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SUMMARY

Ixodes ticks serve as vectors for Borrelia burgdorferi, the agent of Lyme disease. Globally, these

ticks often concurrently harbor B. miyamotoi, a spirochete that is classified within the relapsing-

fever group of spirochetes. Although humans presumably are exposed to B. miyamotoi, there are

limited data suggesting disease attributable to it. We report a case of progressive mental

deterioration in an older, immunocompromised patient, and even though Koch’s postulates were

not met, we posit B. miyamotoi as the cause, owing to its direct detection in cerebrospinal fluid

(CSF) with the use of microscopy and a polymerase-chain-reaction (PCR) assay. It is likely that B.

miyamotoi is an underrecognized cause of disease, especially in sites where Lyme disease is

endemic.

CASE REPORT

An 80-year-old woman was evaluated because of 4 months of progressive decline in mental

status, including increasing confusion, withdrawal from family interactions, episodes of not

getting out of bed, wobbling gait, and difficulty hearing, accompanied by a decrease in

appetite and a 13.6-kg (30-lb) weight loss. Her medical history was notable for non-

Hodgkin’s lymphoma (follicular type, stage IIA), diagnosed in February 2005. She was

treated with a regimen of cyclophosphamide, doxorubicin, vincristine, and prednisone with

rituximab from June 2005 through September 2005, and then with rituximab every 6 months

until August 2011. The patient also had a history of hypertension and a recent diagnosis of

depression. She had no history of travel, no known tick bites or rash, and no recent erythema

migrans. She lived on a farm in New Jersey, where there was possible exposure to poultry,

cats, dogs, and field mice and where deer were frequently observed. She had been treated

twice in the past for Lyme disease: once in November 2006 (clinical details were not
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available other than a negative result on serologic testing for Lyme disease) and once in July

2007, when she presented with erythema migrans and was treated with doxycycline for 2

weeks.

The patient was evaluated by her primary care provider. A metabolic workup was

unrevealing, and she was referred to the oncology department. Computed tomography of the

chest, abdomen, and pelvis showed no evidence of new disease. Magnetic resonance

imaging of the brain, performed with and without the administration of contrast material on

February 6, 2012, showed no acute findings. A lumbar puncture was performed on February

21, 2012, to assess the patient for lymphomatous meningitis. Cytologic analysis and flow

cytometry showed pleocytosis with an increased protein level (Table 1). Giemsa staining of

a cytospin preparation of CSF sediment revealed spirochetes, which were also visualized by

means of Gram’s staining.

The patient was admitted to the hospital on February 23, 2012, for further evaluation. On

examination, she was afebrile and vital signs were stable. Physical examination was

unremarkable except for a soft systolic murmur. Neurologic examination revealed that she

was slow to answer questions and follow commands, was hard of hearing, and had an

unsteady gait. The patient could not give any details of her history or symptoms; she did not

say that she had a headache or stiff neck.

A follow-up spinal tap, on February 23, again showed spirochetes on Giemsa staining (Table

1). After blood and CSF samples had been obtained for cultures, ceftriaxone, at a dose of 2 g

intravenously, was administered, at 8:45 p.m. Approximately 9 hours later, at 6 a.m. on

February 24, the patient had a temperature of 38.7°C (101.6°F), her systolic blood pressure

was in the low 90s, and she appeared ill. She had a salutary therapeutic response to the

administration of fluids and acetaminophen. The clinical presentation after the patient

received ceftriaxone was suggestive of a Jarisch–Herxheimer reaction. Treatment was then

switched to penicillin G at a daily dose of 24 million U given intravenously, because the

specific pathogen remained unidentified. During the first 5 days of therapy, the patient’s

physical condition improved dramatically; the hyponatremia resolved by February 26. Her

mental condition improved progressively over the first 3 to 5 days, returning to normal at the

end of the 30-day regimen of intravenous penicillin G therapy.

Additional laboratory findings on February 23 included negative results on Venereal Disease

Reference Laboratory testing of CSF and on serum rapid plasma reagin testing (no prozone

phenomenon). No organisms or spirochetes were observed on a peripheral-blood smear.

Serum electrophoresis showed a total protein level of 5.6 g per deciliter, a gamma globulin

level of 0.5 g per deciliter, and no monoclonal protein; the IgA level was 70 mg per deciliter

(normal range, 61 to 356), the IgM level 18 mg per deciliter (normal range, 37 to 286), and

the IgG level 445 mg per deciliter (normal range, 767 to 1590). The sodium level was 127

mmol per liter, the cortisol level was 14.7 µg per deciliter (406 nmol per liter), and results of

liver-function tests were normal. Routine cultures of the second CSF sample (which

included fungal testing) were negative (Table 1). Cryptococcalantigen testing and staining

for acid-fast bacilli were negative, but spirochetes were again visualized. A blood culture

grew Staphylococcus epidermidis, which was considered a contaminant.
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METHODS

MICROSCOPICAL AND IMMUNOFLUORESCENCE STUDIES

CSF specimens were received at a reference laboratory (Imugen), and aliquots were directly

examined by means of dark-field microscopy. Duplicate aliquots were independently

analyzed by means of dark-field microscopy at an academic laboratory. In addition, 5-mm3

volumes were dried on polylysine slides and fixed with acetone, for indirect

immunofluorescence analysis, or with absolute methanol, for staining by the Giemsa

method.

Slides were incubated with murine monoclonal antibody H5332, which is directed against

the outer-surface protein A of B. burgdorferi sensu stricto, or with monoclonal antibody

H9724, which is directed against the flagellin of borrelia species.1, 2 Fluorescein

isothiocyanate–conjugated antimouse immunoglobulin (Sigma) was used as the secondary

antibody. The slides were examined by means of epifluorescence microscopy at a

magnification of 400 times.

PROPAGATION ATTEMPTS

Aliquots of pretreatment CSF specimens were placed in 15-ml polypropylene tubes with 10

ml of complete Barbour–Stoenner–Kelly medium (B8291, Sigma) and incubated at 33°C

and 37°C. Samples were examined by means of dark-field microscopy twice weekly for

evidence of multiplication, and blind passages to new medium were made for 6 weeks.

ANTIBODY STUDIES

Samples of serum and CSF obtained during the acute phase of the disease and after

treatment were tested at the reference laboratory by means of antibody-capture enzyme

immunoassay for IgA, IgM, and IgG isotypes to B. burgdorferi sensu stricto strain

49736.3–5 Serum samples were also tested by means of immunoblot assay according to

published guidelines.6 In addition, serum samples were tested for IgG reactivity to Babesia

microti and for IgG and IgM reactivity to Anaplasma phagocytophilum by means of indirect

immunofluorescence and indirect enzyme immunoassay, respectively.7, 8

PCR AND PHYLOGENETIC ANALYSIS

DNA extraction, PCR setup, and amplicon analysis were performed with enhanced

contamination-control practices and precautions in both laboratories. Extracted DNA from

the patient’s CSF was tested for the presence of borrelia by means of a real-time PCR assay

with the use of primers targeting the 23S ribosomal DNA (rDNA) gene (Bb23Sf and Bb23Sr

with probe Bb23Sp-FAM), as described previously.9 Additional primers were subsequently

used for identification, including OspA2 and OspA4,10 which target the OspA gene of B.

burgdorferi sensu lato. Two additional gene targets were amplified with the use of primers

specific for B. miyamotoi–like spirochetes, the GlpQ gene11 and the flagellin gene.12 Large

pieces of 16S rDNA and flagellin genes were amplified for sequencing with the use of

previously described primers (Fla120f and Fla920r) and 16S rDNA genes (Bf1 and Br1).12

Amplicons were excised from agarose gels and were commercially sequenced (Genewiz).
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Sequences were aligned with other borrelia sequences from GenBank for phylogenetic

analysis (GenBank accession numbers for this study, JQ926184 to JQ926187).

RESULTS

MICROSCOPICAL AND IMMUNOFLUORESCENCE FEATURES

With the use of 400× magnification, three to five motile, tightly coiled spirochetes, 7 to 10

µm long, were observed per CSF field (approximately 100 per cubic millimeter) (Fig. 1).

These spirochetes differed qualitatively from B. burgdorferi sensu lato with respect to their

morphologic characteristics and behavior in vitro — in particular, their rapid axial

movements and extent of cell coiling — leading to an initial suspicion that the agent was not

B. burgdorferi. Immunofluorescence studies with the use of monoclonal antibody H9724

confirmed that the spirochete was a member of the genus borrelia, not a treponema species.

The absence of reactivity with monoclonal antibody H5332, which reacts with all known

North American strains of B. burgdorferi sensu stricto,2 indicated that the spirochete was

probably not B. burgdorferi sensu stricto.

PROPAGATION

The CSF spirochetes did not propagate in Barbour–Stoenner–Kelly medium. Motility was

not observed after 4 weeks of incubation.

SEROLOGIC FINDINGS

Enzyme immunoassay with B. burgdorferi antigen was negative (optical density, <1) for

IgM, IgA, and IgG isotypes in serum and CSF specimens obtained during the acute phase of

disease and after treatment; immunoblot assay of serum specimens showed no bands. No

reactivity to B. microti or A. phagocytophilum was observed.

GENETIC ANALYSIS

Real-time PCR assay with the use of genuswide borrelia primers confirmed that the patient’s

initial CSF specimens contained a borrelia species, not a treponema species. However,

negative results from the B. burgdorferi–specific PCR assay targeting the OspA gene ruled

out Lyme neuroborreliosis. The specific identity of the CSF spirochete was established by

the amplification of two separate gene targets with the use of primers specific for the B.

miyamotoi genogroup and was confirmed by sequencing and phylogenetic analysis of the

16S rRNA and flagellin genes (Fig. 2) that definitively place the borrelia from this patient

within the American clade of the B. miyamotoi–like spirochetes. The post-treatment CSF

sample was negative on PCR assay.

DISCUSSION

The genus borrelia can generally be divided into two taxonomic groups that correspond to

typical disease manifestations — namely, Lyme disease and relapsing fever. The spirochetes

causing Lyme disease are assigned to a species complex referred to as B. burgdorferi sensu

lato. The prototypic B. burgdorferi sensu stricto is the only member of the species complex

known to cause Lyme disease in the United States. All species classified within B.
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burgdorferi sensu lato are maintained by hard ticks (Ixodidae) of the genus ixodes. In the

eastern United States, the main vectors for Lyme disease are I. dammini and I. scapularis;

the merit of considering these ticks to be either one species or two different species

continues to be debated.14

The relapsing-fever group comprises genetically diverse agents, many of which are known

to cause a disease characterized by a high temperature that cyclically remits. The relapsing-

fever agents are maintained by soft ticks (Argasidae), with the exception of B. recurrentis,

which is an anthroponosis transmitted by the body louse.15 There are also borrelia species

that group genetically with the classic relapsing-fever spirochetes but are maintained by hard

ticks. These include B. lonestari, which is transmitted by Amblyomma americanum16; B.

theileri, transmitted by Boophilus microplus17; and B. miyamotoi, transmitted by Ixodes

ovatus or Haemaphysalis longicornis in Japan.18 Although B. theileri is well known as the

cause of bovine borreliosis,19 the zoonotic potential of the hard tick–transmitted borreliae

that are genetically related to those causing relapsing fever remains unclear.

Since the discovery of B. miyamotoi in Japan in 1995,18 it has been detected in Lyme

disease vectors globally.20–23 B. miyamotoi shares the same vector as B. burgdorferi sensu

lato,24 but its prevalence in ticks is only 10% of that for B. burgdorferi, ranging from 0.7%

in I. pacificus in California22 to 3.5% in I. ricinus in Germany.21 Nonetheless, in certain

sites, people are likely to be exposed to B. miyamotoi infection. In 2011, human cases that

were attributed to infection with B. miyamotoi were described in Russia,25 mostly in patients

presenting with nonspecific prolonged fever. These patients had seroreactivity to B.

burgdorferi sensu lato antigen on enzyme immunoassay, and the cause was suggested by

amplification of B. miyamotoi DNA from the patients’ blood. A recent report showed that

serum samples from 1 to 3% of residents of New England sites where Lyme disease is

endemic were reactive in an experimental serologic assay targeting the B. miyamotoi GlpQ

antigen, a finding that suggests that exposure is relatively common.26

In northern New Jersey (and in many other northeastern U.S. sites), there are diverse

enzootic borreliae other than B. burgdorferi sensu stricto that could be agents of zoonotic

infection. The rabbit tick, I. dentatus, harbors B. andersonii, which has not been associated

with infection in humans. Much of eastern New Jersey is plagued by the Lone Star tick, A.

americanum, infected by B. lonestari,27 a candidate etiologic agent for Masters’ disease,

also known as southern tick–associated rash illness (STARI). Finally, wherever I. dammini

and I. scapularis are present, B. miyamotoi may also be found.24 Thus, the spirochetes found

in the CSF of our patient could have been any of these organisms, particularly when

preliminary antigenic and morphologic analysis appeared to rule out B. burgdorferi sensu

stricto.

Our case report shows that B. miyamotoi infection is a likely cause of this case of

meningoencephalitis. The disease that was observed, characterized by a progressive

cognitive decline, was nonspecific and might have been misdiagnosed, although it was

successfully treated as a case of Lyme neuroborreliosis. However, the microscopical

detection of an extraordinary density of morphologically distinct spirochetes in the CSF of

our patient attracted additional scrutiny. It is possible that similar cases elsewhere in the
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United States have been attributed to Lyme neuroborreliosis. The patients would have been

treated with intravenous antibiotic agents and might have recovered with no sequelae. It is

not known whether the two-tiered Lyme serologic-testing protocol6 would discriminate

between exposure to B. miyamotoi and exposure to B. burgdorferi. At any rate, serum from

our patient did not react to B. burgdorferi antigens on enzyme immunoassay, unlike samples

from the Russian case series. We suspect that our patient’s recent treatment with rituximab

may have prevented a detectable antibody response.

American demographic characteristics are changing, with a trend toward an increasingly

older population, as well as extended survival of patients with human immunodeficiency

virus infection or cancer. In older persons, changes in mental status are often attributed to

dementia or the aging process. Exposure of such persons to diverse microbial agents,

including those thought to be nonpathogenic, such as B. miyamotoi, may represent

possibilities for pathologic processes to occur. Immunocompromise in older patients should

always prompt a more rigorous laboratory analysis, because such persons may serve as

sentinels for poorly recognized or novel pathogens.
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Figure 1. Morphologic Features of Spirochetes Detected in Cerebrospinal Fluid
Panels A and B show the spirochetes as viewed with the use of dark-field microscopy.

Panels C and D show the spirochetes as viewed with the use of bright-field microscopy, with

Giemsa staining and a pH of 7.0. The bar indicates 2 µm.
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Figure 2. Phylogenetic Analysis of DNA Sequences Obtained by Polymerase-Chain-Reaction
Amplification of the Patient’s Cerebrospinal Fluid
The maximum-likelihood algorithm was implemented in the MEGA 5.05 program.13 The

branch labels are from GenBank, which includes accessions deposited with data stating that

the sequences came from Ixodes dammini and others stating that they came from I.

scapularis. Panel A shows the 16S ribosomal RNA gene target, with the use of a 1127-base-

pair portion and the Hasegawa–Kishino–Yano with invariant sites (HKY+G+I) plus gamma

model. Panel B shows the flagellin gene target, with the use of a 456-base-pair portion and
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the Tamura 2 parameter (T92) model. The arrow marks the spirochete in the sample from

our patient. The scale bars denote the genetic distance in nucleotide substitutions per site.
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