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Abstract: Lyme disease (Lyme borreliosis) is a complex multisystem illness with varying clinical
manifestations. This tick-borne zoonosis is caused by the spirochetal bacterium, Borrelia burgdorferi
sensu lato (Bbsl) and, worldwide, presents with at least 20 different types of rashes. Certain cutaneous
rashes are inherently interconnected to various stages of Lyme disease. In this study, five Canadian
Lyme disease patients from a multi-age range presented various phases of the acrodermatitis chronica
atrophicans (ACA) rash. In each case of ACA, the underlying etiological pathogen was the Lyme
disease spirochete. Although ACA rashes are normally found on the lower extremities, this study
illustrates that ACA rashes are not directly correlated with a tick bite, geographic area, age, Bbsl
genospecies, exercise, or any given surface area of the body. Case 4 provides confirmation for an
ACA rash and gestational Lyme disease. One patient (Case 5) puts forth a Bbsl and Bartonella sp.
co-infection with a complex ACA rash. This study documents ACA rashes on Lyme disease patients
for the first time in Canada.

Keywords: Lyme disease; Borrelia burgdorferi sensu lato; rashes; acrodermatitis chronica atrophicans;
symptoms; persistence; ticks; Canada

1. Introduction

Lyme disease (Lyme borreliosis) is a multisystem, zoonotic infection caused by the bacterium,
Borrelia burgdorferi sensu lato (Bbsl) [1]. Worldwide, there are at least 24 genospecies in the Bbsl complex.
Several of these Bbsl genospecies are known to be pathogenic to humans. In continental North America,
at least eight Bbsl genospecies have pathogenic potential, including B. afzelii [2,3], B. bissettiae [4–10],
B. burgdorferi sensu stricto [1,3,11], B. californiensis [3,6], B. garinii [3,11,12], B. kurtenbachii [13–15],
B. mayonii [16], and B. spielmanii [3,17,18]. European countries have three other Bbsl genospecies that
are determined to be pathogenic to humans, namely B. bavariensis [19,20], B. lusitaniae [21,22], and
B. valaisiana [23,24]. Globally, Lyme disease has been recognized in 85 countries [25], and evidence
abounds on the wide dispersal of Lyme disease vector ticks by songbirds [25]. Most significantly, this
tick-borne zoonosis can have a broad spectrum of clinical manifestations that often involve varied,
cutaneous rashes.

Acrodermatitis chronica atrophicans (ACA) is one of the rashes associated with Lyme disease.
ACA is a chronic skin lesion that is normally seen on the extremities, and starts with bluish-red
discoloration and, years or decades later, may develop into the latent, atrophic phase [26]. From the
time of tick bite or occurrence of initial infection, the development of ACA lesions may be several
years [26]. ACA lesions often develop slowly, and the most common site for an ACA rash is the leg [27].
Joint or bone involvement may occur underneath the ACA skin lesion. Some patients with ACA rashes
have episodic attacks or joint effusions of the knee [27]. They may manifest in painful occurrences in
different parts of the leg, including the knee, foot and ankle. ACA does not heal spontaneously, but
may lead to atrophy, sclerosis and ulceration. The majority of patients with ACA experience peripheral
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neuropathy [28], whereas others may have severe localized pain. Swelling or pain often occur in the
affected area. Some ACA patients complain of musculoskeletal pain while a few experience knee
arthritis and/or synovitis.

The ACA rash was first recognized in Europe, but the causal microorganism was not discovered
until a century later. The ACA rash was first described by Buchwald in 1883 in Germany [29], and the
first case reports of ACA in North America date back to 1895 [30,31]. Lavoie et al. documented an
ACA as a late manifestation of Lyme disease in the U.S.A. [32]. Additionally, Kaufman et al. reported
the first cases presenting with an ACA in North America that had an interconnecting link to a Lyme
disease endemic area (eastern Long Island, New York) [33]. Canadians do not have to frequent a Lyme
disease endemic area [34]; they can contract this zoonosis at any one of a hundred known hotspots
across Canada. Biogeographically, ACA has been described in the northern, central, and eastern parts
of Europe, especially countries bordering the Baltic Sea and, to a lesser degree, in North America [27].
Even though ACA symptomatology has been present in Canadian inhabitants for many years, and
predate the discovery of the Lyme disease bacterium, we now provide the first case reports of ACA
rashes in Canada.

The etiology of the ACA rash was not confirmed until 1983 [35–37]. In the Baltic states, B. afzelii
is the predominant Bbsl genospecies, and the castor bean tick, Ixodes ricinus (Acari: Ixodidae) is the
zoonotic vector [35,38]. East of the Rocky Mountains, the blacklegged tick, Ixodes scapularis, is known to
harbour and transmit any combination of at least 9 different tick-borne pathogens, including Bbsl and
Bartonella spp. [38]. Pathologically, B. afzelii has been cultivated from ACA lesions, and some of these
patients had negative serology [36]. ACA may be the first sign of borrelial infection; however, many
patients have other preliminary and secondary stage manifestations [39]. Approximately one-third of
patients with an ACA recall a tick bite. An erythema migrans (EM) rash can last 2 years while an ACA
rash can last 10 years or more [36]. Epidemiologically, B. afzelii has recently been detected in North
American patients [3].

Advanced ACA rashes may have fibrous thickening of the skin. Of those with cutaneous
involvement, there has been an association between ACA and peripheral neuropathy in the limbs [40];
some may be recrudescent or be ongoing. Some patients may also experience intermittent lightning
pains in extremities. Central nervous system disturbances may occur in patients with ACA. Profound
fatigue and personality changes may accompany an ACA.

In the early phase of ACA, there is an inflammatory reaction with varying degrees of edema
(excessive fluid in subcutaneous tissues). As a result, the epidermis becomes thin followed by a
degeneration of collagen and elastin tissue [27]. After full-term antibiotic treatment, the ACA rashes
normally disappeared gradually. Co-infections of tick-borne diseases, which are common, may result
in unusual skin patterns.

2. Methods

2.1. Participant Selection

Each participants was required to serologically test positive for Lyme disease using a Clinical
Laboratory Improvement Amendments (CLIA)-certified laboratory, and have clinical symptoms of
Lyme disease, and be a confirmed case.

2.2. Informed Consent

All subjects or their parents gave informed consent to participate in this dermatological Lyme
disease study.

2.3. Photos of ACA Rashes

Photos of ACA rashes plus background information is provided for each participant. In order to
maintain patient confidentiality, photo credits have been withheld.
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2.4. Cultures and Molecular Testing

The skin lesion on Case 4 was sampled using a 3-mm skin biopsy punch, and skin biopsies
were inserted directly into vials of Barbour–Stoenner–Kelly (BSK) II medium, and sent by courier
to the Division of Medical Microbiology, Department of Pathology, University of British Columbia,
Vancouver, British Columbia. Upon their arrival, the culture tubes were incubated at 34 ◦C, and
checked weekly for spirochetal activity. In order to avoid culture contamination, polymerase chain
reaction (PCR) amplification was conducted in a separate filtered laboratory. PCR testing identifies the
genes of Bbsl, namely OspA, 16S rRNA, and HSP60. The OspA (31 kilodalton (kDa)), OspB (34 kDa),
OspC (22–25 kDa), P39 (39 kDa), flagellin (41 kDa), P22 (22 kDa), and P93 (93 kDa) bands were profiled
using sodium dodecyl sulfate-polyacrylamide gel electrophoresis. These isolates were further analyzed
for plasmid profiles; pulsed-field gel electrophoresis (PFGE) separation of macro-restriction digests
(MluI) and (SmaI) of total DNA were applied.

2.5. Subject Profiles

The clinical profiles of the five study subjects with ACA rashes are provided below. The Western
blot IgM and IgG results for all subjects are given, and PCR (polymerase chain reaction) outcomes are
made available for select subjects.

2.5.1. Case 1

A middle-aged, Canadian female went on a bicycle tour through Scandinavia (i.e., Lithuania,
Latvia, Estonia, and Finland), and developed two rashes. Although not recalled, it is believed that
she was bitten by ixodid ticks in late June in Estonia. A rash appeared within 2 wk of tick bite on the
back of the left knee, and the punctum (point of tick hypostome entry) in the centre of the skin rash
suggests that she had been bitten by a tick that became fully engorged, and dropped off (Figure 1).
Morphologically, a tick is the only arthropod that has a piercing, anterior-pointing mouthpart with
backward-pointing barbs (denticles), and leaves a visible punctum. The second rash, on the inside of
the same knee, was typical of an erythema migrans (EM) rash, and the punctum in the centre of this
rash suggests that she was bitten by another tick that had acquired a blood meal (Figure 1).

Within 2.5 mo after tick bite, the Lyme IgM/IgG enzyme immunoassay (EIA) was reactive. As well,
the IgM Western blot was reactive. Three months later, further serological testing for Lyme disease was
conducted and, similarly, the EUROIMMUN Borrelia IgG immunoblot was positive for B. afzelii. At
this time, clinical manifestations included fatigue, joint and muscle pain, brain fog, headaches, and
poor sleep. At no time did this patient experience any night sweats, chills, or profound fatigue, which
would be suggestive of human babesiosis or piroplasm infection.

Three mo after the two tick bites, she was administered a course of doxcycline, 100 mg bid, for
21 d, and the rash disappeared. As follow-up, 4.5 mo after tick bite, a second round of doxycycline,
100 mg bid, was started for 28 d. Although symptoms (i.e., fatigue, brain fog, headaches, and poor
sleep) improved somewhat, her symptoms did not resolve. Subsequently, 6 mo after tick bite, she was
administered intravenous (IV) ceftriaxone, 2 g qd, for 30 d; the pain in the knee joint persisted. Seven
months after tick bite, a second course of IV ceftriaxone, 2 g qd, commenced for 28 d. At the conclusion
of her second IV ceftriaxone treatment, she still experienced pain in her left knee. This patient will
continue to be monitored, and follow-up antibiotic treatment may be administered.
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Figure 1. Middle-aged female with two types of rashes on left knee: (A) homogeneous rash with a
punctum in the centre, 12 d after tick bite; (B) early inflammatory phase of acrodermatitis chronica
atrophicans (ACA) rash, reddish-blue discoloration with punctum, 14 d after tick bite; (C) early
inflammatory phase of ACA, more pronounced, extensive purple discoloration, 24 d after tick bite;
(D) purple discoloration fading as spirochetes disseminate, 52 d after tick bite; (E) second rash,
homogenous type, on inside of left knee with partial reddish-blue discoloration, punctum from tick bite
is apparent; and (F) second rash, homogeneous type, purple discoloration fading, and punctum evident.

2.5.2. Case 2

A 72-year-old Canadian male had re-occurring flu-like symptoms, and consulted 12 different
healthcare practitioners (i.e., infectious disease specialists, internal medicine specialists, neurologists,
psychiatrists, and rheumatologists) over a period of 4 years before he received a confirmed diagnosis of
Lyme disease. The patient was not able to break out of this cyclically febrile pattern and, retrospectively,
he had late stage Lyme disease, signifying chronic Lyme disease. Over the following 30 years,
he received multiple regimens of antimicrobials, including tetracycline, doxycycline, ceftriaxone,
amoxicillin plus probenicid, clarithromycin, intramuscular benzathine penicillin G, and disulfiram.
Despite multiple regimens of antimicrobial therapy, this patient continues to remain symptomatic with
signs and symptoms of chronic Lyme disease. After 30 years, the patient developed an ACA rash on
the back of his left knee (Figure 2). This was recognized as a clinical diagnosis supported by Lyme
disease serology consisting of ELISA and Lyme Western blot (i.e., IgM, IgG) and Lyme Immunoblot
IgM and IgG. In addition, spirochetes were cultured from fresh semen and, using PCR and DNA
sequencing, this isolate was positive for B. burgdorferi sensu stricto ([41], Case 10). This Bbsl genospecies
is pathogenic to humans.
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Figure 2. ACA located on the posterior side of left knee, and there was no recent involvement of a tick
bite. (A) Rash when noticed. (B) Rash 4 months later. Of note, the synovial membrane and synovial
fluid of the knee are prime foci for sequestration of Lyme disease spirochetes.

At one point, this patient developed encephalopathic symptoms, including brain fog, short-term
memory loss, speech difficulties, inability to concentrate, short attention span, and dementia (Figure 2).
As a result, he lost his physical stamina, his professional career, and his ability to drive a vehicle.
With ongoing antibiotic treatment, he was able to obtain restoration from cognitive impairment, and
was able to drive again. The improvement period for Case 4 was slow, and he lived a restricted,
reclusive lifestyle.

2.5.3. Case 3

A 71-yr-old Canadian male, who had immigrated from Hungary, developed an ACA rash with
bluish-red discoloration on both hands (Figure 3). This patient had arthritic symptoms, and was
repeatedly treated with doxycycline, 100 mg bid. Overall, he was treated for 2 mo each round, and
continued for 9 rounds, 18 mo in total, and his symptoms improved each time. However, when his
arthritic symptoms flared up again, he had Lyme disease serological testing, and his lab results were
consistently positive using the two-tier Lyme disease serology testing. Consistent with the majority of
Lyme disease patients, this patient exhibits persistent infection due to Lyme disease spirochetes.
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Figure 3. Rash on hands with reddish-blue discoloration is consistent with ACA. The discoloration
resolved temporarily with antibiotic treatment, and then recrudesced.

With antibiotic treatment this patient was able to function in society with reduced stamina.
Without fail, when he was taken off antibiotic treatment, his arthritic symptoms exacerbated. The
presence of re-occurring discoloration of the hands, suggests that Lyme disease spirochetes sequestered
in the collagenous tissue of his hands despite regimens of standard doxycycline treatment (Figure 3).
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This recrudescent borrelial infection elucidates a clear-cut case of chronic Lyme disease. This patient
consistently tested positive for Lyme disease after each round of standard antibiotic treatment.
Re-occurrence of symptoms underscores the persistence of this stealth pathogen in the human body. He
experienced a pattern of recrudescence between each remission period and each antibiotic treatment.
In all, he was able to retain quality of life, and enjoy his wife and grandchildren.

2.5.4. Case 4

A 14-yr-old Ontario boy who had no history of out-of-province travel, developed reddish-blue
lesions on his right calf (viz. gastrocnemius muscle) and on his right foot (Figure 4). Using a 3-mm
skin biopsy punch, the attending physician excised 2 tissue samples from the lesions on the calf area,
and inserted them in Barbour–Stoenner–Kelly (BSK) II culture medium, as described above. These
two skin biopsies were positive for Bbsl by immunochemistry and, using PCR, were positive for
B. burgdorferi sensu stricto. As well, this boy was positive for Lyme disease using the two-tier Lyme
disease serology testing. The Lyme Western blot (i.e., IgM, IgG) tests were positive for B. burgdorferi
sensu stricto. Initially, as an infant, his family physician deemed his feet to be normal.
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Figure 4. A 14-yr-old boy with rashes compatible in appearance with ACA: (A) ACA rash on the calf of
right leg before skin biopsies; (B) skin biopsies test positive for Borrelia burgdorferi sensu lato (Bbsl) by
polymerase chain reaction (PCR); (C) ACA on right foot with pronounced swelling and reddish-blue
discoloration; and (D) hyperpigmented, atrophic ACA on right foot.

As a toddler, however, a shoe store clerk noted an abnormality in his feet. Subsequently, upon
referral, an orthopedic surgeon considered the misshapen feet to be a idiopathic deformity. One foot
was corrected with multiple casting, whereas the other foot had to be straightened with orthopedic
surgery. Corrective shoes, which toed out, were used to straighten the metatarsal curvature. Later, as
the result of a job-related transfer, a family physician in another town hastily misdiagnosed his lesions
as "burn scars" (Figure 4). After the last casting, another orthopedic specialist was consulted, and he
recommended wearing orthopedic shoes for five years, and the metatarsal curvature was corrected.
After careful searching, a clinician, who was knowledgeable about Lyme disease, correctly diagnosed
the ACA rashes, and treated this patient with doxycycline, 100 mg bid, consisting of 2 mo sequelae
totaling three years. This young boy experienced severe swelling and osteomyelitis in his right foot
(Figure 4). With long-term antibiotic treatment, his feet returned to normal. The symptoms of Case 4
cleared up, and he was fully recovered after 3 years of antibiotic treatment.
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Both the mother ([41], Case 9) and father ([41], Case 10) of Case 4 have definitive proof of chronic
Lyme disease, as previously described [41]. The parents were both PCR-positive for B. burgdorferi
sensu stricto. Not only was the filial son born with bilateral clubfeet, his lower leg skin biopsies were
PCR-positive for B. burgdorferi sensu stricto, as described above. However, since the clubfeet predated
the discovery of the etiologic microorganism, Bbsl, the attending clinicians likely failed to diagnose this
boy as a pediatric case of Lyme disease. This pediatric case dates back to birth in 1976, and probably
constitutes the first documented case of transplacental Lyme disease in Canada. It is noteworthy that
the mother and father and their biological son were all positive for B. burgdorferi sensu stricto.

2.5.5. Case 5

At presentation, a 64-yr-old Canadian male had a sore on his right leg with a erythematous-ACA
rash. The rash was sore and would not heal. His healthcare practitioner administered antibiotic
treatment that included cloxacillin, 250 mg bid, for 7 d. Since the rash had not resolved, he was
again treated with cloxacillin, 250 mg for 14 d. His quality of life improved, and he returned to his
professional career that entailed frequent outdoor work.

Three years later, he had another clinical assessment, and was tested for Lyme disease and human
bartonellosis. The Lyme disease Western blot IgM and IgG were positive and, likewise, the Bartonella
IgM and IgG were positive. He was prescribed a concurrent antibiotic regimen: clarithromycin, 500 mg
bid; cefdinir, 300 mg bid; minocycline, 200 mg bid; hydroxychloroquine, 200 mg bid; and pantoprazole,
40 mg qd for 30 d. He followed up his antibiotic therapy with a herbal program of Japanese knotweed,
cordyceps, capucha mushroom, and other herbal combinations that included quercetin, resveratrol,
and chaga tea.

Six years later, he presented to his healthcare practitioner with complex rashes on four extremities.
This patient experienced considerable itching with his rashes. The main symptoms included undulating
fatigue, numbness in hands and feet, tingling in fingers, swelling in appendages and digits, moderate
arthritis, and muscle ache. Additionally, this patient had numbness and swelling in extremities
(Figure 5), and related itching all over his body. The exudate droplet on this right leg (Figure 5),
provides suggestive evidence of ulceration.

Overall, it was 9 years from the time of the initial rash, that Case 5 received disulfiram, 125 mg, once
every third day, for 30 d, and monitored efficaciously for organ (liver, kidney) function. A probiotic was
taken separately from his medication to rejuvenate gut microbiome. The patient gradually improved,
but he experienced ongoing fatigue as the body detoxified the pathogen breakdown by-products,
namely borrelial and Bartonella biotoxins. Of particular note, the target dosage of disulfiram varies
greatly depending on body weight, chronological age, medication tolerance, and physiology of the
individual patient.
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Figure 5. A 64-yr-old male exhibited rashes encompassing a set of co-infections, namely ACA, blister 

exudate, erythematous rash, and Bartonella streaks (striae). (A) Right leg, front view, compound rash with 

Bartonella striae concomitantly embedded in an inflammatory atrophic ACA at the ankle. The black arrows 

point to Bartonella striae, and the white arrow indicates exudate droplet typically produced by a blister 

rash. (B) Right leg, inside view, inflammatory atrophic ACA at foot. The orange discoloration is the result 

of an application of chlorhexidine antiseptic. (C) Right arm, diffuse erythematous rash graduating to an 

inflammatory ACA rash at wrist. (D) Left arm, diffuse erythematous rash progressing to inflammatory 

atrophic ACA at hand. 
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compared to the B31 type strain of B. burgdorferi sensu stricto. Molecular testing, using PCR, detected 
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characteristic of B. burgdorferi sensu stricto, was detected in the restriction digest. The isolates also reacted 

with monoclonal antibodies of OspA, OspB, OspC, BmpA (P39), flagellin, P22, and P93. With the 

exception of flagellin, these protein bands are species-specific for Bbsl; flagellin is a Borrelia-specific band 

for the Lyme disease spirochete. Based on the above tests of the skin biopsy isolates (Case 4), the 

spirochetes were confirmed as B. burgdorferi sensu stricto, which is pathogenic to humans. 
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with an EM rash, more than 50% have a homogenous rash [47–50]. In individual cases, the EM rash may 

spread over the entire body in four months, and appear as diffuse reddening and/or edematous swelling 

Figure 5. A 64-yr-old male exhibited rashes encompassing a set of co-infections, namely ACA, blister
exudate, erythematous rash, and Bartonella streaks (striae). (A) Right leg, front view, compound rash
with Bartonella striae concomitantly embedded in an inflammatory atrophic ACA at the ankle. The black
arrows point to Bartonella striae, and the white arrow indicates exudate droplet typically produced by a
blister rash. (B) Right leg, inside view, inflammatory atrophic ACA at foot. The orange discoloration
is the result of an application of chlorhexidine antiseptic. (C) Right arm, diffuse erythematous rash
graduating to an inflammatory ACA rash at wrist. (D) Left arm, diffuse erythematous rash progressing
to inflammatory atrophic ACA at hand.

3. Results

Within 2 weeks, the culture medium for Case 4 revealed characteristic spirochetes by dark-field
microscopy. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis of these isolate was
compared to the B31 type strain of B. burgdorferi sensu stricto. Molecular testing, using PCR, detected
genes of Bbsl, namely OspA, 16S rRNA, and HSP60. In addition, a lucid 135 kbp PFGE band, which is
characteristic of B. burgdorferi sensu stricto, was detected in the restriction digest. The isolates also
reacted with monoclonal antibodies of OspA, OspB, OspC, BmpA (P39), flagellin, P22, and P93. With
the exception of flagellin, these protein bands are species-specific for Bbsl; flagellin is a Borrelia-specific
band for the Lyme disease spirochete. Based on the above tests of the skin biopsy isolates (Case 4), the
spirochetes were confirmed as B. burgdorferi sensu stricto, which is pathogenic to humans.

4. Discussion

4.1. Pathogenesis of ACA Rash

Rashes can be prominent clinical manifestations of Lyme disease, and appear at almost any age.
Although the classic EM rash, called a bull’s-eye rash (Figure 6), is fixed in the minds of many people,
there are at least 20 different types of rashes (A.B. MacDonald, Pathologist, personal communication)
and, of these rashes [27,39,42–47], ACA sporadically presents in Lyme disease patients. The classic
EM rash is more easily recognized, but may be misdiagnosed if it is vesicular, necrotic or otherwise
atypical in appearance. Based on several studies, only 9–39% of Lyme disease patients have a rash and,
of those with an EM rash, more than 50% have a homogenous rash [47–50]. In individual cases, the
EM rash may spread over the entire body in four months, and appear as diffuse reddening and/or
edematous swelling [39]. The tick bite may go unnoticed; however, a cutaneous rash may form. Lyme
disease spirochetes normally disseminate radially through the epidermis and, also, via the vascular
and lymphatic systems. In one particular study of EM and ACA rashes in central Europe, only 2 (7%)
of 28 patients recalled a tick bite [51].
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Figure 6. Erythema migrans, a ring-shaped or bull’s-eye rash on the upper leg of a middle-aged woman.
This erythematous lesion is a classic erythema migrans (EM) rash.

Lyme disease rashes can be atypical, or appear as multi-centric erythema migrans denoting
hematogenous spread in the body. In all five cases of the present study, patients continued to encounter
active Bbsl infection after standard antibiotic treatment. Of significance, two patients had formidable
molecular evidence of B. burgdorferi sensu stricto, which is pathogenic for Lyme disease. The clinical
and morphological features and molecular testing associated with EM and ACA rashes in the present
study are consistent with proven EM and ACA rashes published in the scientific literature.

4.2. Early and Late ACA Rashes

Cutaneous rashes have an interconnecting link to clinical manifestations. ACA has three phases:
an early inflammatory stage, a late inflammatory stage with atrophy, and a final latent atrophic stage
without inflammation [52]. Often the early stage is overlooked in the scientific literature. The early
inflammatory phase is exhibited by Case 1 (Figure 1b,c). Although there is no skin biopsy from the back
of the knee (Case 1), there is substantive evidence of effusion of blood incorporated in the cutaneous
tissue surrounding the tick bite. As previously stated, Case 1 tested positive for B. afzelii. Pathologically,
B. afzelii is one of the etiological agents of ACA rashes [2]. Pertinent to Case 1, the initial stage of an
ACA is visible, and shows the dissemination of spirochetes radiating from the punctum. An ACA
rash gradually intensified its purplish color, and then decreased in intensity. These eruptions are
consistent with the early stages of an evolving ACA lesion. Moreover, the right knee of Case 1 has no
discoloration, and it had exactly the same amount of exercise as the left knee; the photographic pattern
and presence or lack of pain are not bilateral. It is most likely that the effusion and purplish lesion in
Case 1 resulted from spirochetosis, and not exercise.

Chang et al. detected Bbsl in the synovial membranes of dogs, which indicates persistent infection.
It also suggests that the enduring inflammatory pain experienced by Case 1 represents concomitant
evidence of clinical arthritis or synovitis (inflammation of a synovial membrane) caused by Lyme
disease spirochetes [53]. These findings suggest that Bbsl side-steps the immune system, and survives
proficiently within connective tissue. As a result, the synovial membrane can act as a sanctuary for
Bbsl spirochetes, protecting these microbes from antibiotics and/or immune response. The ACA rashes
on the leg of Case 4, which were recognized after his infant-childhood growth spurt, affirm gestational
Lyme disease acclaimed in other neonates [54].

4.3. Combinations and Co-Infections

In the present study, Case 5 has a combination of Lyme disease and human bartonellosis.
The patient exhibited a combination of rashes on the upper and lower extremities of the body (Figure 5).
Bartonella streaks were concomitantly embedded in an inflammatory atrophic ACA rash (Figure 5).
Bartonella often displays a parallel, streaky pattern that unfolds a distinguishable characteristic of
human bartonellosis. Bartonella sp. infection is commonly associated with Lyme disease. The rash
aggregates (i.e., ACA, blister-like exudate droplets, Bartonella sp. streaks, and diffuse erythema rashes)
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on the left leg of Case 5 elucidates a co-infection of Bbsl and Bartonella sp. Although Lyme disease
and human bartonellosis are frequent co-infections, they are recalcitrant tick-borne pathogens to
treat. Standard combinations of antimicrobials often suppress the symptoms but commonly do not
permanently clear these infections. Bartonella spp. are among the most efficient stealth pathogens
because these bacteria can invade erythrocytes, macrophage, dentritic cells and endothelial cells [55].
The combination of ACA, streaking, and blister exudate is fundamentally a combination of three
different types of rashes culminated in co-infection of Bbsl and Bartonella sp. Based on the findings
of Goldberg et al. [56], the exudate droplets on the right lower leg of Case 5 could be harboring Bbsl
spirochetes and/or Bartonella sp. bacteria.

4.4. Differential Diagnosis

A differential diagnosis was conducted to consider other dermatologic conditions, namely
erysipelas, erysipeloid, granuloma annulare, lichen sclerosus, morphea, lipodermatosclerosis, systemic
sclerosis, and thinning of skin due to aging. However, these dermatologic entities did not imitate or
match the rashes presented by the five patients. Sclerotic lesions in patients with ACA are frequently
diagnosed as morphea or lichen sclerosus [27]. Many rashes exhibited by Lyme disease patients are
incorrectly considered insect or spider bites, or other dermatologic conditions, and dismissed as being
insignificant. The preliminary ACA manifestations are often clinically overlooked or misdiagnosed, and
attributed to circulatory problems or aging [27]. For example, a blister rash has been frequently mistaken
for poison ivy, allergic reactions, and herpes simplex [56]. In addition, Berger et al. demonstrated that
punch skin biopsy specimens taken from the peripheral border of EM rashes cultured positive in 18
(86%) of 21 specimens and, notably, two of these EM lesions were less than 5 mm in diameter [57].
Similar to EM rashes, ACA rashes change intensity of color, and disappear as spirochetes disseminate
by hematogenous or lymphatic spread from the tick-bite site. Whether a tick bite is recalled or not,
an ACA may appear at the tick bite centrum. A bluish-red discoloration, often with swelling and/or
atrophy of skin on an apical or lower area of an extremity, together with positive Bbsl serology or Lyme
immunoblot testing, is consistent with ACA [27].

The primary site of ACA involvement on the upper extremities is normally the olecranon area
(elbow) or the dorsal aspect of the hands (Figure 3) [27]. The presence of the ACA rash on the hands of
Case 3 is also exhibited by other chronic Lyme disease patients in different parts of the world [27].

Healthcare practitioners have conjectured that the purple discoloration on the back of the knee is
due to bending. However, in Case 1, the ACA on the posterior side of the knee does not correspond to
bending, bruising, or exercise. Likewise, in Case 4, the purple rash on the foot and the lower leg is an
apparent sign of persistent Bbsl infection. The presence of Bbsl in skin biopsies of Case 4, by PCR,
confirms borrelial infection in the cutaneous tissue of this ACA. Additionally, in Case 4, the boy not
only had ACA rashes on his right leg and foot, he had clubfeet when he was an infant. Consistent with
the findings of Case 4, pathologists and clinicians have reported clubfeet in pediatric cases resulting
from gestational Lyme disease [58,59]. As apparent in these pediatric cases, a clubfoot is one of the
many physical abnormalities associated with transplacental transmission of Bbsl from mother to fetus
during gestation. As an infant, this young patient (Case 4) was fussy and cranky and, in retrospect,
was likely responding to infected clubfeet. As an adolescent, Case 4 developed swollen feet and ACA
rashes. One foot was corrected to some extent with numerous casts; however, the other foot had to be
corrected with surgery. As well, he had to wear orthopedic shoes on both feet for five years. At age 14,
this youthful patient was diagnosed with Lyme disease by a clinician specializing in the diagnosis
and treatment of tick-borne, zoonotic diseases. Eventually, his symptoms resolved, and treatment was
successful. The presence of motile spirochetes positive for B. burgdorferi sensu stricto by PCR taken
from the leg lesion of Case 4 documents conclusively that this rash is an ACA.

Using PCR, Moter et al. detected Bbsl spirochetes in skin biopsies of Lyme disease patients, and
92 % of the ACA rashes were positive. Veterinary researchers have shown that dogs inoculated with
heat-killed Bbsl spirochetes are cleared from the body within 3 wk and, subsequently, they are not
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detectable by PCR [60]. Despite standard antimicrobial treatment, viable Bbsl spirochetes can sequester
and survive in deep-seated tissue. Clinical researchers have detected Lyme disease spirochetes in
testicles [61], semen [41], vaginal secretions [41], and vulvovaginal tissue [62]. At birth, Bbsl has been
detected in placental tissue [59,63] and cord blood [59]. These collective findings provide supportive
evidence for Bbsl transfer during intimate relations, and transplacental transmission of Lyme disease
spirochetes during gestation. In addition, Bbsl spirochetes have been detected in breast milk [64,65].
The collective events relating to Case 4 provide substantive evidence of maternal-fetal transmission of
Bbsl and supportive evidence of sexual transmission between two intimate partners.

4.5. Ticks as a Source of Bbsl Infection

Tick bites normally signify the location of a rash for early localized and early disseminated Lyme
disease. Moreover, in Case 1, both rashes had a central punctum that is indicative of two separate tick
bites; a punctum typically disappears in three weeks. Findings by dermatologists reinforce the fact
that reddish-blue discolorations can be anywhere on the leg, including the foot and calf [27]. Flexibility
and motion of Lyme disease patients are not a factor in the geographic location, size of lesion, and
placement of ACA rashes. Age is not a salient factor; however, ACA rashes tend to appear in older
individuals. Based on this study, joint swelling is not associated with the color and size of rashes.
As with EM rashes, ACA rashes typically change color, and disappear as spirochetes disseminate from
the tick bite or dissipate from the centrum of infection. Glib and hasty assessments of EM and ACA
variants can lead to invalid clinical diagnoses and ineffective treatment [27].

In this human study, we assessed five Lyme disease patients, and each patient had lesions
consistent with ACA. As a commonality, each participant tested serologically positive for Lyme disease,
and each developed an ACA juxtaposed by typical clinical symptoms of Lyme disease. In the absence
of antimicrobials, our findings reveal that ACA rashes are long-term, and are consistent with the
persistence of Bbsl infection. In addition, we show rashes compatible with ACA may occur regardless
of geographic residence. Although two patients may have acquired Lyme disease in Europe, the
other 3 cases had no relevant travel to known Lyme disease endemic areas, and must have acquired
Lyme disease in Canada. Despite the persistence of chronic Lyme disease [66], this young patient
(Case 4) responded well to three years of antibiotic treatment, and clinical signs and symptoms
completely resolved.

4.6. Clinical Implications of Lyme Disease

Whenever there are delays in diagnosis and treatment, persistence of Bbsl ensues [41,67–85].
Chronic Lyme disease is capable of inflicting lasting damage [3,86]. About 63% of patients infected
with Bbsl develop chronic Lyme disease [87]. Bbsl colonize in many immune-privileged sites,
including bone [67], brain [88–90], eye [78], collagenous tissues (ligaments, tendons) [68,69], heart [90],
kidney [90], bladder [80], liver [90], muscle [91], synovial cells [70], central nervous system [92–94], glial
and neuronal cells [95–97], and fibroblasts/scar tissue [98]. Consistent with syphilis [99], Lyme disease
may be an insidious neurologic pathogenesis characterized with demyelination and, ultimately, can be
a fatal spirochetosis [74,78,88,90]. Late stage chronic Lyme disease has been defined [3,86,90,100,101],
and persistent infection with or without administration of antibiotics is clearly a feature with this
tick-borne, zoonotic disease [90]. Furthermore, this stealth pathogen is pleomorphic with diverse
forms that include spirochetes, spherocytes (round bodies), blebs, granules and, collectively, biofilms
exacerbate the sequestration of Bbsl infection.

Chronic Lyme disease commonly has a complex combination of clinical manifestations [3,101].
In one particular study [102], 73% of patients experienced a Jarisch–Herxheimer reaction after
treatment. This persistent spirochetosis commonly causes pronounced disability, and potentially
gives rise to central nervous system complications, short-term memory loss, and cognitive
impairment [88,90,100,102,103]. Often in chronic Lyme disease, Bbsl invades the bladder wall resulting
in abnormal sphincter function, including detrusor hyperreflexia (increased urgency to urinate),
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detrusor areflexia (urinary void difficulty), and dyssynergia (disturbed muscular coordination) [80].
Based on a cascade of unrelenting pain, incapacitating fatigue, unending depression, inexorable anxiety,
indefatigable inflammation, loss of hope and purpose, lack of understanding from school, work,
family, and healthcare providers, Lyme disease patients may reach a point of merciless, overpowering
despair, and commit suicide [27,104–106]. Late stage unremitting meningoencephalomyelitides and
all-encompassing Bbsl infection may ultimately result in fatal outcomes [74,78,88,90]. Bbsl may
potentially be transmitted to a partner via intimate relations [41,62]. Just as congenital syphilis and
related deformities are recognized in pregnant mothers and neonates [99], gestational Lyme disease
can present with multiple birth abnormalities in the fetus and infant. These can include clubfeet,
miscarriage, spontaneous abortion, stillbirths, and perinatal death [58,59,107–109]. Developmental
delays, retardation, sudden death syndrome, gestational toxemia, gestational heart disease, as well
as failure to thrive, may all occur from unrecognized gestational Lyme disease [59]. The ACA rash
provides additional information for healthcare practitioners to make a clinical diagnosis.

5. Conclusions

This study reports ACA rashes on Lyme disease patients for the first time in Canada. The author
sheds new light on the predominant B. burgdorferi sensu stricto genospecies in North America acting
as a potential contagion in the pathogenesis of ACA. Although ACA has a predilection for sites
on the lower extremities, where collagenous tissue is prolific, ACA has no direct correlation with
a tick bite, geographic location, age, exercise, Bbsl genospecies, and location on the skin surface.
The ACA lesion is one of a broad variation of different rashes associated with Lyme disease, and
denotes that Bbsl infection can be persistent in cutaneous and/or connective tissue. As noted in
this study, ACA rashes can last for months or years. Recognition of EM and ACA rashes, and their
variants, is clinically important as an indicator in the diagnosis and treatment of Lyme disease. The
presence of a co-infection of Bbsl and Bartonella sp. in Case 5 displays a novel combination of rashes
including an ACA, blister exudate, erythematous eruptions, and Bartonella striae. An adolescent male
(Case 4) displays an ACA rash caused by B. burgdorferi sensu stricto and, with physical deformities
(clubfeet) at birth, confirms gestational Lyme disease. Because the filial son (Case 4) of B. burgdorferi
sensu stricto-positive parents was likewise positive for B. burgdorferi sensu stricto, this positivity
provides formidable evidence of sexual transmission of Lyme disease spirochetes between intimate
partners. Since early treatment of Lyme disease can generally mitigate or prevent late stage clinical
manifestations, healthcare practitioners must include ACA rashes in their differential diagnosis for
patients showing symptoms compatible with Lyme disease.

Author Contributions: J.D.S. was responsible for study design, and writing the manuscript, and responsible
for the authenticity of case report information. All authors have read and agreed to the published version of
the manuscript.

Funding: Funding for this study was provided in part by the Mary Alice Holmes Memorial Foundation and,
likewise, by philanthropic donors Sharleine Haycock and Diane Kindree.

Acknowledgments: We are indebted to Amanda Green for computer graphics.

Conflicts of Interest: The author declares no conflict of interest.

References

1. Burgdorfer, W.; Barbour, A.G.; Hayes, S.; Benach, J.; Grunwaldt, E.; Davis, J. Lyme disease—A tick-borne
spirochetosis? Science 1982, 216, 1317–1319. [CrossRef]

2. Canica, M.M.; Nato, F.; Du Merle, L.; Mazie, J.C.; Baranton, G.; Postic, D. Monoclonal antibodies for
identification of Borrelia afzelii sp. nov. associated with late cutaneous manifestations of Lyme borreliosis.
Scand. J. Infect. Dis. 1993, 25, 441–448. [CrossRef]

3. Fesler, M.; Shah, J.; Middelveen, M.; Du Cruz, I.; Burrascano, J.; Stricker, R.B. Lyme Disease: Diversity of
Borrelia species in California and Mexico detected using a novel immunoblot assay. Healthcare 2020, 8, 97.
[CrossRef]

http://dx.doi.org/10.1126/science.7043737
http://dx.doi.org/10.3109/00365549309008525
http://dx.doi.org/10.3390/healthcare8020097


Healthcare 2020, 8, 157 13 of 17

4. Girard, Y.A.; Fedorova, N.; Lane, R.S. Genetic diversity of Borrelia burgdorferi and detection of B. bissettii-like
DNA in serum of north-coastal California residents. J. Clin. Microbiol. 2010, 49, 945–954. [CrossRef]

5. Fedorova, N.; Kleinjan, J.E.; James, D.; Hui, L.T.; Peeters, H.; Lane, R.S. Remarkable diversity of tick or
mammalian-associated borreliae in the metropolitan San Francisco Bay area, California. Ticks Tick-Borne Dis.
2014, 5, 951–961. [CrossRef]

6. Margos, G.; Lane, R.S.; Fedorova, N.; Koloczek, J.; Piesman, J.; Hojgaard, A.; Sing, A.; Fingerle, V. Borrelia
bissettiae sp. nov. and Borrelia californiensis sp. nov. prevail in diverse enzootic transmission cycles. Int. J.
Syst. Evol. Microbiol. 2016, 66, 1447–1452. [CrossRef]

7. Rose, I.; Yoshimizu, M.H.; Bonilla, D.L.; Fedorova, N.; Lane, R.S.; Padgett, K.A. Phylogeography of Borrelia
spirochetes in Ixodes pacificus and Ixodes spinipalpis ticks highlights differential acarological risk of tick-borne
disease transmission in northern versus southern California. PLoS ONE 2019, 14, e0214726. [CrossRef]

8. Rudenko, N.; Golovchenko, M.; Mokrácek, A.; Piskunová, N.; Ruzek, D.; Mallatová, N.; Grubhoffer, L.
Detection of Borrelia bissettii in cardiac valve tissue of a patient with endocarditis and aortic valve stenosis in
the Czech Republic. J. Clin. Microbiol. 2008, 46, 3540–3543. [CrossRef]

9. Rudenko, N.; Golovchenko, M.; Vancova, M.; Clark, K.; Grubhoffer, L.; Oliver, J.H., Jr. Isolation of live
Borrelia burgdorferi sensu lato spirochetes from patients with undefined disorders and symptoms not typical
for Lyme borreliosis. Clin. Microbiol. Infect. 2015, 22, 267.e9–267.e15. [CrossRef]

10. Golovchenko, M.; Vancová, M.; Clark, K.L.; Oliver, J.H., Jr.; Grubhoffer, L.; Rudenko, N. A divergent
spirochete strain isolated from a resident of the southeastern United States was identified by multilocus
sequence typing as Borrelia bissettii. Parasites Vectors 2016, 9, 68. [CrossRef]

11. Baranton, G.; Postic, D.; Girons, I.S.; Boerlin, P.; Piffaretti, J.-C.; Assous, M.; Grimont, P.A.D. Delineation of
Borrelia burgdorferi sensu stricto, Borrelia garinii sp. nov., and Group VS461 associated with Lyme borreliosis.
Int. J. Syst. Bacteriol. 1992, 42, 378–383. [CrossRef] [PubMed]

12. Smith, R.P.; Bin Muzaffar, S.; Lavers, J.; Lacombe, E.H.; Cahill, B.K.; Lubelczyk, C.B.; Kinsler, A.; Mathers, A.J.;
Rand, P.W. Borrelia garinii in seabird ticks (Ixodes uriae), Atlantic Coast, North America. Emerg. Infect. Dis.
2006, 12, 1909–1912. [CrossRef]

13. Anderson, J.F.; Magnarelli, L.A.; McAninch, J.B. New Borrelia burgdorferi antigenic variant isolated from
Ixodes dammini from upstate New York. J. Clin. Microbiol. 1988, 26, 2209–2212. [CrossRef]

14. Picken, R.N.; Cheng, Y.; Strle, F.; Picken, M.M. Patient isolates of Borrelia burgdorferi sensu lato with genotypic
and phenotypic similarities of strain 25015. J. Infect. Dis. 1996, 174, 1112–1115. [CrossRef]

15. Margos, G.; Hojgaard, A.; Lane, R.S.; Cornet, M.; Fingerle, V.; Rudenko, N.; Ogden, N.; Aanensen, D.M.;
Fish, D.; Piesman, J. Multilocus sequence analysis of Borrelia bissettii strains from North America reveals a
new Borrelia species, Borrelia kurtenbachii. Ticks Tick-Borne Dis. 2010, 1, 151–158. [CrossRef]

16. Pritt, B.S.; Respicio-Kingry, L.B.; Sloan, L.M.; Schriefer, M.E.; Replogle, A.J.; Bjork, J.; Liu, G.; Kingry, L.C.;
Mead, P.S.; Neitzel, D.F.; et al. Borrelia mayonii sp. nov., a member of the Borrelia burgdorferi sensu lato
complex, detected in patients and ticks in the upper midwestern United States. Int. J. Syst. Evol. Microbiol.
2016, 66, 4878–4880. [CrossRef]

17. Richter, D.; Postic, D.; Sertour, N.; Livey, I.; Matuschka, F.-R.; Baranton, G. Delineation of Borrelia burgdorferi
sensu lato species by multilocus sequence analysis and confirmation of the delineation of Borreia spielmanii
sp. nov. Int. J. Syst. Evol. Microbiol. 2006, 56, 873–881. [CrossRef]

18. Foldvari, G.; Farkas, R.; Lakos, A. Borrelia spielmanii erythema migrans, Hungary. Emerg. Infect. Dis. 2005, 11,
1794–1795. [CrossRef]

19. Margos, G.; Wilske, B.; Sing, A.; Hizo-Teufel, C.; Cao, W.-C.; Chu, C.; Scholz, H.; Straubinger, R.K.; Fingerle, V.
Borrelia bavariensis sp. nov. is widely distributed in Europe and Asia. Int. J. Syst. Evol. Microbiol. 2013, 63,
4284–4288. [CrossRef]

20. Markowicz, M.; Ladstätter, S.; Schötta, A.M.; Reiter, M.; Pomberger, G.; Stanek, G. Oligoarthritis caused by
Borrelia bavariensis, Austria, 2014. Emerg. Infect. Dis. 2015, 21, 1052–1054. [CrossRef]

21. Fleche, A.L.; Postic, D.; Girardet, K.; Péter, O.; Baranton, G. Characterization of Borrelia lusitaniae sp. nov. by
16S ribosomal DNA sequence analysis. Int. J. Syst. Bacteriol. 1997, 47, 921–925. [CrossRef]

22. Collares-Pereira, M.; Couceiro, S.; Franca, I.; Kurtenbach, K.; Schäfer, S.M.; Vitorino, L.; Gonçalves, L.A.;
Baptista, S.; Vieira, M.L.; Cunha, C. First isolation of Borrelia lusitaniae from a human patient. J. Clin. Microbiol.
2004, 42, 1316–1318. [CrossRef]

http://dx.doi.org/10.1128/JCM.01689-10
http://dx.doi.org/10.1016/j.ttbdis.2014.07.015
http://dx.doi.org/10.1099/ijsem.0.000897
http://dx.doi.org/10.1371/journal.pone.0214726
http://dx.doi.org/10.1128/JCM.01032-08
http://dx.doi.org/10.1016/j.cmi.2015.11.009
http://dx.doi.org/10.1186/s13071-016-1353-4
http://dx.doi.org/10.1099/00207713-42-3-378
http://www.ncbi.nlm.nih.gov/pubmed/1380285
http://dx.doi.org/10.3201/eid1212.060448
http://dx.doi.org/10.1128/JCM.26.10.2209-2212.1988
http://dx.doi.org/10.1093/infdis/174.5.1112
http://dx.doi.org/10.1016/j.ttbdis.2010.09.002
http://dx.doi.org/10.1099/ijsem.0.001445
http://dx.doi.org/10.1099/ijs.0.64050-0
http://dx.doi.org/10.3201/eid1111.050542
http://dx.doi.org/10.1099/ijs.0.052001-0
http://dx.doi.org/10.3201/eid2106.141516
http://dx.doi.org/10.1099/00207713-47-4-921
http://dx.doi.org/10.1128/JCM.42.3.1316-1318.2004


Healthcare 2020, 8, 157 14 of 17

23. Wang, G.; Van Dam, A.P.; Fleche, A.L.; Postic, D.; Péter, O.; Baranton, G.; De Boer, R.; Spanjaard, L.; Dankert, J.
Genetic and phenotypic analysis of Borrelia valaisiana sp. nov. (Borrelia genomic groups VS116 and M19). Int.
J. Syst. Bacteriol. 1997, 47, 926–932. [CrossRef]

24. Diza, E.; Papa, A.; Vezyri, E.; Tsounis, S.; Milonas, I.; Antoniadis, A. Borrelia valaisiana in cerebrospinal fluid.
Emerg. Infect. Dis. 2004, 10, 1692–1693. [CrossRef]

25. Scott, J.D. Birds widely disperse pathogen-infected ticks. In Seabirds and Songbirds: Habitat Preferences,
Conservation, Migratory Behavior; Mahala, G., Ed.; Nova Publishers, Inc.: New York, NY, USA, 2015; pp. 1–22.
ISBN 978-1-63463-496-0.

26. Asbrink, E. Cutaneous manifestations of Lyme borreliosis. Clinical definitions and differential diagnoses.
Scand. J. Infect. Dis. Suppl. 1991, 77, 44–50.

27. Asbrink, E. Acrodermatitis chronica atrophicans. Clin. Derm. 1993, 11, 369–375. [CrossRef]
28. Kristoferitsch, W.; Sluga, E.; Graf, M.; Partsch, H.; Neumann, R.; Stanek, G.; Budka, H. Neuropathy associated

with acrodermatitis chronica atrophicans. Clinical and morphological features. Ann. N. Y. Acad. Sci. 1988,
539, 35–45. [CrossRef]

29. Buchwald, A. Ein Fall von diffuser idiopathischer Haut-Atrophie. Arch. Derm. Res. 1883, 10, 553–556.
[CrossRef]

30. Bronson, E.B. A Case of symmetrical cutaneous atrophy of the extremities. Arch. Derm. 1995, 131, 115.
[CrossRef]

31. Elliot, G.T. A case of idiopathic atrophy of the skin. J. Cutan. Dis. 1895, 13, 152–154.
32. Lavoie, P.E.; Wilson, A.; Tuffanelli, D. Acrodermatitis chronica atrophicans with antecedent Lyme disease in

a Californian: Case report. Zentralbl. Bakteriol. Mikrobiol. Hyg. 1986, 263, 262–265. [CrossRef]
33. Kaufman, L.D.; Gruber, B.L.; Phillips, M.E.; Benach, J.L. Late cutaneous lyme disease: Acrodermatitis

chronica atrophicans. Am. J. Med. 1989, 86, 828–830. [CrossRef]
34. Scott, J.; Pascoe, E.L.; Sajid, M.; Foley, J. Monitoring of nesting songbirds detects established population of

blacklegged ticks and associated Lyme disease endemic area in Canada. Healthcare 2020, 8, 59. [CrossRef]
35. Barbour, A.G.; Burgdorfer, W.; Hayes, S.F.; Péter, O.; Aeschlimann, A. Isolation of a cultivable spirochete

from Ixodes ricinus ticks of Switzerland. Curr. Microbiol. 1983, 8, 123–126. [CrossRef]
36. Asbrink, E.; Hovmark, A. Successful cultivation of spirochetes from skin lesions of patients with erythema

chronicum migrans Afzelius and acrodermatitis chronica atrophicans. Acta Pathol. Microbiol. Scand. Ser. B
Microbiol. 1985, 93, 161–163. [CrossRef]

37. Asbrink, E.; Hovmark, A.; Hederstedt, B. The spirochetal etiology of acrodermatitis chronica atrophicans
Herxheimer. Acta Derm. Venereol. 1984, 64, 506–512.

38. Nicholson, W.A.; Sonenshine, D.E.; Noden, B.H. Ticks (Ixodida). In Medical and Veterinary Entomology, 3rd
ed.; Mullen, G.R., Durden, L.A., Eds.; Academic Press/Elsevier: London, UK, 2019; pp. 603–672. ISBN
978-0-12-814043-7.

39. Weber, K.; Neubert, U.; Büchner, S.A. Erythema migrans and early signs and symptoms. In Aspects of Lyme
Borreliosis; Springer: Berlin/Heidelberg, Germany, 1993; pp. 105–121.

40. Hopf, H.C. Peripheral neuropathy in acrodermatitis chronica atrophicans (Herxheimer). J. Neurol. Neurosurg.
Psychiatry 1975, 38, 452–458. [CrossRef]

41. Middelveen, M.J.; Sapi, E.; Burke, J.; Filush, K.R.; Franco, A.; Fesler, M.; Stricker, R.B. Persistent Borrelia
infection in patients with ongoing symptoms of Lyme disease. Healthcare 2018, 6, 33. [CrossRef]

42. Weber, K.; Schierz, G.; Wilske, B.; Preac-Mursic, V. European erythema migrans disease and related disorders.
Yale J. Biol. Med. 1984, 57, 463–471.

43. Hovmark, A.; Åsbrink, E.; Weber, K.; Kaudewitz, P. Borrelial lymphocytoma. In Aspects of Lyme borreliosis;
Weber, K., Burgdorfer, W., Eds.; Springer: Berlin, Germany, 1993; Chapter 9; pp. 122–130. ISBN 3-540-55628-1.

44. Masters, E.J.; Donnell, H.D.; Fobbs, M. Missouri Lyme disease: 1989 through 1992. J. Spir. Tick-Borne Dis.
1994, 1, 12–17.

45. Katzel, J. Unusual appearances of early localized infections. J. Spir. Tick-Borne Dis. 1994, 1, 84–85.
46. Price, G.E.; Banerjee, S.N. Case reports: Lyme arthritis in British Columbia. J. Spir. Tick-Borne Dis. 1995, 2,

52–54.
47. Berger, B.W. Dermatologic manifestations of Lyme disease. Clin. Infect. Dis. 1989, 11, 1475–1481. [CrossRef]
48. Stonehouse, A.; Studdiford, J.S.; Henry, C.A. An update on the diagnosis and treatment of early Lyme disease:

“Focusing on the bull’s eye, you may miss the mark”. J. Emerg. Med. 2010, 39, e147–e151. [CrossRef]

http://dx.doi.org/10.1099/00207713-47-4-926
http://dx.doi.org/10.3201/eid1009.030439
http://dx.doi.org/10.1016/0738-081X(93)90092-Q
http://dx.doi.org/10.1111/j.1749-6632.1988.tb31836.x
http://dx.doi.org/10.1007/BF01833474
http://dx.doi.org/10.1001/archderm.1995.01690130119032
http://dx.doi.org/10.1016/s0176-6724(86)80129-8
http://dx.doi.org/10.1016/0002-9343(89)90482-8
http://dx.doi.org/10.3390/healthcare8010059
http://dx.doi.org/10.1007/BF01566969
http://dx.doi.org/10.1111/j.1699-0463.1985.tb02870.x
http://dx.doi.org/10.1136/jnnp.38.5.452
http://dx.doi.org/10.3390/healthcare6020033
http://dx.doi.org/10.1093/clinids/11.Supplement_6.S1475
http://dx.doi.org/10.1016/j.jemermed.2007.06.007


Healthcare 2020, 8, 157 15 of 17

49. Johnson, L.; Wilcox, S.; Mankoff, J.; Stricker, R.B. Severity of chronic Lyme disease compared to other chronic
conditions: A quality of life survey. Peer J. 2014, 2, e322. [CrossRef]

50. Johnson, L.; Shapiro, M.; Mankoff, J. Removing the mask of average treatment effects in chronic Lyme disease
research using big data and subgroup analysis. Healthcare 2018, 6, 124. [CrossRef]

51. Moter, S.E.; Hofmann, H.; Wallich, R.; Simon, M.M.; Kramer, M.D. Detection of Borrelia burgdorferi sensu lato
in lesional skin of patients with erythema migrans and acrodermatitis chronica atrophicans by ospA-specific
PCR. J. Clin. Microbiol. 1994, 32, 2980–2988. [CrossRef]

52. Finger, E.; Oppenheim, M. Die Hautatrophien; Atrophia Cutis Idiopathica, Dermatitis Und Acrodermatitis
Atrophicans Chronica Progressiva, Atrophia Maculosa Cutis, Dermatitis Atrophicans Maculosa; Wien: Deuticke,
Austria, 1910.

53. Chang, Y.-F.; Straubinger, R.K.; Jacobson, R.H.; Kim, J.B.; Kim, T.J.; Kim, D.; Shin, S.J.; Appel, M.J.G.
Dissemination of Borrelia burgdorferi after experimental infection in dogs. J. Spir. Tick Borne Dis. 1996, 3,
80–86.

54. Trevisan, G.; Stinco, G.; Cinco, M. Neonatal skin lesions due to a spirochetal infection: A case of congenital
Lyme borreliosis? Int. J. Derm. 1997, 36, 677–680.

55. Breitschwerdt, E.B.; Maggi, R.G.; Chomel, B.B.; Lappin, M.R. Bartonellosis: An emerging infectious disease
of zoonotic importance to animals and human beings. J. Vet. Emerg. Crit. Care 2010, 20, 8–30. [CrossRef]

56. Goldberg, N.S.; Forseter, G.; Nadelman, R.B.; Schwartz, I.; Jorde, U.; Mckenna, D.; Holmgre, D.; Bittker, S.;
Montecalvo, M.; Wormser, G.P. Vesicular erythema migrans. Arch. Dermatol. 1992, 128, 1495–1498. [CrossRef]

57. Berger, B.W.; Johnson, R.C.; Kodner, C.; Coleman, L. Cultivation of Borrelia burgdorferi from erythema migrans
lesions and perilesional skin. J. Clin. Microbiol. 1992, 30, 359–361. [CrossRef]

58. Macdonald, A.B. Gestational Lyme borreliosis. Implications for the fetus. Rheum. Dis. Clin. N. Am. 1989, 15,
657–677.

59. Gardner, T. Lyme Disease. In Infectious Diseases of the Fetus and Newborn Infant, 5th ed.; Remington, J.S.,
Klein, J.O., Wilson, C.B., Eds.; Saunders Company: Philadelphia, PA, USA, 2001; Chapter 11; pp. 519–641.
ISBN 0-7216-7976-5.

60. Straubinger, R.K.; Summers, B.A.; Jacobson, R.H. Status of Borrelia burgdorferi infection after antibiotic
treatment and the effects of corticosteroids: An experimental study. J. Infect. Dis. 2000, 181, 1069–1081.
[CrossRef]

61. MacDonald, A.B. A Microscopic Study of Male Gonad for Detection of Borrelia burgdorferi. Available online:
https://www.lymeneteurope.org/forum/viewtopic.php?t=5998 (accessed on 17 November 2015).

62. Fesler, M.C.; Middelveen, M.J.; Burke, J.M.; Stricker, R.B. Erosive vulvovaginitis associated with Borrelia
burgdorferi infection. J. Investig. Med. High Impact Case Rep. 2019, 7, 2324709619842901. [CrossRef]

63. Horowitz, R.I. Lyme disease and pregnancy: Implication of chronic infection, PCR testing, and prenatal
treatment. In Proceedings of the 16th International Scientific Conference on Lyme Disease & Other Tick-Borne
Disorders, Hartford, CT, USA, 7–8 June 2003.

64. Schmidt, B.L.; Aberer, E.; Stockenhuber, C.; Klade, H.; Breier, F.; Luger, A. Detection of Borrelia burgdorferi
DNA by polymerase chain reaction in the urine and breast milk of patients with Lyme borreliosis. Diagn.
Microbiol. Infect. Dis. 1995, 21, 121–128. [CrossRef]

65. Burrascano, J.J., Jr. Lyme disease and pregnancy. In Advanced Topics in Lyme Disease: Diagnositic Hints and
Treatment Guidelines for Lyme and Other Tick Borne Illnesses, 16th ed.; LymeNet: Pennington, NJ, USA, 2008.

66. Macdonald, A.B. Alzheimer’s neuroborreliosis with trans-synaptic spread of infection and neurofibrillary
tangles derived from intraneuronal spirochetes. Med. Hypotheses 2007, 68, 822–825. [CrossRef]

67. Oksi, J.; Mertsola, J.; Reunanen, M.; Marjamäki, M.; Viljanen, M.K. Subacute multiple-site osteomyelitis
caused by Borrelia burgdorferi. Clin. Infect. Dis. 1994, 19, 891–896. [CrossRef]

68. Häupl, T.; Hahn, G.; Rittig, M.; Krause, A.; Schoerner, C.; Schönherr, U.; Kalden, J.R.; Burmester, G.R.
Persistence of Borrelia burgdorferi in ligamentous tissue from a patient with chronic Lyme borreliosis. Arthritis
Rheum. 1993, 36, 1621–1626. [CrossRef]

69. Müller, M.E. Damage of collagen and elastic fibres by Borrelia burgdorferi—Known and new clinical
histopathogical aspects. Open Neurol. J. 2012, 6 (Suppl. S1-M11), S179–S186.

70. Girschick, H.J.; Huppertz, H.I.; Krenn, V.; Karch, H. Intracellular persistence of Borrelia burgdorferi in human
synovial cells. Rheumatol. Int. 1996, 16, 125–132. [CrossRef]

http://dx.doi.org/10.7717/peerj.322
http://dx.doi.org/10.3390/healthcare6040124
http://dx.doi.org/10.1128/JCM.32.12.2980-2988.1994
http://dx.doi.org/10.1111/j.1476-4431.2009.00496.x
http://dx.doi.org/10.1001/archderm.1992.01680210073010
http://dx.doi.org/10.1128/JCM.30.2.359-361.1992
http://dx.doi.org/10.1086/315340
https://www.lymeneteurope.org/forum/viewtopic.php?t=5998
http://dx.doi.org/10.1177/2324709619842901
http://dx.doi.org/10.1016/0732-8893(95)00027-8
http://dx.doi.org/10.1016/j.mehy.2006.08.043
http://dx.doi.org/10.1093/clinids/19.5.891
http://dx.doi.org/10.1002/art.1780361118
http://dx.doi.org/10.1007/BF01409985


Healthcare 2020, 8, 157 16 of 17

71. Stricker, R.B. Counterpoint: Long-term antibiotic therapy improves persistent symptoms associated with
Lyme disease. Clin. Infect. Dis. 2007, 45, 149–157. [CrossRef]

72. Hodzic, E.; Feng, S.; Holden, K.; Freet, K.J.; Barthold, S.W. Persistence of Borrelia burgdorferi following
antibiotic treatment in mice. Antimicrob. Agents Chemother. 2008, 52, 1728–1736. [CrossRef]

73. Embers, M.E.; Barthold, S.W.; Borda, J.T.; Bowers, L.; Doyle, L.; Hodzic, E.; Jacobs, M.B.; Hasenkampf, N.R.;
Martin, D.S.; Narasimhan, S.; et al. Persistence of Borrelia burgdorferi in rhesus macaques following antibiotic
treatment of disseminated infection. PLoS ONE 2012, 7, e29914. [CrossRef]

74. Liegner, K.B.; Duray, P.; Agricola, M.; Rosenkilde, C.; Yannuzzi, L.A.; Ziska, M.; Tilton, R.C.; Hulinska, D.;
Hubbard, J.; Fallon, B.A. Lyme disease and the clinical spectrum of antibiotic responsive chronic
meningoencephalomyelitides. J. Spir. Tick-Borne Dis. 1997, 4, 61–73.

75. Miklossy, J.; Kasas, S.; Zurn, A.D.; McCall, S.; Yu, S.; McGeer, P.L. Persisting atypical and cystic forms of
Borrelia burgdorferi and local inflammation in Lyme neuroborreiosis. J. Neuroinflamm. 2008, 5, 40. [CrossRef]

76. Coyle, P.K.; Schutzer, S.E.; Deng, Z.; Krupp, L.B.; Belman, A.L.; Benach, J.L.; Luft, B.J. Detection of Borrelia
burgdorferi-specific antigen in antibody-negative cerebrospinal fluid in neurologic Lyme disease. Neurology
1995, 45, 2010–2015. [CrossRef]

77. Mikkilä, H.O.; Seppälä, I.; Viljanen, M.K.; Peltomaa, M.P.; Karma, A. The expanding clinical spectrum of
ocular Lyme borreliosis. Ophthalmology 2000, 107, 581–587. [CrossRef]

78. Preac-Mursic, V.; Pfister, H.-W.; Spiegel, H.; Burk, R.; Wilske, B.; Reinhardt, S.; Böhmer, R. First isolation of
Borrelia burgdorferi from an iris biopsy. J. Clin. Neuro-Ophthalmol. 1993, 13, 155–161.

79. Battafarano, D.F.; Combs, J.A.; Enzenauer, R.J.; Fitzpatrick, J.E. Chronic septic arthritis caused by Borrelia
burgdorferi. Clin. Orthop. Relat. Res. 1993, 297, 238–241.

80. Chancellor, M.B.; McGinnis, D.E.; Shenot, P.J.; Kiilholma, P.; Hirsch, I.H. Urinary dysfunction in Lyme disease.
J. Urol. 1993, 149, 26–30. [CrossRef]

81. Lawrence, C.; Lipton, R.B.; Lowy, F.D.; Coyle, P. Seronegative chronic relapsing neuroborreliosis. Eur. Neurol.
1995, 35, 113–117. [CrossRef]

82. Hudson, B.J.; Stewart, M.; Lennox, V.A.; Fukunaga, M.; Yabuki, M.; Macorison, H.; Kitchener-Smith, J.
Culture-positive Lyme borreliosis. Med. J. Aust. 1998, 168, 500–502. [CrossRef]

83. Oksi, J.; Nikoskelainen, J.; Hiekkanen, H.; Lauhio, A.; Peltomaa, M.; Pitkäranta, A.; Nyman, D.; Granlund, H.;
Carlsson, S.-A.; Seppala, I.; et al. Duration of antibiotic treatment in disseminated Lyme borreliosis: A
double-blind, randomized, placebo-controlled, multicenter clinical study. Eur. J. Clin. Microbiol. Infect. Dis.
2007, 26, 571–581. [CrossRef]

84. Fraser, D.D.; Kong, L.I.; Miller, F.W. Molecular detection of persistent Borrelia burgdorferi in a man with
dermatomyositis. Clin. Exp. Rheumatol. 1992, 10, 387–390.

85. Mursic, V.P.; Marget, W.; Busch, U.; Rigler, D.P.; Hagl, S. Kill kinetics of Borrelia burgdorferi and bacterial
findings in relation to the treatment of Lyme borreliosis. Infection 1996, 24, 9–16. [CrossRef]

86. Stricker, R.B.; Fesler, M.C. Chronic Lyme Disease: A working case definition. Am. J. Infect. Dis. 2018, 14,
1–44. [CrossRef]

87. Davidsson, M. The financial implications of a well-hidden and ignored chronic Lyme disease pandemic.
Healthcare 2018, 6, 16. [CrossRef]

88. Oksi, J.; Kalimo, H.; Marttila, R.J.; Marjamäki, M.; Sonninen, P.; Nikoskelainen, J.; Viljanen, M.K. Inflammatory
brain changes in Lyme borreliosis. A report on three patients and review of literature. Brain 1996, 119,
2143–2154. [CrossRef]

89. Miklossy, J. Alzheimer’s disease: A neurospirochetosis. Analysis of the evidence following Koch’s and Hill’s
criteria. J. Neuroinflamm. 2011, 8, 90. [CrossRef]

90. Sapi, E.; Kasliwala, R.; Ismail, H.; Torres, J.; Oldakowski, M.; Markland, S.; Gaur, G.; Melillo, A.; Eisendle, K.;
Liegner, K.; et al. The long-term persistence of Borrelia burgdorferi antigens and DNA in the tissues of a
patient with Lyme disease. Antibiotics 2019, 8, 183. [CrossRef] [PubMed]

91. Frey, M.; Jaulhac, B.; Piemont, Y.; Marcellin, L.; Boohs, P.-M.; Vautravers, P.; Jesel, M.; Kuntz, J.-L.; Monteil, H.;
Sibilia, J. Detection of Borrelia burgdorferi DNA in muscle of patients with chronic myalgia related to Lyme
disease. Am. J. Med. 1998, 104, 591–594. [CrossRef]

92. Garcia-Monco, J.C.; Villar, B.F.; Alen, J.C.; Benach, J.L. Borrelia burgdorferi in the central nervous system:
Experimental and clinical evidence for early invasion. J. Infect. Dis. 1990, 161, 1187–1193. [CrossRef]

http://dx.doi.org/10.1086/518853
http://dx.doi.org/10.1128/AAC.01050-07
http://dx.doi.org/10.1371/annotation/4cafed66-fb84-4589-a001-131d9c50aea6
http://dx.doi.org/10.1186/1742-2094-5-40
http://dx.doi.org/10.1212/WNL.45.11.2010
http://dx.doi.org/10.1016/S0161-6420(99)00128-1
http://dx.doi.org/10.1016/S0022-5347(17)35989-X
http://dx.doi.org/10.1159/000117104
http://dx.doi.org/10.5694/j.1326-5377.1998.tb141415.x
http://dx.doi.org/10.1007/s10096-007-0340-2
http://dx.doi.org/10.1007/BF01780643
http://dx.doi.org/10.3844/ajidsp.2018.1.44
http://dx.doi.org/10.3390/healthcare6010016
http://dx.doi.org/10.1093/brain/119.6.2143
http://dx.doi.org/10.1186/1742-2094-8-90
http://dx.doi.org/10.3390/antibiotics8040183
http://www.ncbi.nlm.nih.gov/pubmed/31614557
http://dx.doi.org/10.1016/S0002-9343(98)00112-0
http://dx.doi.org/10.1093/infdis/161.6.1187


Healthcare 2020, 8, 157 17 of 17

93. Luft, B.J.; Steinman, C.R.; Neimark, H.C. Invasion of the central nervous system by Borrelia burgdorferi in
acute disseminated infection. JAMA 1992, 267, 1364–1367. [CrossRef]

94. Bertrand, E.; Szpak, G.M.; Piłkowska, E.; Habib, N.; Lipczyńska-Lojkowska, W.; Rudnicka, A.;
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