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Abstract
Borrelia miyamotoi is distantly related to B. burgdorferi and transmitted by the same hard-body
tick species. We now provide evidence of human B. miyamotoi infection and compare the
frequency and clinical manifestations of this infection with those caused by B. garinii and B.
burgdorferi. All 46 B.miyamotoi patients were Russian residents and experienced a flu-like
illness with fever as high as 39.5°C. Five (11%) suffered relapsing febrile illness and four (9%)
had an erythema migrans rash. In Russia, the B. miyamotoi infection rate of I. persulcatus ticks
ranged from 1 to 16%, similar to those of I. ricinus in Western Europe and I. scapularis in the
United States. B. miyamotoi infection may be problematic because of the widespread prevalence
of this spirochete in Lyme disease tick vectors and the associated episodes of disease.

Introduction
Borrelia miyamotoi belongs to a relapsing fever group Borrelia and was first discovered in Japan
in 1995. Genetic analysis shows that B. miyamotoi is more distantly related to Borrelia
burgdorferi. B. miyamotoi occurs in a small percentage of all species of ixodid tick vectors of B.
burgdorferi in Eurasia and North America. It is transmitted both transovarially and transstadially
by ticks and coexists with B. burgdorferi throughout its range. Despite the presence of B.
miyamotoi in vector ticks, human disease caused by this spirochete has never been definitively
established. In order to confirm previous findings of presumptive B. miyamotoi infection and
develop initial estimates of the health burden of B. miyamotoi infection, we carried out a
comparative cohort study using improved antibody and PCR assays to compare the relative
frequency and clinical manifestations of B. miyamotoi infection with those of B. garinii infection
in Russia and B. burgdorferi infection in the United States.

Methods
STUDY DESIGN

Patients admitted to hospital in Yekaterinburg, Russia were enrolled in the study for suspected tick borne
infection from May through August 2009. Subjects were admitted because of concern about viral tickborne encephalitis (TBE) or acute borreliosis that are managed with hospital admission if moderate or
severe. We compared the clinical characteristics of subjects experiencing B. miyamotoi infection with
those of patients experiencing B. garinii infections from the same area and patients experiencing B.
burgdorferi infection who enrolled in a tick-borne diseases study in the US from 1991-2008. We recorded
the presence or absence of a standard set of 11 symptoms in all subjects. All signed an informed consent
in accordance with institutional review boards in Russia and the US. We also determined the frequency of
Borrelia species in Ixodes ticks in Yekaterinburg and several additional regions of Russia. Ticks were
collected by drag cloth, identified to species, and analyzed by PCR.
CASE DEFINITIONS

B. miyamotoi: report of a tick bite, presence of clinical manifestations consistent with borreliosis,
amplification of B. miyamotoi DNA/RNA in blood by PCR, and detection of anti-borrelial IgM antibody
in acute and/or convalescent sera. B. garinii: report of a tick bite, a physician diagnosis of erythema
migrans (EM) or a flu-like illness, amplification of B. garinii DNA/RNA in blood by PCR followed by
direct sequencing of 5S-23S ribosomal RNA (rRNA) intergenic spacer, and detection of anti-borrelial
IgM antibody in acute and/or convalescent sera. B. burgdorferi: a physician diagnosis of EM or a flu-like
illness and a four-fold rise or greater increase in anti-B. burgdorferi antibody in acute and convalescent
sera. Tick-borne encephalitis: viral-like illness, including headache (with or without meningitis or
encephalitis), amplification of TBE RNA in blood by PCR, and/or detection of anti-TBE IgM.
LABORATORY ASSAYS

Polymerase chain reaction (PCR) assays
DNA/RNA was extracted from 2 ml of blood or from tick suspensions using AmpliSens® Riboprep Kit
(Central Institute of Epidemiology [CRIE], Russia). Reverse transcription of RNA to cDNA was
performed using Amplisens® Reverta-L Kit (CRIE, Russia) and cDNA divided into two aliquots. The
first used both in-house primers and a probe that targeted the 16S rRNA gene of B. miyamotoi. The
second used a multiplex PCR assay (“AmpliSens ®, CRIE, Russia) to detect B. burgdorferi sensu lato,
Anaplasma phagocytophilum, Ehrlichia chaffeensis, Ehrlichia muris, and TBE virus. The specificity of B.
miyamotoi and B. burgdorferi sensu lato assays was confirmed by direct sequencing of flagellin gene
fragments and/or 16S rRNA gene fragments, and/or 5S-23S rRNA intergenic spacer amplified from blood
samples or from ticks.
ELISA assay for anti-borrelial antibody and for anti-tick-borne encephalitis
Anti-borrelial IgM and IgG antibodies were performed on serum samples taken on admission, and one
and two weeks after admission. Serological evidence of exposure to Borrelia was detected using the
ELISA test for IgM and IgG (EUROIMMUN AG, Lübeck, Germany). The ELISA consisted of a mixture
of whole antigens from B. afzelii, B. burgdorferi, and B. garinii. Anti-TBE IgM antibody was detected by
the semi-quantitative Euroimmun ELISA test.

Results
STUDY POPULATION

All of the 302 Russian patients admitted to hospital with presumptive tick borne infection had
laboratory evaluation for several tick-borne agents (Table 1). Of these, 51 (17%) had B.
miyamotoi infection. Only the 46 B. miyamotoi subjects with amplifiable B. miyamotoi DNA and
anti-borrelial IgM antibody in their blood and who were not coinfected with TBE were included
for further analysis. Anti-borrelial IgG antibody was absent on admission but detected in 18 of
these patients two weeks after admission; subsequent IgG testing was not performed because all
patients had IgM antibody by two weeks. B. garinii infection was diagnosed in 21 (7%) patients.
CLINICAL MANIFESTATIONS

B. miyamotoi patients experienced a longer time from tick bite to onset of symptoms and a
shorter time from symptom onset to hospital admission than B. garinii patients (Table 2). The B.
miyamotoi patients experienced more systemic symptoms, including fever and headache, than
the B. garinii and B. burgdorferi patients (Table 3). Maximum temperatures measured at home
and in the hospital were greater for B. miyamotoi patients than for B. garinii patients (39.0°C and
37.6°C, respectively, p<0.001). Duration of fever did not differ significantly in B. miyamotoi and
B. garinii patients (3.4 ± 1.4 and 3.3 ± 2.8 days, respectively). The return to normal body
temperature began prior to antibiotic therapy in all but one B. miyamotoi patient, as previously
described for relapsing fever patients. The duration of hospital stay was longer for B. miyamotoi
patients (median 20 days) than for B. garinii patients (median 10 days, p<0.001).
ANTIBIOTIC THERAPY AND CLINICAL OUTCOME

Antibiotic therapy for the B. miyamotoi patients generally was started about a week after
admission when IgM-based serological tests confirmed the diagnosis. It consisted of ceftriaxone,
2 grams IV every 24 hours for two weeks (42 patients) or doxycycline 100 mg PO every 12
hours for two weeks (two patients) that appeared to clear infection. One patient was treated after
hospital discharge with doxycycline while one other suffered a relapse, was readmitted and given
ceftriaxone. Patients diagnosed with B. garinii infection were given doxycycline or ceftriaxone.
The B. burgdorferi patients all received doxycycline or amoxicillin for two to four weeks.
RELAPSING INFECTION

Of the 46 B. miyamotoi patients, five (11%) experienced relapsing febrile illness before hospital
admission, one had two relapses before hospital admission, while four had one relapse after
hospitalization but before the start of antibiotic treatment. The mean duration between relapses
was nine days with a range of two days to two weeks. The maximum fever and duration of
illness was not significantly different for the first and second episodes of illness (Figure 2).
B. MIYAMOTOI IN TICKS AND HUMANS

We found B. miyamotoi infected I. persulcatus ticks in 0.9% of 442 ticks in Yekaterinburg.
I. persulcatus and I. ricinus ticks also were infected with B. miyamotoi (confirmed by sequencing
of PCR DNA amplification products in regions where human cases have not yet been identified
(Figure 1). The nucleotide sequences of 16S rRNA and flagellin gene fragments of all B.
miyamotoi that were detected in humans and in I. persulcatus ticks were almost indistinguishable
from the corresponding sequences of the prototype Japan HT-31 strain (1) (Figure 3). B.
miyamotoi from I. ricinus collected in the European part of Russia were more closely related to
European B. miyamotoi strains.

Table 1. Classification of patients with suspected tick-borne infections.

Diagnosis

Total
Presence of
number of erythema
patients
migrans

Amplifiable DNA (PCR)

Antibody

B. miyamotoi

B. burgdorferi s.l.

TBE

Borrelia IgM

TBE IgM

B. miyamotoi infection, confirmed

46

4

46

0

0

46

0

B. miyamotoi infection, unconfirmed

2

0

2

0

0

0

0

B. miyamotoi infection, TBE coinfection

3

0

3

0

0

2

3

B. garinii infection, confirmed

21

19

0

21

0

21

0

B. burgdorferi s.l. infection

83

83

0

0

0

59

0

Borrelia infection, unconfirmed

42

0

0

0

0

42

0

Tick-borne encephalitis (TBE), confirmed

21

0

0

0

5

0

21

TBE, B. burgdorferi s.l. coinfection

9

9

0

0

2

ND

9

TBE, Borrelia coinfection

11

0

0

0

3

11

11

Other inflammatory disease

64

0

0

0

0

0

0

Table 2. Characteristics of the study subjects.

Characteristic

B. miyamotoi

B. garinii

B. burgdorferi

46

21

92

Median years of age (range)

54 (21-77)

58 (18-87)

50 (14-79)

Number of males (%)

24 (52%)

11 (52%)

49 (53%)

Median days from tick bite to onset of
symptoms (interquartile range)

15 (12-16)

10 * (7-13)

NA

1 (1-2)

5 * (2-9)

NA

Number of patients

Median days from symptom onset to hospital
admission (interquartile range)

* p ≤ 0.001 in comparison with patients experiencing B. miyamotoi infection

Table 3. Clinical manifestations of subjects infected by B.myamotoi, B.garinii, and B.burgdorferi

Manifestations of disease

B. miyamotoi
(n=46)

B. garinii
(n=21)

B. burgdorferi
(n=92)

P value differences
B. miyamotoi
vs B. garinii

B. miyamotoi vs
B. burgdorferi

B. garinii vs
B. burgdorferi

Individual
Erythema migrans (EM)

9%

91%

89%

< 0.001

< 0.001

1

Multiple erythema migrans

0%

14%

7%

0.03

0.18

0.36

Fever*

98%

67%

32%

0.001

< 0.001

0.005

Fatigue

98%

86%

74%

0.09

< 0.001

0.40

Headache

89%

57%

63%

0.007

0.001

0.63

Chills

35%

10%

43%

0.04

0.36

0.005

Myalgia

59%

52%

63%

0.8

0.71

0.46

Arthralgia

28%

29%

62%

1

< 0.001

0.007

Nausea

30%

10%

24%

0.07

0.42

0.24

Vomiting

7%

5%

7%

1

1

1

Neck stiffness

2%

0%

38%

1

< 0.001

< 0.001

Mean number symptoms ± SD

4.5 ± 1.4

4.2 ± 2.0

5.0 ± 2.3

0.43

0.13

0.13

Mean number symptoms ± SD
(omit EM and multiple EM)

4.5 ± 1.4

3.1 ± 1.9

4.1 ± 2.3

0.007

0.46

0.09

Overall

o

o

* Fever is defined as axillary tmax >37.2 C for Russian patients and oral tmax >37.7 C for USA patients.
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Figure 1. The percentage of I. persulcatus (I.p) and I. ricinus (I.r) ticks infected with B.
miyamotoi in Russia. The number of ticks that were tested is given in parenthesis. The study
location of human B. miyamotoi infection is marked by the star.
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Figure 2. Examples of relapsing fever episodes in two patients experiencing B. miyamotoi
infection. The timing of tick bite, hospital admission, PCR and anti-borrelia IgM antibody testing,
and initiation of antibiotic therapy are shown by arrows.
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Figure 3. Phylogenetic tree of Borrelia detected in people and ticks based on flagellin gene
fragment (A) and 16S rRNA gene fragment (B). Sequences were aligned and analyzed with
MEGA 4.1 software. UPGMA genetic trees were constructed from the partial nucleotide
sequences of the flagellin gene and the 16S rRNA gene using the Kimura 2-Parameter model.
The 16 Borrelia from Yekaterinburg in 2009 had the same nucleotide sequence and are marked
by an arrow. Sequences characterized in this study are marked by circles. They are deposited
in GenBank with accession numbers GU797331- GU797346 and JF951378 - JF951392.
Sequences for B. burgdorferi sensu lato and relapsing fever borrelia are given for comparison

Conclusions
We provide confirmatory evidence of B. miyamotoi infection in humans. Most of these patients
experienced systemic symptoms that are similar to those of B. burgdorferi sensu lato and
relapsing fever Borrelia infections, a finding consistent with the genetic characteristics of this
novel spirochete. Only a tenth of the B. miyamotoi patients suffered febrile relapses occurring
two days to one month after the initial illness but many patients were treated shortly after their
initial fever onset and this early treatment may have prevented subsequent relapse. About a tenth
of the B. miyamotoi patients experienced an EM rash but it is possible that these patients had
unrecognized B. burgdorferi sensu lato coinfection. A single course of ceftriaxone or
doxycycline appeared to clear B. miyamotoi infection. The geographic dispersion and health
burden of human B. miyamotoi disease is unclear but it is likely that the infection occurs outside
of Russia, based upon comparative infection rates of vector ticks in Russia and at several
locations in Europe and the United States.
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