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CASE I:   
 
Signalment:  
10-day-old Red Angus-Simmental calf (Bos 
Taurus) bovine  
 
History:  
Over a period of 8 years (2013–2021) a total 
of six Red Angus-Simmental bull calves 
were born alive full term with hypotrichosis 
and oligodontia on a ranch in the Nebraska 
panhandle, USA.  According to the attending 
veterinarian, the calves appeared almost 
completely alopecic. Animals tended to die in 
the first week of life, probably related to be-
ing born in spring with associated cold tem-
peratures. The owners kept one calf (current 
case) alive by housing him indoors, wrapped 
in an insulated coat. A skin sample was taken 
to exclude inter-uterine infection with bovine 
viral diarrhea virus (BVDV), with negative 
results.  The calf was alert and nursed nor-
mally.  He was euthanized at 10 days of post-
natal life in order to characterize cutaneous 
lesions and to establish whether lesions were 
present elsewhere, particularly in respiratory 
tract and oral cavity. 
 
Gross Pathology:  
The calf was almost completely devoid of 
large, guard-type hairs at birth, excepting dis-
tal parts of the limbs and tail, eyelids, chin 
and tragus.  Vibrissae were present on the 
muzzle and chin.  Short fine hairs consistent 
with undercoat were present over the trunk, 

neck, head and upper two thirds of the limbs.  
The nasolabial plate was flat and dry. All in-
cisors were absent grossly, a finding that was 
confirmed radiographically. According to the 
owner and the attending veterinarian, the 
other five affected bull calves had a similar 
phenotype, including the absence of visible 
teeth. Hooves were unremarkable. Obvious 
ocular lesions were absent.   
 
Laboratory Results: 
A biopsy of aural skin was negative for bo-
vine viral diarrhea virus by antigen ELISA. 
 
Microscopic Description:  
Haired skin-subcutis from flank. There is a 
complete absence of large caliber hair folli-

 
Figure 1-1. Presentation, calf. The calf is partially alo-
pecic with no large guard-type hairs, excepting distal 
parts of the limbs and tail, eyelids, chin and tragus.  Vi-
brissae were present on the muzzle and chin.  The na-
solabial labial plate is dry.  (Photo courtesy of: Wyo-
ming State Veterinary Laboratory; 1174 Snowy Range 
Road; Laramie; WY 82070; 
http://www.uwyo.edu/wyovet/) 
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cles containing medullated hair shafts.  Exist-
ing follicles are uniformly small (diameter of 
35 - 40 µm) and contain non-medullated, 
lightly pigmented hairs of unremarkable ap-
pearance.  Each follicle retains a normal rela-
tionship with apocrine glands, arrector pili, 
and sebaceous glands.  There is a mild diffuse 
lymphohistiocytic inflammation in upper 
dermis. 
 
Contributor’s Morphologic Diagnoses:  
1. Severe diffuse congenital hypotrichosis, 
with absence of primary hair follicles. 
2. Mild diffuse superficial lymphohistiocytic 
dermatitis. 
 
Contributor’s Comment:  
In addition to hypotrichosis, the affected calf 
had oligodontia with only 12 deciduous teeth, 
all of which were unerupted or barely erupted 
premolars at the time of euthanasia. The calf 
also lacked nasolabial, tracheal and bron-
chial-bronchiolar glands. Analysis at the In-
stitute of Genetics in the University of Bern 
identified a 53 kb deletion in the X chromo-
some, including part of the EDA gene and all 
of AWAT2. Partial deletion of EDA is the 
likely basis for this form of hypotrichosis-ol-
igodontia.8 
 

This combination of lesions involving hair 
follicles, teeth and aplasia of selected glands 
indicates an ectodermal dysplasia.5 Mutation 
in EDA, marked reduction in large (develop-
mentally first-formed) hair follicles contain-
ing medullated hairs, restriction of the disor-
der to bull calves, and the lesions in non-cu-
taneous tissues is consistent with an X-linked 
disease.  This is reported sporadically in Hol-
stein and Holstein Friesian cattle, Japanese 
Black cattle, and crossbred cattle. Currently 
most of the published reports document one 
or more affected calves in commercial herds 
in Europe.9 Affected calves die or are killed 
early in post-natal life. Some can be kept 
alive when fed a chopped diet after they begin 
to ruminate, combined with protection from 
weather extremes. Currently 9 episodes of the 
bovine condition have been documented.9 

The causative abnormality in EDA varies.  In-
vestigators report various small or gross de-
letions, insertions, inversions, splicing, and 
nonsense (stop-gain) mutations.  The result-
ant phenotype is remarkably uniform, based 
on published accounts.  Similar forms of ec-
todermal dysplasia due to EDA variants are 
reported in dogs, mice, and people.3 AWAT2 
encodes an enzyme in the diacylglycerol   

Figure 1-2. Legs, calf. Short fine hairs consistent with 
undercoat were present over the trunk, neck, head and 
upper two thirds of the limbs. (Photo courtesy of: Wyo-
ming State Veterinary Laboratory; 1174 Snowy Range 
Road; Laramie; WY 82070; 
http://www.uwyo.edu/wyovet/) 

 
Figure 1-3. Mandible, calf.  Incisors and cheek teeth are 
absent. (Photo courtesy of: Wyoming State Veterinary 
Laboratory; 1174 Snowy Range Road; Laramie; WY 
82070; http://www.uwyo.edu/wyovet/) 
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acyltransferase family. The enzyme produces 
wax esters as part of the normal lipid metab-
olism of skin, primarily in sebocytes. The 
submitter did not recognize a lesion in seba-
ceous glands of affected calves. 
 
This bovine ectodermal dysplasia corre-
sponds to X-linked hypohidrotic ectodermal 
dysplasia-1 in human subjects 
(ECTD1)(OMIM 305100).10,13 EDA codes 
for ectodysplasin, a member of the TNF-re-
lated ligand family which mediate epithelial-
mesenchymal interactions during fetal devel-
opment, including formation of ectodermal 
appendages.11 Use of the term ECTD has 
been proposed for calves with analogous mu-
tations in EDA.3   
 
Unlike affected people and mice, there is no 
simple way to assess the function of sweat 
glands in neonatal calves. There is disagree-
ment about whether sweat glands in affected 
calves are histologically normal. The submit-
ter compared sweat glands from affected 
calves to those in unaffected calves from the 
source herd and there was no obvious differ-
ence.   
 
Affected human patients have a triad of signs 
comprising sparse hair (hypotrichosis), ab-
normal or missing teeth (anodontia or hypo-
dontia), and anhidrosis/hypohidrosis. Medi-
cal complications in affected people are hy-
perthermia due to inability to sweat normally, 
and recurrent respiratory infections. Affected 

children can be treated successfully using an-
tenatal injections of recombinant ectodys-
plastin.12 Treatment was also successful two 
animal models of ECTD-like syndromes 
(Tabby mice; dogs).4,6  
 
It is diagnostically useful to check for oligo-
dontia in calves with marked congenital hy-
potrichosis, since its presence narrows differ-
ential considerations regarding etiology.  
Calves that are bald at birth will be obvious 
to owners.  It is common for veterinarians to 
be contacted about such calves. The first 
question is generally: could this be inherited?  
Non-genetic causes of congenital hypotricho-
sis exist, such as transplacental bovine diar-
rhea virus infection (excluded here), maternal 
iodine deficiency, and adenohypophyseal hy-
poplasia. Neonatal calves that present with 
hypotrichosis, oligodontia and a smooth dry 
nasal plate should prompt consideration of an 
inherited abnormally in the EDA molecular 
pathway. The defect most commonly in-
volves EDA itself. Mutations may affect 
other genes in the pathway (i.e., EDAR, 
EDARADD orTRAF6), resulting in a similar 
phenotype.11 
 
Mild changes affecting teeth, hair and sweat 
glands occurs in some mothers of children 
with ECTD1, but are generally subtle. Inves-
tigation of similar changes in carrier carriers 
and calves is limited. 

 
Figure 1-4. Haired skin, calf. The epidermis and superfi-
cial dermis are markedly thinned (hypoplasia). (HE, 5X) 

 
Figure 1-5. Haired skin. The epidermis is hypoplastic, 
with one cell for each of the basal layer, stratum spon-
giosum, and stratum corneum. All follicles are in 
telogen.  Hair shafts within telogen follicles are thin 
with no medulla; deeper telogen follicles are twisted. 
Sebaceous glands are normal, and there are few lym-
phocytes and plasma cells within the dermis. (HE, 200X) 
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Contributing Institution:  
Wyoming State Veterinary Laboratory; 1174 
Snowy Range Road; Laramie; WY 82070; 
http://www.uwyo.edu/wyovet/  
 
JPC Diagnosis: 
1. Haired skin:  Hypotrichosis, diffuse, severe 
with trichodysplasia. 
2. Haired skin: Dermatitis, lymphohistio-
cytic, superficial and perivascular, mild. 
 
JPC Comment:   
This week’s moderator, Dr. Charles Bradley 
from the University of Pennsylvania, empha-
sized that it is not possible based on histo-
pathologic examination alone to rule out non-
genetic causes of hypotrichosis. Other differ-
entials in calves which  be considered include 
iodine deficiency; toxins (Veratrum album in 
Japanese cattle), adenohypophyseal hypo-
plasia in Guernsey and Jersey cattle, and in-
trauterine infection with bovine pestivirus 
(bovine viral diarrhea virus; ruled out in this 
case using ELISA testing).   
 
Currently, there are nine X-linked EDA mu-
tations causing ectodermal dysplasia in vari-
ous breeds of cattle.1 Additionally, there is 
one documented autosomal recessive muta-
tion in the EDA receptor gene associated with 
ectodermal dysplasia in Charolais cattle.8 

 
Humans, mice, and cattle with ectodermal 
dysplasia may lack of normal glands of the 
respiratory tract, such as bronchial and bron-
chiolar glands, which compromises mucocil-
iary clearance and predisposes affected ani-
mals to respiratory infections, including si-
nusitis and pneumonia.1,7,8  Additionally, 
EDA is crucial for the development and func-
tion of lacrimal and Meibomian glands, cor-
neal homeostasis, and corneal wound heal-
ing, and recurrent conjunctivitis has been 
documented in dogs with ectodermal dyspla-
sia and EDA-deficient mice.1,7,8 

 
Recently, it has been reported that several 
mice and rat strains with EDA deficiency also 
have significant Zymbal’s gland hypoplasia, 
with fewer hair follicles and smaller seba-
ceous glands in the external ear canal.2 Af-
fected rodents have increased prevalence of 
otitis externa, and the authors concluded this 
was likely due to sebum deficiency.2 Strains 
with Zymbal’s gland hypoplasia included 
EDA-deficient mice, EDA receptor (EDAR) 
deficient mice, and EDAR-associated death 
domain (EDARADD) deficient rats.2 The 
EDA-deficient mice and EDARADD defi-
cient rats were also predisposed to otitis me-
dia due to deficiency of nasopharyngeal sub-
mucosal glands associated with the auditory 
tube.2 
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CASE II:  
 
Signalment:  
3 year, 7 month old female four-toed hedge-
hog (Atelerix albiventris) 
 
History:  
This adult female hedgehog had a brief (2-3 
day) history of reduced appetite and unsteady 
gait before being found dead.  

 
Gross Pathology:  
Gross examination revealed a large, solitary, 
well-demarcated, 1.3 cm x 1.2 cm x 1.8 cm 
mass in the left axillary region, approxi-
mately 0.2 cm lateral to the second left teat. 
An approximately 3.0 cm x 1.0 cm x 0.4 cm 
segment of the mass projected cranially 
through the subcutis, adjoining the axillary 
lymph node. On cut section, the mass was 
firm and tan with coalescing red segments.  
The skin overlying the mass was partially al-
opecic and hyperkeratotic, while the skin of 
the pinnae and dorsum exhibited moderate 
hyperkeratosis and flaking.  Internally, two, 
approximately 2 mm diameter, tan, firm nod-
ules were present in the dorsal aspect of the 
right lung and there was enlargement of a 
dorsocranial mediastinal lymph node (1.2 cm 
x 0.4 cm x 0.3 cm) which was mottled red and 
tan.  Moderate thoracic effusion, approxi-
mately 2-3 ml of brown translucent fluid, was 
present.  The spleen was mildly enlarged (5.6 
cm x 1.5 cm x 0.4 cm) and diffusely dark pur-
ple. 
 
Laboratory Results: 
PCR targeting the ITS2 region of the fungal 
genome (5.8S – 28S), performed on FFPE tis-
sue from the axillary mass, amplified two 
bands.  The first, a 256 bp sequence, was 
97.6% identical to GenBank No. 

 
Figure 2-1. Axilla, hedgehog. There is a 1.3 cm nodule 
within the axillary subcutis.  (Photo courtesy of:  Wild-
life Conservation Society, Zoological Health Program; 
https://oneworldonehealth.wcs.org;  www.wcs.org) 
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NR_149340, Trichophyton erinacei strain 
ATCC 28443 (Blastn analysis, NCBI).  Anal-
ysis of this sequence using the ISHAM (In-
ternational Society for Human and Animal 
Mycology) Barcoding Database 
(https://its.mycologylab.org/; accessed June 
2021) revealed this sequence to be greater 
than 99.4% identical to two strains of T. eri-
nacei.  367 bp of trimmed DNA sequence 
was also obtained, and Blastn analysis 
showed this sequence to be 100% identical to 
several isolates of Malassezia restricta, in-
cluding GenBank No. EU915456. 
 
Microscopic Description:  
Axillary Skin: Markedly expanding and ef-
facing the subcutis, and multifocally effacing 
skeletal muscle and extending into the dermis 
is a densely cellular inflammatory infiltrate.  
The infiltrate is composed of loose nodules of 
neutrophils, macrophages and multinucleated 
giant cells with occasional eosinophils, sur-
rounded by a rim of epithelioid macrophages 
and a thin band of fibrous connective tissue 
(pyogranulomas).  There is multifocal lysis of 
leukocytes within the center of some 
pyogranulomas.  Similar inflammatory cells, 
accompanied by lymphocytes, plasma cells 
and scattered eosinophils and mast cells, fill 
the space between nodules, leaving little 
more than small islands of remnant adipose.  
Within pyogranulomas and within the cyto-
plasm of scattered multinucleated giant cells 
are low to moderate numbers of fungal ele-
ments. Round to ovoid yeast-like structures 
ranging in diameter from approximately 5 

µm up to approximately 15 µm in diameter 
which display occasional budding and often 
form tight clusters and knots are most preva-
lent.  Rare elongate cytoplasmic protrusions 
are present and some yeast-like structures 
have thick, refractile capsules with an inter-
nal granular appearance.  Chains of round or 
more elongate yeast-like structures, each in-
dividual unit separated from the next by sep-
tation with a waist-like indentation, are also 
present, as are branching true hyphae.  A 
dense fibrous capsule which contains rela-
tively few lymphocytes and plasma cells 
multifocally separates the inflammation from 
the surrounding tissue.  In some areas, in-
flammation extends into the superficial der-
mis, where higher numbers of eosinophils 
and mast cells are present.  Clear space 
(edema), pale basophilic granular material 
and/or inflammatory cells expand lymphatic 
vessels throughout the dermis.  Endothelial 
cells lining vessels in areas of inflammation 
are enlarged with prominent nuclei with open 
chromatin.  Degeneration, necrosis and re-
generation are present in the inflamed skele-
tal muscle deep to the dermis.  The overlying 
epidermis exhibits mild orthokeratotic hyper-
keratosis and there are scattered aggregates 
of yeast within the keratin (approximately 3 
µm diameter).  
 
 
 

 
Figure 2-2. Haired skin, hedgehog.  There is an extensive 
focus of pyogranulomatous inflammation within the 
deep dermis and subcutis. (HE, 12X) 

 
Figure 2-3. Haired skin, hedgehog. The inflammatory 
nodule is composed of innumerable neutrophils, macro-
phages, lymphocytes, and plasma cells, with numerous 
multinucleated macrophages including some ranging 
up to 60um, enmeshed in strands of collagen. (HE, 
376X) 
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Contributor’s Morphologic Diagnoses:  
Skin, axillary: Cellulitis, dermatitis, pyogran-
ulomatous to mixed, chronic, locally exten-
sive, marked, with intralesional and intracor-
neal fungal elements. 
Skin, axillary: Hyperkeratosis, or-
thokeratotic, chronic, diffuse, mild, with in-
tracorneal yeast 
 
Contributor’s Comment:  
Systemic fungal infection identified in this 
four-toed hedgehog (Atelerix albiventris) 
was most severe in the left axillary subcutis, 
where a large inflammatory mass was pre-
sent, but also involved the lungs and multiple 
lymph nodes. Histology of the lungs and 
lymph nodes was similar to that described in 
the axillary region, with the additional find-
ings of bronchiolitis and vasculitis in the 
lung, and vasculitis and rare intralesional 
bacteria (gram-negative bacilli) in the lymph 
nodes. Fungi within lesions were largely 
round to ovoid yeast-like forms of varying 
size, with occasional thick capsules and inter-
nal granularity, and multifocally forming 
chains.  The appearance was somewhat rem-
iniscent of Blastomyces species.  Branching 
hyphae and chains of more elongate struc-
tures, representing abnormal arthroconidia-
tion or pseudohyphae were also present, as 
were rare elongate structures similar to germ 
tubes.  PAS and GMS staining markedly en-
hanced visualization of fungi.  Pan-fungal 
PCR utilizing primers targeting the ITS2 re-
gion amplified two separate and discrete 
bands, both of which were sequenced and 
were consistent with Trichophyton erinacei 
and Malassezia restricta, respectively; T. er-
inacei was suspected to be the primary etiol-
ogy. 
 
Trichophyton erinacei, formerly T. men-
tagrophytes var. erinacei and of the T. ben-
hamiae complex, is a common isolate from 
hedgehog skin, with both clinical disease and 
subclinical carrier states being identified in 

free-ranging and pet European (Erinaceus 
europaeus) and four-toed hedgehogs.1 In one 
study investigating dermatophytosis in Euro-
pean hedgehogs at a wildlife center in France, 
over 79% of the T. erinacei culture-positive 
animals were asymptomatic and overall 20% 
of animals without skin disease were culture 
positive for T. erinacei.7  When present, dis-
ease associated with T. erinacei in hedgehogs 
presents with scaling, crusting and alopecia, 
including loss of spines; the head is often the 
focus of infection.1,2,7  While the histologic 
appearance of dermatophytosis in hedgehogs 
is not well described, it is expected to consist 
of fungal hyphae limited to the keratin layers 
and the hair/spine shafts, with mild inflam-
mation and proliferative changes to include 
epidermal hyperplasia and hyperkeratosis, as 
described in other species.5,9  In addition to 
the large axillary inflammatory mass, this pa-
tient had a focal area of fungal dermatitis on 
the foot which was reddened grossly (no flak-
ing or crusting) and histologically exhibited 
orthokeratotic hyperkeratosis with intracor-
neal hyphae.  This was interpreted as a poten-
tial second, more typical, area of T. erinacei 
dermatomycosis, although fungal identifica-
tion was not pursued at this site.  
 
Dermatophytosis is relatively common in 
both domestic animals and humans.  It is 
caused by keratinophilic fungi, typically be-
longing to one of three genera: Trichophyton, 
Epidermophyton and Microsporum.3,9  Der-

 
Figure 2-4. Haired skin, hedgehog.  Macrophages and 
multinucleated cells often contain phagocytized 8-14 
μm yeasts (arrows). A pseudohypha or germ tube is pre-
sent adjacent to the yeast at left. (HE, 576X) 
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matophyte species are further classified ac-
cording to natural history; these categories 
include the zoophilic species which primarily 
infect animals but can be transmitted to hu-
mans, the anthropophilic species which pri-
marily infect humans, and the geophilic spe-
cies which are typically found in the soil but 
can also infect animals and humans.3,9 Tri-
chophyton erinacei is an example of a zoo-
philic dermatophyte, and one that may be 
considered an emerging pathogen based on 
increases in human and pet infections.2  Der-
matophytes can be readily transmitted be-
tween animals and between animals and hu-
mans via direct contact with infected animals 
or indirect exposure to shed hairs (made brit-
tle and easily broken by infection) and des-
quamated keratin containing infective 
spores.9  While normal, intact skin resists in-
fection, minimal damage to the epidermis can 
predispose to infection.3  As alluded to above, 
the typical presentation consists of superficial 
lesions with fungi restricted to the stratum 
corneum of the epidermis and hair follicles 
and/or the hair shafts themselves.  Deep in-
fection by dermatophytes is rare in humans 
but can be prominent in animals, and includes 
both kerion (solitary inflammatory nodules, 
often with draining tracts) and pseudomy-
cetoma (subcutaneous inflammatory nod-
ules).  Development of deep infection can re-
sult from implantation or furunculosis of af-
fected follicles.9 

 

Deep and/or systemic/disseminated tri-
chophytosis in hedgehogs due to T. erinacei 
has not been described.  In the sections exam-
ined from this case, folliculitis was not ob-
served, nor was there specific evidence of fu-
runculosis, such as hair or keratin within le-
sions.  The presence of eosinophils, most no-
tably in the dermis, was suggestive of furun-
culosis, however, and this remains a possibil-
ity, especially given the apparent chronicity 
of the case.  One of the most interesting fea-
tures in this case was the fungal morphology.  
Trichophyton species are typically hyphal 
when found superficially5 and morphologic 
forms like those seen in the current case have 
not been described with T. erinacei.  How-
ever, T. rubrosum-associated deep mycoses 
in humans can contain atypical forms of the 
fungus, including Blastomyces-like yeast 
forms as seen here, as well as short, thickened 
hyphal fragments and arthroconidia.8,10,11,12  
Descriptions of atypical dermatophyte mor-
phology have to date been restricted to im-
munocompromised patients, in whom deep 
dermatophytoses are typically described, and 
have been limited to T. rubrosum in humans.  
While immune compromise was not con-
firmed in this hedgehog, marked lymphoid 
depletion in the spleen could indicate some 
degree of underlying immunodeficiency; the 
bone marrow was unremarkable.  As in hu-
mans, superficial dermatophytosis was sus-
pected to precede the deep infection in this 
hedgehog and more typical fungal hyphae 
were identified within the stratum corneum 
via GMS staining.   
 
Malassezia restricta, identified via PCR, was 
considered an incidental finding. This is a 
yeast that is part of the normal skin flora of 
humans and for which there are no descrip-
tions of abnormal morphologies, or hyphal 
elements, in tissue.  Yeast were present on the 
surface of the skin which may have been re-
sponsible for the positive PCR result.  Con-
firmation of the fungal species within the 

 
Figure 2-5. Haired skin, hedgehog.  Clusters of 8-14  μm 
yeasts and pseudohyphae are scattered throughout the 
inflammatory nodules (arrows). (HE, 576X) 
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deep lesions would require immunohisto-
chemistry, in-situ hybridization or other ad-
vanced diagnostic modalities, none of which 
were pursued in this case. 
 
Additional findings of note in this hedgehog 
included vacuolation in brain and spinal cord, 
predominantly affecting the white matter in 
the latter with more generalized distribution 
in the brain.  This was similar to lesions de-
scribed with “wobbly hedgehog syndrome 
(WHS),” a somewhat common idiopathic 
condition in hedgehogs and WHS could have 
contributed to those signs.  This was a 
slightly unusual case in that WHS clinical 
signs are typically insidious in onset, rather 
than the acute onset in the current case, and 
other causes of vacuolation were not ruled 
out.  It is possible that this lesion was inci-
dental and the perceived neurologic signs the 
result of patient weakness and debilitation 
due to systemic fungal disease.  There was 
also acute renal tubular degeneration and ne-
crosis attributed to pulmonary disease and 
tissue hypoxia, and chronic hepatic and bili-
ary changes suggestive of prior biliary ob-
struction.   
 
This case highlighted the importance of an-
cillary testing for fungal disease, including 
culture and/or molecular diagnostics, rather 
than reliance on tissue fungal morphology 
alone. 
 
Contributing Institution:  
Wildlife Conservation Society, Zoological 
Health Program; 

- https://oneworldonehealth.wcs.org 
- www.wcs.org 

 
JPC Diagnosis: 
Haired skin: Dermatitis and cellulitis, 
pyogranulomatous, focally extensive, severe, 
with numerous fungi. 
Haired skin: Hyperkeratosis, orthokeratotic, 
diffuse, mild, with superficial yeast. 

JPC Comment:   
The contributor provides a thorough report of 
Tricophyton erinacei infection in hedgehogs. 
Similar to T. erinacei, hedgehogs have a high 
prevalence of mecC-methicillin resistant S. 
aureus (MRSA), with carriage rates of 60-
64% in various studies in wild European 
hedgehogs (Europeaus erineaus).4 The mecC 
gene encodes penicillin-binding protein 2c 
(PBP2c) and confers resistance to most beta-
lactam antibiotics. Most mecC-MRSA infec-
tions occur in Europe, and it was initially iso-
lated in bulk milk tanks and human infections 
in Europe.4 Dairy cattle were thought to be 
the reservoir, and it was believed that admin-
istration of beta-lactam antibiotics selected 
for resistant bacteria.4,6 While recent studies 
confirm that antibiotic exposure has indeed 
selected for mecC-MRSA resistance, a differ-
ent antibiotic source has been incriminated: 
the cohabitant T. erinacei. 
 
Penicillin-producing dermatophytes and pen-
icillin-resistant S. aureus were first docu-
mented in hedgehogs in the 1960s, and it was 
recently demonstrated that T. erinacei from 
wild hedgehogs encodes and expresses the 
same antibiotic-encoding genes as Penicil-
lium chrysogenum, with some isolates ac-
tively producing benzylpenicillin.4 A subse-
quent in vitro study showed that the fungus 
has greater growth inhibition on mecC-de-
leted MRSA mutants compared to mecC-

 
Figure 2-6. Haired skin, hedgehog.  Yeasts form pseudo-
hyphae and multidirectional chains. (PAS, 400X) 
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MRSA.6 These results strongly suggest that 
T. erinacei has imposed a selective pressure 
on S. aureus which favors resistance. Fur-
thermore, phylogenetic studies have indi-
cated that resistance of many mecC-MRSA 
lineages was acquired prior to the modern use 
of antibiotics. This is supported by the fact 
that T. erinacei isolates from hedgehogs in 
New Zealand have produced the same antibi-
otic resistance in mecC-MRSA, and these 
hedgehogs were imported from Europe in the 
1800s.6   
 
There is wide diversity but geographic clus-
tering of mecC-MRSA isolates in hedge-
hogs.4 Most isolates lack the genetic varia-
tions required to infect humans and cattle, 
implying that methicillin-resistance did not 
originate in these other species.6 Further-
more, human and hedgehog isolates within 
the same geographic region have similar pat-
terns of genetic variation.6 Coupling these 
facts with the high prevalence of mecC-
MRSA in hedgehogs, researchers have con-
cluded that hedgehogs are the natural reser-
voir for mecC-MRSA, and, for this strain, an-
tibiotic resistance developed due to selective 
pressure from T. erinacei and predates medi-
cal use of antibiotics.6 
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CASE III:  
 
Signalment:  
5-year-old spayed female European Shorthair 
cat (Felis catus) 
 
History:  
The cat had a chronic history of diffuse exfo-
liative dermatitis with multifocal alopecia, in 
particular in the region of head, trunk and 
limbs with scaling, hair casts, flakes, easy de-
tachable hairs and moderate itching.  
 
Based on clinical history the main differential 
diagnoses were: demodicosis, dermato-phy-
tosis, exfoliative dermatitis (thymoma asso-
ciated or not), and sebaceous adenitis. 
 
 
 

Gross Pathology:  
Four skin biopsies (8 mm punch and surgical 
scissors excision) were performed at the level 
of the neck (right side), costate, right thigh. 
 
Laboratory Results: 
Microbiology: negative. 
Deep skin scraping: negative. 
PAS stain: negative.  
 
Microscopic Description:  
Haired skin. Haired skin is affected by a mod-
erate inflammatory change involving hair fol-
licles and obscuring sebaceous glands. Fol-
licular walls are transmurally infiltrated, 
mainly in the region of isthmus and extending 
to the other portions, by a high number of 
lymphocytes and a lower number of macro-
phages and rare neutrophils. Keratinocytes of 
the outer root sheath frequently have vacuo-

lated cytoplasm 
and rarely are 
shrunk-en, hy-

pereosinophilic 
with pyknotic nu-
clei (apoptosis). In 
the superficial 
dermis a mild 
perivascular to in-
terstitial inflam-
matory infiltrate 
composed, in a 
similar amount, of 
mast cells, lym-
phocytes, plasma 
cells and eosino-
phils is present as-
sociated with 
scant interstitial 
edema. 
 

 
Figure 3-1. Presentation, cat.  “Lola” has patchy alopecia, especially on the head and flank.on the 
head and flank. (Photo courtesy of: San Marco Veterinary Clinic and Laboratory, Pathology 
division, Viale dell'Industria 3, 35030, Veggiano (PD), Italy, https://www.clinicaveterinari-
asanmarco.it/)) 
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Contributor’s Morphologic Diagnoses:  
Haired skin:  
-moderate chronic lymphocytic mural follic-
ulitis with loss of sebaceous glands  
-mild perivascular to interstitial superficial 
dermatitis lymphoplasmacytic, with mast 
cells and eosinophils 
 
Contributor’s Comment:  
Histopathological findings are consistent 
with a sebaceous adenitis associated with 
mural folliculitis. Sebaceous adenitis is an 
uncommon disease in dogs and rabbits and 
extremely rare in cats. 
 
Sebaceous adenitis in dogs, although it has 
idiopathic origin, in standard poodles and 
akitas can be inherited through an autosomal 

recessive gene with varia-
ble expression. Hypothe-
sis made for its pathogen-
esis include a cornifica-
tion disorder, a cell-medi-
ated destruction of seba-
ceous glands, an anatomic 
defect in sebaceous glands 
leading to lipid leakage 
and a foreign body re-
sponse, and a metabolic 
defect in lipid metabolism 
leading to a cornification 
abnor-mality and seba-
ceous gland destruc-
tion.1,3,6 
 
Histology of canine seba-
ceous adenitis varies de-
pending on the duration of 
disease and the breed af-
fected. In the early stages 
histological lesions are 
characterized by a granu-
lomatous to pyo-granu-
lomatous inflammation 
targeting the sebaceous 

glands while, in the chronic stage, which are 
more frequently submitted to laboratories, 
appears in an almost total loss of sebaceous 
glands. Severe epidermal orthokeratotic hy-
perkeratosis and follicular keratosis are in-
variably present. In Standard Poodles, the 
late stage of disease may be characterized by 
follicular atrophy and an absence of seba-
ceous glands, while in Vizslas inflammation 

 
Figure 3-2. Presentation, cat. Hairs are easily detached, and there is skin flaking and 
hair casts. (Photo courtesy of: San Marco Veterinary Clinic and Laboratory, Pathology 
division, Viale dell'Industria 3, 35030, Veggiano (PD), Italy, https://www.clinicaveteri-
nariasanmarco.it/)) 

 
Figure 3-3. Haired skin, cat. Two sections of haired skin 
are submitted for examination. (HE, 14X) 
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is more consistently prominent at all stages of 
the disease and the main  
differential diagnosis, in this case, is leish-
maniasis.1,3 
 
In rabbits, in addition to what is described in 
dogs, an interface dermatitis and an interface 
folliculitis are often present, suggesting that  
sebaceous adenitis may be only one aspect of 
a more generalized disorder.10 
 
In cats, it is rarely described and it occurs as 
a chronic progressive disease with non-itchy 
scaling, crusting, alopecia and skin depig-
mentation in regions of the face, cervical and 
trunk which are the same features found in 
the case described except for pruritus. The 
latter has been described to be related to sec-
ondary infections and/or Malassezia spp. 
overgrowth.2,4,6 
 
In our case, the definitive diagnosis was es-
tablished histologically. The main lesions 
were the loss of sebaceous glands and a mural 
folliculitis, prominent in the isthmic region. 
The former is frequently described in seba-
ceous adenitis in different species; the latter 
is a reaction pattern of cats that has been as-
sociated with several diseases, included seba-
ceous adenitis but also with allergic dermato-
ses.7 In this case, once dermatophytosis and 
demodicosis were excluded with special 
stains, negative cultures and deep skin scrap-
ing, histological lesions associated with clin-
ical presentation led to the diagnosis of seba-

ceous adenitis with mural folliculitis. Treat-
ments proposed include cyclosporin therapy; 
in one case, topical fatty acid supplementa-
tion was also reported.2,4 Our case improved 
quickly with a cyclosporin therapy. 
 
Contributing Institution:  
San Marco Veterinary Clinic and Laboratory 
Pathology division 
Viale dell'Industria 3, 35030 
Veggiano (PD), Italy 
https://www.clinicaveterinariasanmarco.it/ 
 
JPC Diagnosis: 
1. Haired skin: Sebaceous adenitis, lympho-
cytic, diffuse, marked with sebaceous gland 
loss and multifocal mural folliculitis. 
2. Haired skin: Dermatitis, mastocytic and 
eosinophilic, superficial and perivascular, 
mild. 
 
JPC Comment:   
One hallmark gross lesion of sebaceous ade-
nitis is the follicular cast, as demonstrated in 
figure 3-2, which appear grossly as flaky con-
cretions surrounding the bases of hair shafts, 
though this is less common in short haired 
dogs.9 

 

 
Figure 3-4. Haired skin, cat.  Each follicle is infiltrated by 
numerous lymphocytes. (HE, 108X) 

 
Figure 3-5. Haired skin, cat. Lymphocytes efface seba-
ceous glands and infiltrate the outer root sheath of the 
follicular infundibulum. (HE, 357X) 
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As the contributor mentioned, a main gross 
differential in this cat is exfoliative dermati-
tis. Histologically, the mural folliculitis of 
exfoliative dermatitis is focused on the infun-
dibulum and isthmus and is frequently ac-
companied by secondary sebaceous adenitis 
or absence of sebaceous glands, which may 
mimic sebaceous adenitis.9 Exfoliative der-
matitis can be differentiated, however, by its 
variable lymphocytic interface dermatitis 
with hydropic degeneration of basal keratino-
cytes, suprabasilar keratinocyte apoptosis, 
and orthokeratotic hyperkeratosis.9 

 

Standard poodles are predisposed to a seba-
ceous adenitis, in addition to a few other au-
toimmune diseases, including primary hy-
poadrenocorticism. This high incidence of 
these two diseases have been linked to an ar-
tificial genetic bottleneck which occurred in 
the mid 20th century resulting from the closed 
breed registry and intensive breeding of a 
handful of show-winning dogs, including Sir 
Gay, Wycliffe Jacqueline, Bel Tor, Carillon, 
and a few other dogs with equally grandiose 
names. 5 A study of pedigrees and DLA 
(MHC) markers in standard poodles from the 
US, Canada, and Europe showed that this 
mid-century bottleneck decreased genetic di-
versity within 70% of the standard poodle 
population and concentrated the genetic pol-
ymorphisms underlying sebaceous adenitis 

and primary adrenocorticism. 5 Geneticists 
recommend careful mate selection based on 
pedigree and genetic testing to improve the 
diversity within the breed and decrease inci-
dence of disease within this breed.5 As there 
is no currently available DNA test for seba-
ceous adenitis, the Orthopedic Foundation 
for Animals (OFA) recommends histologic 
evaluation of biopsies every 1 to 2 years in 
breeding animals greater than 12 months of 
age to assist in removing affected animals 
from the breeding population.8 
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Figure 3-6. Haired skin, cat. Lymphocytes infiltrating 
follicles and adnexa demonstrate strong cytoplasmic 
immunopositivity for CD-3. (anti-CD3, 200X) 
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CASE IV:  
 
Signalment:  
4-year-old, intact male, mix breed canine 
(Canis lupus familiaris) 
 
History:  
A 4-year-old, intact male, medium-sized 
(~15 Kg of body weight), mix breed dog was 
presented to the veterinary clinic with multi-
ple (5) skin nodules in the right knee, thoracic 
region, dorsal aspect of the nose, and right 
and left thoracic limbs. In the initial clinical 
examination, the dog was normothermic, 
bright, alert and responsive, had good body 
condition and muscle tone, adequate hydra-
tion state, normal capillary refill time, and ad-
equate coloration of the mucous membranes. 

The dog was treated empirically and unsuc-
cessfully with enrofloxacin and prednisone. 
After one month of treatment, the animal was 
presented again to the clinic with vomiting, 
diarrhea, and partial loss of vision. The larger 
mass, located in the left thoracic limb, was 
surgically biopsied for histologic examina-
tion. 
 
Gross Pathology:  
A firm, raised skin nodule covered by ulcer-
ated and alopecic epidermis. 
 
Laboratory Results: 
No laboratory results reported. 
 
Microscopic Description:  
Haired skin. Diffusely expanding the dermis 
and subcutaneous tissue and elevating the 
overlying epidermis, there is a dense inflam-
matory cellular infiltrate composed predomi-
nantly of activated and epithelioid macro-
phages, occasional multinucleated giant 
cells, lymphocytes, plasma cells, and fewer 
neutrophils. Admixed with the inflammatory 
cells, there are numerous extracellular and in-
trahistiocytic microorganisms and pyknotic 
and karyorrhectic cellular debris (necrosis). 
Microorganisms (algae) are mildly pleo-
morphic, mostly spherical to ovoid, and 
range between 4 and 17 μm in diameter, with 
a 2 to 4 μm, often surrounded by a clear halo. 
Algal cells contain granular flocculent am-
phophilic material and a distinctly basophilic 
nucleus. Some algal cells present internal 
septation with daughter cells (endosporula-
tion). The overlying epidermis is extensively 
ulcerated or lost, and the superficial dermis 
covered by extravasated fibrin and necrotic 
cellular debris, there is extensive fibrosis 
with perpendicularly-oriented blood vessels 
lined by plumped epithelium (neovasculari-
zation/granulation tissue), scattered fibrin 
thrombi in small-caliber superficial venules 
and microhemorrhage.  
 

 
Figure 4-1. Pawpad and haired skin, dog.  A single sec-
tion of pad and adjacent haired skin is submitted for ex-
amination.  The fat pad and eccrine glands of the pad is 
effaced by coalescing poorly formed granulomas. (HE, 
5X) 
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Algal cells are highlighted by GMS stain and 
PAS reaction.   
 
Contributor’s Morphologic Diagnoses:  
Haired skin: severe granulomatous and ulcer-
ative dermatitis/panniculitis, with multinu-
cleate giant cells and myriads of intrahistio-
cytic and extracellular algal microorganisms 
morphologically resembling Prototheca spp., 
Canis lupus familiaris. 
 
Contributor’s Comment:  
Differential diagnoses on clinical grounds in 
this case included multifocal/multicentric ne-
oplasia with cutaneous involvement, and 
granulomatous/pyogranulomatous dermati-
tis/panniculitis caused by infectious agents, 
mostly bacterial or fungal infections. The mi-
croscopic examination of the biopsy with HE, 
GMS and PAS stains revealed severe granu-
lomatous dermatitis with intralesional algae  
morphologically consistent with Prototheca 
spp. as depicted in the submitted slides.  
Additionally, as part of the diagnostic inves-
tigation, formalin-fixed paraffin-embedded 
skin was processed for molecular identifica-

tion of Prototheca spp. at the Centers for Dis-
ease Control and Prevention (CDC) in At-
lanta, Georgia. For molecular confirmation 
and speciation, a polymerase chain reaction-
restriction fragments length polymorphism 
(PCR-RFLP) was performed as previously 
described.14 The agent was identified as P. 
zopfii genotype 1.  
 
Thus, the diagnostic investigation in this case 
allowed for unequivocal confirmation of P. 
zopfii genotype 1 infection in a dog, by a 
combination of morphological and molecular 
methods.  
 
Protothecosis is a rare disease caused by en-
vironmental algae of the genus Prototheca, 
saprophytes of worldwide distribution that 
can infect mammals, and result in either lo-
calized or systemic, life-threatening disease, 
particularly in immunocompromised individ-
uals.15,21 Prototheca spp. is a non-photosyn-
thetic, achlorophyllic (colorless), aerobic 
alga in the family Chlorellaceae. Seven Pro-
totheca species have been described to date,11 
of these P. zopfii and P. wickerhamii have 

 
Figure 4-2. Pawpad and haired skin, dog. Poorly formed granulomas efface the pawpad adipose tissue.  Eccrine glands are 
present at lower right. (HE, 126X) 
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been more commonly implicated in patho-
genic infections in humans and animals,21,2,16 
while the novel species P. miyajii was iso-
lated recently from a human patient with sys-
temic protothecosis.11 Within P. zopfii spe-
cies, two different genotypes (1 and 2) are 
currently recognized; genotype 2 is the most 
commonly involved in different clinical 
forms.2,13 
 
Prototheca spp. have been associated with 
various syndromes in different species. The 
most commonly recognized forms of human 
protothecosis are disseminated, cutaneous, 
and olecranon bursitis.12 In cattle, mastitis is 
the more common manifestation,13 while rhi-
nitis and sinusitis have been described in 
horses.18 In dogs, protothecosis is usually as-
sociated with colitis and/or disseminated dis-
ease, sometimes with ocular,19 or central 
nervous system involvement.3,10 The infec-
tion restricted only to the skin is rare in this 
species,5 although it appears to be the most 
common form in the cat.7 The cutaneous 
form in the dog is usually associated with P. 
wickerhamii infection,21,16,4 although it has 

recently been described in a case of P. zopfii 
genotype 2 infection.2 The case presented  
here represents the first documentation of P. 
zopfii genotype 1 infection in a dog.20  
 
The pathogenesis of protothecosis in dogs is 
not yet fully elucidated. Ingestion has been 
regarded as the most likely route of transmis-
sion in most cases of disseminated proto-
thecosis by P. zopfii;21 however, cutaneous 
entrance through skin trauma or penetration 
through mucosal surfaces have also been 
documented.15,21,3,10  
 
Reports on genotypic characterization of P. 
zopfii strains infecting dogs in South America 
were limited to one description of the geno-
type 2 in Brazil,17 which had also been impli-
cated in cases of bovine mastitis in this coun-
try.14 This genotype has also been detected in 
diseased dogs in Italy,2 and the USA.9 A large 
epidemiological, phenotypic and molecular 
analysis of 350 clinical Prototheca isolates, 
including 342 bovine strains from around the 
world, 6 canine strains (3 from Germany, 2 
from Brazil and 1 from USA) and 2 human 

 
Figure 4-3. Pawpad and haired skin, dog. Numerous algae, including endosporulating forms and empty cell walls are phago-
cytized by epithelioid macrophages and multinucleated giant cells. (HE, 400X) 
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strains (1 from Austria and 1 from China), re-
vealed that 90.6% of the bovine isolates and 
100% canine and human isolates were P. zop-
fii genotype 2.1 P. zopfii genotype 1 was only 
found in 2 (0.5%) of the 342 bovine isolates, 
both from Germany.1 Despite this overall low 
frequency of detection in clinical cases, P. 
zopfii genotype 1 has recently been linked to 
human protothecosis,6 which opposes to pre-
vious knowledge that considered this geno-
type as non-pathogenic.8 

 
Contributing Institution:  
Plataforma de Investigación en Salud Ani-
mal, Instituto Nacional de Investigación 
Agropecuaria (INIA), Uruguay, www.inia.uy 
 
JPC Diagnosis: 
Pawpad and haired skin: Pododermatitis, ul-
cerative and granulomatous, focally exten-
sive, severe, with numerous intrahistiocytic 
and extracellular algae. 
 
JPC Comment:   
Since this case was submitted in 2018, Pro-
totheca taxonomy has expanded to include 15  

species, 6 of which are known to cause dis-
ease in humans or animals.12 Additionally, 
Prototheca zopfii genotypes 1 and 2 have 
been established as their own species: P. 
ciferrii and P. bovis, respectively.12 

 
In addition to the species described above, P. 
wickerhamii can infect the nose and face of 
goats causing proliferative and ulcerative 
nodules of pyogranulomatous inflammation 
admixed with sporangia which may extend 
into the nose or underlying bone.19 Dissemi-
nated infection in goats has not been re-
ported, and it appears sheep are either ex-
tremely rarely infected or not infected by 
Prototheca.19 

 
In contrast, sheep can be infected by a related 
chlorophyll-containing green algae, Chlo-
rella.19 Infection may be limited to the liver 
and mesenteric lymph nodes or may be sys-
temic, and the algae produces characteristic 
green discoloration that persists during for-
malin fixation but is lost during processing.19 
Chlorella sporangia also contain PAS-posi-
tive cytoplasmic granules (chloroplasts) that 
Prototheca lacks. Chlorella infection has 

 
Figure 4-4. Pawpad and haired skin, dog. There is granulation tissue and fibrosis subjacent to the ulcerated pad, and algae-
laden macrophages reach up to the ulcerated surface.  (HE, 123X) 
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also been documented in humans, cattle, a 
dromedary camel, and a dog.19 
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