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Introduction

Bovine papillomavirus (BPV) has been associated with the 
development of the most common skin tumor of horses, 
the equine sarcoid.11 Such association has been made based 
on the detection of BPV DNA in equine sarcoids, and its 
absence in other equine skin tumors.19 Given this association, 
BPV has been suggested as the cause of equine sarcoids. 
However, some studies have found BPV DNA in the skin of 
a small number of horses with nonsarcoid-related inflamma-
tory skin conditions, but the significance of such a finding is 
unknown.2,12,29

The frequency with which BPV can be detected in non-
sarcoid skin conditions has not been determined in a larger 
sample of equine tissues. In addition, it is unclear where BPV 
is located histologically in these biopsies from unaffected 
horses. If the same BPV can be commonly found in nonsar-
coid skin conditions of horses, and it is present in the same 
histologic locations in these conditions as in equine sarcoids, 
then the hypothesis that BPV causes equine sarcoids may be 
called into question.

Previous studies have utilized polymerase chain reaction 
(PCR) to amplify the BPV DNA present in samples to allow 
for its identification, but this technique does not identify where 
within the sample BPV is located.3,9,17,22,23,25 Studies have dem-
onstrated the location of BPV in sarcoids using in situ hybrid-
ization,14,25 but while this technique allows for the visualization 
of BPV, it does not amplify the BPV genome to any signifi-
cant degree when compared to PCR and is, therefore, a much 
less sensitive technique for identification of DNA when it 
is present in small quantities.17 Laser microdissection (LM) 
allows for the very precise excision of a cell or cells from a 
sample of interest. The excised cell(s) become the template 
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Abstract. Equine sarcoids are the most common tumor of horses. Bovine papillomavirus (BPV) has been suggested as the 
cause of sarcoids. Studies have shown that BPV is present in swabs or biopsies from nonsarcoid-bearing equine skin. Skin 
biopsies from a variety of different conditions and normal skin from horses with no reported history of sarcoids were examined 
by polymerase chain reaction (PCR) for the presence of BPV, which was found in all different types of skin conditions 
as well as normal skin. Forty-one out of 86 skin biopsies from horses without sarcoids were found to contain BPV DNA. 
Laser microdissection, followed by DNA amplification through both PCR and isothermal loop-mediated amplification, was 
performed on these 41 biopsies and on 70 additional BPV-positive sarcoid biopsies to localize the virus. Location of BPV 
DNA was different between sarcoid and nonsarcoid groups. Nonsarcoid skin biopsies were more likely to have BPV within 
intact or inflamed epidermis than sarcoids (P = 0.016 and P = 0.007, respectively). Areas of inflammation within the dermis 
and epidermis were more likely to contain BPV than in noninflamed areas (P = 0.008 and P = 0.009, respectively). Bovine 
papillomavirus was also found in the epidermis of all types of sarcoids examined, more frequently in occult sarcoids than in 
fibroblastic and nodular types (P = 0.03 and P = 0.01, respectively). Results suggest that BPV is commonly found in normal 
and inflamed equine skin, and it is likely an important predisposing factor in the development of sarcoids.
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for DNA amplification allowing an accurate determination 
of where in a tissue sample the DNA of interest is located.

Numerous techniques exist to amplify DNA, including 
PCR, which has frequently been used in the study of equine 
sarcoids. More recently, another technique, isothermal loop-
mediated amplification (LAMP), has been developed,20,21 
and has not only been purported to be as sensitive as PCR 
for the detection of DNA, but is potentially faster and less 
expensive.26,27

Historically, BPV DNA had only been found within the 
neoplastic fibroblasts of equine sarcoids and not within the 
epidermis. However, a 2010 study6 examined a small number 
of sarcoids using LM and found BPV DNA in the keratino-
cytes of the epidermis and that its presence varied depending 
on the type of sarcoid examined. While only 1 clinical type of 
sarcoid was identified and examined, the authors of the 2010 
study suggested that BPV DNA location might change as sar-
coids progress through different clinical types and that further 
research was required to see if results are repeatable and 
applicable to different clinical types of sarcoids.

The current study consisted of 3 parts. Part A was con-
ducted to determine the frequency with which BPV DNA 
could be detected in nonsarcoid skin conditions of horses and 
whether it was the same type and has the same partial gene 
sequence as that found in sarcoids. Part B used BPV-positive 
sarcoid biopsies and BPV-positive nonsarcoid skin condition 
biopsies from part A and utilized LM in combination with 
PCR and LAMP to determine if differences existed in the 
location of BPV in BPV-positive sarcoids and nonsarcoid 
skin conditions of horses. In addition, the viability of LAMP 
as a DNA amplification technique in formalin-fixed, paraffin-
embedded (FFPE) equine tissue dissected by LM was exam-
ined. The information gleaned from parts A and B helped 
clarify the role of BPV in the development of equine sarcoids. 
In part C of the study, the location of BPV DNA in a variety 
of different clinical types of sarcoids was determined to dis-
cover if BPV location varies between types and between 
more and less clinically aggressive types.

Materials and methods
Detection of Bovine papillomavirus  
in nonsarcoid conditions of equine skin

Surgical equine skin biopsies of non-neoplastic conditions diag-
nosed during the 12-year period between January 1, 1986, and 
December 31, 2007, were identified by using computer-based 
record searches at the Department of Veterinary Pathology 
at the University of Saskatchewan and Prairie Diagnostic 
Services in Regina and Saskatoon, Saskatchewan, Canada. 
From this series of collected records, samples of inflam-
matory skin conditions of a variety of different types were 
selected. The conditions were chosen based on their frequency 
of occurrence or clinical similarity to equine sarcoids (Table 1). 
Normal skin samples were selected from horses with no 

reported history of sarcoids and that had morphologically and 
histologically normal skin biopsies taken as control samples 
in cases of nonsarcoid inflammatory skin conditions. In total, 
the 86 most recent cases were chosen (Table 2). From these 
cases, the FFPE tissue blocks from these samples were uti-
lized for PCR assay, as previously described. Briefly, 100-µm- 
thick sections were cut from each FFPE block using a 
microtome, which was cleaned using acetone between sam-
ples, and blank paraffin blocks were cut every 5 samples for 
use as negative controls. The single primer set that amplifies 
a 244–base pair (bp) sequence spanning portions of the E2 
gene, the intergenic spacer region, and a small portion of the 
E5 gene of BPV type 1 (BPV-1), or a similarly located 248-bp 
sequence of BPV-2, was utilized (Table 3). To confirm that the 
amplified product was BPV, the 17 most strongly positive 
PCR samples were nucleotide sequenced.

Laser microdissection, polymerase  
chain reaction, and isothermal  
loop-mediated amplification of Bovine  
papillomavirus–positive equine sarcoids  
and nonsarcoid equine skin conditions

The 41 tissue biopsies from part A that were positive by PCR 
for BPV DNA and all BPV-positive equine sarcoid biopsies 
with sufficient remaining tissue (70 samples) collected for a 
previous study28 were used for the current study. Sections 
5-µm thick were cut from the FFPE blocks, affixed to spe-
cialized membrane-covered glass slides designed for use 
with LM,a and stained with hematoxylin and eosin. No cover-
slips were affixed.

Using a laser microscope dissection system,b each slide 
was examined under 200× magnification by a Diplomate of 
the American College of Veterinary Pathologists (B.K. 
Wobeser). When present on the slide, portions consisting of 
various tissue compartments (Table 4) were excised with the 
laser and catapulted into individual 500-µl microcapillary 
tubes.c A minimum of 5 × 106 µm3 of tissue was collected 
into each tube and followed by DNA extraction, as previ-
ously described.25 The extracted and precipitated DNA was 
resuspended in 10 µl of Tris–ethylenediamine tetra-acetic 
acid buffer.

To confirm that amplifiable DNA was present in each 
sample following extraction, PCR using primers that amplify 
a 247-bp sequence of the equine actin gene was utilized 
(Table 3). The reaction mixture was as follows: 5 mM potas-
sium chloride and 1 mM Tris–hydrogen chloride, 3 mM 
magnesium chloride, 200 µM of each deoxyribonucleotide 
triphosphate (dNTP), 1 µM of each primer, 1.25 units of Taq 
DNA polymerase, 3 µl of template DNA, and sufficient water 
for a final reaction volume of 50 µl. Amplification condi-
tions were 94ºC for 3 min, followed by 40 cycles of 94ºC for 
30 sec, 59ºC for 60 sec, and 72ºC for 60 sec, followed by a 
final extension period of 72ºC for 10 min. Confirmation that 
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the PCR product was equine actin was conducted by nucleo-
tide sequencing.

After confirmation that amplifiable DNA was present in 
the sample, PCR for BPV DNA using the same method used 
in part A was performed on each sample with the exception 
that the number of cycles was increased from 40 to 45 to 
account for the smaller sample volume acquired by LM. In 
addition to PCR, LAMP was also performed on each sample. 
Positive and negative controls for both PCR and LAMP 
included sequenced, BPV-positive bovine papilloma, tissue-
free sections of slide membrane to act as negative controls, 
and standard no-template controls. The LAMP primer set that 
was used amplifies a portion of the same sequence of the E2 
and E5 genes used for PCR (Table 3). Using Primer Explorer 
V4d and the 244-bp sequence of E2 and E5 that the BPV 
PCR amplifies, 4 sets of primers were designed. All were 

optimized using a cloned BPV E2 and E5 amplicon origi-
nally derived from an equine sarcoid. The primer set used in 
the current experiment was chosen from the 4 designed sets 
based on consistent and strong amplification. The LAMP 
reaction solution was composed of 2 mM Tris–hydrogen chlo-
ride, 1 mM ammonium sulfate, 1 mM potassium chloride, 0.2 
mM magnesium sulfate, 0.1% Triton X-100 (pH 8.8), 2 mM 
magnesium chloride, 200 µM of each dNTP, 1.6 µM of FIP 
and BIP primers, 0.2 µM of F3 and B3 primers, 32 U of Bst 
DNA polymerase large fragment, 3 µl of template DNA, and 
sufficient water for a final reaction volume of 50 µl. The 
reaction was heated at 65ºC for 60 min. Following isother-
mal amplification, positive products were identified using 
electrophoresis on a 2% agarose gel stained with ethidium 
bromide and visualized under ultraviolet light.

Presence of Bovine papillomavirus DNA in the 
keratinocytes of different clinical types of sarcoids

The clinical types of sarcoids used in part B of the current 
study had been previously identified.28 Sarcoids from 4 dif-
ferent clinical types (occult, verrucous, nodular, and fibro-
blastic) were considered in this portion of the study. A fifth 
clinical type of sarcoid (mixed) used in part B was not uti-
lized for this portion of the study as mixed sarcoids exhibit 
features from 1 or more of the other 4 sarcoid types and are, 
therefore, not a homogenous clinical type. The BPV DNA 
positivity in the epidermal compartments from each of the 
4 different clinical types of sarcoids was compared.

Statistical analysis

Comparisons of the recovery rates of BPV DNA between 
sarcoid and nonsarcoid groups were made using Fisher exact 
tests. Comparisons of recovery rates of BPV DNA between 

Table 1. Nonsarcoid equine skin condition categories assessed for the presence of Bovine papillomavirus (BPV), brief descriptions, 
and rationale for their use.

Skin condition type Description and inclusion rationale

Dermatophytosis Infection by dermatophytes leading to hyperkeratosis and alopecia; clinically similar to occult sarcoids15

Eosinophilic dermatitis Common skin condition characterized by perivascular eosinophilic inflammation; BPV positive in another 
study29

Eosinophilic granuloma Nodular dermal eosinophilic inflammation; clinically similar to nodular sarcoid; BPV positive in another 
study29

Exuberant granulation 
tissue

Ulcerative, dermatitis with proliferative granulation tissue, also known as “proud flesh”; clinically similar to 
neoplastic sarcoid,15 and BPV positive in another study29

Normal skin Selected from horses with no reported history of sarcoids, and which had grossly and histologically normal 
biopsies of skin taken by clinicians as control samples in cases of nonsarcoid inflammatory skin conditions

Pemphigus foliaceous Most common autoimmune skin disease of horses, clinically similar to occult sarcoid15

Photoactivated dermatitis Sunlight induced vasculopathy; relatively common lesion in horses24

Urticaria Clinically distinct variant of hypersensitivity characterized by dermal edema, serum exudation, and alopecia; 
common skin lesion of horses24

Type III hypersensitivity 
induced vasculitis

Type III hypersensitivity induced vasculitis; pathogenically distinct from the more common photoactivated 
dermatitis

Table 2. The number and percentage of equine skin biopsies 
that were polymerase chain reaction positive for Bovine 
papillomavirus (BPV) DNA grouped by inflammatory skin 
condition type as well as normal skin.*

Skin condition type No. of cases
No. of cases 
BPV positive

Photoactivated dermatitis 5 4 (80.0)
Eosinophilic dermatitis 5 3 (60.0)
Vasculitis 5 3 (60.0)
Dermatophytosis 9 5 (55.6)
Pemphigus foliaceous 9 5 (55.6)
Exuberant granulation tissue 14 7 (50.0)
Normal skin 12 6 (50.0)
Urticaria 10 4 (40.0)
Eosinophilic granuloma 17 4 (23.5)

* Numbers in parentheses are percentages.
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matched samples of sarcoid or nonsarcoid groups were made 
using McNemar test. Relative risk of BPV positivity in the 
epidermis among different clinical types of sarcoids was 
made based on comparison with the clinical types with the 
lowest risk of BPV positivity. The comparison of agreement 
between LAMP and PCR was made using an unweighted 
kappa test. P-values < 0.05 were considered significant.

Results
Presence of Bovine papillomavirus  
in nonsarcoid conditions of equine skin

A total of 86 cases of nonsarcoid, non-neoplastic skin condi-
tions including histologically normal skin from horses with 
no history of sarcoids were examined. Results are summa-
rized in Table 2. Positive BPV DNA samples were found in all 
conditions examined including normal skin. Overall, 41 out of 
86 (47.6%) samples were positive for BPV DNA. Such a find-
ing is significantly lower than the proportion of sarcoid sam-
ples found to contain BPV DNA by the same methodology 
(P = 0.0001). No significant difference in the proportion of 

positive samples was present among any skin conditions 
or normal skin. All negative controls including blank paraf-
fin blocks cut during the microtome cutting procedure were 
negative.

A total of 17 of the 41 positive samples were sequenced 
and compared to sequences in GenBank using the Basic Local 
Alignment Search Tool (BLAST).1 Of the 17 samples sequenced, 
8 were identical to BPV-1 obtained from equine sarcoids in 
western Canada (GenBank accession no. FJ895875) and 
9 of the 17 had 100% identity to BPV-2 found in sarcoids 
in western Canada (GenBank FJ895874).

Laser microdissection, polymerase chain reaction, 
and isothermal loop-mediated amplification of 
Bovine papillomavirus–positive equine sarcoids  
and nonsarcoid equine skin conditions
Equine actin PCR was positive in all 334 tissue compartments, 
which indicates that amplifiable DNA was present in all sam-
ples. The PCR, LAMP, or both assays detected BPV in 157 out 
of 334 tissue compartments (47%). Results are summarized in 
Table 5. The PCR assay detected BPV DNA in more samples 

Table 3. Polymerase chain reaction and isothermal loop-mediated amplification DNA amplification primers used in formalin-fixed, 
paraffin-embedded equine sarcoid and nonsarcoid skin biopsies.

Primer name Nucleotide sequence (5’–3’)

Polymerase chain reaction
 Actin
  Forward CACACTGTGCCCATCTACGA
  Reverse GCAGCTCGTAGCTCTTCTCC
 Bovine papillomavirus
  Forward CAAAGGCAAGACTTTCTGAAACAT
  Reverse AGACCTGTACAGGAGCACTCAA
Loop-mediated amplification
 Bovine papillomavirus
  F3 CAAAGGCAAGACTTTCTGAA
  B3 CAAGAAAAAACAAGAGTAAGAACAG
  FIP CAGAAGTCCAAGCTGGCTGTACATGTACCACTACCTCCT
  BIP ATCACTGCCATTGCTTTTTCTTCGCAGCAACTAGTCCCAAG

Table 4. Tissue compartment descriptions for use in laser microdissection for the detection of Bovine papillomavirus in sarcoid and 
nonsarcoid skin samples.

Name of tissue compartment Description of tissue compartment

Intact epidermis Epidermis extending from the stratum basale to the stratum corneum
Inflamed epidermis As per intact epidermis and including any of the following: increased inflammatory cell numbers, 

hemorrhagic or serum exudates, dysplasia, erosion
Superficial dermis Dermis extending from the level of the dermal/epidermal junction to the level of adnexal structures of the 

skin
Deep dermis Dermis extending deep to the level of adnexal structures of the skin
Inflamed dermis As per either superficial or deep dermis and including any of the following: increased inflammatory cell 

numbers, granulation tissue, hemorrhage, reactive fibroblasts, and hypertrophic endothelial cells
Neoplastic dermis Superficial or deep dermis, inflamed or not, and composed largely of morphologically neoplastic 

fibroblasts
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than did LAMP, detecting BPV DNA in 155 compartments, 
including 19 not detected by LAMP. Meanwhile, the LAMP 
assay detected BPV DNA in 138 compartments including 2 
not detected by PCR. Overall, results from PCR and LAMP 
agreed on 313 out of 334 samples (93.7%), which corresponds 
to an unweighted kappa score of 0.87 (95% confidence inter-
val: 0.76–0.98) and is considered “almost perfect” agreement.15 
Given this finding, tissue compartments from samples that 
were positive by either PCR or LAMP were considered posi-
tive for BPV DNA for the other parts of the current study.

Bovine papillomavirus DNA was found in 47% of tissue 
compartments in both sarcoid and nonsarcoid samples (Table 6). 
Not all tissue compartments were present in any given sam-
ple. For example, in normal skin, areas of inflamed epidermis 
or dermis did not exist. Similarly, some samples of sarcoid no 
longer contained areas of morphologically neoplastic fibro-
blasts. Such areas were likely contained within sections of the 
FFPE block that were consumed during other testing. In sar-
coid samples, BPV DNA was most commonly detected within 
areas of morphologically neoplastic fibroblasts in the dermis. 
The BPV DNA was detected within 57 of the 65 samples 
where such tissue compartments existed. Other areas of the 
superficial and deep dermis that were morphologically nor-
mal also contained BPV DNA (4/14 and 10/21, respectively; 
Table 7). Overall, in sarcoid samples, BPV DNA was sig-
nificantly more likely to be recovered from morphologically 
neoplastic fibroblasts than from other tissues on the same 
histological section (P = 0.0005; Table 8).

Nonsarcoid samples were more likely to have BPV DNA 
in intact or inflamed epithelium than were sarcoid samples 
(P = 0.016 and P = 0.007 respectively; Table 7). Sarcoid 
samples were more likely to have BPV DNA in noninflamed 
dermis than nonsarcoid samples, but the differences were not 
significant. Nonsarcoid samples were more likely to contain 
BPV in inflamed dermis and epidermis as compared to nor-
mal dermis and epidermis (P = 0.008 and P = 0.009, respec-
tively; Table 8).

Presence of Bovine papillomavirus DNA within  
the epidermis of different clinical types of sarcoids

A total of 49 sarcoids of 4 clinical types contained sufficient 
epidermis for analysis. When subdivided based on clinical type 
into occult, verrucous, nodular, and fibroblastic, BPV DNA 

was present within the epidermis of all sarcoid types (Table 9). 
There was a significantly higher chance of BPV DNA being 
present in the epidermis of occult sarcoids compared to fibro-
blastic or nodular sarcoids. There were no significant differ-
ences between the detection rate of BPV between verrucous 
sarcoids and occult ones.

Discussion

Bovine papillomavirus DNA was present in all categories of 
skin lesions examined, as well as in normal skin (Table 2). 
The overall rate of BPV DNA–positive cases was surpris-
ingly high. In a study by the current authors examining the 
epidemiology of equine sarcoids in western Canada, identical 
methods to determine the presence of BPV DNA in sarcoid 
biopsies was used.28 In that study, 74 out of 96 sarcoid sam-
ples were positive for BPV DNA. While the recovery rate of 
BPV DNA in the current study was lower than that found in 
sarcoids (P = 0.0001), BPV DNA was found with consider-
able frequency.

Two types of BPV are commonly associated with equine 
sarcoids, BPV-1 and BPV-2. Sequencing of the BPV recov-
ered from these nonsarcoid skin samples confirmed that one 
or the other of these types of BPV was present in the samples 
described herein and that their partial gene sequences were 
identical to those found in equine sarcoids from the same geo-
graphic region. A 2008 study on the presence of BPV DNA 
in sarcoids and the skin of nonsarcoid-bearing horses found 
that the proportion with BPV-2 positivity was higher in 
nonsarcoid-bearing horses than in sarcoid-bearing horses 
suggesting that BPV-2 may be a more easily cleared infec-
tion than BPV-1.7 However, in the current study, BPV-1 and 
BPV-2 DNA were recovered in roughly equal proportions in 
nonsarcoid-bearing horses. Such result was the opposite of 
that found in the 2008 study7 in that the level of BPV-1 recovery 
was actually higher than the recovery rate from sarcoid-bearing 
horses in western Canada. The observation suggests that there 
may be no difference in the duration of infection between 
BPV-1 and BPV-2.

To enhance the sensitivity of detection, researchers have 
used other sample collection methodologies in combination 
with PCR for DNA amplification, including skin swabbing 
and scraping techniques to determine the presence of BPV 
on the surface of sarcoid-bearing and nonsarcoid-bearing 

Table 5. Comparison of number of samples positive and negative for the presence of Bovine papillomavirus (BPV) DNA using 2 
different amplification techniques, polymerase chain reaction (PCR) and isothermal loop-mediated amplification (LAMP), in 334 laser 
microdissected tissue compartments of equine skin.

PCR detection of BPV DNA  

LAMP detection of BPV DNA No. of samples BPV positive No. of samples BPV negative LAMP total

No. of samples BPV positive 136 2 138
No. of samples BPV negative 19 177 196
PCR total 155 179 334
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Table 6. Sarcoids and nonsarcoid equine skin samples dissected into tissue compartments using laser microdissection and examined 
for the presence of Bovine papillomavirus (BPV) DNA using polymerase chain reaction and isothermal loop-mediated amplification.

Skin condition sample type (no. of samples) Name of tissue compartment No. of times present No. of times BPV positive*

Sarcoid (70) Inflamed epidermis 57 22 (38.6)
 Intact epidermis 52 6 (11.5)
 Superficial dermis 14 4 (28.6)
 Deep dermis 21 10 (47.6)
 Inflamed dermis 4 1 (25.0)
 Neoplastic dermis 65 57 (87.7)
Exuberant granulation tissue (6) Inflamed epidermis 6 6 (100)
 Intact epidermis 3 2 (66.7)
 Superficial dermis 2 1 (50.0)
 Deep dermis 4 2 (50.0)
 Inflamed dermis 6 6 (100.0)
 Neoplastic dermis 0 0
Dermatophytosis (5) Inflamed epidermis 5 3 (60.0)
 Intact epidermis 4 0 (0)
 Superficial dermis 2 0 (0)
 Deep dermis 0 0
 Inflamed dermis 4 1 (25.0)
 Neoplastic dermis 0 0
Normal skin (5) Inflamed epidermis 0 0
 Intact epidermis 5 4 (80.0)
 Superficial dermis 5 1 (20.0)
 Deep dermis 3 1 (33.3)
 Inflamed dermis 0 0
 Neoplastic dermis 0 0
Eosinophilic granuloma (4) Inflamed epidermis 4 2 (50.0)
 Intact epidermis 2 0 (0)
 Superficial dermis 3 0 (0)
 Deep dermis 0 0
 Inflamed dermis 4 2 (50.0)
 Neoplastic dermis 0 0
Pemphigus foliaceous (4) Inflamed epidermis 3 2 (66.7)
 Intact epidermis 4 3 (75.0)
 Superficial dermis 4 2 (50.0)
 Deep dermis 3 1 (33.3)
 Inflamed dermis 0 0
 Neoplastic dermis 0 0
Urticaria (4) Inflamed epidermis 4 3 (75.0)
 Intact epidermis 4 2 (50.0)
 Superficial dermis 0 0
 Deep dermis 2 0 (0)
 Inflamed dermis 4 2 (50.0)
 Neoplastic dermis 0 0
Hypersensitivity (3) Inflamed epidermis 3 2 (66.7)
 Intact epidermis 3 2 (66.7)
 Superficial dermis 0 0
 Deep dermis 3 1 (33.3)
 Inflamed dermis 3 2 (66.7)
 Neoplastic dermis 0 0
Photoactivated dermatitis (3) Inflamed epidermis 3 1 (33.3)
 Intact epidermis 3 0 (0)
 Superficial dermis 1 0 (0)

(continued)
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horses. In one such study, BPV DNA was detected in most of the 
sarcoid samples, but none of the nonsarcoid control samples,18 
which is in contrast to the frequency with which some studies, 

including the current one, were able to find BPV DNA in non-
sarcoid equine skin samples.4 In a 2005 study,4 BPV DNA 
was detected on the skin surface of both nonsarcoid- and 

Skin condition sample type (no. of samples) Name of tissue compartment No. of times present No. of times BPV positive*

 Deep dermis 0 0
 Inflamed dermis 2 1 (50.0)
 Neoplastic dermis 0 0
Vasculitis (3) Inflamed epidermis 2 2 (100.0)
 Intact epidermis 2 0 (0)
 Superficial dermis 3 0 (0)
 Deep dermis 0 0
 Inflamed dermis 3 0 (0)
 Neoplastic dermis 0 0

* Numbers in parentheses are percentages.

Table 6. (continued)

Table 7. Number and percentage of sarcoid and nonsarcoid equine skin samples dissected into tissue compartments using laser 
microdissection and examined for the presence of Bovine papillomavirus (BPV) DNA using polymerase chain reaction and isothermal 
loop-mediated amplification.

Tissue compartment
Skin sample 
classification

No. of samples BPV 
DNA positive

No. of samples BPV 
DNA negative

Percent 
positive P value*

Intact epidermis Sarcoid 6 46 12 0.016
 Nonsarcoid 9 16 36  
Inflamed epidermis Sarcoid 22 35 39 0.007
 Nonsarcoid 21 9 70  
Superficial dermis Sarcoid 4 10 29 0.689
 Nonsarcoid 4 16 20  
Deep dermis Sarcoid 10 11 48 0.501
 Nonsarcoid 5 10 33  
Inflamed dermis Sarcoid 1 3 25 0.598
 Nonsarcoid 14 12 54  

* P value refers to the difference between percentages of BPV-positive nonsarcoid skin samples to the percentage of BPV-positive sarcoid skin samples 
within the same tissue compartment type as measured by Fisher exact test.

Table 8. Comparison of Bovine papillomavirus (BPV) DNA detection rates from laser microdissected equine skin samples where both 
compared tissue compartments were present within the same histologic sample.

Skin sample 
classification Compartment type

No. of matched 
samples

No. of samples BPV 
DNA positive

No. of samples BPV 
DNA negative

Percent 
positive P value*

Sarcoid Neoplastic dermis 65 57 8 88 0.0005
 Non-neoplastic tissue 43 22 66  
Nonsarcoid Inflamed epithelium 25 19 6 76 0.009
 Noninflamed 

epithelium
9 16 36  

Inflamed dermis 26 14 12 54 0.0077
 Noninflamed dermis 5 21 19  

* P value refers to the association of presence of BPV DNA from matched equine skin samples within the compared compartment types as measured by 
McNemar test.
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sarcoid-bearing horses. Perhaps, it is not simply the presence 
of BPV DNA alone that is important in sarcoid development; 
but also its location within the skin.

In a previous study, the use of swabbing, cleaning, and 
biopsy of equine sarcoids, followed by PCR on the collected 
samples, was attempted to determine where within the lesion 
BPV was located.7 The results were somewhat difficult to 
interpret as the methodology lacks the ability to precisely 
determine what is being sampled. For example, in 1 horse, 
BPV DNA was not present on a swab of the uncleaned skin 
surface, but was present after cleaning the skin surface. To 
avoid this problem, LM was used in the current study. The 
advantages of LM are the ability to choose specific areas or 
individual cells from a histologic slide of a lesion, and the 
ability to excise and capture these target areas without con-
tamination from surrounding areas. The LM scope uses an 
ultraviolet laser to excise the cells of interest and then uses 
a diffuse blast of laser light to propel the excised cells into a 
collection chamber so that DNA contamination from sur-
rounding cells or instruments does not occur. Very recently, a 
study has used LM on equine sarcoids following the same 
reasoning.6

Using this methodology, in the current study, it was found 
that there were significant differences in the anatomic loca-
tion from which BPV can be recovered from nonsarcoid and 
sarcoid skin samples (Table 7). Nonsarcoid skin samples 
were more likely to have BPV DNA on or in the epidermis, 
than were sarcoid samples.

In addition, the presence of BPV DNA was significantly 
associated with the presence of inflammation. The BPV DNA 
was more likely to be found in inflamed epidermis or dermis 
than in noninflamed areas on the same slide (Table 8). Skin 
trauma has been suggested as an important mechanism to 
allow BPV access to the dermal fibroblasts and to provide an 
environment conducive to the proliferation of BPV transformed 
cells.7 The current results suggest that macroscopic trauma is 
not required and that inflammation alone may be sufficient to 
allow BPV access to the dermal fibroblasts. This may explain 
sarcoid development in locations on horses with no previous 
history of injury at that site. In addition, inflamed areas may 
represent potential sites for transmission of BPV from one 
horse to another by either contact or potentially via fomites. 

In support of this theory is a report that the same BPV DNA 
found within equine sarcoids could also be found in face 
flies (Musca autumnalis) in the horses’ surroundings (Kemp-
Symond JG: 2000, The detection and sequencing of bovine 
papillomavirus type 1 and 2 DNA from Musca autumnalis 
face flies infesting sarcoid-affected horses. MSc thesis, Royal 
Veterinary College, London, UK).

A 2008 study demonstrated the presence of BPV DNA in 
circulating peripheral blood mononuclear cells of sarcoid-
bearing horses.8 This suggested a possible alternate explana-
tion for the presence of BPV DNA in inflamed areas. Rather 
than the environment being the source of BPV DNA infection 
at these sites, circulating blood mononuclear cells within the 
horse are the sources and are concentrated at these sites of 
inflammation. However, although areas of inflammation were 
more likely to have BPV DNA within them, BPV DNA was 
also found in tissue compartments without inflammation. So 
a strictly internal source of infection seems unlikely.

A third possible explanation for the frequent presence of 
BPV in inflamed areas of the skin is that BPV infection itself 
may be a contributing cause of the inflammation. Epidermal 
changes associated with BPV infection have been described.5,6 
Whether these changes predispose horses to the development 
of other inflammatory skin conditions in these areas is unclear. 
It may be that most horses are able to clear the inflammatory 
processes associated with these BPV infections, but others 
are unable to avert infection and progression to sarcoid devel-
opment occurs.

Recently, BPV DNA has been recovered from keratinocytes 
within the epidermis of sarcoids.6 In that study, BPV DNA was 
amplified from keratinocytes in occult sarcoids but not from 
“advanced” sarcoids. The clinical classification of the sarcoids 
described as “advanced” was not identified. The current study 
demonstrated that BPV DNA could be found within the epi-
dermis of all examined clinical types of sarcoids. However, 
BPV DNA in the epidermis was significantly more likely to 
be identified in occult sarcoids than in fibroblastic or nodular 
ones (Table 9). Presuming that fibroblastic and nodular sar-
coids are types of the “advanced” sarcoids described in the 
other study,6 results from more recent studies would agree that 
occult sarcoids are more likely to contain BPV DNA in the 
epidermis than are fibroblastic or nodular ones. This may 

Table 9. Presence of Bovine papillomavirus (BPV) within the epidermis of laser microdissected equine sarcoids of different clinical 
types and the relative risk of BPV positivity based on comparison to BPV positivity in occult sarcoids.

Clinical type 
of sarcoid

No. of samples with 
epidermis present on slide

No. with BPV DNA 
in the epidermis

Risk of BPV 
presence

Relative risk of 
BPV presence P value

Occult 11 7 0.64 5.8 Reference
Verrucous 14 5 0.36 3.2 0.23
Nodular 15 2 0.13 1.2 0.01
Fibroblastic 9 1 0.11 1.0 0.03*

* Significantly higher relative risk of being BPV positive.
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represent a shift in the location of BPV DNA as sarcoids 
change from less to more clinically aggressive.

Two methods of DNA amplification were utilized in the cur-
rent study, PCR and LAMP. The PCR assay has been exten-
sively used to detect BPV in sarcoids in FFPE tissue,3,8-10,16,22,25,28 
while LAMP has not. The LAMP assay is a relatively new 
DNA amplification technique first reported in 2000.20 Some 
studies have shown it to be more sensitive for detection of low 
copy numbers than PCR.13 In the current study, agreement, as 
measured by unweighted kappa, between PCR and LAMP 
was almost perfect. The PCR assay was more sensitive than 
LAMP, detecting 19 positive samples that LAMP did not, 
while LAMP detected 2 positive samples that PCR did not. 
This level of agreement suggests that LAMP is a viable DNA 
amplification technique for use with LM.

In summary, BPV DNA was present in over 40% of all sam-
ples of nonsarcoid equine skin biopsies tested. It was found in 
a variety of inflammatory skin conditions as well as normal 
equine skin. The distribution of BPV within the skin was 
different in the nonsarcoid samples than in the equine sarcoids, 
as it was more likely to be found on or in the epidermis. The 
BPV was more likely to be found in microscopically inflamed 
areas than in microscopically normal areas of nonsarcoid 
samples. This inflammation may cause defects in the skin 
barrier, which allows BPV access through the skin surface to 
the underlying dermis of the skin where it may contribute 
to equine sarcoid formation. Alternately, the inflammation 
itself may be partly a result of BPV infection, and the 
inability of some horses to resolve the inflammation in 
these areas may lead to sarcoid formation. The results of the 
current study may provide new insight into the pathogenesis 
of sarcoid formation and also imply that diagnostic tech-
niques for equine sarcoids, which rely upon detection of BPV 
DNA from skin swabs, scrapings, or biopsies, are unlikely to 
be adequately specific.
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a. MembraneSlide 1.0 PEN, Carl Zeiss Canada Ltd., Toronto, 
Ontario, Canada.

b. PALM MicroBeam, Carl Zeiss Canada Ltd., Toronto, Ontario, 
Canada.

c. AdhesiveCap 500, Carl Zeiss Canada Ltd., Toronto, Ontario, 
Canada.

d. Eiken Chemical Co. Ltd., Tokyo, Japan.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The Equine Health Research Fund of the Western College of 
Veterinary Medicine and the Equine Foundation of Canada funded 
the present study. 

References

 1. Altschul SF, Madden TL, Schäffer AA, et al.: 1997, Gapped 
BLAST and PSI-BLAST: a new generation of protein database 
search programs. Nucleic Acids Res 25:3389–3402.

 2. Angelos JA, Marti E, Lazary S, Carmichael LE: 1991, Char-
acterization of BPV-like DNA in equine sarcoids. Arch Virol 
119:95–109.

 3. Bloch N, Breen M, Spradbrow PB: 1994, Genomic sequences 
of bovine papillomaviruses in formalin-fixed sarcoids from 
Australian horses revealed by polymerase chain reaction. Vet 
Microbiol 41:163–172.

 4. Bogaert L, Martens A, De Baere C, Gasthuys F: 2005, Detec-
tion of bovine papillomavirus DNA on the normal skin and in 
the habitual surroundings of horses with and without equine 
sarcoids. Res Vet Sci 79:253–258.

 5. Bogaert L, Martens A, Depoorter P, Gasthuys F: 2008, Equine 
sarcoids—part 3: association with bovine papillomavirus. 
Vlaams Diergeneeskundig Tijdschrift 78:131–137.

 6. Bogaert L, Martens A, Kast WM, et al.: 2010, Bovine papillo-
mavirus DNA can be detected in keratinocytes of equine sarcoid 
tumors. Vet Microbiol 146:269–275.

 7. Bogaert L, Martens A, Van Poucke M, et al.: 2008, High 
prevalence of bovine papillomaviral DNA in the normal skin 
of equine sarcoid-affected and healthy horses. Vet Microbiol 
129:58–68.

 8. Brandt S, Haralambus R, Shafti-Keramat S, et al.: 2008, A sub-
set of equine sarcoids harbours BPV-1 DNA in a complex with 
L1 major capsid protein. Virology 375:433–441.

 9. Carr EA, Théon AP, Madewell BR, et al.: 2001, Bovine papillo-
mavirus DNA in neoplastic and nonneoplastic tissues obtained 
from horses with and without sarcoids in the western United 
States. Am J Vet Res 62:741–744.

10. Carr EA, Théon AP, Madewell BR, et al.: 2001, Expression of 
a transforming gene (E5) of bovine papillomavirus in sarcoids 
obtained from horses. Am J Vet Res 62:1212–1217.

11. Chambers G, Ellsmore VA, O’Brien PM, et al.: 2003, Associa-
tion of bovine papillomavirus with the equine sarcoid. J Gen 
Virol 84:1055–1062.

12. Chambers G, Ellsmore VA, O’Brien PM, et al.: 2003, Sequence 
variants of bovine papillomavirus E5 detected in equine sarcoids. 
Virus Res 96:141–145.

13. Chen HT, Chu YF, Liu YS, et al.: 2010, Loop-mediated iso-
thermal amplification for the rapid detection of Haemophilus 
parasuis. FEMS Immunol Med Microbiol 60:283–285.

14. Kidney BA, Berrocal A: 2008, Sarcoids in two captive tapirs 
(Tapirus bairdii): clinical, pathological and molecular study. 
Vet Dermatol 19:380–384.

15. Knottenbelt DC: 2005, A suggested clinical classification for 
the equine sarcoid. Clin Tech Equine Pract 4:278–295.

16. Landis JR, Koch GG: 1977, The measurement of observer 
agreement for categorical data. Biometrics 33:159–174.

17. Martens A, De Moor A, Demeulemeester J, Peelman L: 2001, 
Polymerase chain reaction analysis of the surgical margins of 

 at UNIV ERSITY OF SASKATCHEWAN on May 9, 2012vdi.sagepub.comDownloaded from 

http://vdi.sagepub.com/


 Localization of Bovine papillomavirus in equine sarcoids 41

equine sarcoids for bovine papilloma virus DNA. Vet Surg 
30:460–467.

18. Martens A, De Moor A, Ducatelle R: 2001, PCR detection of 
bovine papilloma virus DNA in superficial swabs and scrapings 
from equine sarcoids. Vet J 161:280–286.

19. Nasir L, Campo MS: 2008, Bovine papillomaviruses: their role 
in the aetiology of cutaneous tumors of bovids and equids. Vet 
Dermatol 19:243–254.

20. Notomi T, Okayama H, Masubuchi H, et al.: 2000, Loop-mediated 
isothermal amplification of DNA. Nucleic Acids Res 28:E63.

21. Olson C Jr, Cook RH: 1951, Cutaneous sarcoma-like lesions 
of the horse caused by the agent of bovine papilloma. Proc Soc 
Exp Biol Med 77:281–284.

22. Otten N, von Tscharner C, Lazary S, et al.: 1993, DNA of 
bovine papillomavirus type 1 and 2 in equine sarcoids: PCR 
detection and direct sequencing. Arch Virol 132:121–131.

23. Ragland WL, Spencer GR: 1969, Attempts to relate bovine papil-
loma virus to the cause of equine sarcoid: equidae inoculated intra-
dermally with bovine papilloma virus. Am J Vet Res 30:743–752.

24. Scott D.W, Miller WH: 2003, Neoplastic and non-neoplastic 
tumors. In: Equine dermatology, ed. Miller S, pp. 719–731. 
Saunders, St. Louis, MO.

25. Teifke JP, Hardt M, Weiss E: 1994, Detection of bovine pap-
illomavirus DNA in formalin-fixed paraffin-embedded equine 
sarcoids by polymerase chain reaction and non-radioactive in 
situ hybridization. Eur J Vet Pathol 1:5–10.

26. Tomita N, Mori Y, Kanda H, Notomi T: 2008, Loop-mediated 
isothermal amplification (LAMP) of gene sequences and sim-
ple visual detection of products. Nat Protoc 3:877–882.

27. Valentine BA: 2006, Survey of equine cutaneous neoplasia in 
the Pacific Northwest. J Vet Diagn Invest 18:123–126.

28. Wobeser BK, Davies JL, Hill JE, et al.: 2010, Epidemiology 
of equine sarcoids in horses in western Canada. Can Vet J 51: 
1103–1108.

29. Yuan Z, Philbey AW, Gault EA, et al.: 2007, Detection of 
bovine papillomavirus type 1 genomes and viral gene expres-
sion in equine inflammatory skin conditions. Virus Res 124: 
245–249.

 at UNIV ERSITY OF SASKATCHEWAN on May 9, 2012vdi.sagepub.comDownloaded from 

http://vdi.sagepub.com/

