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Abbreviation list 

 

BMD: Borrelia miyamotoi disease 

CBB: Coomassie brilliant blue  

GlpQ: glycerophosphodiester phosphodiesterase  

HRP: horseradish peroxidase 

LD: Lyme disease 

NIID: National Institute of Infectious Diseases 

PBS: phosphate-buffered saline  

REP: Reptile-associated  

RF: Relapsing fever 

rGlpQ: recombinant GlpQ 

SFTS: Severe fever with thrombocytopenia syndrome  
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Abstract 

Borrelia miyamotoi, which is genetically classified to Relapsing fever 

(RF) borreliae, was identified as an etiological agent of emerging RF in Russia in 

2011. Emerging RF, recently renamed “B. miyamotoi disease (BMD)”, is a 

zoonosis transmitted by hard ticks from natural reservoir hosts. In this study, I 

discovered the first case of B. miyamotoi infection in Japan, and serological 

investigation further revealed that cases of BMD are distributed nationwide. 

Briefly, I demonstrated two cases of B. miyamotoi infection by retrospective 

surveillance of Lyme disease (LD) cases. In the investigation, I detected borrelial 

DNA from patient sera which was obtained in the acute phase, and sequence 

analysis revealed that the B. miyamotoi found was identical or closely related to 

that found from patients in Russia and Ixodes ticks in Hokkaido. This was the 

first report of BMD in Japan, and my data strongly suggested that BMD is widely 

distributed from Russia to Japan. In the next step, I conducted a retrospective 

cohort study using patient sera that were obtained from clinically suspected LD 

cases and a healthy cohort. In this study, I confirmed the presence of anti-RF 

borreliae-specific antibody in sera from clinically suspected LD cases, and the 

frequency was significantly higher than in the healthy cohort. Furthermore, I 

found that BMD cases were distributed nationwide. This finding suggested B. 

miyamotoi infection is a human health concern in Japan. These studies provide 

baseline information for public health regarding BMD in Japan.   



 3 

Preface 

Since 2013, three kinds of tick-borne infectious diseases (Severe fever 

with thrombocytopenia syndrome (SFTS), Anaplasmosis, and BMD) have 

emerged in Japan. The causative agents of these diseases are transmitted by 

hard ticks and thought to be zoonotic diseases. BMD is caused by B. miyamotoi 

infection. The genus Borrelia is comprised of three phylogenic groups: LD 

borreliae, which include the agents of LD, RF borreliae, and Reptile-associated 

(REP) borreliae (1) (Figure 1). LD and REP borreliae are transmitted by Ixodid 

(hard-bodied) ticks and most of the RF borreliae are transmitted by Argasid 

(soft-bodied) ticks, except for Borrelia recurrentis, which is transmitted by the 

human louse. Some RF borreliae such as B. miyamotoi, Borrelia theileri and 

Borrelia lonestari, however, are found in hard-bodied ticks: Ixodes spp., 

Rhipicephalus spp. and Amblyomma spp., respectively (2, 3). B. miyamotoi, one 

of the hard tick borne RF borreliae, has been found in Ixodes scapularis and 

Ixodes pacificus ticks in North America (4~6), Ixodes ricinus in Europe (7, 8), 

Ixodes persulcatus in Russia (9) and Asia (10, 11). In Japan, it has been found in 

I. persulcatus, Ixodes pavlovskyi, and Ixodes ovatus. (10, 11). Because these 

ticks are also known to transmit LD borreliae, concomitant infection with BMD 

has occurred in LD cases. Transmission cycle of B. miyamotoi is summarized in 

Fig. 2. 

 B. miyamotoi was originally isolated from field collected I. persulcatus 

ticks and the small Japanese field mouse Apodemus argenteus in Japan (12), 

but was considered a non-pathogenic Borrelia until 2011, when Platonov et al. 

reported the first evidence of human infections with acute febrile signs in Russia 
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(9). This was followed by reports from the United States of symptomatic cases 

showing influenza-like symptoms similar to the cases in Russia, as well as cases 

of meningoencephalitis (13~16). The most common clinical manifestations of 

BMD are fever, fatigue, headache, chills, myalgia, arthralgia, and nausea. 

Symptoms of BMD generally resolve within a week of initiating antibiotic therapy. 

Because clinical manifestations are non-specific, etiologic diagnosis requires 

confirmation by PCR, antibody assay, in vitro cultivation, and/or isolation by 

animal inoculation.  

 In this study, I conducted a retrospective investigation to identify 

potential cases of human infection with B. miyamotoi in Japan, based on 

detection of B. miyamotoi DNA from serum samples. I also performed a 

serological study to detect antibody to specific antigen of RF borreliae in patients 

clinically suspected of LD with comparison to a healthy cohort. 
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Figures 

 

 

Figure 1. Phylogenetic relationship of Borrelia spp., disease association and 

classification.  
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Fig. 2. Transmission cycle of B. miyamotoi in nature.  
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I. Discovery of BMD cases in Japan. 

 

Summary 

I confirmed infection of two patients with B. miyamotoi in Japan by 

retrospective surveillance of LD patients and detection of B. miyamotoi DNA in 

serum samples. One patient also showed seroconversion for antibody against 

recombinant glycerophosphodiester phosphodiesterase (rGlpQ) of B. miyamotoi. 

Indigenous BMD should be considered a health concern in Japan.
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Introduction 

B. miyamotoi, which is genetically classified to RF borreliae, was 

recently identified as a human pathogen in Russia (9), the United States (17), 

and Europe (15). Ticks of the I. persulcatus complex serve as transmission 

vectors. In Japan, this pathogenic borrelia was first discovered from I. 

persulcatus in 1995 (12). In a LD endemic area of Japan, wild rodents are 

infected with B. miyamotoi (18); however, no human infections have been 

confirmed. The Japanese isolates of B. miyamotoi are potential human 

pathogens because they formed a monophyletic lineage with Russian isolates 

from patients (10). In this study, a retrospective investigation was conducted to 

find potential cases of human B. miyamotoi infections in Japan. 
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Materials and methods 

Patients sera 

In total, 615 sera obtained from 408 individuals (Hokkaido-Tohoku 86 

individuals; Kanto 134; Chubu 60; Kinki 52; Chugoku-Shikoku 34; 

Kyushu-Okinawa 44) in Japan including confirmed LD cases or unconfirmed, but 

clinically suspected LD, were used to detect B. miyamotoi DNA. The serum 

archive was established during 2008 to 2013 in the National Institute of 

Infectious Diseases (NIID), Japan. 

 

Detection of borrelial DNA 

All sera were centrifuged (15,000 x g, 10 min), and the sediments were 

used for DNA extraction. DNA extraction was performed by using DNeasy 

Blood&Tissue kit (Qiagen, Hilden, Germany) according to the manufacturer’s 

instructions with minor modification (The extraction column was incubated 10 

minutes at 70°C prior to DNA collection). For detection of B. miyamotoi DNA, 

realtime PCR was performed using primers and probes previously described by 

Barbour et al. (19). The reaction was performed in 25 µl volume in single tubes 

at a final concentration of 1 µM for each primer and 0.25 µM for each probe. The 

PCR condition was set to 42 cycles of 95°C for 5 seconds and 60°C for 31 

seconds on an Applied Biosystems 7000 Real-Time PCR apparatus. For 

confirmation of positive samples, flagellin gene (flaB)-nested PCR and 

sequencing of the amplicons were performed as reported previously (20). 

The number of copies of DNA in a patient’s serum was estimated by 

quantitative PCR (qPCR). Plasmid pBMrrs1 including a part of the 16S rRNA 
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gene for B. miyamotoi strain HT31 was prepared as previously described (20), 

and was used as a quantitative control. 

 

Preparation of rGlpQ antigen 

B. miyamotoi strain FR64b was cultivated using BSK-M medium at 

30°C as previously described (10).  Total DNA was purified using Wizard 

genomic DNA purification kit (Promega, WI, USA), and KOD FX DNA 

polymerase (TOYOBO Co., LTD., Osaka, Japan) was used for PCR 

amplification. PCR primers 1065 

(5’-GACGACCGACAAGAAACAAGAAATGGGTTCAAA-3’) and 1066 

(5’-GAGGAGAAGCCCGGTTATTTTTTTATGAAGTTCA-3’) were used for DNA 

amplification of the GlpQ gene (glpQ). The underlined portion of each DNA 

primer was a linker sequence for ligase-independent cloning to plasmid DNA. 

The amplified DNA fragment was purified using the High pure PCR product 

purification kit (Merck, Kenilworth, NJ, USA) and was used for in-fusion cloning 

with plasmid vector, pET46 Ek/Lic (Merck). E.coli strain Rosetta™(DE3) pLysS 

(Merck) was used for expression of the N-terminal 6 X Histidine(His) tagged 

rGlpQ antigen. The rGlpQ was assessed by SDS-PAGE and Coomassie brilliant 

blue (CBB) stain (21, 22), and reactivity to anti-His tag monoclonal antibody 

(Medical & Biological Laboratory Co. Ltd., Aichi, Japan). Quantification of rGlpQ 

was performed with the BCA protein assay kit according to the manufacturer’s 

instructions (Thermo Fisher Scientific Inc., MA, USA). The B. miyamotoi strain 

FR64b was kindly provided by Minoru Nakao, Asahikawa Medical University. 
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Serodiagnosis of B. miyamotoi 

Purified rGlpQ protein or whole lysate of B. miyamotoi strain MYK3 

(0.5μg/well) was separated by 12.5% or 15% sodium dodecyl sulfate–

polyacrylamide gel electrophoresis gel (Wako Pure Chemical Industries, Ltd, 

Osaka, Japan) and transferred to a Sequi-Blot PVDF membrane (Bio-Rad 

Laboratories, Hercules, CA, USA) as previously described (22, 23). Antigen 

blotted membrane was treated overnight at 4°C with blocking solution by the 

DIG wash and block buffer set (Merck). The blocked strips were then individually 

incubated with human serum at a 1:200 dilution at room temperature in blocking 

solution overnight. The strips were then washed 3 times and incubated for 1 h 

with horseradish peroxidase (HRP)-conjugated goat anti-human IgM or IgG 

(Jackson Immuno Research Inc., West Grove, PA, USA) at a 1:10,000 or 

1:20,000 dilution in blocking solution. After the strips were washed 3 times, 

bound antibodies were detected by chemiluminescence using the ECL Prime 

detection reagent (GE Healthcare UK Ltd Amersham Place, Little Chalfont, 

England). 

 

Serodiagnosis of LD 

Laboratory diagnosis for LD, immunoblotting was performed for these 

patients by using a commercial kit, recomLine borreliae IgM/IgG (Mikrogen 

GmbH, Neuried, Germany). Decisions on seropositivity were made based on the 

manufacturer’s instructions. 
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Ethics statement  

The use of the human samples was approved by The Ethical 

committee of the NIID for medical research using human subjects (Approval No. 

360).   
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Results 

From the retrospective investigation, the 2 cases (2.6%) out of 408 

individuals were diagnosis with BMD by detection of B.miyamotoi DNA. 

[Case 1] 

Case 1 was a previously healthy, 72-year-old female resident of 

Hokkaido with no history of foreign travel. She developed myalgia and anorexia 

on July 13, 2011, and was subsequently admitted to a hospital on July 25, at 

which time she had a fever of 39°C. Physical examination revealed erythema 

migrans (EM), and the patient confirmed that she had been bitten by a tick 10 

days prior. Laboratory tests on July 25 revealed elevated levels of C-reactive 

protein (44 mg/L), alanine aminotransferase (94 IU/mL), and aspartate 

aminotransferase (90 IU/ml). Procalcitonin was elevated to a positive level. 

Leucocytes were 3,900 cells/µl (87% neutrophils), and left shift was observed. 

Counts of red blood cells and platelets were within normal range. The patient 

was clinically diagnosed with acute LD because of typical EM with a history of 

tick bite. Antibiotic treatment with minocycline (100 mg/day) was continued for 5 

days. The patient’s symptoms improved rapidly, and she left the hospital on July 

30. Borrelial DNA was detected from a serum sample collected on July 25 by 

both 16S rRNA gene based-real time qPCR and flaB-nested PCR. Sequencing 

of flaB-PCR amplicon DNA (294 bp) determined the infectious borrelia was B. 

miyamotoi (Accession Number AB921566), because the sequence was identical 

to B. miyamotoi HT31 (Acc. No. D43777). The number of copies of the borrelia 

genome in the serum was estimated to be 7.2 X 103 copies/ml by qPCR. 

Anti-GlpQ IgM antibody was elevated in her convalescent serum collected on 
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August 10 (Fig. 3A). In this case, I also found that antibodies were elevated in 

convalescent serum by immune blot analysis using a whole cell lysate of B. 

miyamotoi strain MYK3 (Fig. 3B). 

[Case 2] 

Case 2 was a previously healthy 37-year-old male, also a resident of 

Hokkaido, with no history of foreign travel. The patient was bitten by a tick on 

May 28, 2013, and was subsequently admitted to a hospital on June 11, at which 

time he had a fever of 39.8°C and EM at the location of the tick bite. The patient 

was clinically diagnosed with acute LD with EM. Antibiotic treatment with 

ceftriaxone (1 g/day) was continued for 7 days. Borrelial DNA was detected from 

a serum sample collected on June 11 by both qPCR and flaB-nested PCR. 

Sequencing of flaB-PCR amplicon DNA (294 bp) confirmed B. miyamotoi 

infection in the patient (Acc. No. AB921567) because the sequence was 

identical to B. miyamotoi HT31 (Acc. No. D43777). The number of copies of the 

borrelia genome in the serum was estimated to 2.8 X 104 copies/ml by qPCR. 

Anti-GlpQ antibody was not detected in his serum collected on June 11 (Fig. 3A). 

IgM serology showed that serum from these patients reacted to several 

antigens for LD borreliae with a commercial kit (recomLine Borrelia IgG/IgM, 

Mikrogen) (Fig. 3C). Briefly, convalescent serum from Case 1 reacted to P100 

originated to Borrelia afzelii, vmp-like sequence E (VlsE) originated to various 

Borrelia genomospecies, P41 originated to Borrelia burgdorferi sensu stricto, 

and Outer surface protein C (OspC) (B. afzelii and Borrelia garinii), and acute 

serum from Case 2 reacted to OspC (all of Borrelia spp. included in the kit).
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Discussion 

In this study, I confirmed infection of 2 patients with B. miyamotoi in 

Japan by retrospective surveillance of LD patients and detection of B. miyamotoi 

DNA in serum samples. However, the commercial serology test does not provide 

enough evidence to determine these patients were co-infected with LD borreliae, 

because the antigenic difference between B. miyamotoi and B. burgdorferi 

sensu lato has never been examined. Platonov and his colleagues reported that 

I. persulcatus is a transmission vector for B. miyamotoi and LD borreliae in 

Russia (9). This tick species is also ubiquitous in Hokkaido, and host-seeking 

behavior of the adult ticks is very active during the spring to late summer. Human 

tick bites in Hokkaido occur most often by I. persulcatus, and LD borreliae is 

transmitted to humans mainly through the bite of the adult tick (24). Although in 

the two cases herein described the causative tick species was not identified, 

circumstantial evidence suggests that I. persulcatus is a main transmission 

vector for B. miyamotoi in Hokkaido, as already shown in Russia (9). 

 BMD due to B. miyamotoi occurs in Russia, North America, and Europe, 

and B. miyamotoi-related meningoencephalitis has been reported in the United 

States, Holland and Germany (13~16). This study indicates that a human health 

threat from this BMD also exists in Japan. For risk analysis of this BMD, 

epidemiological surveys (e.g. determining the infection rates of host-seeking 

ticks belonging to the I. persulcatus complex in various localities in Japan) and 

improvement of serological diagnosis systems (especially early diagnosis) 

should be considered. 
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Figure 

 

 

Fig. 3. Serum reactivity to antigens of B. miyamotoi and LD borreliae. Sera 

obtained from two patients were examined. In Case 1, acute serum (collected on 

July 25) and convalescent serum (collected on August 10) were used. In Case 2, 

acute serum (collected on June 11) was examined for the serological study. (A) 



 17 

Reactivity to recombinant GlpQ antigen (rGlpQ). Crude rGlpQ were used for 

immunoblot analysis. Recombinant GlpQ was separated by 5-20% gradient Gel 

(Wako Pure Chemical Industries), and the antigen was strained by CBB (right). 

Molecular weight markers (49-17) are shown on the left in kilodaltons (kDa). (B) 

Reactivity of patient sera to whole cell lysate of B. miyamotoi antigens. Low 

passage strain of B. miyamotoi (strain MYK3) was used for the immunoblot 

analysis. The protein profile (CBB stain) is shown on the left. The negative 

control is from serum obtained from a healthy human (resident of a non-endemic 

area). (C) Serodiagnosis for LD with a commercial kit. A commercial kit 

(recomLine Borrelia IgG/IgM, Mikrogen) was used for this study. The test was 

performed according to the manufacture’s instruction.  
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II. Case control study: Serological evidence that RF/BMD occurs 

nationwide in Japan 

 

Summary 

Since 2011, BMD has been reported in five countries in the northern 

hemisphere. The causative agent of BMD is transmitted by Ixodes ticks, which 

are also vectors of LD borreliae. In this study, I examined 459 cases of clinically 

suspected LD, and found twelve cases that were seropositive for the GlpQ 

antigen derived from B. miyamotoi. The retrospective surveillance revealed that 

the seroprevalence of anti-GlpQ in the clinically suspected LD cases was 

significantly higher than in a healthy cohort. Seropositive cases were observed 

from spring through autumn when ticks are active, and the cases were 

geographically widespread, being found in Hokkaido-Tohoku, Kanto, Chubu, 

Kinki, and Kyushu-Okinawa regions. Seropositive cases for GlpQ were most 

frequent in the Chubu region (6.3%) where B. miyamotoi has been found in 

Ixodes ticks. Out of the 12 seropositive cases that were found in the cohort 

clinically suspected of LD, three cases exhibited concomitant seropositivity to LD 

borreliae by western blot assay. This is the first report of serological surveillance 

for BMD in Japan, and I conclude that BMD occurs nationwide. 
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Introduction 

RF is caused by infection with spirochetes of the genus Borrelia. The 

causative agents of RF are transmitted by the human louse or Argasid ticks, and 

RF is mainly reported in the Afrotropic and Palearctic ecozones (25). 

Louse-borne RF was endemic in Japan before World War II (26), however, no 

indigenous cases have been reported in recent decades (27). BMD, tentatively 

referred to as an emerging RF, is caused by infection with B. miyamotoi. Patients 

with BMD generally present with acute, nonspecific, flu-like symptoms, such as 

fever, headache, general malaise, myalgia, and arthralgia. However recurrent 

fever, a characteristic symptom of RF, is rare in BMD (9, 28, 29). Human 

infection was first reported in 2011 in Russia (9). Since then, patients have been 

reported in the United States, the Netherlands, Germany, Russia, and Japan 

(13-17, 29, 30). B. miyamotoi is transmitted by prostriate ticks of the genus 

Ixodes in Asia, Russia, Europe, and North America (31). The BMD agent, B. 

miyamotoi, has been detected in three species of Ixodes ticks in Japan (10, 11): I. 

persulcatus, the main vector of LD borreliae (B. garinii, B. afzelii, and Borrelia 

bavariensis) is found in Hokkaido and the mountainous regions of Kanto and 

Chubu regions (32, 33), I. pavlovskyi, a rare tick species in Japan , and I. ovatus, 

which is found throughout Japan and occasionally attaches to humans (34).  

In the section I, I reported two cases of concomitant B. miyamotoi 

infection in patients with LD. Moreover, B. miyamotoi is known to share a 

transmission vector tick with LD borreliae (31). Therefore, while the clinical 

features of BMD are still unclear, I hypothesized that LD or suspected LD cases 

would be an appropriate cohort for the study of BMD. In this study, 
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epidemiological characteristics of human BMD were investigated and compared 

to a healthy cohort. I used a two-step B. miyamotoi GlpQ antigen-based antibody 

assay to test archived sera from confirmed and suspected LD patients 

nationwide.  
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Materials and Methods 

Serum specimens used in this study 

a) Suspected LD cases 

Sera were obtained from patients who were clinically suspected of LD 

from 2005 through 2012. A total of 459 individuals were included in the group, 

and 221 (48.1%) of them were male. The mean age was 47 years (range, 1-84 

years): ≦10 years 25 (5.4%); 11-20y 19 (4.1%); 21-30y 43 (9.4%); 31-40y 54 

(11.8%); 41-50y 61 (13.3%); 51-60y 71 (15.5%); 61-70y 63 (13.7%); ≧71y 48 

(10.4%); unknown 75 (16.3%). The distribution of patients used in this study is 

as follows: Hokkaido-Tohoku 86 individuals (18.7%); Kanto 166 (36.2%); Chubu 

63 (13.7%); Kinki 62 (13.5%); Chugoku-Shikoku 30 (6.5%); Kyushu-Okinawa 52 

(11.3%). Age group, sex, and residence of patients by region are listed in Table1 

(Suspected LD cases is designated as “LD group” in this section). Sera from 

patients were stored at -20°C until use. Laboratory diagnosis for LD, 

immunoblotting was performed for these patients by using a commercial kit, 

recomBlot borreliae IgM/IgG or recomLine borreliae IgM/IgG (Mikrogen). 

Decisions on seropositivity were made based on the manufacturer’s instructions.  

 

b) Healthy control 

Sera from 542 healthy individuals were used for this cohort. These 

control sera were provided by the National Serum Reference Bank [NIID]. The 

ratio of control sera was adjusted for age group, sex, and region of patient 

residence to match the LD group (Table 1).  
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Preparation of rGlpQ antigen 

The N-terminal His tagged rGlpQ antigen was prepared as previously 

described. Cobalt resin was used to purify the rGlpQ according to the 

manufacturer’s instructions (Takara Bio, Shiga, Japan). The purity of rGlpQ was 

assessed by SDS-PAGE and CBB stain (21,22), and reactivity to anti-His tag 

monoclonal antibody (Medical & Biological Laboratory Co. Ltd., Aichi, Japan). 

Quantification of purified rGlpQ was performed with the BCA protein assay kit 

according to the manufacturer’s instructions (Thermo Fisher Scientific Inc., MA, 

USA).   

 

ELISA and western blot 

a) In house rGlpQ-ELISA 

A 96 well Maxisorp plate (Thermo Fisher Scientific Inc.) was used for 

rGlpQ-ELISA. We coated the ELISA plate with 0.5µg/well of purified rGlpQ in 

phosphate-buffered saline (PBS) and incubated the plate at 4°C overnight. After 

rGlpQ coating, the plate was treated with blocking buffer (PBS with 1% Skim 

milk) at room temperature for 2 hrs. The plate was then emptied, and human 

serum (1:100 dilution with blocking buffer) was incubated at 37°C for 1 hr. The 

plate was then washed 5 times with washing buffer (PBS with 0.05% Tween20). 

As the secondary antibodies, goat anti-human IgM HRP conjugate (40 ng/mL) 

(Jackson ImmunoResearch Inc.) or goat anti-human IgG HRP conjugate (20 

ng/mL) (Jackson ImmunoResearch Inc.) were incubated at 37°C for 1 hr. To 

detect the HRP-labeled secondary antibodies, a 3,3',5,5'- tetramethylbenzidine 

solution (Nakarai tesque, Kyoto, Japan) was added and allowed to react for 15 
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min before absorbance was measured at 450/620 nm. The optimal IgM/IgG 

ELISA cut-off values were determined by comparing the mean ± 2 standard 

deviations of 91 negative sera. The negative control was determined by the 

following procedure. I randomly selected 92 samples from the LD group-sera 

and confirmed that there was no bias in the area where these patients resided. 

Then, western blotting using an rGlpQ antigen was performed for all sera. Of 

these 92 sera, 91 sera were judged to be negative for anti-GlpQ antibody and 

further used as the “Negative control” in this study. For each ELISA assay, sera 

that showed a titer around the cut-off value was used as a “cut off control” in 

every examination. 

 

b) Western blot with rGlpQ 

Purified rGlpQ protein (0.5μg/well) was separated by 12.5% or 15% 

sodium dodecyl sulfate–polyacrylamide gel electrophoresis gel (Wako Pure 

Chemical Industries) and transferred to a Sequi-Blot PVDF membrane (Bio-Rad 

Laboratories) as previously described (22). Antigen blotted membrane was 

treated overnight at 4°C with blocking solution by the DIG wash and block buffer 

set (Merck). The blocked strips were then individually incubated with human 

serum at a 1:200 dilution at room temperature in blocking solution overnight. The 

strips were then washed 3 times and incubated for 1 h with HRP-conjugated 

goat anti-human IgM or IgG (Jackson Immuno Research Inc.) at a 1:10,000 or 

1:20,000 dilution in blocking solution. After the strips were washed 3 times, 

bound antibodies were detected by chemiluminescence using the ECL Prime 

detection reagent (GE Healthcare UK Ltd Amersham Place). 
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Statistic analysis 

Prevalence of anti-GlpQ antibodies in each group from different 

categories were analyzed using Fisher's exact test. Comparison of age 

distribution between the BMD group and the LD group was analyzed using 

Student’s t-test. A p-value less than 0.01 was considered to be statistically 

significant. 

 

Ethics statement  

Human serum specimens were all previously obtained as part of 

routine diagnostics, and the study using human specimens was approved by the 

Medical Ethics Committee of the NIID. (Approval Nos. 657 and 704). 
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Results 

Calculation of cut off value of rGlpQ-ELISA 

Ninety-one negative sera confirmed by rGlpQ-WB were used to 

determine a cut off value. These 91 sera showed IgM and IgG titers by the assay 

as follows: IgM titer median=0.193, SD=0.106, 2σ(upper)=0.427, IgG titer 

median=0.219, SD=0.066, 2σ(upper)= 0.356, respectively. From this data, I set 

cut off values for each ELISA at 0.427 for IgM and 0.356 for IgG, respectively.  

 

Seroprevalence of rGlpQ antibody 

Recombinant GlpQ was used for in-house rGlpQ-ELISA and rGlpQ-WB 

examination. Out of 459 cases from the LD group, 12 cases (2.6 %) were 

seropositive for BMD by the rGlpQ serological tests (Fig. 4). The mean age of 

rGlpQ-seropositive patients was 36.5 years. Of the 542 healthy individuals, one 

in their 30’s (0.2%) was seropositive for rGlpQ (data not shown). Comparative 

analysis between the LD group and healthy cohort revealed that cases 

seropositive for rGlpQ were significantly higher in the LD group (p= 0.0009, 

Fisher Exact test, 2 tailed [Odds ratio=14.5, 95% CI: 1.9 to 112.1]). Out of 12 

cases that were anti-GlpQ positive, three cases (25%) were also IgM positive by 

laboratory diagnosis for LD. For this reason, they were decided to be 

concomitant infections. Of these 12 cases, 11 cases were IgM positive by rGlpQ 

western blot and one case (case no. 12) was IgG positive by rGlpQ western blot 

(Table 2). Of the 11 cases, 6 had records for the number of days after onset of 

disease that serum was collected (Cases 1, 3, 8, 9, 10, and 11). Seropositivity 

(or seroconversion) was, on average, detected on day 22.7 (range 1-44 days) 



 26 

after disease onset. In case no. 2, seroconversion was detected on day 29 after 

tick exposure in mountain in Kanto region. 

 

Seasonal distribution 

Seasonal distribution was analyzed based on submitted data of clinical 

specimens to NIID. Briefly, sera obtained from the LD group were sorted 

according to the submitted month. The number of anti-GlpQ antibody-positive 

patients and the number of LD antibody-positive patients were calculated for 

each month. Then, the number of anti-GlpQ antibody positive patients and the 

number of LD antibody positive patients were divided by the number of patients 

by month to calculate the monthly positive rate. These results are summarized in 

Fig.5. All of the anti-GlpQ positive patients in the LD group were observed from 

April to October, while cases of LD occurred in all months of the year. Of 459 

cases in the LD group, 341 cases were submitted to NIID between April and 

October. Among these 341 cases, 12 cases were positive for anti-GlpQ antibody, 

and the frequency was 3.5% (range 1.5-6.3%). The number of LD and RF/BMD 

cases were highest in August and July, respectively. 

 

Locality  

The region of patient residence for each case that was seropositive to 

rGlpQ is listed in Fig. 6. Briefly, the antibody positive rate for each region was 

calculated by dividing the number of patients submitted from each region by the 

number of anti-GlpQ antibody positive patients. The seroprevalence in each 

region was: Hokkaido-Tohoku 1.2% (1 case / 86 individuals); Kanto 3.0% 
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(5/166); Chubu 6.3% (4/63); Kinki 1.6% (1/62); Chugoku-Shikoku 0% (0/30); 

Kyushu-Okinawa 1.9% (1/52). One case in the Kanto region was suspected to 

be due to exposure abroad during international travel. While seroprevalence of 

RF/BMD was high in the Chubu region, the difference was not statistically 

significant. 
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Discussion 

In this study, retrospective surveillance revealed a high seroprevalence 

of anti-GlpQ in the LD group compared with the healthy cohort. The test 

procedures used in this study were based on classical methods used for GlpQ 

since glpQ is genetically conserved among RF borreliae, including B. miyamotoi, 

B. theileri and B. lonestari, but not in LD borreliae (35). Therefore the assay is 

specific for confirming infection with RF borreliae in humans. Previous 

investigations have uncovered several Borrelia spp. that are genetically 

classified as RF borreliae from environmental specimens in Japan. B. miyamotoi 

has been reported as a human pathogen, and it has been detected in Ixodes 

ticks and wild rodents (10, 11, 18). Borrelia sp. K64, which clusters with Borrelia 

johnsonii and Borrelia turicatae was detected from Carios ticks in colonies of 

streaked shearwater (Calonectris leucomelas) (36). Borrelia sp. tHM16w and its 

lineage has been found in Haemaphysalis ticks and wild deer (Cervus nippon 

and C. nippon yesoensis) (37~39). These Borrelia spp. have glpQ in their 

genome, and patient serum would react to GlpQ if infected with any of these RF 

Borrelia spp. However, ecological and epidemiological evidence suggests that 

sera reacting to B. miyamotoi GlpQ is most likely to have been exposed to B. 

miyamotoi than either Borrelia sp. K64 or Borrelia sp. tHM16w. Borrelia sp. K64 

has only been found from Carios ticks, and the habitat of these ticks is limited to 

colonies of streaked shearwater on desert islands (e.g. Kutsujima island, Kyoto) 

(36). Borrelia sp. tHM16w, which is a member of the hard tick-borne RF borreliae, 

was recently identified in deer in Japan (37~39). The lineage of Borrelia sp. 

tHM16w is clustered with B. theileri. While B. theileri is a known pathogen of 
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cattle, human pathogenicity has not been reported. The tick vectors of Borrelia 

sp. tHM16w are also suggested to be a vector of SFTS virus. Epidemiological 

data indicate that human cases of SFTS are limited to the western part of Japan 

(40), which does not match the regional distribution of GlpQ-seropositive cases. 

The suspected tick vectors of BMD are I. ovatus and I. persulcatus, and regional 

distribution and seasonal activity of these ticks matches our serological 

assessment (33,34).  From these findings, people seropositive to GlpQ are 

considered to have been exposed to B. miyamotoi. 

 Since 2013, serological investigations for BMD have been reported in 

the United States and the Netherlands. In the Northeast of the United States, it 

was reported that seroprevalence of BMD in suspected LD cases and healthy 

individuals were 3-9% and 1-4%, respectively (17, 41). In the Netherlands, the 

prevalence of anti-B. miyamotoi antibody among forestry workers was 10%, 

significantly higher than among blood donors (2%) (42). Although serological 

studies of human BMD infection are limited, these reports suggest unrecognized 

cases and/or asymptomatic cases may occur in habitat of the vector ticks. 

Compared with these reports from the United States and the Netherlands, 

seroprevalence in suspected LD cases and healthy individuals was slightly lower 

in Japan. The reason for this remains unknown; however, the prevalence of B. 

miyamotoi in ticks may be directly affecting the seroprevalence of BMD. Infection 

of B. miyamotoi in I. ovatus, a suspected vector, is 0.1-0.5% in Japan (10,11), 

which is lower than in I. scapularis in the Northeast of the United States 

(1.9-3.2%) (19, 43) or I. ricinus in the Netherlands (3.6-3.8%) (44, 45).   
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 Before this study, it has reported that the prevalence of B. miyamotoi in 

I. persulcatus ticks, which is transmission vector of LD borreliae, is 

approximately 2%. In this study, I found that 3% of LD patients had co-infection 

with B. miyamotoi. This was considered to be well correlated between 

seroprevalence of BMD in LD cases and prevalence of co-infection in I. 

persulcatus ticks. 

 One patient in our study (Case 12 in Table 2), a female in her 70’s and 

a resident of the Kanto region, exhibited IgG positivity to GlpQ. This patient was 

hospitalized for aseptic meningitis in October. Given that meningoencephalitis 

cases due to BMD have been reported in the United States (14) and Europe (15, 

16), and that the patient was seropositive to GlpQ, the meningoencephalitis was 

attributed to BMD; however, it was not clear whether the patient had chronic 

BMD or a history of exposure to RF/BMD borreliae, because DNA detection was 

not attempted.   

 Between 2013 and 2017, 19 cases of indigenous BMD were reported in 

Japan. Out of the 19 cases, 17 cases (89%) were found in Hokkaido (46). 

Therefore, Japanese physicians thought BMD was a local disease in Hokkaido. 

Although the case number is limited, in this study I showed that human BMD is 

observed nationwide and infection occurs during the active season for ticks. B 

miyamotoi is increasingly recognized as the agent of a nonspecific febrile illness 

often misdiagnosed as acute LD without rash in the United States (31, 47). This 

report suggests that for patients who show febrile illness after tick exposure, 

physicians should consider BMD as a differential diagnosis, and laboratory 

testing for BMD should be performed. 
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Conclusion 

 The purpose of this study was to clarify the current status of emerging 

RF/BMD in Japan, and provide information on this public health concern. From 

this study, I provided information regarding emerging RF/BMD in Japan as 

follows; 

 

1: BMD cases were confirmed by retrospective study. B. miyamotoi detected 

from patient sera were identical or closely related to B. miyamotoi found in BMD 

patient and environmental specimens in Japan. 

 

2: Anti-RF borrelia specific antibody was found in patients clinically suspected of 

LD. Seroprevalence is significantly higher among patients clinically suspected of 

LD than among the healthy cohort. It is likely that these patients were infected 

with B. miyamotoi rather than other RF borreliae. Because, if the infectious agent 

is B. miyamotoi, the distribution area of the tick vector and the resident area of 

the patient correlate well. 

 

3: Suspected BMD cases were observed during the active season for ticks, and 

distribution is nationwide throughout Japan. This suggests that the tick vectors of 

B. miyamotoi are also widespread rather than limited to Hokkaido.  
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