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Figure 5C:  Anti-Borrelia immunostaining of dermatological specimen 
from dog C-1 showing  cherry-red stained spirochete. 1000X.

Figure 5D:  Anti-Borrelia immunostaining of dermatological specimen from 
control dog CC-1 showing absence of spirochetes. 1000X.

Figure 6C:  Anti-Borrelia�� �L�P�P�X�Q�R�V�W�D�L�Q�L�Q�J�� �R�I�� �G�H�U�P�D�W�R�O�R�J�L�F�D�O�� �F�X�O�W�X�U�H�� �À�X�L�G��
from dog C-4 showing spirochetes morphologically consistent with 
Borrelia. 1000X

Figure 6A: ���'�D�U�N�¿�H�O�G���P�L�F�U�R�V�F�R�S�\���R�I���G�H�U�P�D�W�R�O�R�J�L�F�D�O���F�X�O�W�X�U�H���À�X�L�G���I�U�R�P���G�R�J��
�&�������V�K�R�Z�L�Q�J���P�R�W�L�O�H���À�X�R�U�H�V�F�H�Q�W���V�S�L�U�R�F�K�H�W�H�������������;

Figure 6B: ���'�L�H�W�H�U�O�H���V�L�O�Y�H�U���V�W�D�L�Q�L�Q�J���R�I���G�H�U�P�D�W�R�O�R�J�L�F�D�O���F�X�O�W�X�U�H���À�X�L�G���I�U�R�P���G�R�J��
C-4 showing spirochetes morphologically consistent with Borrelia. 1000X

clinics with unusual �lamentous dermatological manifestations of 
LD. �e key diagnostic criterion of a comparable human condition, 
MD, is the presence of �laments projecting from ulcerative lesions 
and/or embedded in unbroken skin [14,15]. �e �laments associated 
with MD, which are o�en vividly colored, are both keratin and 
collagen in composition and are produced by proliferative activated 
epithelial keratinocytes and �broblasts, respectively [14,15]. �e blue 
coloration seen in some �laments is contained within granules and is 
melanin in composition [15]. Morgellons patients frequently describe 
changes in hair and other keratinized tissues [13,14]. Sectioned 
�lamentous inclusions in specimens from case C-1 were veri�ed 
to be of collagen and/or keratin composition, as shown by Gömöri 
trichrome staining. Nuclei were observed in the sha� of a �lament 
from a specimen obtained from case C-5. �e presence of nuclei and 
the composition of the �bers proves cellular origin and thus the �ber 
could not be a textile. �e specimen was comparable to nucleated 
�laments seen in human MD dermatological specimens.

As in humans a�icted with MD, the microscopic �laments seen in 
the canine cases were predominantly white, blue and red. However, in 
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cases C-3 and C-4, in addition to blue and white microscopic filaments, 
thickened coarse black fibers were also present, and microscopic 
examination revealed scaling and follicular bulbs consistent with 
hair structures, thus indicating keratin composition. Dermatological 
specimens from dogs C-3 and C-4 also displayed deformed follicles. 
These abnormal hairs and deformed hair follicles were identical to the 
hair deformities described previously in a human MD patient [12]. 
Canine MD is complicated by the fact that a dog’s undercoat can hide 
filamentous inclusions or projections. Examination of the skin with a 
50X han-dheld microscope under UV light was helpful in identifying 
canine MD; unlike normal canine hair, the filaments fluoresced and 
clearly projected up from the skin surface. 

In addition to meeting the key diagnostic criterion for MD, 
the canine cases paralleled human MD in that Borrelia spirochetal 
infection was associated with the filament formation. Spirochetes 
identified as Borrelia spp. were detected in and/or cultured from 
samples taken from the dermatological lesions of the canine subjects. 

Given that these cases demonstrated both ulcerative lesions with 
unusual filament formation associated with Borrelia spirochetal 
infection, they are entirely analogous to human MD. Since MD-type 
filamentous lesions are associated with LD in humans, recognition of 
these lesions could aid in the diagnosis of LD in animals.

In all animals tested in our study, commercial serological testing 
was negative for Bb. This observation suggests that commercial 
serological testing may lack sensitivity for accurate detection of LD 
in dogs. In light of that fact, the diagnosis of Lyme disease in pets 
should be based primarily on clinical history, such as tick exposure 
and symptomatology, including lameness, fatigue and behavioral 
changes. We recommend histological examination with silver 
nitrate staining and/or anti-Borrelia immunostaining to look for 
spirochetes in cases of canine dermopathy associated with filament 
formation. Silver nitrate staining and anti-Borrelia immunostaining 
allow for the visualization of spirochetes but cannot determine the 
identity of visible microorganisms. Consequently, PCR amplification 

ID Specimen Dieterle stain Bb-immunostain
C-1 Dermatological tissue N/A Spirochetes Positive spirochetes
C-1 Dermatological culture Spherules, motile spirochetes Predominantly spherules Positive spherules
C-2 Dermatological tissue N/A Spirochetes Positive spirochetes
C-2 Dermatological culture Spherules, motile spirochetes Spherules Positive spherules
C-3 Dermatological tissue N/A Spirochetes Positive spirochetes
C-4 Dermatological tissue N/A Spirochetes Weakly positive spirochetes
C-4 Dermatological culture Spherules, motile spirochetes Spirochetes, spherules Positive spirochetes, spherules
C-5 Dermatological tissue N/A Spirochetes, spherules Positive spirochetes, spherules
C-6 Dermatological tissue N/A Spirochetes, spherules Positive spirochetes, spherules
C-7 Dermatological culture Spherules, motile spirochetes Spirochetes, spherules Positive spirochetes, spherules
C-8 Dermatological culture Spherules, motile spirochetes Not performed Not performed
C-9 Dermatological culture Spherules, motile spirochetes Not performed Not performed

Table 4:

ID Specimen Mount Allison University
Method and Target

University of New Haven
Method and Target

Australian Biologics
Method and Target

C-1 Dermatological tissue (N) OspC (N) Bb 16S rRNA (RT) Bb 16S rRNA

C-1 Dermatological culture (N) OspC (N) Bb 16S rRNA

C-2 Dermatological tissue (N) OspC
(N) BB 0006

C-2 Dermatological culture (N) OspC
(N) BB 0006 (RT) Bb 16S rRNA

C-3 Dermatological tissue
(N) OspC
(N) BB 0006 (N) Bb pyrG sequenced – matched 

Bbss 99%

C-4 Dermatological culture (RT) Bb 16S rRNA
C-5 Dermatological tissue (RT) Bb 16S rRNA
C-6 Dermatological tissue (RT) Bb 16S rRNA

C-7 Dermatological culture (N) OspC (N) Bb 16S rRNA sequenced – 
matched Bbss 99% (RT) Bb 16S rRNA

C-8 Dermatological culture (RT) Bb 16S rRNA
C-9 Dermatological culture (RT) Bb 16S rRNA

Table 5:

ID Specimen Mt Allison University University of New Haven Australian Biologics
CC-1 Dander and hair Negative (N) Negative (N) Negative (RT)
CC-2 Dander and hair Negative (N) Negative (N) Negative (RT)
CC-3 Skin biopsy Negative (N)
CC-4 Skin biopsy Negative (N)

Table 6: 
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of spirochetal DNA is needed to confirm the genetic identity of 
spirochetes detected in skin tissue. 

In our study, PCR analysis was performed at three independent 
laboratories in order to avoid possible contamination in a single 
laboratory and to optimize the PCR results using different techniques. 
It is important to remember that PCR is not 100% sensitive. We have 

found that false negative results can occur in clinical specimens because 
of a number of factors: DNA degradation has occurred, inhibitory 
substances are present, DNA from competing microorganisms or 
host DNA may prevent amplification of the target, and the primer 
may be too specific to detect the genetic diversity of Borrelia in clinical 
specimens. In our experience, PCR amplification and subsequent 
sequencing from veterinary skin specimens is more challenging than 

Borrelia burgdorferi strain B31, complete genome  Sequence ID: gb|CP009656.1| Length: 910687 Number of Matches: 1 Range 1: 588525 to 589180 GenBankGraphics Alignment statistics for match #1
1201 bits(650) 0.0 655/657(99%) 2/657(0%) Plus/Plus
Query  23 GATTGGGAGTGGTAATATTTCTTTTATTCATTTAACATATGTGCCAAGTCCAGCTGGAAT  82

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct  588525  GATTGGGAGTGGTAATATTTCTTTTATTCATTTAACATATGTGCCAAGTCCAGCTGGAAT  588584 
Query  83 TAATGAGCAAAAATCTAAACCTACTCAACAAAGTGTTAAAACCTTAAATAAAGCAGGTAT  142

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct  588585  TAATGAGCAAAAATCTAAACCTACTCAACAAAGTGTTAAAACCTTAAATAAAGCAGGTAT  588644 
Query  143 TTTCCCCGATTTAATTATTGCTAGAAGTTCACAAGTATTGACAGACCAAATCAGaaaaaa  202

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct  588645  TTTCCCCGATTTAATTATTGCTAGAAGTTCACAAGTATTGACAGACCAAATCAGAAAAAA  588704 
Query  203 aGTGGCAATGTTTTGCAATGTTGAGAGCACTTCTATTATTGACAATGTTGATGTTTCTAC  262

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct  588705  AGTGGCAATGTTTTGCAATGTTGAGAGCACTTCTATTATTGACAATGTTGATGTTTCTAC  588764 
Query  263 TATTTATGAAATTCCTATATCTTTTTATAAGCAGGGTGTACATGAGATTTTAAGCTCTAA  322

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct  588765  TATTTATGAAATTCCTATATCTTTTTATAAGCAGGGTGTACATGAGATTTTAAGCTCTAA  588824 
Query  323 GTTAAATATTAAGGTTGATCCAAAAATAGAAGAGCTTTCAAAGCTTGTAGGAGTTATAAA  382

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct  588825  GTTAAATATTAAGGTTGATCCAAAAATAGAAGAGCTTTCAAAGCTTGTAGGAGTTATAAA  588884 
Query  383 ATCTAAtttttttGTGCCTaaaaaaaTTATTAATATTGCTATTTGTGGTAAATATGCTGA  442

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct  588885  ATCTAATTTTTTTGTGCCTAAAAAAATTATTAATATTGCTATTTGTGGTAAATATGCTGA  588944 
Query  443 ACTTGATGATTCTTATGCATCAATTAGAGAGTCTTTGGTTCATGTTGCAGCCCATTTGGA  502

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct  588945  ACTTGATGATTCTTATGCATCAATTAGAGAGTCTTTGGTTCATGTTGCAGCCCATTTGGA  589004 
Query  503 TTTGCTTATTAAAAGCACTTTAATTGATTCTAATGATTTAAATGAGAGCTGTTTAAAAGA  562

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct  589005  TTTGCTTATTAAAAGCACTTTAATTGATTCTAATGATTTAAATGAGAGCTGTTTAAAAGA  589064 
Query  563 GTTTGACGGCATTATTGTTCCTGGCGGCTTTGGAGGCAAAGGATATGAAGGTAAAATTAT  622

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct  589065  GTTTGACGGCATTATTGTTCCTGGCGGCTTTGGAGGCAAAGGATATGAAGGTAAAATTAT  589124 
Query  623 GGCTATTAAATATGCTCGTGAGAATAATATTCCCTTTCTTGGAATT-GTCCTTGGTT  678

|||||||||||||||||||||||||||||||||||||||||||||| ||| ||||||  
Sbjct  589125  GGCTATTAAATATGCTCGTGAGAATAATATTCCCTTTCTTGGAATTTGTC-TTGGTT  589180   

Figure 7A: Amplicon sequence from dermatological specimen of dog C-3. Forward sequence.
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Borrelia burgdorferi strain B31, complete genome  Sequence ID: gb|CP009656.1| Length: 910687 Number of Matches: 1 Range 1: 588475 to 589128 GenBankGraphics Alignment statistics for match #1
1195 bits(647) 0.0 653/656(99%) 2/656(0%) Plus/Minus
Query 28 AGCCATAATTTTACCTTCATATCCTTTGCCTCCAAAGCCGCCAGGAACAATAATGCCGTC  87 

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct 589128 AGCCATAATTTTACCTTCATATCCTTTGCCTCCAAAGCCGCCAGGAACAATAATGCCGTC  589069  
Query 88  AAACTCTTTTAAACAGCTCTCATTTAAATCATTAGAATCAATTAAAGTGCTTTTAATAAG  147

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct 589068  AAACTCTTTTAAACAGCTCTCATTTAAATCATTAGAATCAATTAAAGTGCTTTTAATAAG  589009  
Query 148 CAAATCCAAATGGGCTGCAACATGAACCAAAGACTCTCTAATTGATGCATAAGAATCATC  207

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct 589008  CAAATCCAAATGGGCTGCAACATGAACCAAAGACTCTCTAATTGATGCATAAGAATCATC  588949  
Query 208 AAGTTCAGCATATTTACCACAAATAGCAATATTAATAAtttttttAGGCACaaaaaaaTT  267

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct 588948  AAGTTCAGCATATTTACCACAAATAGCAATATTAATAATTTTTTTAGGCACAAAAAAATT  588889  
Query 268 AGATTTTATAACTCCTACAAGCTTTGAAAGCTCTTCTATTTTTGGATCAACCTTAATATT  327

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct 588888  AGATTTTATAACTCCTACAAGCTTTGAAAGCTCTTCTATTTTTGGATCAACCTTAATATT  588829  
Query 328 TAACTTAGAGCTTAAAATCTCATGTACACCCTGCTTATAAAAAGATATAGGAATTTCATA  387

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct 588828  TAACTTAGAGCTTAAAATCTCATGTACACCCTGCTTATAAAAAGATATAGGAATTTCATA  588769  
Query 388 AATAGTAGAAACATCAACATTGTCAATAATAGAAGTGCTCTCAACATTGCAAAACATTGC  447

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct 588768  AATAGTAGAAACATCAACATTGTCAATAATAGAAGTGCTCTCAACATTGCAAAACATTGC  588709  
Query 448 CACtttttttCTGATTTGGTCTGTCAATACTTGTGAACTTCTAGCAATAATTAAATCGGG  507

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct 588708  CACTTTTTTTCTGATTTGGTCTGTCAATACTTGTGAACTTCTAGCAATAATTAAATCGGG  588649  
Query 508 GAAAATACCTGCTTTATTTAAGGTTTTAACACTTTGTTGAGTAGGTTTAGATTTTTGCTC  567

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct 588648  GAAAATACCTGCTTTATTTAAGGTTTTAACACTTTGTTGAGTAGGTTTAGATTTTTGCTC  588589  
Query 568 ATTAATTCCAGCTGGACTTGGCACATATGTTAAATGAATAAAAGAAATATTACCACTCCC  627

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||  
Sbjct 588588  ATTAATTCCAGCTGGACTTGGCACATATGTTAAATGAATAAAAGAAATATTACCACTCCC  588529  
Query 628 AATCTCCTGTCTTATTTGTCTTACTGTCTCAATAAATAAAATNNTTTTTCCATATC  683

||||||||||||||||||||||||||||||||||||||||||  |||| |||||||  
Sbjct 588528  AATCTCCTGTCTTATTTGTCTTACTGTCTCAATAAATAAAATA-TTTT-CCATATC  588475 

Figure 7B: Amplicon sequence from dermatological specimen of dog C-3. Reverse sequence.

amplification from human clinical specimens. We attribute this to 
the fact that there were many other bacteria present in the specimens 
that were analyzed. High levels of competing microorganisms would 
complicate the PCR process and decrease the chance of obtaining an 
amplicon of sufficient quality for sequencing. Only the skin samples 
from dogs C-3 (Golden Retriever) and C-7 (Miniature Schnauzer) 
yielded PCR amplicons that could be sequenced, and the DNA from 
those samples matched Bb sensu stricto. 

At present we do not know if Borrelia spp. are the only bacteria 
that can trigger MD filament formation. It is possible that other 
spirochetes such as Treponema pallidum or T. denticola could induce 
dermal filament production. Helicobacter pylori has been detected 
in human MD specimens by the research group at the University 
of New Haven, and Australian Biologics reported finding both T. 
denticola with Borrelia spp. in human Morgellons samples. Thus 
co-infecting pathogens or other spirochetes could be involved in 
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Figure 7C: Amplicon sequence from dermatological specimen of dog C-7. Forward sequence.

MD-type filamentous dermatological manifestations. We speculate 
that tickborne co-infections and co-involved infections such as H. 
pylori and T. denticola could be contributing secondary factors in the 
development of filamentous borrelial dermatitis. 

Dogs are susceptible to LD and serve as both disease sentinels 
and animal models to investigate human tickborne illness [2,3]. 
For this reason, accurate diagnosis is important to insure (1) that 
companion animals can receive appropriate treatment and (2) that 
accurate infection rates will reflect what is happening in the human 
population. Serological testing coupled with epidemiological and 
clinical evidence is the principal mode of estimating Lyme disease 
prevalence in canine populations [2,4,28]. In veterinary practice, the 
prevailing thought has been that the detection of anti-Bb antibodies 
may not correlate with clinical disease because of low test specificity, 
and consequently it is assumed that LD serological testing leads 
to overestimation of the canine infection rate [2]. The serological 
results of our study challenge that claim, and canine cases may in 
fact be under-reported. Some of the dogs in our study were tested 
by commercially available Lyme serological methods, and all were 
classified as being serologically negative, yet these dogs had detectible 
Borrelia spirochetes in their skin samples. Our cases illustrate the 
difficulties with currently available canine LD serological testing, 
which appear to be similar to the problems with human commercial 
LD testing [29]. 

It has been estimated that about 6% of human LD cases are 
associated with MD [30]. With over 300,000 new human LD cases 
diagnosed per year in the USA alone [31], MD may prove to be fairly 

common if increased awareness prompts physicians and veterinarians 
to look for it. Six of the dogs in our study initially presented at the 
same veterinary clinic in Alberta, a Canadian province where LD is 
considered to be extremely rare. The dogs presented to a clinic in 
which the veterinarians were familiar with the MD literature and 
included LD in the differential diagnosis. The lack of LD awareness 
coupled with the misperception that it is rare or non-existent in 
various geographical areas of the USA and Canada, and compounded 
by insensitive Lyme serological testing, may cause animal and human 
LD to go undiagnosed. If MD is proved to be pathognomonic for LD, 
the dermopathy may be important in assessing the sensitivity of Lyme 
serological testing in both dogs and humans and may aid in more 
accurate estimates of infection. 

MD lesions have been attributed to delusions of parasitosis or 
delusional infestation (DI), and many healthcare practitioners are 
under the impression that the lesions are caused by self-mutilation 
and implantation of textile fibers [18,19,32]. Recognition of MD in 
humans as a true somatic illness has met with vehement opposition 
by the mainstream medical community [18,19,32], even in the face 
of published evidence demonstrating an association with LD and 
the detection and isolation of Bb spirochetes from lesions of MD 
patients [19]. “DI by proxy” and “double DI” are terms that have 
been introduced to explain cases of suspected MD-like illness in 
pets presenting at veterinary practices [33]. Just as MD is commonly 
thought by medical professionals to be a type of DI, filamentous 
borrelial dermatitis occurring in pets may be misdiagnosed as “DI 
by proxy” or “double DI” by veterinarians, especially if the pet owner 
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Borrelia burgdorferi strain B31, complete genome  Sequence ID: gb|CP009656.1|Length: 910687Number of Matches: 1 Range 1: 445623 to 445996GenBankGraphics Next Match Previous Match Alignment statistics for match #1
675 bits(365) 0.0 373/376(99%) 3/376(0%) Plus/Minus
Query  23 GTGGCGAACGGGTGAGTAACGCGTGGATGATCTACCTATGAGATGGGGATAACTATTAGA  82

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  445996 GTGGCGAACGGGTGAGTAACGCGTGGATGATCTACCTATGAGATGGGGATAACTATTAGA  445937  
Query  83 AATAGTAGCTAATACCGAATAAGGTCAGTTAATTTGTTAATTGATGAAAGGAAGCCTTTA  142

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  445936 AATAGTAGCTAATACCGAATAAGGTCAGTTAATTTGTTAATTGATGAAAGGAAGCCTTTA  445877  
Query  143 AAGCTTCGCTTGTAGATGAGTCTGCGTCTTATTAGCTAGTTGGTAGGGTAAATGCCTACC  202

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  445876 AAGCTTCGCTTGTAGATGAGTCTGCGTCTTATTAGCTAGTTGGTAGGGTAAATGCCTACC  445817  
Query  203 AAGGCAATGATAAGTAACCGGCCTGAGAGGGTGAACGGTCACACTGGAACTGAGATACGG  262

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  445816 AAGGCAATGATAAGTAACCGGCCTGAGAGGGTGAACGGTCACACTGGAACTGAGATACGG  445757  
Query  263 TCCAGACTCCTACGGGAGGCAGCAGCTAAGAATCTTCCGCAATGGGCGAAAGCCTGACGG  322

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  445756 TCCAGACTCCTACGGGAGGCAGCAGCTAAGAATCTTCCGCAATGGGCGAAAGCCTGACGG  445697  
Query  323 AGCGACACTGCGTGAATGAAGAAGGTCGAAAGATTGTAAAATTCTTTTATAAATGAGGAA  382

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  445696 AGCGACACTGCGTGAATGAAGAAGGTCGAAAGATTGTAAAATTCTTTTATAAATGAGGAA  445637  
Query  383 TA-GCTTTTTGTAGGA  397

|| |||||  |||||| 
Sbjct  445636 TAAGCTTT--GTAGGA  445623   

Figure 7D: Amplicon sequence from dermatological specimen of dog C-7. Reverse sequence.

displays symptoms such as anxiety, depression or agitated behavior. 

Spirochetal infection in humans can cause neuropsychiatric 
symptoms that, coupled with strange crawling and stinging sensations 
with long filaments projecting from skin, leads some people afflicted 
with MD to erroneously believe they are infested with insects or 
parasites [20]. Objective consideration must be maintained to achieve 
an accurate differential diagnosis when an owner afflicted with MD 
presents a pet with this unusual dermopathy to the veterinarian. 
When insect infestation and/or parasitosis without evidence of these 
conditions is proposed by a pet owner as a diagnosis, LD should 
be considered in the differential diagnosis before giving the pet a 
diagnosis of “DI by proxy” and dismissing the pet owner as being 
delusional. 

The presence of Borrelia spirochetes in MD appears to be a primary 
etiologic factor for MD development in humans, but the etiology may 
be multifactorial [13-15]. For example, MD is more frequently seen 
in middle-aged Caucasian women than in other population groups, 
so race, gender and age may play an etiologic role [12]. However, the 
etiology of MD is poorly understood, and secondary etiologic factors 
remain to be elucidated. Secondary etiologic factors may also play 
a role in canine skin disease. Although the number of dogs in our 
study was relatively small, interestingly we had a Golden Retriever, 
two Schnauzers and four Bulldog-type dogs. Golden and Labrador 

Retrievers are known to develop glomerulonephritis associated with 
LD and therefore may be predisposed to develop a more severe 
form of tickborne disease compared to other dog breeds [7]. The 
Schnauzers in our study had light coats that are associated with color 
dilution gene mutations, which in turn are associated with increased 
skin sensitivity [34]. Furthermore, Bulldogs and Golden Retrievers 
are breeds that are genetically predisposed to develop ichthyosis, a 
dermopathy characterized by rough, dry, scaly skin [35]. In our study 
group, both male and female dogs were present in equal numbers and 
in this respect the filamentous dermopathy appears to differ from 
human MD, where the manifestation appears to be more common 
in women. The fact that almost all the pets in our study were spayed 
and/or neutered, however, may account for the fact that there was no 
female predominance in these animals.

As noted above, human MD occurs in about 6% of patients with 
LD [30]. This observation suggests that one or more genetic factors 
may determine the occurrence of the dermopathy in LD patients. The 
fact that canine MD appears to preferentially affect certain breeds of 
dogs suggests that similar genetic factors may be important for the 
development of canine MD in the presence of Borrelia infection. 
Further studies of genomic variation in these animals may help to 
unlock the mystery of MD in human subjects.

This preliminary study had a number of limitations. No 
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laboratory method for detecting pathogens in bodily fluids and 
tissues is 100% sensitive and specific. Therefore, we relied on different 
methodologies that collectively provided corroborative evidence of 
Borrelia infection in this cohort of dogs. We note that the antibody 
Abcam ab20950 is known to cross-react with Treponema pallidum, 
B. hermsii and B. parkerii and may cross-react with Mycobacterium 
tuberculosis; however, we chose this antibody for immunostaining 
instead of a Bb-specific monoclonal antibody because filamentous 
dermatitis could be caused by one of the Bb sensu lato species, or even 
a treponeme. Using a monoclonal antibody that was Borrelia strain-
specific could have produced false-negative results. In consideration 
of the above, the PCR amplification of DNA targets performed in 
this study provided a more specific method to detect Borrelia spp. in 
clinical specimens, and PCR testing yielded putative or, in the cases 
of dogs C-3 and C-7, conclusive genetic identifications. In summary, 
although the immunostaining lacked specificity, the evidence 
presented by immunostaining was supported by the results obtained 
by PCR amplification of Borrelia DNA targets.

Another limitation of our study was that we had only a small 
cohort of dogs. In addition, our study does not reflect the geographical 
distribution of known cases of canine LD. The study was performed 
in Alberta, Canada, because veterinarians at Heartland Veterinary 
Clinic in Airdrie, Alberta were familiar with the MD literature and, 
upon noticing cases in dogs with lesions similar to MD in humans, 
approached the other authors to collaborate on a study. In view of 
these sampling and geographical limitations, we acknowledge that 
some of our observations and conclusions may be open to other 
interpretations, but the provocative results of our preliminary study 
suggest that further investigation is warranted.

Conclusions
Analysis performed at five independent laboratories provided 

compelling, corroborative evidence that a dermopathy comparable 
to the human condition referred to as Morgellons disease can also 
occur in dogs. Domestic pets may present at veterinary clinics with 
filamentous dermopathy associated with spirochetal infection, 
and this manifestation appears to be analogous to MD in humans. 
Veterinarians should consider MD or LD in their differential 
diagnosis when presented with cases of unusual dermopathy 
that lack other explanations, particularly if unusual filaments 
are visible in epidermal lesions or are embedded under the skin. 
Serological testing should not be relied upon for diagnosis of 
LD. Direct detection of spirochetes in dermatological tissue by 
histology or PCR amplification of DNA may be more useful than 
serology to obtain a LD diagnosis in these pets. 
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