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Abstract

Thirty-eight cases of canine leproid granuloma were
diagnosed between 2000 and 2008. Diagnosis was
based upon clinical and histopathological findings
and the presence of acid-fast bacilli in skin sections.
The clinical lesions were localized predominantly on
the pinnae and included papules, plaques and
nodules, with or without ulceration. Boxer dogs were
the breed most affected. Histopathological findings
included nodular to diffuse pyogranulomatous, lym-
phoplasmocytic inflammatory infiltrates, with or
without necrosis, localized in the dermis or subcuta-
neous tissue. The bacillary loading and morphology
were variable among the lesions analysed. There was
no significant correlation between bacterial load and
histopathological pattern, dominant type of inflam-
matory infiltration or the amount of necrosis or giant
cells. No correlation was observed between giant
cells and histopathological pattern. In the majority of
cases where a PCR-based assay was done, a novel
mycobacterium species as the main aetiological
agent was identified, as reported in previous
studies.
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Introduction

Cutaneous diseases caused by mycobacteria are rare in
small animals and, in general, they comprise four groups
of diseases: atypical cutaneous mycobacteriosis, canine
leproid granuloma, feline leprosy and skin tuberculosis.'™

Canine leproid granuloma (CLG), also known as canine
leprosy,?*% is characterized by nodular lesions in the skin
and subcutaneous tissues of dogs. The aetiological agent
is a recently discovered nonculturable mycobacterium,
which was partly sequenced genetically in 2000.57 In
Brazil, identification of the mycobacterium that causes
CLG has not yet been carried out.

Canine leproid granuloma was originally described in
1973, in Zimbabwe, Africa, but the disease is well docu-
mented in Australia and New Zealand.?*® In Brazil, the
first description of CLG was in 1990;8 this disease was
probably under-recognized, and it is believed to be rela-
tively common in Brazil because of the climatic similari-
ties between Brazil and Australia.

The objective of the present study was to describe the
epidemiological, clinical and histopathological findings of
CLG, as well as the PCR-based analysis and genetic
sequencing of this novel mycobacterium, in affected
Brazilian dogs.

Materials and methods

Thirty-eight histopathological records and paraffin blocks from cases
diagnosed with CLG were obtained from two pathology laboratories:
the Brazilian Institute of Veterinary Diagnosis and Specialties (Provet,
Moema, Sao Paulo, Brazil) and the Veterinary Department of the
Federal University of Vicosa (UFV, Minas Gerais, Brazil) from July 2000
to December 2008. All clinical cases (data and samples) were from
southeastern Brazil, specifically from the cities of Sdo Paulo, Juiz de
Fora, Vigosa and Belo Horizonte (Figure 1). Molecular evaluation was
performed at the Veterinary Clinical Science and Molecular Biology
Laboratory, Sao Paulo State University (Unesp), School of Veterinary
Medicine and Animal Science (FMVZ), Botucatu, S&o Paulo, Brazil.

Clinical and epidemiological studies

Clinical and epidemiological data were collected for all 38 cases of
CLG. Veterinarians who submitted tissues from patients were con-
tacted by mail, telephone or e-mail, and the following information
was collected: breed, sex, age, hair length, month in which the
lesions first appeared, clinical progression of disease, gross descrip-
tion and anatomical site of the lesions, overall health of patient and
laboratory test abnormalities, concurrent diseases (if any), and
description of the dog's environment.

Histopathological studies

Cutaneous samples were obtained from either an incisional or an
excisional skin biopsy. Tissues were fixed in 10% neutral buffered
formalin, routinely processed and embedded in paraffin. Histological
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Figure 1. Map of South America and Brazil illustrating all the Federa-
tion States and a closer view of the southeastern region and its
respective states. The CLG cases were sent mainly from the cities of
Belo Horizonte (1), Vigcosa (2), Juiz de Fora (3) and Séo Paulo (4). SP,
Séo Paulo; MG, Minas Gerais; ES, Espirito Santo; RJ, Rio de Janeiro.

sections (4-6 um thick) were stained with haematoxylin and eosin
(H&E), periodic acid-Schiff (PAS) for fungal structures and Ziehl-
Neelsen for acid-fast bacilli. The study included cases in which the
clinical signs were consistent with CLG and histological sections
showed positive results for acid-fast bacilli and negative PAS staining
for fungal structures.

Forty histopathological slides, obtained from 35 CLG cases, were
examined using routine light optical microscopy. In three cases, the
slides were not appropriate for histopathological examination or the
paraffin block was not available for further sectioning. The inflamma-
tory histopathological pattern,® ' predominant inflammatory cell infil-
tration type (granulomatous versus pyogranulomatous), presence of
tissue necrosis, involvement of nerve fibres, and the amount and
morphology of acid-fast bacilli were recorded.

Tissue necrosis was classified as follows: absent (0); mild (+)
when approximately 20% of the lesion was affected; moderate (++)
when necrosis occurred in 20-50% of the lesion; or intense (+++)
when more than 50% of the lesion showed necrosis.

Giant cells were quantified as follows: absent (0); mild (+) when
cells were rarely visualized throughout the entire slide; or moderate
(++) when they were observed in every second or third high-power
field (HPF; x40 magnification).

The amount of acid-fast bacilli was classified as follows: mild (+)
when bacilli were rarely identified on the slide; moderate (++) when
bacilli were present in approximately every third HPF; or intense
(+++) when the bacilli were visualized in almost every HPF.

Statistical correlation analyses were performed for the following
parameters: the number of giant cells and the histopathological pat-
tern; the number of bacilli and the histopathological pattern; the num-
ber of bacilli and the predominant inflammatory cell infiltration; the
number of bacilli and the number of giant cells; and the number of
bacilli inside and outside necrotic areas in the same lesion.

Statistical analysis

The statistical methods were chosen according to the characteristics
of the variables analysed, so that the assumptions imposed by the
employed tests could be met.
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The chi-squared test was employed to evaluate the following rela-
tions: (i) the histopathological pattern (diffuse or multinodular) and
the number of giant cells; (ii) the score of the bacilli found and the his-
topathological pattern; (iii) the bacillus score and the predominant
inflammatory cell infiltration type (granulomatous or pyogranuloma-
tous); (iv) the bacillus score and the number of giant cells; and (v)
the bacillus score and localization of bacilli (inside or outside necrotic
tissue).

However, for certain variables, the number of samples was not
large enough, and Fisher's exact test with Monte Carlo correction
was used. These tests were performed using the PROC FREQ from
the SAS® statistical software system (SAS Institute, Cary, NC,
USA),"" with a level of significance of 5%.

The relative risk (RR) was calculated to evaluate the predisposition
of certain breeds to develop CLG. For these analyses, the total num-
ber of animals affected by CLG, the total number of cases and the
total number of animals of each breed affected by CLG during the
investigation period were compared.'?

For the evaluation of hair-type predisposition, size of dogs and
anatomical sites, 95% confidence intervals were calculated. Ratios
were considered statistically similar when overlapping of these
intervals was observed. This procedure was also used to evaluate
whether a seasonal predisposition for the disease exists. These
intervals were calculated by the PROP.TEST function of the
statistical R software system (R Development Core Team, Vienna,
Austria).”®

Polymerase chain reaction (PCR) and DNA sequencing

DNA isolation

Twenty-five samples with confirmed histopathological diagnoses of
leproid granuloma from a total of twenty-two dogs (three samples
represented different lesions from the same animal and two samples
represented different lesions from another animal) were evaluated
for the presence of mycobacterial DNA by PCR and DNA sequencing.
All handling, extraction and amplification procedures were performed
in separated laboratories using disposable tips with barrier protec-
tion. A control skin sample from tissue with no diagnosis of leproid
granuloma was analysed without prior knowledge (blind control).
Genomic DNA was extracted from formalin-fixed, paraffin-embedded
tissue with a genomic DNA purification kit (QlAamp® DNA FFPE
tissue kit; Qiagen, Valencia, CA, USA). Briefly, 5-um-thick sections
were obtained (with a different disposable microtome blade for each
sample) and immediately placed into 1.5 mL sterile plastic microtu-
bes (DNA, RNA and DNase free; Axygen, CA, USA) with xylol (analyti-
cal grade reagent; Merck, Darmstadt, Germany) to remove paraffin.
Residual xylol was removed by the addition of 100% ethanol (analyti-
cal grade reagent, Merck). Extraction was performed following
kit instructions, and 80 pL of low-EDTA elution buffer was used for
elution. The yield and quality of RNA were spectrophotometrically
evaluated at 260,280 nm (NanoDrop 2000™ Spectrophotometer;
Thermo Scientific®, Wilmington, DE, USA). The DNA samples were
stored at =20 °C prior to amplification.

DNA amplification

16S ribosomal RNA (rRNA) gene region amplification was performed
in duplicate using a previously described nested PCR with slight
modifications.® Forward primer (Integrated DNA Technologies, Coral-
ville, 1A, USA) 246 (5-AGA GTT TGA TCC TGG CTC AG-3") and
reverse primer 247 (5"-TTT CAC GAA CAA GCC CAG AA-3') were
used for the first amplification round of the 16S rRNA region (produc-
ing a 590 bp fragment). DNA (2 pL) was added to 23 uL of the PCR
mix (GoTaq® Master Mix; Promega, WI, USA), with a final volume of
25 pL and a final concentration of 1 x DNA polymerase, 400 mM
dATP, 400 mM dGTP, 400 mM dCTP, 400 mM dTTP and 3 mM
MgCl,. Each oligonucleotide primer was used at a final concentration
of 0.6 um. The amplification was performed using a Mastercycler®
Ep gradient S machine (Eppendorf, Hamburg, Germany). Cycling
parameters were as follows: 95 °C for 2 min (initial denaturation) and
30 cycles at 95 °C for 30 s (denaturation), 60 °C for 1T min (annealing)
and 72 °C for 1 min (extension), followed by a final extension at
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72 °C for 7 min. A negative control sample lacking template was
used in each reaction for both rounds. The nested primers were as
follows: forward M1 (5-AGT GGC GAA CGG GTG AGT AAC-3’) and
reverse R7 (5-TTA CGC CCA GTA ATT CCG GAC AA-3), with an
expected 455 bp product. Ten microlitres from the first PCR at a
1:100 dilution was added to 40 uL of GoTag mix. The final PCR
mixture, with a 50 pL volume, contained DNA polymerase, 400 mM
dATP, 400 mM dGTP, 400 mM dCTP, 400 mM dTTP, 3 mM MgCl,
and primers at a final concentration of 0.6 um. Cycling parameters
were 95 °C for 2 min (initial denaturation), 25 cycles at 95 °C for 30 s
(denaturation), 68 °C for 1 min (annealing) and 72 °C for 30 s (exten-
sion), with a final extension for 5 min at 72 °C. Samples were kept
frozen at =20 °C. In this second reaction, a negative control was also
prepared, using the first blank sample. The PCR products (for both
the first-round and nested reactions) were analysed by 1.0% agarose
gel electrophoresis (Invitrogen, Carlsbad, CA, USA) and visualized
with ethidium bromide. Molecular weights were estimated by com-
parison with a known molecular weight marker (100 bp ladder;
Norgen Biotek, Ontario, Canada). Gels were documented with an
Eagle Eye Il (Stratagene, TX, USA). Samples that resulted in
sequences different from Mycobacterium murphy were submitted to
a new extraction using only the dermis and subcutaneous tissue after
the epidermis had been manually dissected.

PCR purification, sequencing and analysis

The PCR products were purified using the lllustra GFX™ PCR DNA
and Gel Band Purification Kit (GE® Healthcare, Piscataway, NJ, USA).
After purification, DNA vyield and quality were evaluated spectropho-
tometrically at 260,280 nm (NanoDrop 2000™ Spectrophotometer;
Thermo Scientific®) and analysed by agarose gel electrophoresis.
Automated direct sequence analysis (MegaBACE 1000; Amersham
Biosciences; Dyenamic ET Dye Terminator kit using software
Sequence Analyzer 3.0, Amersham Place, Little Chalfont, England)
was performed in duplicate using the same nested primers described
in the previous subsection (M1 and R7). The sequences and electro-
pherograms obtained were analysed using Sequencher® 4.7 soft-
ware and aligned (Clustal multiple analysis software; http://www.
clustal.org/) to verify sequence homology against previously available
sequences from the National Center for Biotechnology Information
(NCBI) GenBank (http://www.ncbi.nIm.nih.gov/), NCBI GenBank bac-
terial genomic database (http://www.ncbi.nlm.nih.gov/sutils/genom_
tree.cgi), European Molecular Biology Laboratory Nucleotide Sequ-
ence Database (EMBL; http://www.ebi.ac.uk/embl/) and Ribosomal
Differentiation of Medical Microorganisms (RIDOM; http://rdna.
ridom.de/). Five representative 16S ribosomal RNA fragments from
five different dogs were submitted to GenBank. The accession num-
bers of Mycobacterium sequences from GenBank and EMBL used
for comparison in this study are as follows: M.murphy (AF144747),
M. tilburgii (Z50172), M. triplex (AJ535505), M. genavense
(EF107701), M. interjectum (AF547937), M. simiae (EU022520), M.
madagascariense (AF547943), M. goodii (DQ447773), M. kubicae
(AFB47941), M. lentiflavum (AB362381), M. heidelbergense
(X70960), uncultured Mycobacterium sp. (AF325531), M. duvalii
(AFB47918), M. mageritense (AJB99399), M. moriokaense
(AY859686), M. smegmatis (AJ536041), Mycobacterium XN10-17
(FJ358417), uncultured Mycobacterium ARFS-3 (AJ277836), Myco-
bacterium sp. L47 (DQ249999), M. immunogenum strain CIP
106684T (AY457080), M. genavense (EU742187) and uncultured
bacterium (EU132651).

Results

Clinical and epidemiological study

From a total of 38 CLG cases, epidemiological and clinical
data were retrieved from 32 dogs. Complete information
was not available on six dogs, and in other cases specific
data points were not available. This is the reason for the
variation in the numbers of cases cited in the text (e.g. 29
of 32, 19 of 31 or 18 of 30).
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Figure 2. Dorsal view of head and both pinna of boxer dog affected
by canine leproid granuloma (CLG). Note the nodular ulcerative
lesions on the convex surface of both pinnae.

In the period between 2000 and 2008, CLG represented
0.51% (38 cases of 7403) of all skin biopsies received for
histopathological examination at the two institutions.

Boxer dogs were the most affected breed (19), followed
by rottweiler (4), mixed breed (4), Labrador retriever (3),
dachshund (2), Dogue de Bordeaux (1), Fila Brasileiro (1),
American Staffordshire bull terrier (1), Brazilian terrier (1),
weimaraner (1) and long-haired Brussels Griffon (1). Boxer
dogs represented 50% of all cases. Only boxer and rott-
weiler dogs showed high relative risks for the develop-
ment of the disease (P < 0.05). The disease affected
mainly short-coated dogs (28 of 36 or 77.8%), followed by
those with intermediate coat hair length (rottweiler and
Labrador retriever; 7 of 36 or 19.4%). Long-haired dogs
were represented by only one dog (1 of 36 or 2.8%). Thirty
cases (30 of 36 or 83.3%) were represented by large-sized
dogs. Short-coated and large-sized dogs were predisposed
to CLG development (P < 0.05).

Skin lesions included papules, plagues, nodules and
tumours, measuring from 2 mmto 7 mm in diameter. The
lesions were localized exclusively on the pinnain 77.8% of
the cases (28 of 36; Figure 2), but other body parts were
also affected, with or without pinna involvement: pinna
and forelegs (1 of 36); pinna, hindlegs and head (1 of 36);
pinna and face (4 of 36); pinna and hindlegs (1 of 36); and
pinna and nasal planum (1 of 36). In total, the pinna was the
most affected site (34 of 36 or 94.4%; P < 0.05). Lesions
were localized on the concave surface of the pinna in only
one dog (1 of 34). In all other dogs (33 of 34), lesions
presented on the convex surface of the pinna.

Canine leproid granuloma occurred in animals from 1 to
11 years old, with an average age of 5.8 years and
median of 7 years. In this study, the disease affected
both sexes equally (19 of 38).

One stray animal (3.1%) was included in the study
group, and it was reported to be emaciated. Submandibu-
lar lymphadenopathy was described in this emaciated dog
andin another dog with a large ulcerated lesion (2 of 30).

The evolution of lesions was known in 26 cases. It
varied from 7 days to 2 years. Nevertheless, in most
cases (88%), the diagnosis was made within 2 months
after the appearance of the lesions.
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Canine leproid granuloma was more frequently
observed during September to March (17 of 26 or
65.4%); these are the warmest months of the year in
Brazil. Although the seasons are not well defined in Brazil,
a greater incidence of CLG was observed in summer and
spring (16 of 26 or 61.5%; 9 in summer and 7 in spring),
in comparison with winter and autumn (10 of 26 or
38.5%; 7 in winter and 3 in autumn). However, this differ-
ence was not statistically significant (P > 0.05).

Twenty-nine animals (29 of 32) showed multiple lesions
(P < 0.05), and only three dogs (9.4%) presented with
one single nodule. In most dogs, the lesions had a bilat-
eral distribution (19 of 31), while 12 animals presented
with unilateral lesions (12 of 31). All lesions were well
circumscribed, and ulceration was observed in 18 animals
(18 of 30), mostly in the larger lesions.

Mild signs of pain or pruritus were reported by owners
in seven animals (7 of 27).

Flies and mosquitoes were present in the environment
of most affected dogs (20 of 23). In general, their dwelling
places were near parks or vacant lots, and the dogs lived
outdoors. Some animals lived or frequently visited rural
areas. Previous skin wounds were reported before the
development of CLG lesions in three dogs (3 of 13).
Fly bites were the putative cause of these wounds and
in one case it appeared to be caused by a bird peck. Two
animals shared the same environment. The follow-up per-
iod was known for 23 animals and varied greatly; from
2 months to 7 years, with an average of 19 months.
Lesion recurrences were not observed in any of the cases.

Histopathological studies
Histopathological examinations were performed on 40
lesions from 35 affected dogs. In a few cases, owing to
the nature of the lesion (e.g. superficial biopsy), it was not
possible to analyse all the histopathological variables.
Owing to the highly suggestive clinical and histopathologi-
cal findings, microbiological culture was performed in only
one case, and the result was negative for Mycobacterium
species.

Histopathological  findings included  multinodular
(17 of 39) and diffuse inflammatory patterns (22 of 39;
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Figure 3).  Granulomatous and  pyogranulomatous
inflammatory reactions occurred in the same propor-
tions (20 of 40).

The cellularity was similar for all cases, and the granulo-
mas/pyogranulomas were mainly composed of epi-
thelioid macrophages, neutrophils, lymphocytes and
plasmocytes in different proportions.

Multinucleated giant cells were present in 23 cases (23
of 40), with a mild (15 of 23) or moderate level of occur-
rence (eight of 23).

The inflammatory infiltration was vertically oriented,
mostly in the periphery of some lesions (14 of 40),
surrounding adnexal appendages.

Inflalmmatory reactions involved the dermis (25 of 39)
and also the subcutaneous tissue (two of 39) or the
dermal-epidermal interface (five of 39). Inflammation
restricted to the deep dermis was also observed (seven
of 39). Ulceration (17 of 40), acanthotic epidermis (16 of
40) or normal epidermis (seven of 40) occurred with
different frequencies.

Tissue necrosis occurred in approximately half of the
lesions (21 of 40), with the following distribution: mild
(three of 21), moderate (12 of 21) and intense (six of 21).
Oedema and vascular proliferation foci occurred in sev-
eral cases (seven of 40 and 31 of 40, respectively). Vascu-
lar proliferation was present in most of the lesions,
usually with a uniform distribution within the inflamma-
tory infiltrate.

When visible and within the inflammatory process (17
of 40 or 42.5%), nerve fibres did not exhibit significant
histopathological changes (Figure 3).

The number of acid-fast bacilli was not uniform; it var-
ied considerably among the dogs, among different lesions
in the same animal and even inside the same lesion.
Bacillary load was low (11 of 36 or 30.5%), moderate (15
of 36 or 41.7%) or intense (10 of 36 or 27.8%). There was
no statistical difference (P > 0.05) among the following
variables: (i) load of bacilli and histopathological pattern
(multinodular or diffuse); (i) load of bacilli and type of
inflammatory infiltrate (granulomatous or pyogranuloma-
tous); (iii) load of bacilli and number of giant cells; and (iv)
number of giant cells and histopathological pattern (multi-
nodular or diffuse). All of these parameters were evalu-
ated in the same lesion.

Bacillary morphology was not uniform. In several
cases, both preserved and fragmented bacillary morpho-
logies could be found in the same lesion. However, the
preserved bacillary morphology predominated (26 of 36 or
72.2%). Although not statistically significant (P > 0.05 by
confidence interval overlapping test), higher numbers of
acid-fast bacilli (fragmented bacill) were observed in
necrotic tissue (nine of 16 or 56.3%).

Polymerase chain reaction and genetic sequencing
Using PCR analysis in combination with agarose gel
electrophoresis, the product of the first amplification,
predicted to be 590 bp, was not observed in any of
the samples evaluated. In the second (nested) amplifi-
cation reaction, using primers M1 and R7, positive
results were achieved, with a fragment of approxi-
mately 450 bp.
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The amplification reaction was positive for the pres-
ence of Mycobacterium spp. in the majority of samples
(18 of 22 animals or 81.8%). Three samples represented
different lesions in the same animal, and two other
samples from another animal were positive. Only four
samples (four of 22 or 18.2%) did not produce a band.
Negative controls in all reactions presented negative
results, confirming the absence of contamination. The
blind control sample, originating from a distinct type of
cutaneous lesion, was also negative.

Samples from the eighteen positive animals were com-
pared with the sequences of Mycobacterium spp. already
described. The first analysis was carried out with
M. murphy, accession number AF144747, described by
Hughes et al® The product of the amplification was
100% identical to M. murphy in 13 animals (13 of 18 or
72.2%). Partial sequencing of the 16S rRNA gene was as
follows:

ACGTGGGTAATCTGCCCTGCACTTCGGGATAAGC
CTGGGAAACTGGGTCTAATACCGGATATGACCAC
GAAGCGCATGCTTTGTGGTGGAAAGCTTTTGCGG
TGTGGGATGGGCCCGCGGCCTATCAGCTTGTTGG
TGGGGTGATGGCCTACCAAGGCGACGACGGGTA
GCCGGCCTGAGAGGGTGTCCGGCCACACTGGGA
CTGAGATACGGCCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATATTGCACAATGGGCGCAAGCCT
GATGCAGCGACGCCGCGTGGGGGATGACGGCC
TTCGGGTTGTAAACCTCTTTCAGCAGGGACGAAG
CGCAAGTGACGGTACCTGCAGAAGAAGCACCGG
CCAACTACGTGCCAGCAGCCGCGGTAATACGTA
GGGTGCGAGCG

Mycobacterial sequences from different lesions in the
same animal were identical. The amplification products
from samples from five other dogs (five of 18 or 27.8%)
did not show 100% homology with the M. murphy
sequence and were also different when compared with
each other. Representative fragments were submitted to
GenBank (accession numbers GQ340424, GQ340425,
GQ340426, GQ340427 and GQ340428). These
sequences were compared with other Mycobacterium
species using the databases at http://rdna.ridom.de/, http://
www.ncbi.nlm.nih.gov/sutils/genom_tree.cgi, EMBL (http://
www.ebi.ac.uk/embl/) and GenBank (http://blast.ncbi.nim.
nih.gov/Blast.cgi).

Of five mycobacteria identified, one (GQ340427) pre-
sented 100% homology with the sequence of Mycobac-
terium XN10-17, accession number FJ358417.1. The
other four species identified did not present 100%
homology with any of the mycobacteria with genetic
sequences available in these data sets. The best homol-
ogy values were found for the following micro-organ-
isms: uncultured bacterium ARFS-3, accession number
AJ277836.1 (99% homology with GQ340428); M. immu-
nogenum strain CIP 106684T 16S ribosomal RNA gene,
partial sequence (AY457080.1) and M. chelonae partial
16S rRNA gene, strain ITG 95-0026 (AJ419969.1; 99%
homology with GQ340426); uncultured Mycobacterium
sp. clone K3840/1 16S ribosomal RNA gene, partial
sequence (AY148216.1) and M. llatzerense strain MC10
16S ribosomal RNA gene, partial sequence (FJ770983.1;
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98% homology with GQ340424); uncultured bacterium
clone FFCH10753 16S ribosomal RNA gene, partial
sequence (EU132651.1) and uncultured Mycobacterium
sp. clone DOS72 16S ribosomal RNA gene, partial
sequence  (EF438354.1; 99%  homology  with
GQ340425). These paraffin-embedded samples had their
epidermis dissected to enable only the dermis and sub-
cutaneous tissue to be used for a new DNA extraction
and amplification. All PCRs were negative for these five
animals after this procedure was performed.

Discussion

In the present study, short- or medium-length coated,
large breeds (i.e. boxer dogs and rottweilers) were found
to be predisposed to developing CLG. The reason for the
predisposition of boxer dogs to CLG is not yet known, but
a similar predisposition has been reported in many parts
of the world.?*” Short coat, body size and pendulous
ears do not adequately explain this predisposition, since
other phenotypically similar breeds are not affected to the
same degree. It is possible that boxer dogs may have a
deficiency in their immunological response to mycobacte-
ria. This subject requires further studies.

While CLG predominantly affected middle-aged dogs in
the present study, no particular age trend has been
reported in dogs from Australia.* It is interesting to note
that as an infectious disease, the question arises as to
why younger dogs were not affected as often as older
dogs, since a weaker (less well-developed) immune sys-
tem should be expected in young animals. A long incuba-
tion period may be one explanation, but this hypothesis
needs confirmation. Similar to previous reports, no gen-
der bias was found in this study.

As most of the dogs were otherwise healthy, CLG does
not appear to be favoured in cases of concomitant debili-
tating diseases.

The lesions typically occurred on the pinna, as previ-
ously described.?*%” Such anatomical preference
supports the speculative theory about the probable mode
of transmission of the disease. Although the aetiology of
CLG is not well understood, it is believed that susceptible
animals are inoculated via insect bites.?*%* The lesions
occur preferentially on anatomical regions that are more
susceptible to insect bites, such as the ears and the
cephalic segment. In particular, the skin of the pinna gen-
erally has a lower hair density and more superficial vascu-
larization, which may favour blood feeding. Additionally,
large dogs usually spend more time outdoors.”'® Another
hypothesis about the pathogenesis of CLG is that the
micro-organism has a preference for developing in colder
body regions, such as the pinna.*®

It is also believed that mycobacterial infection may
occur due to previous cutaneous wounds or scratches
inflicted by cats.® In the present study, three dogs had
histories of prior lesions on the pinna before the develop-
ment of leproid lesions, but a history of cat exposure was
not documented. Additionally, in most cases, the pres-
ence of flies and other insects in the dog’'s environment
was definitively reported by owners, and the dogs were
predominantly outdoors.
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Ulceration was more frequently observed in larger
lesions. Trauma and vascular injury due to severe inflam-
matory reaction may be the cause. Despite the worri-
some clinical aspect of the lesions, the disease did not
seem to bother the majority of the animals, since pain
and pruritus were noted in only a few dogs.

Typically, the disease had a rapid clinical evolution, with
owners seeking early medical assistance, partly because
skin tumours were the main differential diagnosis. All
dogs except one were otherwise healthy, in agreement
with previous studies.?*®719 Submandibular lymphade-
nopathy was described in two dogs. In one of the cases,
this finding probably occurred due to the extensive ulcera-
tion of large lesions. The other dog was homeless, emaci-
ated and suffering from chronic ehrlichiosis. These
findings strongly suggest a low pathogenic potential for
the infective agent, since there was no significant spread-
ing of lesions or systemic involvement.5”:1®

Approximately two-thirds of the cases (65.4%)
occurred during the hottest months of the year (Septem-
ber to March). Another study found the opposite result,
with a higher incidence during the coldest months of the
year, in autumn and winter.* It was considered that
the agent may have a long incubation period and that the
inoculation of the micro-organism may have occurred
during the hotter months, when the number of possible
vectors would be greater. Consequently, the disease
appeared a few months later. However, such differences
in results cannot easily be explained. In our region, in the
southeastern portion of Brazil, there is an increase in flies,
mosquitoes and other potential vectors during the hotter
months of the year. These vectors are known to disturb
dogs and can eventually transmit the infective agent. In
addition, it is interesting to note that some Brazilian cities
(e.g. Sdo Paulo, Belo Horizonte, Vigcosa and Juiz de Fora),
where the majority of the cases arose, have latitudes and
climatic characteristics somewhat similar to certain
Australian regions (e.g. Sydney).'® Therefore, further
studies are necessary to explain the seasonal difference
between Brazilian and Australian cases.

The differential diagnosis of CLG includes other infec-
tious, parasitic or sterile granulomatous diseases and
neoplastic disorders.>'%'” A definite diagnosis of CLG
was based on histopathological findings from H&E stain-
ing and Ziehl-Neelsen staining for acid-fast bacilli. So far,
it has not been possible to cultivate or isolate the myco-
bacterium causing CLG using protocols that work for
other species of mycobacteria.>*’ Owing to the strong
evidence, based on both clinical and histopathological
findings, only one case was submitted for microbial
culture, yielding a negative result. However, the negative
result is important because it allows the exclusion of
other relevant zoonotic mycobacterioses.’

The absence of recurrence in the cases reported here
reinforces the good prognosis for this disease. Occasion-
ally, however, some dogs may develop chronic and
severe lesions that are refractory to treatment.”'®

Histopathological findings were similar to those previ-
ously described.”""® Granulomatous infiltrate affected the
dermis and, sometimes, the dermal-epidermal interface
and subcutaneous tissue. The subcutaneous region was
affected in a smaller number of cases, since most lesions
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occurred on the pinna, which has no significant amount of
adipose panniculus.’®

The more intense vascularization of the periadnexal
dermis may explain the frequent perifollicular arrange-
ment of granulomas in CLG. This finding was identified
mainly in the periphery of the most diffuse lesions. How-
ever, in a few cases, the inflammatory infiltrate sur-
rounded only adnexal units. This inflammatory pattern
was considered a very strong indication of sterile granu-
loma/pyogranuloma syndrome in dogs."®?° However,
molecular (PCR-based) and immunohistochemical studies
of cases of canine sterile granuloma syndrome were posi-
tive for Leishmania species.?! Therefore, CLG, as verified
in the present study by positive bacilloscopy and PCR
results, must also be included in differential diagnoses of
periadnexal granulomatous inflammation in dogs.

‘Cutaneous tuberculosis’ and ‘mycobacterial granuloma
of the canine skin’ were the terms initially used to
describe CLG, which first appeared in Zimbabwe.?%2°
The name ‘canine leproid granuloma syndrome’ was
introduced in 1998.* However, the term 'leproid’ implies
something that closely resembles leprosy. Although
understandable in some aspects, since it is a cutaneous
disease caused by an unculturable mycobacterium, there
are considerable clinical differences between CLG and
human leprosy.2428

Furthermore, the absence of any associations between
the number of giant cells and the histopathological pat-
tern, between giant cells and bacillus load and between
the histopathological pattern and bacillus load also consti-
tutes a major difference from human leprosy. The involve-
ment of nerve bundles, either by inflammatory cells or
bacillus infiltration, which is a characteristic of human
leprosy,?®” was not verified in any of the CLG cases.
Therefore, the term ‘leproid’ may not be appropriate to
describe this disease.

Polymerase chain reaction is very useful for the aetio-
logical diagnosis of mycobacterial infections in animals,
especially for nonculturable agents or those that are diffi-
cult to culture.® In our study, PCR assays were positive
for most tested cases, confirming the presence of myco-
bacterial DNA in CLG lesions. The number of base pairs
amplified was similar to that previously described which
validates the technique applied.®

Negative results could have occurred because of inade-
quate material conservation, which might have caused
DNA degradation. Sample analysis with a small amount
of bacilli, as visualized histopathologically, does not
explain the negative results observed. Other paucibacil-
lary samples showed positive results with PCR, providing
a precise diagnosis even with little genetic material.

Amplification and sequencing of regions V2 and V3 of
the16S rRNA gene have been recommended for the diag-
nosis and identification of Mycobacterium species.>®?°
These regions have a great heterogeneity, which distin-
guishes and identifies species.?®

This novel mycobacterial species, which causes the
CLG, was first sequenced from Australian cases.®
Another study showed 99-100% homology with the
previous report.® In the present study, we have also cor-
roborated these findings. However, other sequenced
mycobacteria were not homologous to this novel myco-
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bacterial species or to those described in the literature.
They were also different from each other, suggesting that
probably saprophytic mycobacterium could be detected
on our first initial amplification in five samples. This is
more reasonable than associating these cases with new
species responsible for CLG, especially after the unsuc-
cessful amplification using DNA from tissues without the
epidermis. However, different aetiological agents respon-
sible for the same clinical presentation have also been
described for other canine cases® and for feline leprosy.°
Other similarities between feline leprosy and CLG include
the difficulty in culturing mycobacterium and possible
transmission by insect vectors or trauma.’*°

Despite the possible involvement of new species in a
few cases, the novel and still unnamed mycobacterium
sequenced in the present study is identical to previous
reports®® and represents an important aetiological agent
of the disease also in Brazil.

Homology between the unclassified mycobacterium
identified in this study and fast-growing mycobacterium
was low (below 94%). Only M. smegmatis presented a
homology of 97% with one of the samples analysed.
Mycobacteria induce a granulomatous inflammatory
response,®'32 and several species, including saprophytic
ones, have been involved in granulomatous dermatitis of
dogs, cats and humans. These other mycobacterioses
are caused by saprophytic micro-organisms commonly
found in water and soil, and animals are inoculated
through entry of contaminated material into the skin. The
majority of mycobacteria involved are classified as fast
growing, including M. fortuitum, M. chelonei, M. phlei,
M. smegmatis and M. thermoresistible."? In addition to
these, there is a recent report of M. goodii infection in a
dog.®® Atypical mycobacterioses are characterized by the
presence of nodules, ulcers and recurrent or chronic
draining tracts with fistulae, which appear mostly on the
ventral abdomen and inguinal region, differing from the
typical clinical signs of CLG.

In conclusion, short-coated and large-sized dogs, pre-
dominantly boxer dogs, were predisposed to CLG. No
gender predisposition was observed, and most occur-
rences were reported in middle-aged animals. The lesions
were characterized by multiple firm nodules, either ulcer-
ated or not, especially on the pinna. Otherwise, the dogs
were reported to be healthy, and the prognosis was good.
Histopathologically, CLG was characterized by a nodular
to diffuse granulomatous or pyogranulomatous dermati-
tis. Acid-fast bacilli were present with different numbers
and morphologies. No significant association between
the number of bacilli and the histopathological pattern,
type of inflammatory infiltrate, level of tissue necrosis or
number of giant cells was found. The novel species of
mycobacteria identified in most cases of CLG was similar
to previous studies.
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Résumé Trente-huit cas de syndrome granulomateux léproide canin (CLG) ont été diagnostiqué entre
2000 et 2008. Le diagnostic repose sur les signes cliniques, histopathologiques et la présence de bacilles
acido-résistants dans les coupes de peau. Les Iésions cliniques étaient localisées principalement sur les
pavillons auriculaires et regroupaient papules, plaques et nodules, avec ou sans ulcérations. Le boxer était
la race la plus représentée. Les lésions histopathologiques regroupaient des infiltrats inflammatoires nodul-
aires a diffus pyogranulomateux, lymphoplasmocytaires, avec ou sans nécrose, localisés dans le derme ou
le tissu sous-cutané. La charge bacillaire et la morphologie étaient variables en fonction des lésions analys-
ées. Il n'y avait aucune corrélation significative entre la charge bactérienne et le patron histopathologique,
le type d'infiltrat inflammatoire, la quantité de nécrose ou de cellules géantes. Aucune corrélation n'a été
observée entre les cellules géantes et le patron histopathologique. Dans la majorité des cas ou une PCR a
été réalisée, I'agent étiologique principalement isolé était d'une espece de mycobactérie atypique comme
déja rapporté dans de précédentes études.

Resumen Se diagnosticaron 38 casos de granuloma leproide canino (CLG) entre los afos 2000 y 2008. El
diagnostico se baso en los hallazgos clinicos e histopatolégicos y en la presencia de bacilos positivos a tinc-
ion de acido-resistencia en lesiones de la piel. Las lesiones clinicas se localizaron predominantemente en
las orejas e inclufan papulas, placas y nédulos con o sin ulceracion. Los perros Boxer fueron la raza mas
afectada. Los hallazgos histopatoldgicos incluyeron infiltrados nodulares o difusos piogranulomatosos,
linfoplasmaciticos, con o sin necrosis, localizados en la dermis o el tejido subcutdneo. La cantidad de baci-
los y la morfologia fueron variables entre las lesiones analizadas. No hubo correlacion significativa entre la
carga bacteriana y el patrén histopatoldgico, tipo de inflamaciéon dominante o la cantidad de necrosis o de
células gigantes. No hubo correlacion entre la presencia de células gigantes y el patron histopatoldgico. En
la mayoria de los casos donde se hizo PCR se aisl6 una nueva especie de micobacteria como el principal
agente etioldgico, como se ha indicado en estudios previos.

Zusammenfassung Zwischen 2000 und 2008 wurden achtunddrei3ig Félle von caninem leproiden Gran-
ulom (CLG) diagnostiziert. Die Diagnose basierte auf klinischen und histopathologischen Befunden und auf
dem Vorkommen von séurefesten Stabchenbakterien (Bacilli) in Hautschnitten. Die klinischen Verdnderun-
gen befanden sich hauptséchlich an den Ohrmuscheln und bestanden aus Papeln, Plaques und Knoten,
mit und ohne Ulzeration. Boxer waren die am haufigsten représentierte Hunderasse. Die histopathologis-
chen Befunde bestanden aus noduldren bis pyogranulomatdsen, lymphoplasmazelluldren entzindlichen
Infiltraten, mit oder ohne Nekrose, die in der Dermis und im subkutanen Gewebe lokalisiert waren. Das
Ausmalf und die Morphologie der Bacilli waren bei den untersuchten Veranderungen verschieden. Es
bestand keine signifikante Korrelation zwischen der Anzahl der Bakterien und dem histopathologischen
Muster, dem hauptséchlichen Typ der entzindlichen Infiltration oder dem Ausmald der Nekrose oder der
Riesenzellen. Es wurde keine Korrelation zwischen den Riesenzellen und dem histopathologischen Muster
beobachtet. In der Mehrzahl der Falle, wo ein auf PCR-basierender Assay durchgefiihrt wurde, wurde eine
neue Spezies eines Mycobakterium als das hauptséachlich auslésende Agens isoliert, was schon in friher-
en Studien beschrieben worden war.

2000 D 2008 AFORNT 38 FIORO LT TEAZEE (CLG) Mgl Sz, 2WHXERARTIT R & 99 2R AR
FTR. BRI R P OPERE OFIEICESETbh e, WAIRXEICHEMNCFET 5. L ZITEBEEZHEY BV ITHED
e, BRBEOIEE, BB XS Th o2, R P —DNRLBELSCT WA TH - 72, FHEHEREA 2T R,
BIEEME D D WIEED RV, BEEEIIE TS TRBT 5. ko 5 OO OV v S8k
T A MR AEAIRE T o 7, FRE OB REITMRGT L 72RO THix Th o 70, Ml o & & Bk
TeoXb— BEEARRMEMIAO 2 A 7 BAROFECEMIROBKIZITE B RMBIIRD s o7z, PCR 12D
T T DTN T2 K5y DFERI T, T TIZA E TOMRTHE SNIZHFEO~ A a7 7V v ARFERIFKRE LTH
sz,
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