Filamentous (A) and spherical (B) virus 
particles with distinct surface projection 
are visible in culture supernatant that 
was fixed in 2.5% paraformaldehyde. 
Thin-section specimens (C and 
D), fixed in 2.5% glutaraldehyde, 
show numerous extracellular virions 
with slices through strands of viral 
nucleocapsids. Arrows indicate virus 
particles that have been endocytosed. 
Scale bars indicate 100 nm.

Emerg Infect Dis. 2015;21(5):760-764.



DOI: 10.3201/eid3007.231771



  

 1 / 5 

    

PRESS RELEASE  2021/9/22       
 

北海道におけるエゾウイルス熱を発見 
～マダニが媒介する新たなウイルス感染症～ 

 

ポイント 
・マダニが媒介する新たなウイルス感染症，エゾウイルス熱を発見。 
・2014 年以降，少なくとも 7 名の感染者が北海道内で発生していることが判明。 
・マダニや野生動物にもエゾウイルスが感染しており，北海道内に定着している可能性を示唆。 

 
概要 

北海道大学人獣共通感染症国際共同研究所の松野啓太講師らの研究グループは，同大学院獣医学研
究院，同大学ワンヘルスリサーチセンター，市立札幌病院，北海道立衛生研究所，国立感染症研究所，
長崎大学，酪農学園大学，北海道医療大学らと共同で，発熱や筋肉痛などを主徴とする感染症の原因
となる新しいウイルスを発見し，このウイルスをエゾウイルスと命名しました。エゾウイルスは，ク
リミア・コンゴ出血熱ウイルスなどと同じブニヤウイルス目ナイロウイルス科に分類される新たなウ
イルスです。エゾウイルス感染者は 2014 年から 2020 年までの 7 年間で少なくとも 7 名おり，いず
れの方もマダニに刺された数日から約２週間後に発熱や筋肉痛などを訴えていました。また，7 名と
もに，北海道内での感染が疑われています。これまでのところ，エゾウイルス感染症（エゾウイルス
熱）による死者は確認されていません。道内で採集されたマダニからウイルス遺伝子が検出され，ま
た，エゾシカなどの野生動物からウイルスタンパク質に対する抗体が検出されたことから，エゾウイ
ルスは北海道内に定着していると考えられます。 

なお，本研究成果は，2021 年 9 月 20 日（月）公開の Nature Communications 誌にオンライン掲
載されました。 

 
 

  

エゾウイルス粒子の電子顕微鏡写真。 
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BACKGROUND
In 2017, surveillance for tickborne diseases in China led to the identification of a 
patient who presented to a hospital in Inner Mongolia with a febrile illness that 
had an unknown cause. The clinical manifestation of the illness was similar to 
that of tickborne encephalitis virus (TBEV) infection, but neither TBEV RNA nor 
antibodies against the virus were detected.

METHODS
We obtained a blood specimen from the index patient and attempted to isolate and 
identify a causative pathogen, using genome sequence analysis and electron mi-
croscopy. We also initiated a heightened surveillance program in the same hospi-
tal to screen for other patients who presented with fever, headache, and a history 
of tick bites. We used reverse-transcriptase–polymerase-chain-reaction (RT-PCR) 
and cell-culture assays to detect the pathogen and immunofluorescence and neu-
tralization assays to determine the levels of virus-specific antibodies in serum 
specimens from the patients.

RESULTS
We found that the index patient was infected with a previously unknown seg-
mented RNA virus, which we designated Alongshan virus (ALSV) and which 
belongs to the jingmenvirus group of the family Flaviviridae. ALSV infection was 
confirmed by RT-PCR assay in 86 patients from Inner Mongolia and Heilongji-
ang who presented with fever, headache, and a history of tick bites. Serologic 
assays showed that seroconversion had occurred in all 19 patients for whom 
specimens were available from the acute phase and the convalescent phase of the 
illness.

CONCLUSIONS
A newly discovered segmented virus was found to be associated with a febrile 
illness in northeastern China. (Funded by the National Key Research and Devel-
opment Program of China and the National Natural Science Foundation of 
China.)
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Routine surveillance for tickborne 
diseases in China led to the identification 
of a patient from the town of Alongshan 

who had a febrile illness with an unknown 
cause. An investigation was conducted to iden-
tify the pathogen that was causing this patient’s 
illness. Analyses revealed a previously unknown 
segmented RNA virus, which we designated 
Alongshan virus (ALSV), that belongs to the un-
classified jingmenvirus group in the family Flavi-
viridae, which includes the genera f lavivirus, 
pestivirus, hepacivirus, and pegivirus.1,2 ALSV was 
also detected in additional patients with fever 
and headache as well as in ticks and mosquitoes 
in the region (Fig. 1). In this article, we describe 
the discovery, isolation, and characterization 
of the virus.

 Me thods

 Identification of the Index Patient 
and Heightened Surveillance

In April 2017, a 42-year-old female farmer from 
the town of Alongshan presented to a county 
hospital in Hulunbuir City in Inner Mongolia, 
China, with fever, headache, and a history of tick 
bites. The clinical features of the patient’s illness 
were highly similar to those reported in cases of 
infectious tickborne encephalitis virus (TBEV)3; 
however, neither TBEV RNA nor antibodies 
against the virus were detected in blood speci-
mens obtained from the patient. An investigation 
was conducted to identify the causative pathogen. 
Because it was suspected that the patient’s illness 
was caused by a tickborne pathogen, a heightened 

Figure 1. Geographic Distribution of Patients with Alongshan Virus (ALSV) in China.

Areas where surveillance of tickborne pathogens was carried out are shown in blue. Red circles indicate the locations 
of the patients with confirmed ALSV infection (geographic information is missing for 2 of the 86 patients).
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assay and microneutralization. Seroconversion 
(defined by an antibody titer in the convalescent-
phase serum specimen that was at least 4 times 
as high as the titer in the acute-phase specimen) 
was detected in all 19 patients (Table 2). These 
findings showed that a high titer of neutralizing 
antibodies developed in the convalescent phase, 
and a humoral immune response to ALSV was 
induced.

Discussion

Our findings suggest that ALSV, a newly identi-
fied segmented virus in the family Flaviviridae, 
may be associated with a febrile illness in pa-
tients in Inner Mongolia and Heilongjiang, China. 
Furthermore, we found that ALSV infected multi-
ple human cell lines, induced pathologic changes 
in mice, and caused inflammatory responses in 
patients (Figs. S11 through S14 in the Supple-
mentary Appendix).

Although ALSV is genetically different from 
JMTV, it is more closely related to JMTV than it 
is to other jingmenviruses. JMTV was first iso-
lated from Rhipicephalus microplus in China, and it 
has a wide range of hosts, including cattle, dogs, 
and goats, and a wide geographic distribution in 
China.1 JMTV variants have also been identified 

in other countries. For example, a variant of the 
Mogiana tick virus (MGTV) that was related to 
JMTV variants was isolated from R. microplus in 
Brazil.9,10 In addition, the JMTV variant RC27 was 
isolated from a red colobus monkey in Uganda, 
the genome of which shows 88 to 92% identity 
with JMTV strain SY84 and MGTV.11 These data 
show that JMTV or variants of the virus may be 
more widely distributed than previously estimated.

ALSV infection should be differentiated from 
SFTSV, TBEV, human anaplasmosis, rickettsiosis, 
and leptospirosis. Patients with TBEV, SFTSV, and 
anaplasmosis, like patients with ALSV, present 
with fevers and headache, but infections of the 
central nervous system (meningitis or encepha-
litis) are common in patients with TBEV infec-
tion,12 and leukopenia and thrombocytopenia 
may occur in patients with SFTSV or anaplasmo-
sis.13,14 Leptospirosis may be confused with 
ALSV infection because of the initial fever and 
headache that are associated with it, but com-
mon symptoms of leptospirosis, such as rash 
and jaundice, were not commonly found in 
patients with ALSV infection in our study.15 The 

Characteristic

No. of  
Patients (%) 

(N = 86)

Headache 69 (80)

Fever 67 (78)

Fatigue 51 (59)

Depression 32 (37)

Coma 30 (35)

Poor appetite 27 (31)

Nausea 26 (30)

Myalgia or arthralgia 23 (27)

Rash or petechiae 22 (26)

Cough 10 (12)

Vomiting 10 (12)

Lymphadenopathy 8 (9)

Abdominal pain or tenderness 7 (8)

Chills 5 (6)

Diarrhea 2 (2)

*  Shown are prospectively collected clinical characteristics 
of patients with laboratory-confirmed ALSV infection and 
complete medical records.

Table 1. Clinical Characteristics of Hospitalized Patients 
Infected with Alongshan Virus (ALSV).*

Figure 3 (facing page). Phylogenetic Analysis of ALSV 
and Other Viruses.

Shown are phylogenetic trees of the NS3 (Panel A) and 
NS5 (Panel B) proteins. The newly discovered ALSV is 
included (red dot in each panel). The phylogenetic trees 
were generated with Molecular Evolutionary Genetics 
Analysis software, version 5. The coding regions for NS3 
in segment 3 and NS5 in segment 1 were analyzed by 
means of the neighbor-joining method with Poisson 
correction and complete deletion of gaps. Bootstrap 
testing (1000 replicates) was performed, and the boot-
strap values are indicated. Sequences are named accord-
ing to GenBank accession number, virus, and strain 
(where applicable). The scale bar in each panel indi-
cates 0.1 substitutions per site. BDV denotes border 
disease virus, BTV bluetongue virus, BVDV bovine viral 
diarrhea virus, CSFV classical swine fever virus, DENV 
dengue virus, DTV deer tick virus, GCXV Guaico Culex 
virus, HCV hepatitis C virus, HGBV-B hepatitis GB virus 
B, JEV Japanese encephalitis virus, JMTV Jingmen tick 
virus, MGTV Mogiana tick virus, OHFV Omsk hemor-
rhagic fever virus, TBEV tickborne encephalitis virus, 
PGV-B pegivirus B, POWV Powassan virus, WNV West 
Nile virus, and ZIKV Zika virus.
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Abstract: Jingmen tick virus (JMTV) and the related jingmenvirus-termed Alongshan virus are
recognized as globally emerging human pathogenic tick-borne viruses. These viruses have been
detected in various mammals and invertebrates, although their natural transmission cycles remain
unknown. JMTV and a novel jingmenvirus, tentatively named Takachi virus (TAKV), have now been
identified during a surveillance of tick-borne viruses in Japan. JMTV was shown to be distributed
across extensive areas of Japan and has been detected repeatedly at the same collection sites over
several years, suggesting viral circulation in natural transmission cycles in these areas. Interestingly,
these jingmenviruses may exist in a host tick species-specific manner. Vertical transmission of the
virus in host ticks in nature was also indicated by the presence of JMTV in unfed host-questing
Amblyomma testudinarium larvae. Further epidemiological surveillance and etiological studies are
necessary to assess the status and risk of jingmenvirus infection in Japan.

Keywords: Jingmen tick virus; Takachi virus; jingmenvirus; segmented flavi-like virus; tick-borne
virus; arbovirus; virome; tick; Japan; emerging disease

1. Introduction

Ticks are hematophagous ectoparasites that infest various animals and can transmit
a variety of pathogens, including protozoa, bacteria, and viruses, to their hosts during
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Figure 1. Collection sites of ticks positive for Jingmen tick virus (JMTV) and Takachi virus (TAKV) in Japan. The inset at 
the bottom right indicates the geographical location of the enlarged map. Red circles indicate sites where the virus-positive 
ticks were collected. The virus strain and sample collection year of JMTV (rounded rectangles with a red solid line) and 
TAKV (rounded rectangles with a blue double-lined border) are indicated. 

2.2. RNA Virome Analyses Using Next-Generation Sequencer 
Each pooled tick sample was homogenized with medium [Eagle’s Minimum Essen-

tial Medium (Sigma-Aldrich, St. Louis, MO, USA) with 2% heat-inactivated fetal bovine 
serum (Sigma-Aldrich), 200 U/mL penicillin (Thermo Fisher Scientific, Waltham, MA, 
USA), 200 μg/mL streptomycin (Thermo Fisher Scientific), and 5 μg/mL fungizone 
(Thermo Fisher Scientific)] and was passed through sterile 0.45-μm filters (Merck Milli-
pore, Darmstadt, Germany), and then mixed in equal amounts up to a total of 380 μL (e.g., 
around 31.7 μL/pool for 12 samples). This sample was then used for library preparation 
for NGS analysis as described previously [25,26]. In brief, the filtrate was treated with 
three different types of nucleases [TURBO DNase (Thermo Fisher Scientific), Baseline-
ZERO DNase (Lucigen, Middleton, WI, USA), and RNase A (Nippon Gene, Tokyo, Ja-
pan)], and RNA was extracted using ISOGEN II (Nippon Gene). cDNA libraries for NGS 
were prepared using NEBNext RNA first- and second-strand synthesis modules, NEB-
Next Ultra II End Repair/dA-Tailing Module, NEBNext Ultra II Ligation Module, and 
NEBNext Ultra II Q5 Master Mix (New England Biolabs, Ipswich, MA, USA). Prepared 
libraries were analyzed using the MiniSeq System with the MiniSeq Mid Output kit (300 
cycles) (Illumina). Resulting reads were trimmed and de novo assembled using default set-
tings on CLC Genomics Workbench version 21 (QIAGEN, Venlo, The Netherlands). Po-
tential viral sequences were identified from the contigs through BLASTN and BLASTX 

Figure 1. Collection sites of ticks positive for Jingmen tick virus (JMTV) and Takachi virus (TAKV) in Japan. The inset at the
bottom right indicates the geographical location of the enlarged map. Red circles indicate sites where the virus-positive
ticks were collected. The virus strain and sample collection year of JMTV (rounded rectangles with a red solid line) and
TAKV (rounded rectangles with a blue double-lined border) are indicated.

2.3. Virus Isolation
Attempts to isolate infectious virus from the aforementioned filtrated tick homogenates

were made using Vero cells [African green monkey kidney, Japanese Collection of Research
Bioresources Cell Bank (JCRB), Osaka, Japan] or BHK-21 cells (Syrian hamster kidney,
JCRB) as described by Kobayashi et al. [23]. In brief, 50 µL of each filtrate of pooled tick
homogenate prepared for RNA virome analysis described above was inoculated onto
monolayer cells, which were incubated for 1 h at 37 �C and 5% CO2. A fresh culture
medium was then added to each well, and the incubation was continued for seven days,
followed by two subsequent blind passages under the same conditions. Culture super-
natants after the incubation period were analyzed using next-generation sequencers (as
described previously) [23,26] to confirm viral isolation.

2.4. Retrospective Screening of Samples from Previous Virus Isolation Studies
Previously, we used BHK-21 cells to isolate viruses from field-caught ticks from various

parts of Japan during 2013 to 2014 [29]. The blind-passaged cell culture supernatants from
46 sample pools (Supplementary Table S1) were mixed (500 µL/pool), and the mixture
concentrated and replaced with the SM buffer [50 mM Tris-HCl (pH 7.5), 100 mM NaCl,
8 mM MgSO4], as described previously [30]. The concentrated fluid was treated with
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The genus Orthonairovirus, which is part of the family 
Nairoviridae, includes the important tick-transmitted patho-
gens Crimean–Congo hemorrhagic fever virus and Nairobi 
sheep disease virus, as well as many other poorly charac-
terized viruses found in ticks, birds and mammals1,2. In this 
study, we identified a new orthonairovirus, Songling virus 
(SGLV), from patients who reported being bitten by ticks in 
Heilongjiang Province in northeastern China. SGLV shared 
similar genomic and morphological features with orthonairo-
viruses and phylogenetically formed a unique clade in Tamdy 
orthonairovirus of the Nairoviridae family. The isolated SGLV 
induced cytopathic effects in human hepatoma cells in vitro. 
SGLV infection was confirmed in 42 hospitalized patients 
analyzed between 2017 and 2018, with the main clinical mani-
festations being headache, fever, depression, fatigue and diz-
ziness. More than two-thirds (69%) of patients generated 
virus-specific antibody responses in the acute phase. Taken 
together, these results suggest that this newly discovered 
orthonairovirus is associated with human febrile illness in 
China.

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

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

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

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

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

We also obtained partial sequences of three other strains, 
HLB178, HLJ1175 and GH1185, from archived samples by nested 
RT–PCR assay, which were genetically related to the strain HLJ1202. 
SGLVs were phylogenetically grouped into the Tamdy genogroup 
and formed a unique clade distinct from other Tamdy orthonairo-
viruses, indicating that SGLV might represent a new species in the 
Nairoviridae family (Fig. 1c–e and Extended Data Fig. 5). Sequence 
comparison demonstrated that SGLV was more closely related to the 
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Tamdy orthonairoviruses (46.5–65.7% nt and aa similarity) than to 
other genogroups of orthonairoviruses, with 24.6–50.6% nt and aa 
similarity (Extended Data Fig. 6 and Supplementary Tables 5and 6), 
further supporting that SGLV is a new species in the Tamdy orthonai-
rovirus. With the exception of Burana virus, all Tamdy orthonairo-
viruses have been detected in ticks in China, suggesting that Tamdy 
orthonairoviruses have high genetic diversity in China8,24,25.

From April 7, 2017, to December 6, 2018, 42 of 658 hospitalized 
patients who had a history of tick bites were confirmed by real-time 
RT–PCR analysis to be infected with SGLV (Extended Data Fig. 
7 and Supplementary Table 7). Of these patients, 12 were identi-
fied in 2017 (12/348) and 30 in 2018 (30/310); 29 were from Inner 
Mongolia, and 13 were from Heilongjiang (Extended Data Fig. 8); 
and 90.5% of infections occurred between May and July. All the 
patients were field workers or lived in forested areas. The median 
age of the 42 patients was 48 years old, ranging from 24 to 70 years; 
26 (61.9%) were 40–60 years old, and 29 (69.0%) were male. The 
self-reported incubation period of SGLV infection was estimated to 
range from 1 to 25 d (median, 6 d; interquartile range, 4–8 d).

Headache (76%) and fever (74%) were the most common clini-
cal manifestations; 52% of patients reported depression, and 50% 
reported fatigue or dizziness. Other clinical symptoms included 
myalgia or arthralgia, rash or petechiae, anorexia and nausea. 
Several patients manifested vomiting, chest tightness, chills, cough, 
tinnitus, stomach discomfort, diarrhea, malaise, insomnia, coma, 
abdominal pain or tenderness (Table 1). These clinical manifesta-
tions have also been observed in other tick-borne diseases, such as 
tick-borne encephalitis virus, Alongshan virus, anaplasmosis, babe-
siosis and rickettsiosis13–16. Thus, SGLV should be included in the 
differential diagnosis of other tick-borne pathogens.

Abnormal laboratory results included elevated levels of homo-
cysteine (93%) and high-sensitivity C-reactive protein (82%) 
and decreased levels of hypersensitive troponin (83%), myoglo-
bin (83%) and apolipoprotein (78%), which might be related to  

inflammation, coagulation or endothelial dysfunction26,27. Liver 
injury was indicated by enhanced serum aspartate aminotransferase 
(32%) and alanine aminotransferase (16%) (Supplementary Table 8).

The patients were empirically treated with a combination of ben-
zylpenicillin sodium (4 million units per day) and ribavirin (0.5 g 
per day). The duration of symptoms ranged from 2 to 60 d (median, 
12 d; interquartile range, 9–17 d). The symptoms usually resolved 
2–27 d after treatment (Fig. 2a).

SGLV was isolated using cell culture assays from the blood sam-
ples of index patient HLJ1202 and three other patients: HLB178, 
HLJ1175 and GH1185. Virus-induced cytopathogenic effects 
(CPEs) were observed in infected SMMC-7721 (hepatocellular car-
cinoma) cells but not in Vero (African green monkey kidney) and 
BHK-21 (baby hamster kidney) cells. SGLV could be detected in 
the three cell lines using indirect immunofluorescence assay (IFA) 
(Extended Data Fig. 9). Electron micrographs showed that nega-
tively stained viral particles were generally enveloped spheres with 
some surface projections and diameters ranging from approximately 
80–100 nm (Fig. 1f). Viral particles were observed in ultra-thin sec-
tions of SGLV-infected cells (Fig. 1g). This virus morphology was 
consistent with that of the Nairoviridae family28. Because the virus 
was isolated from the blood samples of patients infected with SGLV, 
it might present a potential blood transfusion safety risk29.

We evaluated the serological reaction against SGLV in infected 
patients by using indirect ELISA based on recombinant nucleopro-
tein (Extended Data Fig. 10) and microneutralization. The ELISA 
results demonstrated an IgM-positive rate of 61.9% (26/42) and an 
IgG-positive rate of 40.5% (17/42). Neutralizing antibodies exhib-
ited a prevalence of 26.2% (11/42). In total, 29 (69.0%) of 42 patients 
generated virus-specific antibody responses in the acute phase of 
infection (Supplementary Table 9). We further classified all serum 
samples into three groups according to the sampling time after tick 
bite (Fig. 2b), showing that the average IgM titer was higher in the 
1–9-d group, with a downward trend in the 10–18-d and 18–30-d 
groups. An upward trend of the average IgG titer was observed dur-
ing the acute phase of SGLV infection. Neither viral RNA nor spe-
cific antibodies against SGLV were detected in healthy individuals 
from the same region. Interestingly, SGLV-specific IgG antibody 
was not found in 13 patients, which might be caused by different 
immunological responses in individuals. In addition, SGLV infec-
tion of these patients could be still in the very early phase of the 
acute infection.

As all patients had tick bites before illness onset, we investigated 
the presence of SGLV in ticks collected in the case-distributed 
areas by real-time RT–PCR. Four hard tick species, including 
Ixodes crenulatus, Ixodes persulcatus, Haemaphysalis concinna and 
Haemaphysalis longicornis, tested positive for SGLV, with a natural 
infection rate of 0.8–5.5% (Supplementary Table 10). The highest 
prevalence was observed in I. crenulatus (5.5%), which is widely 
distributed in Asia and Europe, suggesting that I. crenulatus might 
be the primary carrier of the virus. However, the ability of ticks to 
transmit SGLV warrants experimental verification. The candidate 
SGLV viruses from ticks were closely related to those in blood 
samples from patients bitten by ticks (Fig. 3). Thus, SGLV infection 
should be suspected in individuals who have been exposed to tick 
bites in these areas.

In this study, a newly discovered orthonairovirus was identified 
in patients with histories of tick bites in northeastern China. Our 
findings demonstrated an association between febrile illness and this 
novel orthonairovirus. However, only a small number of patients 
with SGLV infection were identified in this study; thus, active sur-
veillance should be performed to identify more patients and to 
determine the clinical characteristics of SGLV infection. The pres-
ent study was not designed to fulfill Koch’s postulates of identifying 
a novel etiology. An animal infection model should be developed to 
simulate the clinical symptoms of patients with SGLV infection, as 

Table 1 | Clinical manifestations of 42 patients infected with 
SGLV

Clinical manifestation Confirmed cases (n!=!42)

Headache 32 (76%)
Fever 31 (74%)
Depression 22 (52%)
Fatigue 21 (50%)
Dizziness 21 (50%)
Myalgia or arthralgia 14 (33%)
Rash or petechiae 13 (31%)
Anorexia 13 (31%)
Nausea 11 (26%)
Vomiting 7 (17%)
Chest tightness 6 (14%)
Chills 4 (10%)
Cough 4 (10%)
Tinnitus 3 (7%)
Stomach discomfort 3 (7%)
Diarrhea 2 (5%)
Malaise 2 (5%)
Insomnia 2 (5%)
Coma 1 (2%)

Abdominal pain or tenderness 1 (2%)
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Fig. 2 | Timeline of patients with SGLV infection and serological investigation. a, Timeline of 42 patients with SGLV infection. Patients are presented 
in chronological order based on the date of sample collection. Headache and fever were used as the cutoff of acute SGLV disease. Different periods of 
disease course are indicated with different-colored arrows, and various milestones are presented with different-colored symbols. The median of incubation 
and acute periods are presented with a gray dotted line and a black dotted line, respectively. b, Presentation of OD450 values for ELISA IgM of serum 
samples from patients infected with SGLV. The cutoff value was 0.4, and positive samples were marked with blue. c, Presentation of OD450 values for ELISA 
IgG of serum samples from patients infected with SGLV. The cutoff value was 0.8, and positive samples were marked with yellow. For both Fig. 2b and c, 
the control group consisted of eight pools of healthy individuals, with 12–13 healthy serum samples in each pool. The 1–9-d, 10–18-d and 19–30-d groups 
consist of 17, 18 and 7 serum samples from patients infected with SGLV, respectively. The mean and s.e.m. are indicated for each group, and differences 
between each group are considered statistically significant at P < 0.05 and marked with asterisks (*P!<!0.05 and **P!<!0.01); two-tailed unpaired t-tests.
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manifestations in suckling mice as described above
(data not shown).

Discussion

The present study provided virological, epidemiologi-
cal, and experimental results of the newly discovered
nairo-like virus BJNV, showing that it may be the etio-
logical agent responsible for the febrile illness in
northeastern China. BJNV RNA was detected in 67
patients who had the clinical symptoms of fever and
headache, while absent in healthy population. The
virus has been isolated from the patients, and can
infect several human cell lines. The isolated virus

could cause disease in suckling mice that produce
growth retardation, viremia, and histopathological
changes. Re-isolated virus from the infected suckling
mice could also induce viremia and histopathological
changes in suckling mice.

Interestingly, BJNV belongs to a cluster of nairo-
like viruses that are genetically closely related to nair-
oviruses, but seem to be different from the typical
nairovirus species, as they are all apparently missing
the medium M segment that codes for the viral glyco-
proteins. More recently, another virus very closely
related to BJNV, Gakugsa tick virus, has been
described in Russia. This nairo-like cluster consists
of possible two other distinct viruses, including
South Bay virus found in the United States of America
and Grotenhout virus found in Belgium [4, 6].
Recently, two viruses, including Pustyn virus found
in Russia and Norway nairovirus 1 found in Norway,
are very closely related viruses to Grotenhout virus,
suggesting that Grotenhout virus has an extended geo-
graphical spread. BJNV RNA has been detected in
multiple tick species, such as I. persulcatus,
I. crenulatus, D. silvarum, D nuttalli, H. concinna,
H. longicornis, and domestic animals (sheep and
cattle) in northeastern China, while Gakugsa tick
virus has been found in I. persulcatus in Russia. There-
fore, these ticks may be candidate vectors of BJNV,
and the virus may also have a wide geographical
distribution.

Our study has limitations. Firstly, we failed to
obtain the potential medium segment of BJNV using
meta-transcriptomics analysis (Supplementary
material), as it usually encodes the glycoproteins in

Table 1. Clinical characteristic of 67 patients with BJNV
infection.
Clinical symptomsa Patients with symptoms (%, n = 67)

Fever 67 (100)
Headache 66 (99)
Depression 42 (63)
Coma 42 (63)
Fatigue 36 (54)
Myalgia or arthralgia 30 (45)
Poor appetite 24 (36)
Skin rash or petechiae 21 (31)
Cough 15 (22)
Chills 12 (18)
Chest tightness 12 (18)
Vomiting 3 (5)
Lymphadenopathy 3 (5)
Abdominal pain or tenderness 3 (5)
Diarrhea 3 (5)
Skin itching 3 (5)
Nausea 2 (3)
dyspnea 2 (3)
aShown are prospectively collected clinical characteristics of patients with
laboratory-confirmed BJNV infection.

Figure 5. Animal infection with BJNV infection. Wild-type C57BL/6 suckling mice aged 1 day were inoculated with BJNV by the
intracerebral route. The animals showed decreased body weight (A, n = 5), and viremia (B, n = 5) and viral loads in the tissues (C, n
= 5) were detected by real-time RT-PCR. Viral loads were presented by common logarithm. Pathological changes of the lung (D)
and hepatic (E) tissues were observed. Thickened alveoli septum and infiltrated inflammatory cells (Red arrow, ×100) in lung.
Swelling (Blue arrow, ×100) and infiltrated inflammatory cells (Red arrow, ×100) in liver. Data are expressed as the mean ±
SEM. * P < 0.05; ** P < 0.01.
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ABSTRACT
Several nairo-like viruses have been discovered in ticks in recent years, but their relevance to public health remains
unknown. Here, we found a patient who had a history of tick bite and suffered from a febrile illness was infected
with a previously discovered RNA virus, Beiji nairovirus (BJNV), in the nairo-like virus group of the order Bunyavirales.
We isolated the virus by cell culture assay. BJNV could induce cytopathic effects in the baby hamster kidney and
human hepatocellular carcinoma cells. Negative-stain electron microscopy revealed enveloped and spherical viral
particles, morphologically similar to those of nairoviruses. We identified 67 patients as BJNV infection in 2017–2018.
The median age of patients was 48 years (interquartile range 41–53 years); the median incubation period was 7 days
(interquartile range 3–12 days). Most patients were men (70%), and a few (10%) had underlying diseases. Common
symptoms of infected patients included fever (100%), headache (99%), depression (63%), coma (63%), and fatigue
(54%), myalgia or arthralgia (45%); two (3%) patients became critically ill and one died. BJNV could cause growth
retardation, viremia and histopathological changes in infected suckling mice. BJNV was also detected in sheep, cattle,
and multiple tick species. These findings demonstrated that the newly discovered nairo-like virus may be associated
with a febrile illness, with the potential vectors of ticks and reservoirs of sheep and cattle, highlighting its public
health significance and necessity of further investigation in the tick-endemic areas worldwide.
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Introduction

Ticks rank only second to mosquitoes as arthropod
vectors of animal and human pathogens, including
viruses, bacteria, and parasites [1, 2]. Over the past
decade, a large number of new viruses have been dis-
covered in ticks by high-throughput sequencing,
including South bay virus, Pustyn virus, Grotenhout
virus, Norway nairovirus 1, Gakugsa tick virus, and
Beiji nairovirus, which belong to the recently discov-
ered nairo-like virus group in the order Bunyavirales
[3–8]. However, the relevance of these nairo-like
viruses to public health remains to be unveiled.

Monitoring unexplained fever cases in a sentinel
hospital is an effective method to identify disease-
related pathogens, by which many new tick-borne
viruses associated with human diseases, such as severe

fever with thrombocytopenia syndrome virus, Along-
shan virus (ALSV), and Songling virus (SGLV), have
been identified in China [9–11]. Active surveillance
for tick-borne diseases led to identification of a patient
with an unknown febrile illness in Inner Mongolia
Autonomous Region in northeastern China. An
investigation was initiated to identify the causative
pathogen, revealing a previously discovered nairo-
like virus Beiji nairovirus (BJNV) associated with the
febrile illness.

Materials and methods

Study design and sample collection

The cohort study recruited patients who reported
being bitten from ticks in the General Forestry

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
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prevalence of BJNV infection was found in ticks in
Inner Mongolia (4.3%) and Jilin (3.3%) as comparison
with that in Heilongjiang (1.0%). In addition, BJNV
RNA was detected in serum samples that were col-
lected from sheep and cattle in Inner Mongolia,
revealing a high prevalence of 54.6% (118/216) in
sheep and 37.7% (86/228) in cattle.

We further obtained partial viral RNA sequences
from ticks and domesticated animals by RT-PCR
assays, and phylogenetic analysis revealed that they
were closely related to those present in human patients
(Table S10 and Figure S12), suggesting that they may
function the potential vectors and animal reservoirs
for this emerging virus, respectively.

Clinical features

The most common symptoms of the 67 BJNV-infected
patients were fever (67 patients) and headache (66

patients). Other clinical findings included depression
(42 patients), coma (42 patients), fatigue (36 patients),
myalgia or arthralgia (30 patients), poor appetite (24
patients), and skin rashes or petechiae (21 patients).
The clinical symptoms, including cough, chills, chest
and/or abdominal pain and tightness, vomiting, lym-
phadenopathy, diarrhea, nausea, and itching were
also observed in some of the patients (Table 1). Two
(3%) patients became critically ill, and were admitted
to an intensive care unit due to dyspnea; one died
(Figure S13).

Laboratory testing revealed an elevated level of
high sensitivity C-reactive protein in 74.4% patients.
Multiple organ dysfunction was seen, with the most
common organ damage of liver, followed by heart
and kidney. Overall, 31% (20/65) of patient had
increased level of alanine aminotransferase, 39%
(25/65) had increased aspartate aminotransferase,
41% (7/17) had increased lactate dehydrogenase,

Figure 2. Genome characterization and phylogenetic analysis of BJNV. (A) Schematic genome organization of BJNV. The predicted
open reading frames (ORFs) and their super families are shown in boxes; the terminal reverse complementary sequences are indi-
cated (top panel). B, Phylogenetic analysis of BJNV based on the amino acid sequences of the S segment (B), and the L segment
(C). The viruses in the order Bunyavirale used for phylogenetic analysis are shown in Table S4. The phylogenetic trees were con-
structed with the Molecular Evolutionary Genetics Analysis software version 5.0 using the Maximum likelihood method with the
Jones-Taylor-Thornton model and complete deletion of gaps. Bootstrap testing of 1000 replicates was performed, and the boot-
strap values are indicated. Sequences are identified by their GenBank accession numbers, followed by the virus name and strain.
The viruses identified in this study are shown in red. The scale bars in each panel indicate 0.1 substitutions per site. BJNV, Beiji
nairovirus; GTV, Gakugsa tick virus; NNV-1, Norway nairovirus 1; PTV, Pustyn virus; GTHV, Grotenhout virus; SBV, South Bay virus.
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1. Introduction 

Emerging and re-emerging infectious diseases caused by tick-borne 
viruses have now been recognized as important global public health 
concerns (Zhou et al., 2022). In 2020–2021, novel tick-borne viruses 
from the family Nairoviridae have been identified as causative agents of 
human diseases in Far Eastern Asian countries: Beiji nairovirus (BJNV), 
Tacheng tick virus-1 and Songling virus were respectively reported to be 
associated with febrile illness in humans in China (Liu et al., 2020; Ma 
et al., 2021; Wang et al., 2021). Yezo virus was found in patients pre-
senting with acute febrile illnesses with thrombocytopenia and leuko-
penia after tick bites in Hokkaido, Japan (Kodama et al., 2021) followed 
by the retrospective identification of a patient in China (Lv et al., 2023). 
BJNV infections were detected in more than 100 patients including 
co-infected cases with other tick-borne pathogens in Northern China 
(Wang et al., 2021), and one fatal case of BJNV infection was reported. 
Thus, it is important to identify the endemic areas of BJNV outside of 
China to investigate its distribution and the potential threat to public 
health. 

BJNV was first discovered in Ixodes persulcatus samples collected in 
Northern China (Meng et al., 2019). According to the latest classification 
by the International Committee on Taxonomy of Viruses (ICTV), BJNV is 
now classified as a newly established species, Norwavirus beijiense, which 
belongs to the genus Norwavirus, the family Nairoviridae, the order 
Bunyavirales (Zerbini et al., 2023). The genome of the genus Norwavirus 
is comprised of two segments: the S segment encoding a nucleoprotein 
(N) and the L segment encoding an RNA-dependent RNA polymerase 

(RdRp). However, an M segment, typically encoding glycoproteins as in 
other nairoviruses, has not yet been identified in norwaviruses. In 
addition to BJNV, the species Norwavirus beijiense also includes Gakugsa 
tick virus (GSTV) which has been found in I. persulcatus ticks in Russia. 
Recently, Yichun nairovirus (YCNV) which is phylogenetically closely 
related to BJNV was discovered through high-throughput RNA 
sequencing of ticks in China, inferring the possible existence of different 
BJNV-related viruses (Liu et al., 2022). While BJNV and BJNV-related 
viruses have to date been detected only in China and Russia, the ende-
micity of BJNV in other regions remains unclear. In this study, we 
screened for BJNV using ticks collected in Japan and have revealed a 
wide distribution of diverse BJNVs and BJNV-related viruses. 

2. Materials and methods 

2.1. Tick collection and sample processing 

A total of 2209 adult host-questing ticks were captured using the 
flagging method across multiple locations in Japan, from 2013 to 2021 
and in particular with a focus on the northern island, Hokkaido, where 
Ixodes ticks dominate (Fig. 1, Tables S1 and S2). Tick species were 
identified under a stereomicroscope based on morphologic features. 
Captured ticks were washed once in 10 % bleach, twice in 70 % ethanol 
and then once in PBS. Each tick was homogenized with 100 μl of Dul-
becco’s Modified Eagle Medium (DMEM, Sigma-Aldrich, Merck, St. 
Louis, MO, USA) using a homogenizer (Tomy Seiko, Tokyo, Japan) twice 
at 3000 rpm for 1 min. Total RNA was extracted from 50 μl of tick 

Fig. 1. Relationships between the tick collection sites and phylogenetic trees of Beiji nairovirus (BJNV) and the BJNV-related viruses. BJNV, Mikuni nairovirus 
(MKNV) and Yichun nairovirus (YCNV)-positive ticks were captured in the areas indicated by blue, yellow and green circles, respectively. Black circles indicate 
collection sites where BJNV, MKNV and YCNV-positive ticks were not identified. The phylogenetic tree of partial nucleotide sequences of the RNA-dependent RNA 
polymerase was inferred by maximum-likelihood method with bootstrap values of 500 replicates. Nodes with ω70 % bootstrap values are indicated by gray circles. 
Gray triangles on the phylogenetic tree indicate collapsed clusters consisting only of Chinese and Russian reference strains. The leaves of the phylogenetic tree 
corresponding to the variants identified in this study are connected by dashed lines to the regions where the variants were detected. Entire information of the 
phylogenetic tree is indicated in Fig. S2. 
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A B S T R A C T   

Beiji nairovirus (BJNV), in the family Nairoviridae, the order Bunyavirales, was recently reported as a causative 
agent of an emerging tick-borne zoonotic infection in China. This study investigated the prevalence of BJNV in 
ticks in Japan. Screening of over 2,000 ticks from multiple regions revealed a widespread distribution of BJNV 
and BJNV-related viruses in Japan, particularly in the northern island, and in other high altitude areas with 
exclusive occurrence of Ixodes ticks. Phylogenetic analysis identified three distinct groups of nairoviruses in ticks 
in Japan: BJNV, Yichun nairovirus (YCNV) and a newly identified Mikuni nairovirus (MKNV). BJNV and YCNV 
variants identified in ticks in Japan exhibited high nucleotide sequence identities to those in China and Russia 
with evidence of non-monophyletic evolution among BJNVs, suggesting multiple cross-border transmission 
events of BJNV between the Eurasian continent and Japan. Whole genome sequencing of BJNV and MKNV 
revealed a unique GA-rich region in the S segment, the significance of which remains to be determined. In 
conclusion, the present study has shown a wide distribution and diversity of BJNV-related nairoviruses in Ixodes 
ticks in Japan and has identified unique genomic structures. The findings demonstrate the significance of BJNV 
as well as related viruses in Japan and highlight the necessity of monitoring emerging nairovirus infections and 
their potential risks to public health.  
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BACKGROUND
In June 2019, a patient presented with persistent fever and multiple organ dysfunction 
after a tick bite at a wetland park in Inner Mongolia. Next-generation sequencing in 
this patient revealed an infection with a previously unknown orthonairovirus, which 
we designated Wetland virus (WELV).

METHODS
We conducted active hospital-based surveillance to determine the prevalence of 
WELV infection among febrile patients with a history of tick bites. Epidemiologic 
investigation was performed. The virus was isolated, and its infectivity and pathoge-
nicity were investigated in animal models.

RESULTS
WELV is a member of the orthonairovirus genus in the Nairoviridae family and is 
most closely related to the tickborne Hazara orthonairovirus genogroup. Acute 
WELV infection was identified in 17 patients from Inner Mongolia, Heilongjiang, 
Jilin, and Liaoning, China, by means of reverse-transcriptase–polymerase-chain-
reaction assay. These patients presented with nonspecific symptoms, including 
fever, dizziness, headache, malaise, myalgia, arthritis, and back pain and less 
frequently with petechiae and localized lymphadenopathy. One patient had neuro-
logic symptoms. Common laboratory findings were leukopenia, thrombocytopenia, 
and elevated d-dimer and lactate dehydrogenase levels. Serologic assessment of 
convalescent-stage samples obtained from 8 patients showed WELV-specific anti-
body titers that were 4 times as high as those in acute-phase samples. WELV RNA 
was detected in five tick species and in sheep, horses, pigs, and Transbaikal zokors 
(Myospalax psilurus) sampled in northeastern China. The virus that was isolated 
from the index patient and ticks showed cytopathic effects in human umbilical-
vein endothelial cells. Intraperitoneal injection of the virus resulted in lethal infec-
tions in BALB/c, C57BL/6, and Kunming mice. The Haemaphysalis concinna tick is a 
possible vector that can transovarially transmit WELV.

CONCLUSIONS
A newly discovered orthonairovirus was identified and shown to be associated with 
human febrile illnesses in northeastern China. (Funded by the National Natural Sci-
ence Foundation of China and the Chinese Academy of Medical Sciences Innovation 
Fund for Medical Sciences.)
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Tickborne virus infections are a 
global health problem that are associated 
with considerable morbidity and mortal-

ity.1,2 Over the past decade, several emerging 
tickborne viruses associated with human dis-
eases, such as the severe fever with thrombocy-
topenia syndrome virus,3 the Heartland virus,4
the Alongshan virus,5 the Beiji nairovirus,6 and 
the Songling virus,7 have been discovered. With-
in the bunyaviral family Nairoviridae, the genus 
orthonairovirus contains major species respon-
sible for human infections, including Crimean–
Congo hemorrhagic fever, Dugbe virus,8 Nairobi 
sheep disease virus, Songling virus,7 Yezo virus,9
Tacheng tick virus 1,10 and Beiji nairovirus,11 all 
of which are transmitted by tick vectors. Apart 
from the pathogenic Crimean–Congo hemor-
rhagic fever, the other infections cause relatively 
mild disease; however, they are of public health 
significance because of their broad host range 

and wide geographic distribution.12 Despite an 
increase in the discovery of different nairoviruses, 
the maintenance of enzootic cycles remains un-
clear, which hinders the adoption of effective 
prevention and control measures. Here, we char-
acterize a potentially pathogenic orthonairovirus, 
report its clinical manifestations in humans and 
findings from epidemiologic investigations, and 
show its infectivity and pathogenicity in animal 
models.

 Me thods

 Metagenomic Analysis and Genome 
Determination

In June 2019, a 61-year-old man was admitted to 
a sentinel hospital in Jinzhou, Liaoning prov-
ince, China, because of fever, headache, malaise, 
anorexia, vomiting, and lymphadenopathy. He 
recalled being bitten by ticks during a recent trip 

Figure 1. Geographic Distribution of the Wetland Virus (WELV) in Northeastern China.

The areas where surveillance of zoonotic pathogens was carried out are shown in orange. The solid red circle indicates 
the location where the index patient was bitten by ticks. Open red circles indicate the locations of the patients with 
confirmed WELV infection. Triangles indicate the capture sites of ticks with evidence of WELV infection. Squares indi-
cates the capture sites of animals with evidence of WELV infection. The color of the triangles and squares reflects the 
prevalence of WELV infection.
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Among these patients, 20 (2.9%) tested positive 
for WELV and negative for nine zoonotic patho-
gens; 17 of these patients had single infection 
(see the Supplementary Methods section in the 
Supplementary Appendix). Three patients (15%) 
had WELV coinfection with one of the tested 
zoonotic pathogens (spotted fever group rickett-
sia in two patients and Borrelia burgdorferi sensu 
lato in 1 patient). The 17 patients with single 
infection were geographically distributed across 
northeastern China (Fig. 1). The median age was 
56 years (range, 34 to 76), and 8 patients (47%) 
were women. The median duration from symp-
tom onset to presentation at a clinic or hospital 
was 5 days (range, 2 to 11).

On admission, the 17 patients with single 
WELV infection had nonspecific symptoms, 
including fever (in 94%), dizziness (in 65%), 
headache (in 53%), malaise (in 53%), myalgia 
(in 29%), arthritis (in 18%), and back pain (in 
12%). Gastrointestinal manifestations (nausea, 
vomiting, and diarrhea) were present in 53% of 
the patients. Petechiae and localized lymphade-
nopathy were noted in 24% and 29% of the pa-
tients, respectively; 1 patient had neurologic 
symptoms including dysphoria, lethargy, and 
coma. Frequently observed laboratory test ab-
normalities on admission included lymphopenia 
(in 65%), thrombocytopenia (in 41%), leucope-
nia (in 35%), and increased levels of high-sensi-
tivity C-reactive protein (in 47%), fibrinogen (in 
47%), d-dimer (in 41%), lactate dehydrogenase 
(in 41%), and hepatic enzymes (in 29%) (Table 1 
and Table S5). The patient presenting with neu-
rologic symptoms underwent cerebrospinal-
f luid testing, which revealed abnormal find-
ings including an increased white-cell count of 
105×106 per liter (90% lymphocytes and 10% 
neutrophils) and a total protein level of 1446 mg 
per liter.

Among the 17 serum samples obtained dur-
ing the acute phase of illness, 4 (24%) showed 
WELV-specific antibodies, as detected by both 
ELISA and immunofluorescence assay (Table S6). 
Eight patients had serum samples obtained dur-
ing the convalescent phase, all of which showed 
seroconversion or an antibody titer that was 4 
times as high as that in the acute-phase samples 
and a microneutralization antibody titer greater 
than 1:160.

Intravenous ribavirin was administered to 7 

patients, antibiotic therapy with levofloxacin or 
doxycycline to 8 patients, and immune globulin 
therapy to 5 patients. All the patients recovered 
and were discharged after 4 to 15 days (median, 
8) of hospitalization, and no sequelae were re-
ported.

Table 1. Clinical Characteristics of Patients with Wetland Virus Infection.*

Characteristic
Patients 
(N = 17)

no. (%)

Clinical signs

Fever 16 (94)†

Dizziness 11 (65)

Headache 9 (53)

Malaise 9 (53)

Myalgia 5 (29)

Arthritis 3 (18)

Back pain 2 (12)

Lymphadenopathy 4 (24)

Nausea 7 (41)

Vomiting 4 (24)

Diarrhea 2 (12)

Petechiae 5 (29)

Dysphoria 1 (6)

Lethargy 1 (6)

Coma 1 (6)

Laboratory findings

Leukopenia, white-cell count <4.0×109/liter 6 (35)

Thrombocytopenia, platelet count <100×109/liter 7 (41)

Lymphopenia, lymphocyte count <20% 11 (65)

High serum fibrinogen level, >4.0 g/liter 8 (47)

High serum d-dimer level, >0.55 mg/liter 7 (41)

High serum hs-CRP level, >3 mg/liter 8 (47)

High serum AST and ALT levels, >40 U/liter 5 (29)

High serum LDH level, >245 U/liter 7 (41)

High serum creatine kinase level, >200 U/liter 2 (12)

High serum creatinine level, >97 µmol/liter 4 (24)

High serum uric acid level, >416 µmol/liter 4 (24)

*  To convert the values for creatinine to milligrams per deciliter, divide by 88.4. 
To convert the values for uric acid to milligrams per deciliter, divide by 59.48. 
ALT denotes alanine aminotransferase, AST aspartate aminotransferase,  
hs-CRP high-sensitivity C-reactive protein, and LDH lactate dehydrogenase.

†  One patient had a fever 2 days before hospital admission but was afebrile on 
admission.
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Candidatus Rickettsia 
tarasevichiae（CRT）

• 2013年に中国の北東地域で新しい紅斑熱グループリケッチ
アによる5人の患者が報告された。 

• さらに近年中国の北東地域の病院をSFTS様の症状で受診し
た患者のうち56人がCRT感染症であったと報告された 

• CRT感染症は他のリケッチア症と同様に、発熱、頭痛、関
節痛などの非特異的な症状を呈するようである。 

• 皮疹を呈した患者は2人（3.6％）のみであり、さらには痂
皮が見られたのは16％であった
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Tick-borne Pathogens Detected in the Blood of 
Immunosuppressed Norwegian Patients Living in a 
Tick-endemic Area
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Background. "e knowledge regarding the occurrence and the clinical implications of tick-borne infections in immunosup-
pressed patients living in tick-endemic areas is limited.

Methods. Adult patients with autoimmune conditions requiring immunosuppressive treatment such as in#iximab and rituximab 
were invited to participate in the study when they attended the hospital for treatment and/or control of the disease. Whole-blood 
samples were analyzed by real-time polymerase chain reaction for Borrelia burgdorferi sensu lato, Borrelia miyamotoi, Anaplasma 
phagocytophilum, Rickettsia spp., Candidatus Neoehrlichia mikurensis, and Babesia spp.

Results. "e occurrence of tick-borne pathogens in the blood of patients (n = 163) with autoimmune conditions requiring im-
munosuppressive treatment was evaluated. Pathogen DNA was detected in 8.6% (14/163) of the patients. "e predominant pathogen 
was Ca. Neoehrlichia mikurensis (12/14), which was carried in the blood of infected patients for 10–59 days until treatment with 
doxycycline. B. burgdorferi s.l. and Rickettsia spp. were detected in 1 patient each. "e B. burgdorferi–infected patient presented with 
fever, whereas the remaining patients were judged to have subclinical infections. B. miyamotoi, A. phagocytophilum, and Babesia spp. 
were not detected in any patient.

Conclusions. Patients treated with biologicals and living in a tick-endemic area seem to have a high risk of contracting Ca. 
Neoehrlichia mikurensis infection, which, if le$ untreated, could result in thromboembolic complications.

Keywords.  tick-borne disease; Ca. Neoehrlichia mikurensis; Borrelia burgdorferi sensu lato; Rickettsia spp.

The main vector for tick-borne pathogens in Europe is 
Ixodes ricinus, known for transmitting infections caused by 
Borrelia burgdorferi sensu lato (borreliosis) and Anaplasma 
phagocytophilum (anaplasmosis). Whereas borreliosis has a 
great impact on human health in Europe, anaplasmosis cases 
are less frequently reported (https://www.ecdc.europa.eu). 
Ixodes ricinus may also transmit less-established pathogens 
such as Rickettsia spp., Candidatus Neoehrlichia mikurensis, 
Borrelia miyamotoi, and Babesia. Relatively few human cases 
caused by these microbes have been reported in Europe [1–7], 
which may partly be explained by diagnostic challenges. None 

of these pathogens can be detected by routine culture methods, 
and the microscopic (Babesia), serological (A. phagocytophilum 
and Babesia), and molecular (A.  phagocytophilum, Babesia, 
B.  miyamotoi, Ca. Neoehrlichia mikurensis) assays presently 
available for diagnosis are only available at certain specialized 
clinical laboratories in Europe. Another explanation for the 
few reported disease cases may be because the human immune 
system normally eliminates these pathogens, such that most 
cases are asymptomatic or present as mild infections that go 
unrecognized.

Individuals with a weakened immune system are vulnerable 
to infections. A  rapidly expanding group are patients treated 
with biological therapies (eg, tumor necrosis factor [TNF] 
α and CD20 inhibitors) for autoimmune diseases such as in-
#ammatory bowel disease, multiple sclerosis, and rheumatoid 
arthritis. Reports on the health burden of tick-borne infec-
tious diseases in this group of patients are limited. Rituximab 
(CD20 inhibitor)-treated patients with erythema migrans 
seem to be at higher risk of disseminated disease compared 
with immune-competent individuals [8] Similarly, patients 
with lymphoma using rituximab are susceptible to persistent/
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DISCUSSION

Tick-borne bacterial pathogen DNA was detected in the blood 
of close to every 10th immunocompromised patient receiving 
biologicals for an autoimmune disease in a high-endemic re-
gion of tick-borne infections in Norway. The most frequent 
pathogen was Ca. Neoehrlichia mikurensis (12/14), followed by 
Borrelia burgdorferi and Rickettsia spp., which were detected in 
1 patient each. Anaplasma phagocytophilum, B. miyamotoi, and 
Babesia were not detected at all.

Ca. Neoehrlichia mikurensis is the second most prevalent 
I.  ricinus pathogen in the project area with a prevalence rate 
of up to 17–25%, second to B.  burgdorferi with a prevalence 
rate of approximately 30% [23–25]. Di"erences in infection 
e#ciency, tissue tropism, and magnitude of bacteremia may 
explain the higher incidence of Ca. Neoehrlichia mikurensis in-
fections than B. burgdorferi infections in the blood of the study 
patients. Although Borrelia may stay in the blood for weeks 
during the early phase of infection, the concentration seems to 
be very low [26], possibly as few as 1 spirochete/10 mL blood 
[27]. In contrast, Ca. Neoehrlichia mikurensis infects the vas-
cular endothelium [28] and may give rise to a level of DNA-
emia as high as 106 gene copies/mL in immunocompromised 

individuals [6, 29]. Months-long carriage of Ca. Neoehrlichia 
mikurensis DNA in the blood has been detected in immuno-
competent individuals [29, 30]. We complement the $ndings 
by showing this also features in immunocompromised patients; 
Ca. Neoehrlichia mikurensis DNA was carried in the blood of 
infected patients for up to 2 months until treatment with dox-
ycycline. %e ability of Ca. Neoehrlichia mikurensis to cause a 
prolonged bloodstream infection most likely explains the high 
prevalence of the pathogen in the blood of the study patients. 
%e ability of Ca. Neoehrlichia mikurensis to cause persistent 
asymptomatic bloodstream infection raises concerns about 
neoehrlichiosis being a transfusion-transmitted infection such 
as babesiosis [31].

Ca. Neoehrlichia mikurensis causes symptomatic disease in 
immunocompromised hosts [6], whereas in immunocompe-
tent infected individuals, the clinical presentations range from 
no symptoms to febrile disease [7, 29, 30, 32]. In this study, 
immunocompromised patients presented with asymptomatic 
neoehrlichiosis as well, given that several patients did not ex-
perience any relief of symptoms a&er antibiotic treatment. 
Lack of symptoms and no abnormal in'ammation markers in 
infected study patients may be due to attenuated in'ammation 

Table 3. Symptoms of Immunosuppressed Patients with Tick-borne Pathogen DNA in Blood

Patient 
No. Age, Y Sex Diagnosis

Immune Therapy  
(Duration in  

Years/Months or  
No. of Doses)

Pathogen DNA 
Detected

Self-reported Symptoms (Nonitalic) and Clinical Status  
Recorded at Hospital (Italics)

At Inclusion After Treatment

1 47 F Crohn’s disease Infliximab (>2 years) Ca. Neoehrlichia 
mikurensis

Increasing fatigue Recovery

2 40 F Multiple sclerosis Rituximab (1 dose) Borrelia burgdorferi Pain and fatigue; fever, CRP↑ Recovery; CRP↓
3 47 M Crohn’s disease Infliximab (1 dose) Ca. Neoehrlichia 

mikurensis
Fatigue; fever 9 days earlier,  

postponed infusion of infliximab
No change

4 44 F Multiple sclerosis Rituximab (1 dose) Ca. Neoehrlichia 
mikurensis

None No change

5 68 M Rheumatoid arthritis Rituximab (>4 years) Ca. Neoehrlichia 
mikurensis

Pain in the neck, back, ankles  
and hips

No change

6 26 F Ulcerative colitis Infliximab (>1 year) Ca. Neoehrlichia 
mikurensis

Headache, nausea, dizziness, and 
fatigue

No change (less head-
ache?)

7 64 F Ulcerative colitis Infliximab (>6 years) Ca. Neoehrlichia 
mikurensis

None No change

8 34 F Sjögren’s syndrome Rituximab (>5 years) Rickettsia spp. Pain, sleep problems and fatigue (No treatment)
9 48 F Psoriatic arthritis Infliximab (>1 year) Ca. Neoehrlichia 

mikurensis
None; CRP↑ No change; CRP↓

10 60 F Crohn’s disease Infliximab (>9 years) Ca. Neoehrlichia 
mikurensis

None Recovery of stiffness and 
fatigue

11 45 M Crohn’s disease Infliximab (>4 years) Ca. Neoehrlichia 
mikurensis

None No change

12 52 M Ulcerative pancolitis Infliximab (>7 years) Ca. Neoehrlichia 
mikurensis

Bone pain, nightly sweats, and sleep 
problems

No change

13 52 F Sacroiliitis HLA B27 Infliximab (>2 years) Ca. Neoehrlichia 
mikurensis

Unknown Recovery of “heavy” 
arms, rash, and fatigue

14 59 M Psoriatic arthritis Infliximab (6 months) Ca. Neoehrlichia 
mikurensis

Pain, dizziness, headache, nightly 
sweats, sleep problems, and 
fatigue

(No treatment)

Abbreviations: Ca, Candidatus; CRP, C-reactive protein; F, female; HLA, human major histocompatibility complex; M, male.
↑, increasing; ↓, decreasing.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/73/7/e2364/5871078 by O

SAKA U
N

IVER
SITY LIFE SC

IEN
C

ES LIBR
AR

Y user on 28 O
ctober 2024



M A J O R  A R T I C L E

Neoehrlichia mikurensis Vasculitis • CID 2020:XX (XX XXXX) • 1

Clinical Infectious Diseases

 

Received 14 April 2020; editorial decision 4 August 2020; published online 20 August 2020.
Correspondence: C.  Wennerås, Guldhedsgatan 10A, 413 46 Göteborg, Sweden (christine.

wenneras@microbio.gu.se).

Clinical Infectious Diseases®  2020;XX(XX):1–7
© The Author(s) 2020. Published by Oxford University Press for the Infectious Diseases Society 
of America.  All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
DOI: 10.1093/cid/ciaa1217
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Background. Candidatus (Ca.) Neoehrlichia (N.) mikurensis is an emerging tick-borne pathogen of humans that is closely re-
lated to Ehrlichia and Anaplasma species. "is strict intracellular bacterium escapes detection by routine microbiologic diagnostic 
methods such as blood culture, leading to considerable under-diagnosis of the infectious disease it causes, neoehrlichiosis. 

Methods. Here, we describe the vascular and thromboembolic events a#icting a series of 40 patients diagnosed with 
neoehrlichiosis in Sweden during a 10-year period (2009–2019). 

Results. "e majority of the patients (60%) developed vascular events ranging from repeated thrombophlebitis, deep vein 
thrombosis, pulmonary embolism, transitory ischemic attacks, to arteritis. Younger age was a risk factor for vascular complications. 
In contrast, there was no di$erence in the incidence of vascular events between immunosuppressed and immunocompetent patients. 
However, there were qualitative di$erences, such that deep vein thrombosis exclusively a#icted the immunosuppressed patients, 
whereas arteritis was restricted to the immunocompetent persons. We also present the case histories of two patients who developed 
vasculitis mimicking polyarteritis nodosa and giant cell arteritis. Both were cured by doxycycline treatment. 

Conclusions. Ca. N. mikurensis infection should be considered in patients living in tick-endemic areas of Europe and northern 
Asia who present with atypical vascular and/or thromboembolic events. Early diagnosis and antibiotics targeting this emerging in-
fectious agent can eradicate the infection and prevent the development of new vascular events.

Keywords. Candidatus Neoehrlichia mikurensis; giant cell arteritis; infectious vasculitis; polyarteritis nodosa; tick-borne 
disease.

Candidatus (Ca.) Neoehrlichia (N.) mikurensis is the cause 
of neoehrlichiosis, an infectious disease that is transmitted 
via tick-bites [1]. The first case of neoehrlichiosis was re-
ported 10  years ago and involved a fit elderly man with 
chronic lymphocytic leukemia who became ill with fever 
while kayaking in Sweden [2]. He was hospitalized and 
treated for suspected sepsis but was subsequently discharged 
with a diagnosis of deep vein thrombosis and pulmonary 
embolism. During the next 4  months, his fever returned 
repeatedly and he was subjected to extensive microbio-
logic diagnostic investigations and the administration of 
various broad-spectrum antibiotics. He also developed se-
vere thrombophlebitis in both legs and suffered a transitory 

ischemic attack while treated with warfarin. Eventually, he 
was diagnosed with the, at that time unheard of, human bac-
terial pathogen Ca. N.  mikurensis, based on the results of 
pan-bacterial PCR performed on blood samples with sub-
sequent Sanger sequencing [2]. Since Ca. N.  mikurensis 
is genetically related to Anaplasma phagocytophilum and 
Ehrlichia chaffeensis, doxycycline was the antibiotic chosen 
for the treatment of this patient, which led to his complete 
recovery [2]. The identification of this emerging pathogen is 
challenging, given that Ca. N. mikurensis is a strict intracel-
lular bacterium that does not grow in cell-free media such as 
blood culture flasks, and escapes detection by routine micro-
biologic diagnostic methods [3]. As of today, about 100 cases 
of human Ca. N. mikurensis infection have been published 
or reported at scientific conferences worldwide [1–16].

"e typical case of neoehrlichiosis is an immunosup-
pressed patient who presents with fever of uncertain cause 
[14]. In Europe, Ca. N.  mikurensis has been considered to 
be an opportunistic agent, given that most of the diagnosed 
patients had compromised immunity, typically due to a he-
matologic malignancy or systemic rheumatic disease [1]. "e 

; accepted 26 August 2020

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciaa1217/5895073 by N

ational C
enter for G

lobal H
ealth and M

edicine user on 30 N
ovem

ber 2020

10年間（2009年～2019年）にスウェーデンでネオエルリチオーシスと診断された40人の
患者を対象に、血管および血栓塞栓性イベントについて解析。 

半数以上の患者（60％）は、反復性血栓性静脈炎、深部静脈血栓症、肺塞栓症、一過性の
虚血発作から動脈炎に至るまでの血管イベントを発症した。

Clinical Infectious Diseases, ciaa1217
Neoehrlichia mikurensis Vasculitis • CID 2020:XX (XX XXXX) • 3

diverticulosis without signs of diverticulitis. Blood analysis 
revealed systemic inflammation with elevated plasma-C-
reactive protein (47 mg/L, reference value (ref) <5 mg/L) and 
slight leukocytosis (WBC 10  ×  109/L, ref 3.5–8.8  ×  109/L). 
The patient had a single episode of fever (38.0 °C) in the hos-
pital. Blood and urinary cultures were negative for bacteria. 
Discrete hypertension was noted on the day of admission but 
became more pronounced during the following days, with di-
astolic blood pressure in excess of 110  mmHg. The level of 
plasma-creatinine (85 µmol/L, ref 65–100 µmol/L) indicated 
gross normal kidney function.

The patient continued to experience constant and se-
vere stomach pains and vomited repeatedly. An abdominal 
CT scan with contrast enhancement performed 2 days later 
revealed bilateral renal infarctions with multiple stenotic 
segments of varying caliber in the peripheral branches of 
the renal arteries, together with thickening of the vessel 
walls, which was most pronounced on the left-hand side 
(Figure 1A). Similar vascular findings were seen in a branch 
of the upper mesenteric artery (Figure 1B) and in a periph-
eral branch of the splenic artery. The radiologic findings 
were interpreted as being compatible with medium-vessel 
vasculitis, and the patient was given intravenous cortico-
steroids (300 mg hydrocortisone/day × II), followed by oral 
prednisone (60  mg/day for 9  days). The hypertension was 

controlled by amlodipine, and low-dose aspirin was admin-
istered to prevent further thrombotic events.

Autoimmune vasculitis was suspected, possibly polyarteritis 
nodosa considering the engagement of medium-sized arteries 
and renal hypertension, negative autoantibody screen, and lack 
of complement factor consumption (Table  2). However, two 
rheumatology consultants considered autoimmune vasculitis 
unlikely, as other signs associated with autoimmune disease, 
such as hepatitis, orchitis, skin rash, hair loss, enlargement of 
the spleen, liver or lymph nodes, and synovitis were lacking, and 
the patient had no familial history of autoimmune disease. One 
consultant (L.H.) recommended testing for Ca. N. mikurensis 
infection. An EDTA-treated blood sample showed positive in 
a speci"c real-time PCR directed against the groEL gene of this 
bacterium (Department of Clinical Microbiology, Sahlgrenska 
University Hospital, Göteborg) [7]. #e patient was given a 
3-week course of oral doxycycline (100  mg bid) to treat the 
infection. A  more detailed anamnestic history indicated that 
the patient had felt unwell with an “unsettled stomach” for a 
couple of months before he became ill. He o$en took walks in 
a tick-endemic area but did not recall having been tick-bitten. 
#e same rheumatology consultant (L.H.) evaluated the patient 
10 days a$er he had commenced doxycycline treatment. #e pa-
tient felt well without stomach pains or fever, apart from some 
subjective side-e%ects from the prednisone treatment. Blood 

Figure 1. Contrast-enhanced CT scans of the abdomen of Patient 1. The CT scan carried out in December of 2018 shows: A, an infarcted area of the left kidney, seen as a 
gray area of low attenuation (arrows); and B, pronounced swelling of the wall of a branch of the superior mesenteric artery (arrows). The CT scan performed in May of 2019 
shows: C, subtotal regression of the infarcted area of the left kidney with subtotal restoration of attenuation (arrows); and D, total regression of the swelling of the wall of 
a branch of the superior mesenteric artery (arrows).
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Human Infection 
with Candidatus 

Neoehrlichia 
mikurensis, China

Hao Li,1 Jia-Fu Jiang,1 Wei Liu,1 
Yuan-Chun Zheng, Qiu-Bo Huo, Kun Tang, 
Shuang-Yan Zuo, Kun Liu, Bao-Gui Jiang, 

Hong Yang, and Wu-Chun Cao

To identify Candidatus Neoehrlichia mikurensis infection 
in northeastern China, we tested blood samples from 622 
febrile patients. We identifi ed in 7 infected patients and 
natural foci for this bacterium. Field surveys showed that 
1.6% of ticks and 3.8% of rodents collected from residences 
of patients were also infected.

Candidatus Neoehrlichia mikurensis was detected in 
1999 in Ixodes ricinus ticks in the Netherlands and 

referred to as an Ehrlichia spp.–like agent (1). It was then 
classifi ed as a new member of family Anaplasmataceae on 
the basis of ultrastructure and phylogenetic analysis (2). 
The agent was detected in ticks and small wild mammals 
in Europe and Asia (1–6) and has recently been reported to 
infect humans, especially immunocompromised patients in 
Europe (7–10). However, no cases of infection have been 
identifi ed outside Europe. Moreover, the agent has not 
yet been isolated in pure culture, and its antigens are not 
available.

To investigate human infections with tick-borne agents 
in China, we initiated a surveillance study at Mudanjiang 
Forestry Central Hospital (Mudanjiang, China). This 
hospital is one of the largest hospitals treating patients with 
tick-borne infectious diseases in northeastern China, where 
various tick-borne agents have been detected in ticks and 
animal hosts (11–15).

The Study
During May 2–July 30, 2010, a total of 622 febrile 

patients, who had histories of recent tick bites and sought 
treatment at Mudanjiang Forestry Central Hospital (Figure 
1) were screened for the infections of tick-borne agents. 
When patients were admitted, peripheral blood samples 

were collected and treated with EDTA. DNA as extracted 
by using the QIAmp DNA Blood Mini Kit (QIAGEN, 
Germantown, MD, USA).

For a broad-range assay, a nested PCR specifi c for 
the 16S rRNA gene (rrs) was used to detect organisms 
in the family Anaplasmataceae. For positive samples, 2 
heminested PCRs were used to amplify the entire rrs gene. 
For further confi rmation, a nested PCR specifi c for the 
60-kDa heat shock protein gene (groEL) was performed. 
Detailed cycling conditions for all amplifi cations are 
described in the Technical Appendix (wwwnc.cdc.gov/
EID/pdfs/12-0594-Techapp.pdf).

Seven patients were found to be infected with 
Candidatus N. mikurensis by amplifi cations of the rrs and 
groEL genes. Amplifi ed rrs gene (1,501 bp) and partial 
groEL gene (1,230 bp) sequences from these patients were 
identical. These sequences were also identical to genes of 
Candidatus N. mikurensis detected in ticks and rodents in 
the Asian region of Russia (5).

Serum samples were collected from patients during the 
acute (2–12 days after onset of illness) or convalescent (34–
42 days after onset of illness) phases of illness. All samples 
were negative for IgG against Anaplasma phagocytophilum, 
Ehrlichia chaffeensis, Borrelia burgdorferi, Rickettsia 
heilongjiangensis, and tick-borne encephalitis virus when 
tested by indirect immunofl uorescence assay.
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Figure 1. Location of Mudanjiang, Heilongjiang Pro-vince, China, 
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A novel bacterium that infects laboratory rats was isolated from wild Rattus norvegicus rats
in Japan. Transmission electron microscopy of the spleen tissue revealed small cocci
surrounded by an inner membrane and a thin, rippled outer membrane in a membrane-bound
inclusion within the cytoplasm of endothelial cells. Phylogenetic analysis of the 16S rRNA gene
sequence of the bacterium found in R. norvegicus rats and Ixodes ovatus ticks in Japan revealed
that the organism represents a novel clade in the family Anaplasmataceae, which includes the
Schotti variant found in Ixodes ricinus ticks in the Netherlands and the Ehrlichia-like Rattus strain
found in R. norvegicus rats from China. The novel clade was confirmed by phylogenetic analysis of
groESL sequences found in R. norvegicus rats and Ixodes ovatus ticks in Japan. No serological
cross-reactivity was detected between this bacterium and members of the genera Anaplasma,
Ehrlichia or Neorickettsia in the family Anaplasmataceae. It is proposed that this new cluster of
bacteria should be designated ‘Candidatus Neoehrlichia mikurensis’.

The family Anaplasmataceae currently includes five gen-
era: Ehrlichia, Anaplasma, Neorickettsia, Aegyptianella and
Wolbachia (Dumler et al., 2001; Rikihisa et al., 2003). These
are all obligately intracellular bacteria that are capable of
infecting invertebrates and/or vertebrates. Species of the
genera Ehrlichia and Anaplasma include the emerging

tick-borne human pathogens, such as Ehrlichia chaffeensis
and Anaplasma phagocytophilum. As it is difficult to isolate
and culture this group of bacteria, the ultrastructure and
sequences of conserved genes, such as 16S rRNA, groEL and
gltA (citrate synthase gene), are primarily used to identify
and classify this group of bacteria. The present study des-
cribes a novel bacterium in the family Anaplasmataceae that
was isolated from wild Rattus norvegicus rats by using labo-
ratory rats. The bacteria were found in R. norvegicus rats and
Ixodes ovatus ticks in Japan and represent a novel genetic
cluster, based on phylogenetic analysis of 16S rRNA gene
sequences that included the bacteria found in R. norvegicus
rats in China (Pan et al., 2003) and in Ixodes ricinus ticks
in the Netherlands (Schouls et al., 1999). Of note, infection
of I. ricinus ticks with similar bacteria in Baltic regions of
Russia was reported by Alekseev et al. (2001). A similar 16S

Published online ahead of print on 13 April 2004 as DOI 10.1099/
ijs.0.63260-0.

The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA and
groESL gene sequences of ‘Candidatus Neoehrlichia mikurensis’
determined in this study are respectively AB084582 and AB084583
for strain TK4456R from a wild rat and AB074460 and AB074461 for
strain IS58 from I. ovatus ticks.

Detailed primer sequences and phylogenetic tables are available as
supplementary material in IJSEM Online.
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本菌は世界で最初に日本のラットとマダニから分離されており、中国でも症例が出ている
ことから、日本でも見逃されている可能性がある。日本でも免疫不全者におけるマダニ刺
咬後の発熱（あんまそんな条件がない）では鑑別に挙げるべきである（個人の意見）。
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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
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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
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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

⁎ Corresponding authors at: Department of Medical Entomology, National Institute of Infectious Diseases, 1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8640, Japan.
1 H.E. and C.K.L. contributed equally to this work as first authors.

9LUXV�5HVHDUFK���������������²���

$YDLODEOH�RQOLQH����1RYHPEHU�����
������������������(OVHYLHU�%�9��$OO�ULJKWV�UHVHUYHG�

7

Kabuto Mountain virus 

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。 

兵庫県のマダニから見つかっている。 

https://doi.org/10.1016/j.virusres.2017.11.030



638

*Correspondence to: Hotta, K.: akozue@mail.ecc.u-tokyo.ac.jp
©2018 The Japanese Society of Veterinary Science

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd) 
License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/)

NOTE
Virology

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 !rst 
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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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。 

東京都のマダニから見つかっている。 
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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
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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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Mukawa virus 

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。 

doi: 10.1128/mSphere.00239-18.



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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ここまでのまとめ
• マダニ媒介感染症は世界、そして日本における公衆衛生上
の課題である 

• 日本では近年、エゾウイルス、オズウイルスなど新たな新
興ウイルスが見つかっている 

• ヒトでの感染例は報告されていないマダニ媒介感染症や未
知のマダニ媒介新興ウイルスが存在する可能性が高い 

• マダニ刺咬後の原因不明の発熱の症例は阪大に相談を！



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
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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
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Moriyama Y, Kutsuna S, et al. DOI:https://doi.org/10.1016/j.jiac.2020.11.026
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マダニの鑑別
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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.

PCRでBorrelia miyamotoiが検出ッ！！



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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①回帰熱

(A) 古典=輸⼊例

(B) 新興＝国内感染、輸⼊例

（=ボレリア・ミヤモトイ病）

②ライム病＝国内感染、輸⼊例

我が国で遭遇しうる
ボレリア感染症は３つ
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ライム病 ボレリアミヤモトイ病

感染症法による届出数

川端寛樹先生のスライドより



ゾウイルスは，2019年と 2020年にそれぞれ北海道で
マダニ咬傷後に血小板減少と白血球減少を伴う急性熱
性疾患を呈した 2人の患者から見つかっており，2014
年以降に北海道でダニ媒介性疾患が疑われた患者 248
人の血清検体をレトロスペクティブに調べたところ，
さらに5人の検体からYEZVのRNAが検出された5）．
さらに，中国東北部でマダニに咬まれた患者 402人を
対象とした最近の研究では，1人の患者から YEZVの
RNAが検出されている6）．2024年 5月時点では，こ
れら 8例に加えて，滝川市で診断された 1例7）と，本
症例8）を合わせて合計 10例の YEZV感染症が診断さ
れている．
　北海道での調査では，Haemaphysalis megaspinosa，
Ixodes ovatus，Ixodes persulcatusから YEZVの RNA
が検出されており，その保有率は 1.3～3.7％であっ
た5）．また，シカ，アライグマからも YEZV抗体が見
つかっており，マダニと動物との間でウイルスが循環
しているものと思われる．
　潜伏期はこれまでの報告では 4～7日の範囲である
が症例数が少ないため今後の症例の集積が待たれる．
臨床症状としては，発熱，頭痛，倦怠感，関節痛・筋

肉痛を訴えることが多く，ときにしびれ，麻痺，霧視
などの神経学的所見がみられることがある．血液検査
上は白血球減少，血小板減少，肝酵素上昇が頻度が高
くみられる．またこれまでの報告では CRPはあまり
上がらないようであるが，中国からの報告では CRP 
11 mg/dLまで上昇している．媒介するマダニの一つ
が Ixodes persulcatusであり，Borrelia miyamotoi感染
症やライム病との共感染の事例が多い．これまでに報
告されている 10例の症例を［表 2］にまとめた．なお
これまでに死亡例は報告されていない．
　診断は急性期には PCR検査で RNAを検出するこ
とによる．亜急性期以降は IgM，IgGによる診断も可
能である．現時点で治療法は確立されていない．

「エゾウイルス感染症か……世界には……いや，
日本国内にもまだまだ我々の知らない感染症が

存在しているのだな……（涙）」

「なんでいきなり泣いてるんですか！」

「感動してるんだよ！　やっぱり感染症は面白
いな！」

574 2024 Vol.8 No.4 498‒92046

［表 2］

患者 性別 年齢 時期 感染地域 ダニ刺咬 発熱 関節痛/
筋肉痛

神経学
的所見

肝酵素
上昇

血小板
減少

白血球
減少

Borrelia
miyamotoi

Borrelia
burgdorferi
sensu lato

引用元

1 女性 60 s 2014 年5 月 北海道 ＋ ＋ － － ＋ ＋ ＋ － － 5

2 男性 20 s 2016 年7 月 北海道 ＋ ＋ － － ＋ ＋ ＋ ＋ － 5

3 男性 30 s 2017 年6 月 北海道 ＋ 39.0℃ ＋ ＋ － ＋ － － － 5

4 女性 70 s 2017 年6 月 北海道 ＋ 38.5℃ ＋ － － ＋ ＋ － ＋ 5

5 男性 41 2019 年
5月 北海道 ＋ 39℃ ＋ ＋ ＋ ＋ ＋ － － 5

6 男性 80 s 2020 年5 月 北海道 ＋ 38℃ － － ＋ ＋ ＋ ＋ ＋ 5

7 男性 51 2020 年
7月 北海道 ＋ 38.5℃ － ＋ ＋ ＋ ＋ ＋ ＋ 5

8 男性 33 2018 年
6月

中国内
モンゴル
自治区

＋ 39.5℃ ＋ ＋ ＋ － － － － 6

9 女性 76 不明 滝川市 ＋ 37℃ － － ＋ ＋ ＋ ＋ － 7

10 男性 36 不明 旭川市 ＋ 37.8℃ ＋ － ＋ ＋ ＋ ＋ － 8
（本症例）

J-IDEO. 道場破り より



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.

What’s Your Diagnosis?



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



ダニ媒介脳炎の分布844 Section 2 • Licensed vaccines
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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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https://www.pfizer.co.jp/pfizer/company/press/2024/2024-03-26-04



最も遭遇する頻度が高い 
ダニ媒介性感染症は？



IASR Vol. 43 p173-175: 2022年8月号



IASR Vol. 41 p133-135: 2020年8月号



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？ 
日本紅斑熱？



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



IASR Vol. 43 p173-175: 2022年8月号



IASR Vol. 41 p133-135: 2020年8月号
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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. 
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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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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.
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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
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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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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 
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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 
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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！



Open Forum Infectious Diseases, ofac573



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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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



日本に潜在する 
マダニ媒介原虫感染症



バベシア症
• 兵庫県で1例感染例あり（輸血での感染事例だが供血者は
渡航歴なし） 

• B.microti様原虫をもつ野生動物も北海道、千葉、兵庫、
島根、徳島などで見つかっており、ヤマトマダニからも分
離されている 

• 千葉県の房総半島で採取されたヒトの血清の抗体を測定
したところ1.3%が陽性だったッ！！

The Japanese journal of clinical hematology. 2000 Aug;41(8):628-34.
Journal of clinical microbiology. 2001 Dec;39(12):4316-22.

Journal of clinical microbiology. 2004 May;42(5):2268-70.



道場破りでの連敗が続く忽那と上村は，反省会（とい
う名の飲み会）のため大阪の忽那の自宅に戻っていた．

上村「忽那先生……相変わらず道場破りでまっ
たく勝てないですね」
忽那「やっぱアレだな．コロナで 4年くらい道
場破り休んでたから．ブランクがあるから仕方

ないよな．そのうち勝てるんじゃないか？」
「いや，コロナで休む前からずっと負け続けて
たでしょ．このままだと道場破り終わんないで

すよ！」
「フッ……終わらなくてもいいじゃないか……
オレたちは永遠の夢追い人なんだからな」
「僕は嫌ですよ！　そろそろ僕も自宅に帰りた
いッス！」
「上村，おまえ，さてはホームシックだな．わ
かったよ．早く家に帰るためにもそろそろ本気

で道場破りをしようじゃないか」
「よくぞ言ってくれましたッス．で，思ったんで
すけど，僕らに足りないのは『修行』じゃないッ

スか？」

「修行？」

「マンガとかでも，主人公は修行することで強
くなって，敵を倒していきますよね？　僕らっ

て，弱いままでひたすら戦いを繰り返してるから全然

強くならずにひたすら負けてるんですよ」
「なるほど……完全に盲点だったな……だから
オレたちはいつまでも勝てなかったのか……」
「ということで，今日は我々の修行のためにレ
ジェンドを召喚して稽古をつけてもらいましょ

うよ．感染症に関する伝説的な指導医に直接学ぶんで
すよ」

「レジェンドを召喚って……おまえ，どうやっ
て召喚するんだよ」
「実は僕，感染症領域で有名な先生を，1時間だ
け呼び寄せる能力を最近身につけたんですよ」
「めちゃくちゃすごすぎるだろ！　そんなこと
できるんだったら道場破りなんてやってる場合

じゃないだろ．その能力だけで食っていけるよ」
「ただ，この能力を使うと寿命が 1年短くなる
んですが」
「『HUNTER×HUNTER』のクラピカの念能
力みたいだな……残念だがやめておこう．おま

えの寿命を犠牲にしてまで修行をするわけにはいかな
い」

「大丈夫ッス．このまま修行せずに道場破りが
永遠に続くことを思えば，寿命の 1年くらいど

うってことないッス」
「おまえ……そこまでの覚悟で……（涙）．その
体格だと寿命だって他の人より短いだろう

に……（偏見）」
「じゃあレジェンドを召喚しますよ．いでよ，レ
ジェンドォォォォォォォォォ！」

ピンポーン

898 2024 Vol.8 No.6 498‒92048

日本全国感染症ケースカ
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刺
客
万
来

忽那賢志　くつな　さとし

大阪大学大学院医学研究科感染制御学教授
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2道場破り 満
身
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痍

あの「道場破り」が帰ってきた！ 新た
な強敵と難症例に出逢うため，忽那先生と上村先生が全国のケ
ースカンファレンスを巡る旅路がいま再び……

この連載は・・・

第7話 忽那と上村，レジェンドの症
例に挑む

vs 神戸女子大学健康福祉学
部　斎藤あつ子

満
身
創
痍

「やっぱマラリアだろ．輸血で感染した」

「ないと思いますけどねえ……でもちょっとギ
ムザ染色くらいは見てみたい気がしますね」
「だろ？　ちょっとギムザ染色見せてもらえま
すか？」

「ええで．特別に見せたるで」

「ん……？」

「こ，これは……」

「赤血球のなかになんかいますね……まさかの
マラリアですか！」

「やはりマラリアか！」

「キターーーーーーーーーーーーーーーーーーーーー!!!」

「うおおおおおおおおおおおおおおおおお！　
努力ッ！　友情ッ！　勝利ッ！」

「じゃあ診断はマラリアでいいッスかね？」

「うーん……でもさ，これなんかマラリアっぽ
くないよな」

「そうですか？」

「だって，マラリアだとして，どの種類のマラリ
アなんだよ」

「たしかに熱帯熱マラリア原虫にしては，形が
指輪っぽくないですね．感染赤血球の大きさは

変わってないから三日熱マラリア原虫，卵形マラリア
原虫でもなさそうですね」

「四日熱はオレも 2例くらいしか診たことない
からアレだけど，こんなんだったかなあ……」

「アレじゃないですか？　サルマラリア」

「P. knowlesiも 2例しか診たことないけど，こ
んなんじゃなかった気がするんだよなあ……」
「四日熱か P. knowlesiかどっちかですよ．先生
もそんな診たことないからわかんないだけです

よ」
「でも輸血でそんな稀なマラリアに感染するこ
とあるかな……」
「そもそも輸血でのマラリアが稀なんですから，
そんな細かいこと気にしてもしょうがないッス

よ！」

「そうかな……じゃあ P. knowlesiで」

「確率は 1/2ッスね！」

「では診断やで」

末梢血ギムザ染色でバベシア症が疑われたため PCR
検査を行ったところBabesia microti が陽性となりバ
ベシア症と確定診断された．
キニーネ（1.5 g/日，経口）とクリンダマイシン（1,800 
mg/日，点滴静注）の治療が開始された．投与後 2週
間で感染赤血球の割合は 1％未満に減少したためプレ
ドニンも減量・中止した．投与後 14日目に頻脈と心
室性不整脈が出現したためキニーネとクリンダマイシ
ンを中止したが，その後もPCRではバベシア原虫が
検出されたためアトバコン（2,250 mg/日，経口）の
13日間の追加投与を行い軽快退院となった．しかし，
退院から4週間後に再び末梢血の塗抹検査でバベシア
原虫が出現するようになり溶血性貧血が再燃したため
再度入院となり，キニーネとクリンダマイシンの治療
が再開された．外来投与も含めて 12 週間の治療を
行ったのちにPCR検査でも陰性化し治癒と判断した．

［図 1］本症例の末梢血ギムザ染色像
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日本で唯一のバベシア症の症例が 
J-IDEOで紹介されています



http://www.bloodjournal.org/content/120/25/4911



赤矢印：アナプラズマ細菌増殖像（モルラ） 

青矢印：HL60細胞の核 

 

 



能勢先生のご厚意による （J-IDEO 道場破りより）



ヒト顆粒球アナプラズマ症
• 1991年以降アメリカで1800例以上が報告されているが、国内でも西
日本を中心に高知県（2例）、静岡県（4例）、岡山県（1例）、和歌
山県（1例）、鹿児島県（1例）、長野県（1例）の計10例が報告され
ている。 

• 発熱、頭痛、関節痛といった非特異的症状を呈する 

• 診断は、抗体検査またはPCR法による 

• 治療はドキシサイクリンが第一選択薬 

• 日本では皮疹を伴う症例が多い（リケッチア疑いで陰性の場合にHGE
の検査がされるためか？）

Emerg Infect Dis.2013;19:289-292.



 
図３．アナプラズマ細菌を媒介するタカサゴキララマダニ（雄） 

 

表１．アナプラズマ症、リケッチア症、SFTSの症状の比較  

  アナプラズマ症 リケッチア症 SFTS  

発疹 ± ＋ －  

刺し口 ± ＋ －  

CRP上昇 ＋ ＋ －  

消化器症状 － － ＋  

＋：「症例が多い」、－：「症例が少ない」または「なし」、±：症例により異なる 

リケッチア症： 「日本紅斑熱」および「つつが虫病」  

SFTS：重症熱性血小板減少症候群   

 
大橋典男. アナプラズマ症. Enfection vol.2



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



マダニに刺されたら



インターネットより

• 「アルコール綿で包む」 

• 「ハーブ抽出液を噴霧する」 

• 「ワセリンで窒息させる」

論理的根拠に乏しいため 
推奨されない

※ただし，ワセリンを乗せる方法(ワセリン法)は，容易にマダニが除去できる場合があり， 
とくにマダニ幼虫刺症では効果的であるとされる

夏秋 優:臨皮 68: 149, 2014



CDC HPより

https://www.cdc.gov/ticks/removing_a_tick.html

これは正しい？

もっと先端の刺し口の方をピンセット
で掴まないとダメ！ 

（体の部分をつかむと人体に病原体を
押し込んでしまう可能性があるため）



正確に刺し口を同定してから把持し、ゆっくりと引き抜く



ティックツイスター



ティックツイスターの使い方

※医療用器具ではありません



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.

夏秋 優:西日皮膚 79: 5, 2017
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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. 

 

Emerg Infect Dis. 2013;19(2):338-340.



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


