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Abstract: Although the erythema migrans (EM) skin rash is traditionally considered a hallmark of 
Lyme disease, other dermatological manifestations of the tickborne disease are less well known. We 
describe a 49-year-old woman with erosive genital ulcerations, secondary EM rashes and jagged 
skin lesions associated with Lyme disease. The skin rashes exhibited fibers characteristic of 
Morgellons disease. Molecular testing confirmed the presence of Borrelia DNA in both vaginal 
culture and serum specimens. In further studies on a secondary EM lesion containing filaments, 
Gömöri trichrome staining revealed the presence of collagen in the filaments, while Dieterle and 
anti-Borrelia immunostaining revealed intracellular and extracellular Borrelia organisms. 
Intracellular staining for Borrelia was also observed in lymphocytic infiltrates. Lyme disease may 
present with a variety of genital lesions and dermatological manifestations including Morgellons 
disease. Careful evaluation is required to determine the presence of Borrelia organisms associated 
with these dermopathies. 
Keywords: Lyme disease, Morgellons disease, erythema migrans, Borrelia burgdorferi, 
tickborne disease, spirochetes

Introduction
Tickborne Borrelia spirochetes that cause disease in animals and humans world-
wide are categorized into two groups: the Lyme Disease (LD) group encompassing 
B. burgdorferi sensu stricto (Bbss) plus various B. burgdorferi sensu lato (Bbsl) 
species, and the Relapsing Fever Borrelia (RFB) group. These spirochetes are the 
etiological agents of Lyme disease (LD) and relapsing fever (RF), respectively.1–3

Borrelia species from both groups have been linked to an emerging, controversial, 
globally occurring dermopathy commonly referred to as Morgellons disease (MD).4–9 

The key diagnostic criterion of this skin condition is the presence of unusual and often 
colorful filaments that lie under, are embedded in, or project from skin. These thread-like 
cutaneous filaments may be white, black, or brightly colored in hues such as red, green or 
blue.4–9 In addition to the curious dermopathy, MD patients may also exhibit a variety of 
systemic symptoms consistent with LD including fatigue, joint pain, and neurological 
problems.4–9

Studies have established that MD is associated with Bb and/or RFB 
infection.4–12 Histological studies have revealed that MD lesions demonstrate 
hyperplasia and parakeratotic hyperkeratosis, and that the characteristic cutaneous 
fibers are composed of keratin and collagen originating primarily from keratino-
cytes within the stratum basale.13,14 Thus, MD fibers are of undeniable human 
cellular origin and are not manufactured artifacts.
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Borrelia infection is associated with a full spectrum of 
skin lesions and disorders including erythema migrans 
(EM) rash, acrodermatitis chronica atrophicans, Borrelia 
lymphocytoma, eosinophilic fasciitis, benign lymphocytic 
infiltration (Jessner-Kanof syndrome), granuloma annu-
lare, erythema multiforme, urticarial vasculitis, infantile 
papular acrodermatitis (Gianotti-Crosti syndrome), mor-
phea, lichen sclerosus et atrophicus, sclerodermatous 
lesions, cutaneous B-cell lymphoma, erosive genital liche-
noid ulceration, and panniculitis.15–17 These skin manifes-
tations of LD are reminiscent of secondary syphilis, which 
is associated with a spectrum of skin pathology including 
macular, papular, follicular, lichenoid, vesicular or pseu-
dovesicular, psoriasiform, corymbiform, annular, pustular, 
rupial, frambesiform, pigmentary, and condylomata lata 
lesions.14 MD lesions can likewise demonstrate wide var-
iation in gross morphological features that resemble those 
of LD-associated and syphilitic lesions.14

We describe a patient diagnosed with Borrelia infec-
tion who exhibited lesions that varied in morphology and 
skin distribution and also displayed fibers meeting the key 
diagnostic criterion of MD.

Materials and Methods
Patient informed consent for testing was obtained in accor-
dance with the specimen collection protocol approved by 
the Western Institutional Review Board (WIRB), Puyallup, 
WA. Confidentiality of patient testing was strictly main-
tained. Additional written consent for publication was 
obtained from the patient.

Borrelia was cultured from vaginal secretions or vulvar 
skin scrapings by inoculation of samples in Barbour- 
Stoner-Kelly H–complete medium (BSK) with 6% rabbit 
serum (Sigma Aldrich, #B8291) and the following anti-
biotics: phosphomycin (0.02 mg/mL; Sigma Aldrich), 
rifampicin (0.05 mg/mL; Sigma Aldrich), and amphoter-
icin B (2.5 µg/mL; Sigma Aldrich), as previously 
described.10,18 The vaginal sample was collected for cul-
ture by swabbing inside the vagina with a sterile cotton- 
tipped swab. The swab was used to inoculate BSK in 
a screw-capped tube filled so that it contained minimal 
airspace, thus providing a microaerobic environment. The 
culture was incubated at 32°C, and fluid was examined by 
bright-field and/or dark-field microscopy for visible motile 
spirochetes weekly for 4 weeks. Cultures were harvested 
by centrifuging the fluid at 15,000 g for 20 minutes to 
concentrate spirochetal growth, retaining the pellet and 
discarding the supernatant.

Common Gram-positive cocci (Streptococcus and 
Staphylococcus spp) and Gram-negative bacteria 
(Escherichia coli and Klebsiella), incubated at 37°C, 
under aerobic conditions, were also harvested for compar-
ison purposes as negative controls, to exclude antigenic 
cross-reactivity with normal flora.

IGeneX Laboratories
Blood and skin samples were forwarded to IGeneX 
Laboratories, Milpitas, CA, for tickborne disease testing. 
Serological and PCR testing was performed as follows:

IGeneX Serology
Borrelia Western Blot (WB) Testing 
The WB assays to detect IgM and IgG antibodies reactive 
to Bb and RFB were performed as previously 
described.2,19 Nitrocellulose strips were prepared from 
whole-cell lysates of Bbss strains B31 and 297. 
Nitrocellulose strips for RFB WBs were prepared from 
lysates of Borrelia hermsii and Borrelia turcica that were 
cross-reactive with RFB species known to infect humans. 
Antibodies detected by this RFB WB assay detected reac-
tivity to RFB group antigens but did not differentiate at the 
species level.

Bb and RFB strips were reacted with serum from the 
test subject alongside strips reacted with positive control 
sera from cases with confirmed LD and RFB and along-
side negative control sera from uninfected subjects. Strips 
were soaked for 5 minutes in 1 mL of diluent (100 mM 
Tris, 0.9% NaCl, 0.1% Tween 20%, 1% nonfat dry milk); 
then reacted with 10 µL aliquots of test or control serum. 
The strips were incubated for 1 hour at ambient tempera-
ture, then washed 3 times with wash buffer (KPL, 
Gaithersburg, MD, USA). Strips were then incubated for 
1 hour with alkaline phosphate-conjugated goat antihuman 
IgG and IgM (KPL), at a dilution of 1:10,000 for IgG and 
1:6,000 for IgM, then washed thrice. To see bands, strips 
were reacted with 5-bromo-4-chloro-3-indolylphosphate-
nitro-blue tetrazolium (BCIP/NBT; KPL). Enzymatic reac-
tion was terminated by washing with distilled water, at the 
point in which a calibration control produced a visible 
band at 39-kDa. An alkaline phosphatase-conjugated rab-
bit antibody to the 39/93-kDa Bbsl antigens (Strategic 
Biosciences, Stow, MA, USA) diluted in human serum 
was used as a calibration control, as previously 
described.19 The bands lower in intensity than that of the 
calibration control were reported as negative.
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Bb WB reactivity was reported as positive if two bands 
from the following six antigens were present: 23-, 31-, 34-, 39- 
, 41- and 93-kDa. Exceptions to these rules were as follows: 
For the IgG WB, if only the 31- and 41- or 31- and 93-kDa 
bands were present then the assay was reported as indetermi-
nate. For the IgM WB, if only the 41- and 93-kDa bands were 
present then the assay was interpreted as negative. Positive and 
negative controls were run with all Bb WB tests.19

WBs using separate strips for the B. hermsii and 
B. turcica species were performed for RFB WB testing to 
determine IgM and IgG reactivity. IgM or IgG was inter-
preted as positive if two bands from the following four 
antigens were reactive: 21–23-, Glycerophosphodiester 
phosphodiesterase (GlpQ), 41- and 70–75-kDa. Positive 
and negative controls were run with all RFB WB assays.2

Tickborne Coinfection Testing 
Serological testing for tickborne coinfections including 
Babesia, Ehrlichia and Bartonella was performed using stan-
dard immunofluorescence assay (IFA) methods, as described 
by the laboratory (https://igenex.com/knowledge-center/).

IGeneX PCR of Blood Samples
Multiplex PCR was performed to detect Bb in blood and 
serum, as previously described.11,20 Quantitative PCR 
(qPCR) targeting a 16S rDNA fragment was performed for 
the detection of RFB species in clinical specimens, as pre-
viously described.2,12

Université de Moncton
PCR of Vaginal Culture Samples
Vaginal culture samples were forwarded to the Department 
of Chemistry and Biochemistry, Université de Moncton, 
Moncton, NB. DNA extracted from the samples was ana-
lyzed using qPCR with FlaB and OspA primers, as pre-
viously described.21 Samples were run in triplicate 
together with a positive control spiked with different Bb 
concentrations into 100 ng of HEK cell line DNA and 
a negative control (no template), as previously described.21

McClains Laboratories
Histopathology Testing of Biopsy Samples
A biopsy exhibiting embedded and protruding fibers taken 
from the margin of an expanding lesion resembling 
a secondary EM rash was formalin-fixed and forwarded to 
McClains Laboratories LLC, Smithtown, NY, where it was 
paraffin-blocked, sectioned and stained. Biopsy sections were 
stained with hematoxylin and eosin (H&E), Gömöri trichrome, 

Dieterle silver nitrate and Gram stains using standard labora-
tory protocols. Sections were also stained with anti-Bb immu-
nostain (Abcam, Cambridge, MA), as previously 
described.10,18 Bb immunostaining, as reported by the manu-
facturer, cross-reacts to other Borrelia spp. and Treponema 
spp. Control staining, as previously described, demonstrated 
no reactivity to common Gram-positive and Gram-negative 
organisms, nor was it reactive to fungal-infected human skin 
specimens or inflamed skin specimens from a patient diag-
nosed with psoriasis.14

Case Report
A 49-year-old Indo-Aryan female presented at a Calgary clinic 
in early March 2015 complaining of vaginal itching of several 
weeks duration. At the time of presentation she had been living 
part time in the province of Alberta and part time in the 
province of Manitoba. Examination revealed an external vagi-
nal and vulvar papular red rash, and an area surrounding the 
vagina displayed skin loss, hypopigmentation, cracks, fissures, 
and ulceration. Similar hypopigmented patches of skin 
occurred on her breasts. She was treated with oral fluconazole 
for 3 days while awaiting swab and culture results. Multiple 
vaginal/cervical swabs were obtained and the differential diag-
nosis included Trichomonas infection, yeast infection, bacter-
ial vaginosis, Chlamydia infection, gonorrhea, varicella-zoster 
virus and herpes simplex virus (HSV). Testing was positive for 
HSV type 1. Based on these results she was treated with 
valacyclovir. By late March 2015 her symptoms had improved 
but were unresolved with genital fissures and ulceration still 
present. Test results from March 2015 were positive for IgG 
antibodies to HSV type 1 or 2. The possibility of lichen planus 
(LP) was explored but a genital biopsy was not performed.

In June 2015, she presented with unresolved gynecological 
symptoms and, in addition, had developed ulcerated, punctate 
erosions with ragged edges on her back (Figure 1). 
Microscopic examination of the back lesions at 50X magnifi-
cation revealed unusual black fibers embedded in skin tissue, 
meeting the key diagnostic criterion for MD. Due to the 
association between MD and LD, the possibility of LD was 
explored. Although she did not recall a tick bite or character-
istic EM rash, she recalled having an unidentified arthropod 
bite on her right forearm in the summer of 2014, and she 
admitted to having taken frequent walks through a large local 
wooded park in Alberta at the time when the bite occurred. She 
recalled a bite that was red, itchy, deeper than a typical mos-
quito bite, and that took longer than a month to disappear.

Serum, whole blood, and skin specimens were forwarded 
to IGeneX Laboratories for serological and PCR testing in 
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June 2015. Antibodies to both Bbsl and RFB species and Bb 
DNA were detected in the serum sample. Vaginal Borrelia 
culture samples were forwarded to Université de Moncton 
for Bb PCR testing, and the samples yielded positive results 
for the presence of Bbsl genes when run with appropriate 
positive and negative controls, as described in Materials and 
Methods.

In August 2016, the patient presented with pustular open 
sores on her shoulders and arms. As her symptoms had pro-
gressed she was treated with doxycycline 100mg BID for 3 

months. Treatment with doxycycline resulted in clinical 
improvement but not resolution, so treatment was extended 
to 6 months. In January 2017, antibiotic treatment was discon-
tinued because it had failed to completely resolve her symp-
toms. Serological tests were positive for Bb, Babesia duncani 
and Ehrlichia chaffeensis (Table 1). Based on her clinical 
symptoms and test results she was treated with azithromycin 
500mg QD and nitazoxanide 500mg BID. By July 2017 her 
symptoms were much improved, and her lesions had mostly 
resolved, although a few minor lesions containing fibers were 
still present. Everyday function improved and she maintained 
full-time employment as an accountant and cared for her two 
children. She reported flare-ups of skin lesions if she consumed 
sugar or processed foods or became stressed.

In October 2017, she had an outbreak of acne-like lesions 
on her chin consistent with perioral dermatitis. Azithromycin 
and nitazoxanide treatment was discontinued and treatment 
with doxycycline was resumed. By December 2017, her skin 
condition and other symptoms had worsened, so doxycycline 
treatment was switched back to azithromycin and nitazoxa-
nide. Repeat serological testing performed in December 2017 
was negative for Ehrlichia chaffeensis but positive for Bb, 
Babesia duncani, and Bartonella henselae (Table 1). 
Treatment with azithromycin and nitazoxanide was contin-
ued as she had previously done well on this regimen.

Figure 1 Ulcerated, punctate erosions with ragged edges on the patient’s back 
typical of Morgellons disease lesions.

Table 1 Results of Laboratory Testing

Laboratory Pathogen Technique Result Date Performed

Calgary Laboratory Services HSV Serology + March 2015

IGeneX Bb Western Blot + June 2015

RFB Western Blot +

Bb PCR Skin Specimen +

Université de Moncton Bb PCR Vaginal Culture + Cultured June 2015 

PCR performed September 2020

IGeneX Bb Western Blot + January 2017

B. duncani IFA +

E. chaffeensis IFA +

Bb Western Blot + December 2017

B. duncani IFA +

B. henselae IFA +

McClains Laboratories Bb Immunostains Biopsy + December 2018

Notes: Details of tickborne disease testing are available at https://igenex.com/knowledge-center/. 
Abbreviations: HSV, herpes simplex virus; Bb, Borrelia burgdorferi; RFB, relapsing fever Borrelia; IFA, immunofluorescence assay.
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In December 2018, antibiotic treatment was terminated. 
The patient then relapsed with the development of annular 
rashes on her hands, legs, back and abdomen (Figure 2A–C). 

These lesions started at less than 1 cm and increased up 
to 6–7 cm in diameter, and the advancing border was 
raised and erythematous consistent with secondary EM 
rashes. Microscopic examination of the rashes at 100X 
magnification revealed blue embedded fibers consistent 
with MD (Figure 3). A biopsy taken from the advancing 
edge was formalin-fixed and forwarded to McClains 
Laboratories for histological staining (Figure 4). 
Sections stained with hematoxylin and eosin (H&E) 
exhibited parakeratotic hyperkeratosis, spongiosis, and 
hemorrhage. The stratum spinosum and stratum basale 
demonstrated disarray and some degeneration with the 
formation of vacuoles and apoptotic bodies (Figure 5). 
Perivascular lymphocytic infiltrate was present in the 

Figure 2 (A–C) Expanding annular rashes on the patient’s hands, back and leg, with 
a raised, advancing, erythematous border consistent with secondary erythema 
migrans (EM) rashes.

Figure 4 Gross morphology of a biopsy taken from the advancing edge of a lesion 
on the hand, revealing embedded and protruding blue and white fibers. 100X 
original magnification.

Figure 3 Secondary EM rash revealing embedded fibers (arrow) consistent with 
Morgellons disease. 100X original magnification.
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stratum basale and dermis, indicating chronicity. Gömöri 
trichrome staining revealed that the fibers contained 
collagen. Dieterle staining revealed bacterial aggregates 
within the hyperkeratotic stratum corneum with both 
long extracellular spirochetes and intracellular organ-
isms among the keratinocytes in the stratum basale 
(Figure 6A). Lymphocytes and glandular tissue within 
the dermis also displayed positive Dieterle intracellular 
staining. Anti-Bb immunostaining was positive with 
strongly staining bacterial aggregates in the hyperkera-
totic stratum corneum. These aggregates displayed both 
positive and negative staining, indicating that the aggre-
gates were composed of a mixture of different bacterial 
species (Figure 6B).

Aggregates generally displayed a central positively 
stained core surrounded by a sheath of negatively 
stained bacteria. Positively stained Borrelia organisms 
consistent with cystic morphology were visible within 
many of the bacterial aggregates. Positive intracellular 
and extracellular staining was prominent within the ker-
atinocytes of the stratum basale and stratum spinosum 
(Figure 7A). The lymphocytes in dermal infiltrates and 
cells within dermal glandular tissue revealed positive 
anti-Bb intracellular staining (Figure 7B and C). Anti- 
Bb staining of fungal-infected skin served as a negative 
control (Figure 7D). Gram staining revealed Gram- 
positive cocci scattered on the superficial stratum cor-
neum and in bacterial aggregates within the hyperkera-
totic stratum corneum (Figure 8A). The deeper layers of 
the epidermis and dermis were devoid of Gram-positive 
organisms (Figure 8B). These findings indicate Borrelia 
organisms were present in mixed-bacterial aggregates, 

and both intra- and extracellularly among the keratino-
cytes of the stratum basale, consistent with the different 
morphological variants of Bb described 
previously.10,22–28 Gram-positive cocci were limited to 
the upper layers of the epidermis only.

Based on clinical observation and test results, treat-
ment with azithromycin and nitazoxanide was resumed 
along with a short course of prednisone. By June 2018 
the patient reported feeling very well, but she reported 
that her skin would still break out if she consumed sugar 
or processed foods. Her current treatment consists of 
a cycling maintenance regimen of tinidazole 500mg 
BID and trimethoprim/sulfamethoxazole DS BID. She 

Figure 5 Sections stained with H&E exhibiting parakeratotic hyperkeratosis, spon-
giosis, and hemorrhage. 200X original magnification.

Figure 6 (A) Dieterle silver stain of spirochetes (arrow) among basal keratino-
cytes. 1000X original magnification. (B) Anti-Bb immunostained section showing 
positive-stained Borrelia organisms consistent with cystic morphology mixed with 
negatively stained bacteria within bacterial aggregates. 1000X original magnification.
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reports her status at present as being well and 
functional.

Discussion
In medicine, disease staging is used to provide objective 
medical criteria to categorize and assess disease severity 
and progression.14 Syphilis, a well-known spirochetal 
infection, is categorized in three sequential stages accom-
panied by an array of corresponding lesions.14,29,30 The 
primary stage of syphilis is characterized by genital 
chancres. Secondary syphilis is associated with an assort-
ment of lesions, in terms of gross morphological features, 
that reflect progressive stages of infection. Tertiary syphi-
lis is associated with neurological deterioration.14,29,30

Borrelia spirochetal infections are also linked to a wide 
variety of lesions that, like syphilitic lesions, reflect pro-
gressive stages of infection. Dermatological conditions 
linked to LD include primary and secondary EM rash, 
Borrelia lymphocytoma, acrodermatitis chronica atrophi-
cans, morphea, lichen planus, lichen sclerosus, cutaneous 

B-cell lymphoma, scleroderma, lymphadenosis cutis, and 
prurigo pigmentosa.10,12,14,16,31–33 If categorized in 
a manner comparable to the staging of syphilis, the pri-
mary stage of LD is characterized by an EM rash, an 
expanding lesion that occurs approximately 3–30 days 
after Borrelia infection via a tick bite.15 The EM rash is 
thought to occur in only a fraction of LD cases. If 
untreated, roughly 20–25% of LD patients go on to present 
with multiple rashes caused by hematogenous spread of 
the infection. The secondary stage of LD is said to occur 
between 3–8 months and can be characterized by the 
variety of skin disorders outlined above.15 Tertiary LD 
develops after a minimum of 7 months of infection, and 
a variety of skin conditions are characteristic of this stage, 
including acrodermatitis chronica atrophicans, lichen 
sclerosus et atrophicus, morphea, atrophoderma, and eosi-
nophilic fasciitis.15

Temporal and morphological variation like that of 
syphilis has been observed in MD lesions.4,5,10,14 The 
following clinical classification system was proposed, 
based on the duration and location of MD lesions:

A B

C D 

Figure 7 (A) Anti-Bb immunostained section showing positively stained intracellular and extracellular organisms (arrow) associated with keratinocytes of the stratum basale 
and stratum spinosum. 1000X original magnification. (B) Anti-Bb immunostained section showing intracellular staining of organisms within lymphocytes (arrow) in a dermal 
infiltrate. 1000X original magnification. (C) Anti-Bb immunostained section showing positively stained organisms (arrow) in dermal glandular tissue. 1000X original 
magnification. (D) Anti-Bb immunostained control section of fungal-infected skin. 1000X original magnification.
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Class I (Early localized): lesions/fibers present for less 
than three (3) months and localized to one area of the body 
(head, trunk, extremities).

Class II (Early disseminated): lesions/fibers present for 
less than three (3) months and involving more than one 
area of the body (head, trunk, extremities).

Figure 8 (A) Gram stain of biopsy section showing Gram-positive cocci in superficial layer. 1000X original magnification. (B) Gram stain of biopsy section showing negative 
staining in deep layers. 1000X original magnification.
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Class III (Late localized): lesions/fibers present for 
more than six (6) months and localized to one area of 
the body (head, trunk, extremities).

Class IV (Late disseminated): lesions/fibers present for 
more than six (6) months and involving more than one 
area of the body (head, trunk, extremities).

Further staging of clinical classes was proposed based 
on histopathology and anti-Bb immunostaining:

Stage A: Lesions demonstrate little or no immune 
infiltrates and little or no disorganization of cells; macro-
phages are not present, and hemorrhage is negligible. 
Extracellular isolated spirochetes and intracellular staining 
of keratinocytes in the lower epidermis are occasionally 
seen.

Stage B: Lesions demonstrate a pattern intermediate 
between Stages A and C.

Stage C: Lesions demonstrate positive staining of ker-
atinocytes in the stratum basale and stratum spinosum and 
positive intracellular staining of macrophages for Borrelia. 
Aggregate Borrelia colonies are frequently encountered, 
hemorrhage is frequent, and intracellularly stained fibro-
blasts are occasionally seen.

The patient in this study was followed through pro-
gressive stages of infection with a variety of associated 
lesions (Figures 1–5). At present she would be classified 
clinically based on the extent of disease and histopatholo-
gically based on her secondary EM lesions as Class IV 
(Late Disseminated) Stage C.14

The patient recalled a slow-healing arthropod bite in 
2014, a year before developing any further symptoms. 
This arthropod bite may have been the point of initial 
infection equivalent to the primary stage of LD infection. 
She did not develop any further symptoms until the 
following year when she presented with vulvovaginitis. 
She was not examined for the presence of fibers associated 
with the vulvovaginitis; therefore, it is not known if this 
dermatological problem was consistent with MD. 
However, a vaginal culture resulted in the growth of spir-
ochetes identified as Bb by PCR analysis. Borrelia has 
been implicated in the development of vulvovaginitis and 
genital ulceration.17,34 Thus, the gynecological problems 
that the subject experienced were likely related to Bb 
infection.

Histological studies were not performed on the lesions 
demonstrating cutaneous filaments that occurred on her 
back. We did, however, study sections of a biopsy taken 
from one of the expanding secondary EM rashes (Figures 6 
and 7). These secondary EM rashes exhibited embedded 

and projecting fibers typical of MD lesions.13 Histology of 
the secondary EM rash differed from the Stage C MD 
lesions previously studied and categorized in that there 
was a lymphocytic infiltrate that demonstrated intracellular 
staining, and spongiosis was present. The histology did 
resemble Stage C in that hemorrhage, positive staining of 
keratinocytes in the stratum basale and stratum spinosum, 
and aggregate Borrelia colonies were present.

The histology observed in our case study is consistent 
with published descriptions of EM rashes. Biopsies from 
the center of these rashes show slight papillary edema with 
superficial and deep perivascular lymphohistiocytic 
infiltrate.35 In addition, a lymphocytic infiltrate at the 
dermoepidermal junction with disruption of the basement 
membrane may be present.35 Biopsies from the erythema-
tous advancing border of EM rashes can demonstrate 
a perivascular lymphohistiocytic infiltrate, occasionally 
mixed with plasma cells.35 Biopsies at the periphery of 
an expanding EM lesion can demonstrate histopathological 
variation, including spongiosis, the presence of neutrophils 
and eosinophils, focal interface change, involvement of the 
superficial plexus alone, and the absence of plasma cells.15

When stained by methods that reveal spirochetes, EM 
rashes typically do not present high numbers of Bb spir-
ochetes as would be seen in lesions associated with 
Treponema pallidum infection, and the Bb microorganisms 
are present in different morphological forms such as cystic 
structures.35 Dieterle staining and Bb immunostaining 
were performed on the biopsy of a secondary EM rash in 
this study, revealing the presence of occasional extracel-
lular Borrelia spirochetes as well as other extracellular and 
intracellular Borrelia variants including organisms with 
cystic morphology that express Borrelia antigens. In later 
stages of infection, Bb organisms may be found in as few 
as half of EM and lymphocytoma biopsies studied.35 In 
contrast, the biopsy from our patient frequently revealed 
spirochetes and other morphological forms of Borrelia. 
Borrelia are consistently found and identified in MD 
lesions.10,12 Perhaps secondary factors leading to the evo-
lution of MD contribute to the establishment of high 
spirochetal loads. Gram staining revealed that cocci were 
present only on the surface of the stratum corneum and 
within mixed bacteria/Borrelia aggregates. The different 
bacteria present in mixed bacterial aggregates can behave 
in a synergistic manner, thus enhancing biofilm 
production.12 The fact that aggregates in this study had 
a central Borrelia core surrounded by Gram positive cocci 
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and perhaps other organisms suggests that organisms pre-
sent in the aggregate occupied different biological niches.

This patient had positive testing for HSV-type 1 and 
the tickborne coinfections Babesia duncani and Ehrlichia 
chaffeensis. In addition, mixed bacterial aggregates were 
observed in the epidermis of the EM rash biopsy. These 
infections may have added to the complexity of this 
patient’s illness and may have been contributing factors 
in the development and evolution of the various rashes 
displayed throughout the illness. We speculate that spiro-
chetal infection by Borrelia species is the key etiologic 
factor in MD evolution, as Borrelia are the pathogens most 
consistently detected in MD skin specimens.5,6,10,11 

However, MD patients frequently test positive for other 
co-infecting tickborne diseases.4–7,9,11,14 Furthermore, the 
co-infecting tickborne pathogens Bartonella henselae and 
Rickettsia spp. and the common human pathogens 
Helicobacter pylori and Treponema denticola have been 
detected directly in MD skin specimens.5,6,10,11,14 The role 
of each pathogen detected in clinical MD specimens and 
its contribution to the disease process remains to be deter-
mined, but these bacteria likely contribute to the establish-
ment of the disease and its progression, severity and 
persistence.5,6,10,11,14

This patient had rashes exhibiting morphological varia-
tion and fiber formation consistent with MD. The patient had 
no prior knowledge of MD, and she was unaware of the 
presence of cutaneous fibers in her lesions. The presence of 
fibers in lesions matching the clinical definition of MD was 
first noted by her primary care physician upon physical 
examination with 50X magnification of skin lesions, and on 
that basis the diagnosis of MD was made. Her primary care 
physician knew of the association between MD and LD, and 
that led him to test for and diagnose LD, RF and other 
tickborne diseases. Had the patient not developed filamen-
tous cutaneous lesions, she would most likely have continued 
undiagnosed and untreated.

This patient had positive testing for spirochetes from 
both the LD and RFB groups of Borrelia. In Canada and in 
the USA, the exact number of people becoming infected 
by Borrelia spirochetes is unknown. In the USA, approxi-
mately 35,000 cases of Lyme disease are reported 
each year, yet the US Centers for Disease Control and 
Prevention (CDC) states that as many as 476,000 people 
are diagnosed with LD each year.36 A recent Canadian 
study based on tick surveillance and canine infection 
rates in the province of New Brunswick postulated 
a 12–58 fold underestimation of human LD cases when 

applied across the country (only 1.7% to 8.3% of cases 
detected).37 The prevalence of RFB cases is also uncertain 
as there is no standard case definition for relapsing fever, 
and it is not nationally reportable in the USA.38 In North 
America, most cases are reported in the western USA, 
southern British Columbia and northern Mexico. 
B. hermsii and B. turicatae are the RFB species most 
commonly reported.3,39,40

LD-associated lesions may be mistaken for other unre-
lated dermatological conditions. Many LD patients may 
unknowingly have filamentous lesions meeting the key 
diagnostic criterion for MD. Unless 50X or higher magni-
fication is used to examine lesions, cutaneous filaments 
may go unnoticed by patients and physicians. This study 
underscores the importance of looking closely at dermato-
logical lesions at 50X or higher magnification. If unusual 
cutaneous fibers are present, it is imperative to consider 
the possibility of LD and other tickborne diseases.

Optimal antibiotic therapy has yet to be determined for 
MD. Despite long courses of antibiotics, the patient 
remained symptomatic and developed recurrence of symp-
toms when antibiotics were discontinued. Borrelia is 
known to evade the immune system and can remain in 
privileged sites despite treatment. Cutaneous infection 
may allow Borrelia to escape host defenses and antibiotic 
treatment. Further studies are required to understand this 
complex dermopathy and to evaluate the best treatment 
options for LD and RFB in patients who present with MD.

Conclusions
Lyme disease may present with a variety of genital and 
dermatological manifestations. Careful evaluation is 
required to determine the presence of Borrelia organisms 
associated with these diverse lesions. If skin lesions con-
tain fibers, the diagnosis of MD should be considered and 
testing for tickborne disease should be undertaken. 
Relapsing Fever Borrelia and tickborne coinfections are 
being recognized more frequently in association with der-
matological manifestations, and it is important to consider 
these emerging infections to ensure optimal treatment and 
patient improvement.
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