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Synopsis
Borrelia miyamotoi disease (BMD) is a newly recognized borreliosis globally transmitted by ticks
of the Ixodes persulcatus species complex. Once considered to be a tick symbiont with no public
health implications, B. miyamotoi is increasingly being recognized as the agent of a nonspecific
febrile illness often misdiagnosed as acute Lyme disease without rash, or as ehrlichiosis. The
frequency of its diagnosis in the northeastern U.S. is similar to that of HGA. A diagnosis of BMD
may be confirmed by PCR analysis of acute blood samples, or by seroconversion using a
recombinant GIpQ enzyme immunoassay. As with Lyme disease or HGA, BMD is successfully
treated with oral doxycycline or amoxicillin.
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Introduction

Tick borne Borrelia spp. are now usually divided into two taxonomic groups, which
correspond to the typical human disease manifestations, Lyme disease or relapsing fever, as
well as to their tick vectors, prostriate ixodid ticks and argasid ticks, respectively (Table 1).
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Arnold Theiler (1904) demonstrated spirochetes in metastriate ixodid ticks infesting African
cattle with a mild disease that was called “tick spirochetosis™ or bovine borreliosis. Borrelia
theileri subsequently has been globally reported, usually associated with cattle and their
cosmopolitan tick Rhipicephalus (Boophilus) microplus and R. annulatus. Professor Kenji
Miyamoto of Asahikawa Medical College, during 1990-1992, isolated spirochetes from I.
persulcatus ticks collected in Hokkaido, Japan. These isolates were subsequently
demonstrated by analysis of the 23S-5S rDNA and other genes, to be a new species related
to the relapsing fever spirochetes (Fukunaga et al. 1995). The name Borrelia miyamotoi was
applied to this new species, and subsequently, this spirochete has been detected wherever I.
persul catus species complex ticks (I. dammini, I. scapularis, I. pacificus, |. ricinus, herein
referred to as Ixodes spp.) occur. In 1995, borreliae from American Lone Star ticks
(Amblyomma americanum) were identified independently by two research groups
(Armstrong et al. 1996; Barbour et al. 1996) and provided the names B. lonestari and B.
barbouri; the former name has prevailed in the literature.1 Molecular phylogenetic analyses
demonstrate that B. theileri, B. lonestari, and B. miyamotoi comprise a group together, deep
within the relapsing fever spirochete clade (Barbour 2014) and not within the other ixodid
(“hard”) tick maintained borreliae, namely those in Ixodes spp. that are recognized as B.
burgdorferi sensu lato. Although phylogenetically considered to be relapsing fever
spirochetes, the metastriate-transmitted Borrelia spp. should not be assumed to be
biologically similar to the true relapsing fever spirochetes maintained by argasid (“soft”)
ticks, nor to cause typical relapsing fever.

As with B. burgdorferi (see reviews in this issue), evidence is emerging that B. miyamotoi
comprises a species complex or group of genospecies (Barbour 2014) and should be referred
to as B. miyamotoi sensu lato. Asian, European, and American clades are apparent with
phylogenetic analyses of typical gene targets such as flagellin (Figure 1). Unlike B.
burgdorferi s.1., for which less than half of the recognized genospecies have been associated
with human infection, all three B. miyamotoi clades recognized thus far have been associated
with human clinical cases.

The biology of B. theileri has been well studied, particularly clinical aspects of bovine
borreliosis (Callow 1967) and vector-pathogen interactions (Smith et al. 1985). “Borrelia
lonestari” has been circumstantially associated with a disease manifesting mainly as
erythema migrans (Southern Tick Associated Rash IlIness [STARI] or Masters Disease), but
its formal incrimination as the etiologic agent remains lacking (Feder et al. 2013). Further
discussion of STARI/Masters Disease as a borreliosis is beyond the scope of this review. B.
miyamotoi, despite its global distribution in Lyme disease vectors, remained as an incidental
finding in field surveys and was thought to be an endosymbiont of Ixodes spp. ticks. In
2011, a case series comprising febrile Russian patients, some with a recurrent fever, was
presented with polymerase chain reaction (PCR) evidence that implicated B. miyamotoi as
the etiologic agent (Platonov et al. 2011). This was the first suggestion that B. miyamotoi
was capable of causing human disease, and was followed in 2013 by the index case for

1The name B. lonestari technically should be presented in quotation marks or referred to as Candidatus Borrelia lonestari, inasmuch
as the requirements for naming a new bacterial taxon have not been fulfilled, in particular, formal publication in the IJSEM and its
propagation in vitro that would enable deposition of cultures into an accepted biological repository.
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North America (Gugliotta et al. 2013) and soon thereafter that for the European Union
(Hovius et al. 2013). We now know that at least in the northeastern U.S., B. miyamotoi
disease (BMD) may be relatively common (Molloy et al. in press).
Epidemiology

BMD appears to be a common infection in sites that are intensely zoonotic for Lyme
disease. For the Russian case-series, BMD was diagnosed as frequently as tick borne
encephalitis (TBE) and about half as frequently as erythema migrans due to B. burgdorferi
s.l. (Platonov et al. 2011). Active case detection using PCR of acute phase blood samples
from 11,515 febrile patients in southern New England demonstrated that 3.1% had evidence
of infection by Babesia microti, 1.4% by Anaplasma phagocytophilum, and 0.8% by B.
miyamotoi (Molloy et al. in press). It should be noted that blood was sampled only from
patients whose signs and symptoms were sufficient to cause them to seek medical attention;
it is likely that subclinical B. miyamotoi infections occur. Indeed, an enzyme immunoassay
using the recombinant B. miyamotoi antigen GIpQ (rGIpQ), suggested that the serum of
about 4% of participants from cross sectional serosurveys in New England Lyme disease
endemic sites was reactive; about 9% of these sera reacted to antigens of B. burgdorferi
(Krause et al. 2014).

The Russian case series presented from May—August (Platonov et al. 2011), had an
estimated 12-16 day incubation period. Adult |. persulcatus, the Lyme disease and TBE
vector in the Yekaterinburg area, seek hosts during May and June (Fillipova 1985), with
nymphs and larvae appearing during June and activity extending into August. It is thus not
clear which |. persulcatus developmental stage transmits B. miyamotoi to people in Russia.
In southern New England, about 70% of all the BMD cases were diagnosed during July and
August (Molloy et al. in press), which incriminates larval I. dammini as the main BMD
vector because nymphal |. dammini have their main period of activity during May to mid-
July. Two-thirds of all Lyme disease cases in the northeastern U.S. are reported during June
and July (Bacon et al. 2008), which demonstrates that nymphal I. dammini are the main
vector stage. Accordingly, BMD in the northeastern U.S. has a different epidemiologic
pattern than does Lyme disease. Education about preventing Lyme disease typically focuses
on temporal risk during early summer (June) and with the emergence of adult deer ticks
during the fall (October—November). Larval deer ticks would be found in the same habitats
as nymphs or adults, but would require more intimate contact with the ground and leaf litter
for a person to become infested. As with Lyme disease, nymphal and adult Ixodes spp. may
transmit infection, with prevalence rates of B. miyamotoi infection typically ranging from
1%-10% (Scoles et al. 2001; Richter et al. 2003; Mun et al. 2006; Ogden et al. 2011).
However, for most tick borne infections, an infected tick is a necessary but insufficient
condition for risk: risk is instead determined by whether a tick is allowed to feed for an
extended duration. Adult Ixodes spp. tend to seek hosts during the colder months when
people are dressed in a manner that inhibits tick attachment. Adults are also much bigger
and more easily detected and removed. Nymphal Ixodes spp. are empirically very efficient
vectors for Lyme disease, and the finding that more BMD cases coincide with the larval tick
season of activity in the northeastern U.S. suggests that nymphs may not transmit B.
miyamotoi as efficiently as do larvae.
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As with B. burgdorferi s.l., diverse kinds of warm-blooded animals may serve as amplifying
hosts for B. miyamotoi. B. miyamotoi is easily propagated in the laboratory in both
sigmondontine and murine rodents (Scoles et al. 2001). A common reservoir host for B.
burgdorferi in the eastern U.S., the white footed mouse (Peromyscus leucopus), is naturally
infected by B. miyamotoi (Barbour et al. 2009). European and Japanese rodents known to
maintain B. burgdorferi s.I. are also competent hosts for B. miyamotoi (Taylor et al. 2013;
Burri et al. 2014). B. miyamotoi has been detected in blood or in ticks removed from
passerine or galliform birds (Hamer et al. 2012) as well as from ticks attached to deer
(although it is not clear whether the tick was infected prior to infesting the deer or acquired
infection from the deer). Whether specific vertebrate reservoirs are required for B.
miyamotoi perpetuation is not axiomatic.

Transmission

B. miyamotoi was first isolated from host seeking, unfed adult I. persulcatus ticks (Fukunaga
et al. 1995), which implied that spirochetes had been maintained through the molt from fed
nymph to adult stage ticks (i.e. transstadial transmission). The comprehensive report that
established the endemicity of B. miyamotoi in North America (Scoles et al 2001) confirmed
transstadial transmission as well as by inheritance (i.e., transovarial transmission). B.
burgdorferi s.I., in contrast, is inefficiently inherited, if at all (Rollend et al. 2013), while the
classic relapsing fever spirochetes (e.g., B. hermsi, B. turicata, B. crocidurae, B. duttoni) can
be readily maintained by this mode of transmission, at least for as many as 5 generations
(Burgdorfer and Varma 1967). Vertebrate hosts can serve to increase the prevalence of
infection in the general tick population, and may even be required to maintain full
pathogenicity. However, they may not be necessary for spirochetal persistence from
generation to generation. The agent of bovine borreliosis, B. theileri, is also maintained in
this manner, although the hard ticks that transmit B. theileri, Rhipicephalus microplus, are
“one host” ticks which (unlike most ticks that detach after each bloodmeal) attach as larvae,
feed and quickly develop into nymphs and then adults in situ without leaving the individual
host. B. lonestari is found in host-seeking larval Amblyomma americanum (Telford,
unpublished) and is likely to have inheritance as an important mode of perpetuation. Thus,
the metastriate hard tick borreliae (B. theileri, B. lonestari, and B. miyamotoi) share aspects
of the biology of the soft tick-transmitted relapsing fever spirochetes.

Although B. burgdorferi s.I. requires reactivation within the feeding Ixodes spp. prior to
attaining infectivity, the true relapsing fever spirochetes apparently do not; isolates are
readily made by homogenizing and injecting infected soft ticks into mice. Reactivation was
first described for Rickettsia rickettsii, the agent of Rocky Mountain spotted fever (Spencer
and Parker 1923). Host seeking wood ticks, Dermacentor andersoni, collected from
zoonotic sites failed to induce productive infection in guinea pigs when homogenized and
intraperitoneally injected, but those that were allowed to pre-feed for 24 hours on uninfected
animals, then homogenized and injected into uninfected guinea pigs induced a typical fatal
infection. Heating ticks to 37C for several hours also induced the activation of the dormant
rickettsiae, as demonstrated by their capacity to cause lethal infection. Subsequently,
virtually all hard tick-transmitted pathogens were recognized to require a similar reactivation
to attain infectivity (Katavolos et al. 1998). The molecular basis of reactivation has been
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elegantly studied in B. burgdorferi s.l. (Rosa et al. 2005) and is the reason for the minimum
24 hour delay between tick attachment and delivery of an infectious dose to initiate Lyme
disease. Reactivation does not seem to occur with the soft tick-transmitted relapsing fever
spirochetes, perhaps because soft ticks require only a few hours for feeding, in contrast to
hard ticks, which require days. It is not known whether B. miyamotoi requires reactivation
during transmission by Ixodes spp. Accordingly, it is not clear whether prompt removal of
feeding ticks may reduce the risk of acquiring BMD, as it does Lyme disease, although
prompt removal might influence the quantum of infection (dose) delivered.

Because B. miyamotoi causes spirochetemia and can be detected by PCR in acute blood
samples of febrile individuals, it is possible that transfusion-transmitted cases will be
described. Further supporting this possibility is the finding that, infected mouse blood
retains infectivity by syringe passage under storage conditions that are similar to those used
in blood banking (Krause et al. 2015). On the other hand, the capacity of B. miyamotoi to
persist in people who have recovered from acute illness remains unknown.

Clinical presentation

The BMD index cases in North America (Gugliotta et al. 2013) and in the European Union.
(Hovius et al 2013) presented with meningoencephalitis. Both patients were elderly and had
recently undergone chemotherapy for malignancy. BMD in both of these individuals was
progressive, comprising memory and cognitive deficits, and spirochetes were detected in
cerebrospinal fluid samples, demonstrating active intrathecal infection. For both patients,
acute disease was entirely resolved following antibiotic treatment. How frequently B.
miyamotoi breaches the blood-brain barrier of otherwise healthy individuals remains to be
determined, though in our large case series no sign of meningeal irritation or encephalitis
was observed (Molloy et al. in press)..

In the Russian case series described above (Platonov et al. 2011), it was noted that BMD
generally presented with more systemic signs and symptoms, particularly headache and
fever, compared to Lyme disease. Virtually all patients presented with fever (axillary
temperature >37.2C), fatigue, and headache, a statistically significant difference from the
presentation of Lyme disease patients. The next most common signs and symptoms were
myalgia, chills, nausea and arthralgia, characterizing 30%-60% of the patients. Similarly, a
series of PCR positive patients from New England (Molloy et al. in press) almost always
demonstrated fever, chills, headache, myalgia and fatigue. Referring physicians often noted
that patients with BMD exhibited more significant symptoms than patients with Lyme
disease. In fact, BMD can be misdiagnosed as ehrlichiosis due to A. phagocytophilum or
Ehrlichia spp. (Chowdri et al. 2014). In both case series, rashes were observed for fewer
than 10% of the patients.

Although recurrent fever has been reported from as many as 10% of the Russian and
American BMD cases, classical relapsing fever is a very different disease clinically and
biologically. Relapsing fever has a sudden onset of two or more episodes of high fever (i.e.,
>39C), with an inter-febrile period of a few days. The fevers end with half an hour of rigors,
hyperpyrexia, and hypertension followed by hours of diaphoresis and hypotension. Often the
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patient is also delirious during this period. The spleen is enlarged and jaundice may be
apparent in these patients (Southern and Sanford 1969). In most respects, relapsing fever is a
very severe, acute disease compared to either BMD or Lyme disease. With respect to
pathobiology, relapsing fever spirochetes are characterized by their evasion of the host
immune response by antigenic variation (Barbour 1987), with progressive replacement of
dozens of variable membrane proteins (VMPs). No evidence has been presented to suggest
the phenomenon of antigenic variation by B. miyamotoi. Accordingly, even though B.
miyamotoi is phylogenetically a relapsing fever spirochete, BMD should not be considered
relapsing fever.

We present 3 case vignettes, representing the spectrum of BMD that we have observed.

Case 1. Uncomplicated BMD

In late November, an active 70 year old woman from southeastern Massachusetts presented
to an urgent care center with 2 days of fever to 38.9C, shaking chills, rigors and headache.
She denied nausea, vomiting, diarrhea or upper respiratory symptoms. A “big” tick had been
imbedded in her flank two weeks prior. Her past medical history was significant for
hypertension, hyperlipidemia, reflux disease and osteopenia. Blood was drawn and she was
advised to take nonsteroidal anti-inflammatory drugs (NSAIDs), rest, and hydrate. Here
complete blood cell count (CBC) was normal and a rapid influenza test was negative. PCR
demonstrated B. miyamotoi DNA in the blood sample and 5 days after the initial
presentation, the patient reported symptomatic improvement with the use of NSAIDs
without antimicrobials. Her body aches and chills resolved, and the patient was otherwise
well,but she continued to complain of residual fatigue. Skin examination revealed residual
erythema at the site of the tick bite but no other rashes. She was started on doxycycline
100mg twice daily and a repeat blood sample taken at this time was negative for B.
miyamotoi or other deer tick-borne infections. She was re-evaluated in late December after
completion of the doxycycline course and complained of residual fatigue. She was seen
again in late January feeling much better with her fatigue resolving.

Case 2. Human anaplasmosis or BMD?

A healthy 57 year old woman from southeastern Massachusetts became acutely ill in early
August with fevers and chills, headache, joint and muscle pain. Two days after onset, she
went to the community hospital emergency room due to increasing lethargy, where she was
found to be febrile to 38.9C and tachycardic (HR = 116). She reported a tick bite three
weeks prior. Peripheral blood smears, blood and urine cultures were negative and her CSF
was normal. A CBC revealed a white blood cell (WBC) count of 7,600 with 71%
polymorphonuclear leukocytes and 16% neutrophils, a platelet count of 120,000 cells/ul and
elevated liver transaminases. The patient’s chest x-ray was normal, however she was
admitted due to her septic appearance, and human anaplasmosis was presumptively
diagnosed based on the clinical presentation and lab data. She was hydrated with 1V fluids
and started on 1V doxycycline. A CBC the next day revealed WBC 6,200 and platelets of
80,000 cells/pl. She improved within 24 hours and although her headaches persisted, she
was discharged on oral doxycycline.
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Blood taken prior to treatment was positive by PCR for B. miyamotoi and negative for both
A. phagocytophilumand B. microti. At her outpatient follow-up, the patient stated that
although her fever resolved within 24 hours of the IV doxycycline, she continued to have
fatigue and headaches, unrelieved by oxycodone with acetaminophen. She was alert and
oriented but complained of severe headache. Vital signs and physical exam were normal.
She was advised to continue doxycycline for a period of three weeks and was given a
prescription for butalbital/acetaminophen and caffeine for her headaches. She was re-
evaluated 9 days later and all of her symptoms had resolved, including the headaches. A
CBC drawn at that time showed a WBC 11,200/uL, HCT 42.8% and PLT 397,000/uL. She
has since remained well and is back to her normal activities.

Case 3. Recurrent fever presentation

A 57 year old female nurse from southeastern Massachusetts felt ill at the end of July with
generalized malaise and body aches. She is an avid gardener and has dogs, but did not recall
any tick bites. None of her family members had been ill. Her past medical history is
significant for hypertension and anxiety. She developed fevers, shaking chills, night sweats
and headaches and was evaluated in a local community hospital emergency room where she
was given 2 liters of 1V fluids and sent home. She continued to be febrile with nausea,
fatigue and body aches and went to her primary care physician a few days later. A CBC
demonstrated leukopenia and elevated transaminases. She gave a history of allergy to
amoxicillin and tetracycline and was sent home without treatment. A whole blood specimen
was negative by PCR for B. microti and A. phagocytophilum, but serum was reactive for
IgM-class antibodies to B. burgdorferi using a whole cell sonicate EIA, although
confirmatory testing by immunoblot was negative. She continued to feel poorly with
recurrent fever, chills and headaches associated with anorexia and weight loss. She had
multiple visits to her primary care provider, who continued to monitor her clinically with
serial CBCs. No specific diagnosis was made.Due to persistent symptoms, including fever,
generalized arthralgias, malaise, headaches, nausea and loss of appetite, the patient was
examined by an infectious disease specialist approximately 5-6 weeks after her initial
presentation. She stated her fevers resolved for several days and then relapsed, causing a
recurrence of her symptom complex. Physical examination revealed an alert but pale and ill
looking woman. All other systems were unaffected and the patient was started on
doxycycline while awaiting the results of the lab tests.

Blood samples drawn on 8/2 and 8/30 yielded evidence of B. miyamotoi DNA. She was re-
evaluated on 9/27; the fever, headache and joint pain had all resolved. She complained of
extreme fatigue and the inability to function at her normal pace. Her exam at that visit was
normal and her CBC had returned to normal values. She was advised to complete the 4
weeks of doxycycline given that she was able to tolerate it with no side effects. The patient
called the office on Oct 16 stating all of her symptoms had resolved and she was feeling
markedly better.
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If Lyme disease is known to be zoonotic where the patient may have acquired infection,
BMD is also likely to be endemic and thus should be considered in the differential diagnosis
for a febrile, tick-exposed patient. As with the other deer tick-transmitted infections (i.e.,
Lyme disease, babesiosis, HGA, or Powassan/deer tick virus fever), patients with BMD
present with an undifferentiated febrile illness, which may include acute headaches, fever,
chills, myalgia, arthralgia, fatigue, or malaise. BMD patients often appear septic and
laboratory studies reveal leukopenia, thrombocytopenia, and elevated transaminases. Such
findings, along with clinical presentation, usually requires providers to exclude HGA.

Specialized laboratory testing, particularly PCR testing of blood samples collected during
acute infection and ideally prior to initiation of treatment, is useful for confirming a BMD
diagnosis. Acute anticoagulated blood samples (EDTA or citrate, not heparin) taken prior to
treatment may be analyzed for evidence of B. miyamotoi DNA by PCR. Commercial testing
laboratories are increasingly offering specific PCR testing for B. miyamotoi, but physicians
need to consider a clinical laboratory experience’s with PCR in general when interpreting
results. Like all other PCR assays, the failure to detect specific DNA or RNA in the blood
does not exclude the possibility of BMD. In addition to B. burgdorferi, concurrent infections
with B. microti, A. phagocytophilum, or even deer tick virus are possible and should be ruled
out.

Serology is a useful complementary method to PCR for confirming a BMD diagnosis
(Molloy et al. in press). Importantly, the recommended two-tiered serologic protocol
(Wormser et al. 2006) for confirming a B. burgdorferi infection (EIA followed by
immunoblot of reactive samples) is not useful for diagnosis of BMD. However, 23% of
acute and 90% of convalescent sera from PCR confirmed BMD cases were reactive for IgM
antibodies to B. burgdorferi using a sonicate antigen EIA. Few of these reactives were
considered positive when immunoblots are interpreted as recommended (MMWR 1995). No
more than 20% of convalescent BMD sera were reactive in the 1gG EIA and of these, only
7% were confirmed by immunoblot. Thus, an IgM reactive sample by Lyme ELISA, but not
confirmed by immunoblot, may represent a response to B. miyamotoi instead of B.
burgdorferi. Convalescent sera from BMD patients rarely demonstrate 1gG reactivity to B.
burgdorferi antigens.

The B. burgdorferi EIA, when reactive for IgM but not confirmed for specific reactivity,
may be effectively complemented by an EIA using a recombinant glycerophosphodiester
phosphodiesterase (GIpQ) protein. GIpQ is a 39-42kDa protein that was identified by
screening a B. hermsi genomic library with high titered human sera collected from a patient
with relapsing fever. GIpQ was demonstrated in all Borrelia spp. examined except for B.
burgdorferi s.1., thus allowing for serologic discrimination of relapsing fever from Lyme
disease (Schwan et al. 1996). Over 90% of convalescent sera from relapsing fever cases
were reactive in EIAs using the recombinant GlpQ (rGlpQ) protein, but none were reactive
from either Lyme disease or syphilis cases. Given that B. miyamotoi is more closely related
to relapsing fever spirochetes than to B. burgdorferi s.1., GIpQ was a natural target to serve
as the basis for the development of an immunoassay to confirm a diagnosis of BMD.
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The rGIpQ EIA appears to be sensitive and specific for confirming BMD (Molloy et al. in
press). Lyme disease patient sera did not react with rGIpQ, nor did those from HGA or
monocytic ehrlichiosis patients. A low frequency (14%) of IgM reactivity was observed with
B. microti patient sera; the biologic basis for this finding remains unexplored. Some (3.6%)
serum samples from 250 healthy individuals residing west of the Mississippi River were
considered 1gG reactive; this puzzling finding may reflect exposure to relapsing fever
spirochetes other than B. miyamotoi. Although GIpQ homologs may be found in
Haemophilus influenzae and even Escherichia coli, their sequences are divergent enough so
that crossreactivity with B. miyamotoi GlIpQ is not likely (Krause et al. 2014). Of a well-
studied BMD case series, 86% were considered to have seroconverted to rGlpQ (Molloy et
al. in press); convalescent sera comprised those taken at least 5 days after initial
presentation.

The need for a recombinant protein antigen was determined by the lack of availability of
whole cell B. miyamotoi antigens. Although the Japanese B. miyamotoi type strain HT31
was originally isolated in BSK Il medium and apparently can be productively maintained in
vitro, until very recently no one has succeeded in culturing the American or Eurasian strains.
The only means of propagating these other strains has been by serial blood passage in SCID
mice. These immunodeficient mice sustain spirochetemias approaching 1000-5000
bacteria/mL for long durations, and they are very useful in making primary isolates by
inoculating blood from BMD patients. However, the cost of purchasing SCID mice and
maintaining them for the purpose of harvesting spirochetes for use as serologic reagents
would be prohibitive. HT31 itself is not available through ATCC or other biological
repositories and must be requested from a handful of research laboratories within the U.S. or
Europe.

Successful cultivation of B. miyamotoi has recently been reported (Wagemakers et al. 2014;
Margos et al. 2015). Both research groups report passaging HT31 and a North American B.
miyamotoi strain in variants of Kelly-Pettenkofer medium (Kelly’s medium is the base for
BSK Il medium, which is used to cultivate B. burgdorferi). In one system, 10% fetal calf
serum and slight modifications of the concentrations of bovine serum albumin, CMRL-1066
base, HEPES, glucose, and rabbit serum allowed for propagation within standard conditions
used for B. burgdorferi. In the other system, the critical factors included 50% fetal calf
serum in a 6% carbon dioxide atmosphere. In both systems, cell densities did not exceed 107
bacteria/ mL, wherease B. burgdorferi in BSK Il medium will attain densities of 10°
cells/mL (Barbour 1985). Both research groups report failing to maintain B. miyamotoi
viability in unmodified BSKII medium but Fukunaga et al. (1996) originally propagated
HT31 in BSKII medium to densities sufficient to harvest cells for preparing immunoblots or
DNA for southern blots or pulse field gel electrophoresis. It may be that the 3 members of B.
miyamotoi s.l. may differ in their in vitro growth requirements, or that batches of BSK vary
with respect to their capacity to sustain HT31 growth. In any event, the possibility of
propagating B. miyamotoi in vitro allows for generating more traditional serologic reagents
such as whole cell sonicate EIAs and immunoblots.

SCID mice could be inoculated with acute blood samples and borreliae may be visualized by
peripheral blood smears of the mice 7-14 days after inoculation (Figure 2). The sensitivity
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of this procedure has not yet been determined and this method would be restricted to a
limited number of research laboratories. Spirochetes were demonstrable in the CSF of the
American and European index cases, but these were unusual findings in elderly
immunocompromised individuals. However, because B. miyamotoi causes peripheral blood
spirochetemia, Giemsa stained blood smears made from acute blood samples may allow for
a microscopic confirmation of the diagnosis. Thick smears, as performed for malaria
diagnosis, are the most likely method for successful detection; by quantitative PCR, a range
of 5-53,000 (mean 8313) spirochetes were estimated per milliliter of whole blood from our
recent case series (Molloy et al., in press). For comparison, the sensitivity of thick blood
smears for malarial parasites is approximately 15,000 infected red blood cells per milliliter
(Bruce Chwatt 1985).

In summary, BMD should be considered in febrile patients from Lyme-endemic regions of
the northeast United States, who present between April to November with evidence of a
systemic illness or who appear septic. Other infections to be considered in these patients
include Lyme disease without rash, babesiosis, HGA, deer tick virus fever and West Nile
fever. Elevated transaminases, leukopenia, and thrombocytopenia narrow the list of deer tick
transmitted infections to BMD and HGA,; in sites with dog ticks or Lone Star ticks,
rickettsiosis, monocytic ehrlichiosis, and tularemia may also be considered. PCR testing of
an acute, pre-treatment blood sample for Borrelia spp. (“pan-borrelia”), preferably followed
by a species specific PCR assay as a confirmatory identification, is the most efficient way to
demonstrate active infection. As with Lyme disease or virtually any other tick-transmitted
infection, acute serology for BMD is not sensitive, but it is useful as an archived comparison
to a convalescent sample collected 3 to4 weeks later. BMD convalescent serum is usually
IgM reactive in B. burgdorferi EIA (whole cell sonicate), but the confirmatory Lyme
immunoblot using the two-tiered protocol will not be interpreted as positive. Only a fifth of
convalescent BMD patient sera will react in the B. burgdorferi 1gG EIA (and usually are
negatively by the confirmatory immunoblot), but more than 80% will react in the rGlpQ EIA
for 19gG. Hence, the confirmation of BMD rests on elevated transaminases, acute blood PCR,
and seroconversion to rGIpQ.

Treatment

Itis very likely that BMD has been occurring in Lyme-endemic sites from the very
beginning of our recognition of Lyme disease as an American zoonosis, but presumptively
has been diagnosed as atypical Lyme disease and treated successfully on that basis. Oral
doxycycline (100 mg twice a day for 10-21 days) or amoxicillin (500 mg three times a day
for 14-21 days) as currently recommended for early disseminated Lyme disease (Wormser
et al. 2006) has been sufficient to treat BMD (Molloy et al. in press). Treatment failure has
not been documented. The clinical implications of milder infections and failure to treat
remains undetermined; mild or subclinical infections clearly occur given the evidence for
5%-10% prior exposure in New England communities suggested by cross-sectional
serosurveys (Krause et al. 2014). The manner in which BMD presents in children remains to
be described.
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evention would be as for any other tick borne infection, namely personal protection using

repellents such as DEET, clothing treatment with permethrin, daily showers, tick checks,
prompt tick removal, and vigilance for unexplained fevers when living in or visiting Lyme-

en

demic sites.
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Key Points

Borrelia miyamotoi was first described from Japanese Ixodes persul catus ticks.
Subsequently, it was detected as an inherited infection of I. dammini ticks in the
northeastern United States.

The index case of B. miyamotoi disease (BMD) in the United States comprised
meningoencephalitis in an elderly immunocompromised patient. BMD is likely
a common, underdiagnosed zoonosis wherever Lyme disease is reported.

Cases typically present with headache, fever, chills, fatigue, and myalgia.

BMD should not be considered a relapsing fever; there is no crisis with rigors or
hyperpyrexia followed by diaphoresis and hypotension.

BMD may be confirmed by PCR of acute blood samples or by seroconversion to
a recombinant GlpQ antigen.

Treatment is identical to that for Lyme disease.
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B. hermsii EF595741

B. lonestari AY850064

B. theileri KF569936

Phylogenetic relationship of B. miyamotoi s.l. Neighbor-joining analysis of a 608 bp portion
of the flagellin gene. Numbers at nodes represent proportion of 1000 bootstrap replicates
consistent with the branching topology; branch lengths are proportional to nucleotide
differences. Three B. miyamotoi clades are apparent: American, Japanese/Russian and

European.

(Data from GenBank; Available at: http://www.ncbi.nlm.nih.gov/genbank/)
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Figure 2.
Giemsa stained (pH 7.0) thin blood smear of blood from a CB17-SCID mouse concurrently

infected by Babesia microti and Borrelia miyamotoi. Three spirochetes are seen in this field.
X630, bright field illumination.
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