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Abstract 

Tissue samples of skin affected by digital dermati
tis were studied histopathologically together with 
post-mortem findings and anamnestic datas to achieve 
better understanding of this disease. There are hyper
plastic, ulcerative, proliferative and combined forms 
distinguishable. The epidermal cells show signs of de
generation, hypertrophy and hyperplasia, combined with 
differing extensions of cell destruction by bacteria and 
spirochetes. Dermal reactions contain arteriosclerosis
like plaques, activation of endothelial cells, thrombosis 
and different patterns of perivascular infiltration. It is 
concluded that epidermal lesions are a sequel of dermal 
malperfusion. Partial or total ischaemia leads to hyper
plasia and ulceration, respectively. Endotoxins of gram 
negative bacteria taking part in other diseases in the 
same cattle are strongly presumed as causing agents. 
This indicates a multifactorial pathogenesis. 

Introduction 

Digital dermatitis (DD) was first described in 197 4 
by Mortellaro in Italy. Since the early 1980's this hyper
plastic, ulcerative or proliferative inflammation of the 
skin was found in other countries in Europe, North and 
South America, Africa, Australia and parts of Asia. In 
northern parts of Germany 59% of dairy farms had an 
average prevalence of 12.5% of the examined animals 
per farm for DD. Heifers around parturition are espe
cially affected, mostly during the housing period but 
likewise in hot summer months on pasture. There are 
two seasonal peaks; January to March and June to July 
(Metzner, Dopfer, Pijl & Kehler, 1995). A lot of 

predisponding factors are discussed; breed, state of lac
tation, milk yield, amount of exercise and management 
have a great influence on the susceptibility of DD. Dietz 
et al. (1995) found all examined samples positive for 
Bacteroides levii., while most were positive for B. 
melaninogenicus and Pr~otella bivia, Fusobacterium 
necrophororum. was cultured from only 10% of the 
samples. Together with the other bacteria the spiro
chetes, having been proved not to be Borrelia burgdorferi 
(Grund, Natterman & Horsch, 1995), are presumed to 
be the causing agents. Until now, there were only few 
histological examinations performed, with only orientat
ing character (Dopfer, 1994). The pathogenesis of DD is 
still unclear. This evaluation has the intention to give a 
detailed description of pathological changes in the skin, 
a description of a possible pathogenesis with the aim of 
achieving methods of therapy and prophylaxis in the fu
ture. 

Materials and Methods 

Ten cattle, killed or having died from different or
ganic diseases and showing skin-alterations in the 
plantar aspect of the claws, were autopsied and bacte
riologically examined. Skin-samples from these animals 
and another 150 native tissue sections from skin lesions 
suspected of being altered by DD were fixed in 4% buff
ered formalin and embedded in hydroxygly
colmethacrylate (Kulzer® Technovit 8100). These 150 
samples came from 49 farms utilizing various types of 
housing. The samples were cut into sections and stained 
with haematoxylin-eosin, PAS modified by pre-treat
ment with diastase for showing glycoproteins, lipids in 
membrane coating vesicles, intercellular cementing sub-
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stance and basal lamina. Giemsa stain was used to dif
ferentiate the inflammatory cells, Ladewig's fibrinstain 
to show thrombosis and differences in keratinization. 
Miller's elastica stain was used for detection of elastic 
and collagenous fibres and silver staining by Movat was 
used for more detailed performance of basal lamina. 

Results 

The diagnosis found by necropsy ranged from en
teritis, bronchopneumonia, paratuberculosis, abscesses, 
glomerulonephritus, gut-infarction, peritonitis, en
dometritis, mastitis to parasitosis with all showing signs 
of septicaemia. In all cases, bacteriological examination 
revealed infection by Gram-negative bacteria known as 
"producing" endotoxins. The DD-lesions could macro
scopically be classified into hyperplastic, ulcerative, 
proliferative and mixed forms. 

Hyperplastic form 
The epidermis shows slight to severe hypertrophy 

and hyperplasia (up to 20-fold) by developing rete ridge 
formations. Deep parts of the stratum basale show in
creased mitotic figures. There are signs of degeneration 
detectable as slightly swollen isoprismatic cells with 
enlarged nuclei. The loose chromatin possesses some 
small condensed clods besides the nucleolus resembling 
apoptotic bodies, sometimes compressed by nuclear 
oedema. Few cells show reticular degeneration's or dys
keratosis. There appears slight to moderate spongiosis 
with some spongiotic vesicles. Intracellular granules 
corresponding to the membrane coating vesicles (MCV) 
appear deceased, the PAS-reaction mostly fails, as in 
the intercellular substance of the keratinized cells. Some 
of the keratinocytes present fragmented tonofibrils. The 
number of keratohyalin granules decreases, accompa
nied by big intracellular basophilic vesicles. 
Suprapapillary keratinocytes often consist of a homog
enous eosinophilic substance, also described as horn-like 
bodies. The horny layers are characterised by parak
eratosis with reduced tissue continuity. The produced 
horn implies a lack of maturation. Some cases are 
slightly colonised by micro-organisms between the horn
scales with some destruction of these cells. Different 
bacteria-types can be distinguished: long or short, thick 
rods and varying coccus types. There are no spirochetes 
detectable. The basal cells possess projections through 
the basement membrane in connection with elastic fi
bres and thus fixation in the connective tissue. This 
sometimes seems extended but not damaged, caused by 
a slight oedema in the dermis that is separating collag
enous fibres. The dermal papillae show slight 
extravascular exudate with few lymphocytes and rare 
neutrophils. The capillaries contain only few red and 
white blood cells, but there are increased numbers of 
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mast cells in the perivascular area. Slight infiltration 
appears around dermal blood vessels consisting of few 
lymphocytes, single macrophages, neutrophilic granu
locytes and only scattered plasma cells. Perivascular 
mastcells are increased in number with rounded or tri
angular shape, filled with different amounts of granules. 
The endothelial cells exhibit large round to oval nuclei, 
increased cytoplasm, protruding into narrowed lumina. 
In medium-sized and greater arteries the arterial in
tima is afflicted by arterio-sclerosis-like plaques, with 
fragmentation of the lamina elastica interna and col
lagen-formation in the media. In some cases sludge 
phenomenon, fibrin-deposition and cellular agglutina
tion on the endothelial cells is seen, leading to 
thrombosis with blood congestion. In walls of arterioles 
and small arteries, obstructed either by thrombosis or 
by greater plaques, there appears angiogenesis. 

Ulcerative form of digital dermatitis 
Adjacent to a hyperplastic skin area the horny lay

ers are destructed by micro-organisms. Total loss of the 
stratum corneum leads to invasion of spirochetes into 
"living" layers of the stratum spinosum, using the in
tercell ular space and destroying the embraced 
keratinocytes. This often is followed by ulceration of der
mal papillae with emigration or erythrocytes, 
neutrophils and eosinophils into the epidermis, produc
ing a crust together with cellular detritus, hornsquamas, 
plant-particles, dust and in great excess bacteria and 
spirochetes. This ulceration seems to spread up to total 
destruction of the epidermis and in some cases extend
ing to the deepest layers of the stratum reticular of the 
dermis. In these cases granulation tissue is formed con
taining a lot of inflammatory cells and thrombus. The 
dermal reactions are more severe than in the hyperplas
tic form. The changes in the underlaying keratinocytes 
and dermal reactions are more severe compared with 
the hyperplastic form. Additionally there appear in
creased numbers of plasma cells, neutrophils and 
eosinophils in the perivascular infiltration and in the 
papillary vessels and connective tissue. Great arteries 
in deep parts of the dermis often are obstructed by 
thrombosis or plaques and show increased necrosis with 
increased angiogenesis. The collagenous fibres run in 
more curved bundles, with some swelling and few 
fragmentation's. The elastic fibres are shortened, curled 
and disorientated. In the skin, organs alterations are 
detectable that increase from hypertrophy of hair fol
licles and sebaceous glands to metaplastic keratinisation 
of the latter and degenerative processes in the hair root, 
up to total destruction of these appendages. This devel
opment seems strongly correlated with the hypertrophy 
and destruction of the epidermis, leading to prolonged 
hair growth followed by alopecia. 
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Proliferative form (hairy-wart-like lesions) 
"Hairy" projections consist of dermal papillae, cov

ered by 2-4 layers of basal and spinosal cells. 
Suprapapillary cells are not affected by microbial de
struction, their horny layers are prolonged. The 
interpapillary spinosal cells are to a great extent de
stroyed by spirochetal invasion. Often the spirochetes 
reach the papillae, spread via capillaries or extravasal 
and clot together, but only few penetrate into subepi
dermal tissue. There appears only very low cellular 
immunoreaction in these vessels, macrophages and neu
trophils with phagocytosed material are destroyed. The 
other signs of epidermal degeneration and dermal reac
tions are the same as described in the hyperplastic form. 

All three forms of DD sometimes contain arteries 
affected by vasculitis in different stages. Some show in
tact neutrophils lying perivascular and in the vessel 
wall, others nuclear dust following leukocytoclasia. 
These changes can sometimes be seen in combination 
with sporadic plasma cell participation. 

Discussion 

The major problem with skin diseases are that 
multiple influences are combined with only few mecha
nisms of clinically tangible reactions. Therefore it is very 
important to perceive all pathological disturbances in 
the cutanous integument. Healthy skin is very resis
tant to bacterial infection because of the quality of 
keratinisation, production of intercellular substances 
containing glycolipids and proteins and of a marginal 
layer on the border ofkeratinisation. The latter two prod
ucts are very resistant to a lot of detergents and reducing 
agents, even proteinases of micro-organisms (Matoltsy, 
1975; Mulling 1993). Production of IL-1 and TNFa by 
epidermal cells is a further protective system. Epider
mal cells are shown to possess receptors for IL-1, which 
makes them react as immunocompetent cells (Groves, 
Sherman, Mitzutani, Dower & Kupper, 1994). This im
plicates that in DD these protective systems are 
disturbed, underlined by the disorders in epidermal cell 
differentiation, missing glycolipids and proteins in the 
MCVs and the intercellular cement. Regarding the der
mis, malperfusion of the adjacent tissues is the sequel 
of arteriosclerosis, activation of endothelial cells, throm
bosis and the oedema in the connective tissue, resulting 
in total or partial ischaemia. Epidermal cells lack in sup
ply of nutrients and growth factors. For example reduced 
epidermal growth factor leads to reduced lifetime and 
early terminal differentiation of keratinocytes in vitro 
(Rheinwald & Green, 1977). Hypercholesterolaemia or 
endotoxins induce arteriosclerotic lesions and activation 
of endothelial cells. The latter seem to be more impor
tant in cattle, often suffering of gram negative infectious 
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diseases like mastitis, endometritis, pasteurellosis, 
retentio secundinarum and slight to severe disorders of 
the intestinum with endotoxaemia. Breider (1994) 
proved that lipopolysaccharides of Pasteurella 
haemolytica and E. coli induce secretion of inflamma
tory mediators by endothelial cells. These are 
Interleukin-I and TNFa leading to activation ofinflam
matory reactors and initiating the coagulation cascade. 
Sequels are perivascular infiltration by lymphocytes and 
macrophages, disturbed permeability of endothelial cells 
with vascular oedema, endocytosis and transcytosis of 
lipoproteins followed by formation of arteriosclerotic 
plaques. Destruction of endothelial cells, basement mem
brane and increased incorporation of lipoproteins is 
followed by hyperplasia of basal lamina-like material 
formed by adjacent endothelial cells and smooth muscle 
cells (Simionescu, Sima, Dobrain, Tirziu & Simionescu, 
1993). This exists likewise in DD as onion-like basal 
lamina-like material in the vessel walls leading to fur
ther narrowing of the vascular lumen. On the other 
hand, increased coagulation leads to thrombosis. The 
blood flow is reduced, but blood pressure of greater 
prestenosal arteries is increased. Circulating immune
complexes may be trapped between endothelial cells and 
the basement membrane, leading to vasculitis because 
these antigens cannot be sufficiently eliminated. The 
sequel of the malformatiQJl of the epidermis is a predis
position for bacterial invasion: decreased maturation 
makes it possible for "presumable" Bacteroides-species 
to destroy the horny layers, whereas spirochetes profit 
by the loss of sufficiently produced intercellular sub
stance. The various clinical forms of DD are results of 
different pathological mechanisms: partial ischaemia 
leads only to hyperplasia, total ischaemia to infarct with 
severe necrosis of the poststenosal tissues, with adja
cent partial ischaemia caused by collateral blood flow. 
Furthermore the epidermal pictures are a sequel of epi
dermal proliferation-rate and the destruction by 
micro-organisms. It can be concluded that DD is a con
sequence of other organic diseases leading to a 
predisposition for secondary infection of the skin. 
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Outbreak of fibrinous pneumonia in recently weaned beef calves in 
southern Queensland 

LFTaylor 

Aust Vet J (1998) 76: 21-24 

Objective To describe an outbreak of fibrinous pneu
monia in 331 recently weaned beef calves on two prop
erties in the Miles district in southern Queensland. 
Description of the herd The affected calves came 
from three groups: 88 recently weaned calves purchased 
at Casino NSW saleyards on 29 April 1994, 91 recently 
weaned calves purchased at Inverell NSW saleyards on 
11 May 1994 and 152 homebred calves weaned on 18 
May 1994 off the owner's cows. All calves were Here
ford and Hereford cross. 
Investigation The two groups of purchased calves 
(the Casino-Inverell weaners) were mixed together and 
moved to another recently purchased property on May 
19 after handling on May 18. The homebred weaners 
were not mixed with the Casino-Inverell weaners, but 
had nose-to-nose contact for one night via a 3 m gate
way while yarded on May 18. By May 25, an outbreak 
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of acute undifferentiated bovine respiratory disease was 
evident among all 331 calves and two were dead. The 
morbidity risk in all three groups was 90%, suggesting 
the three groups of calves were equally susceptible. Five 
calves died during the outbreak, giving a crude mortal
ity rate of 1.5% (5/331), with necropsy of three calves 
showing they died of fibrinous pneumonia. Treatment 
of all calves with a single injection of 20 mg/kg of long 
acting oxytetracycline lead to rapid clinical improvement 
in affected calves, and appeared to prevent further mor
tality. Mortality clustered, with three of the four dead 
purchased calves coming from one vendor of the Inverell 
sale. 
Conclusions Fibrinous pneumonia can occur after 
weaning in beef calves in Australia. It is highly conta
gious among groups of recently weaned calves. 
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Abstracts 

Brucellosis in adult beef cattle of Mexican origin shipped direct-to
slaughter into Texas 

W. H. Brown and J. Hernandez de Anda 

J Am Vet Med Assoc (1998) 212: 705-707 

Using serologic testing, results of this study indi
cate that prevalence estimates of brucellosis (BR) in 
adult beef cattle are significantly different among states 
and regions of Mexico. The overall prevalence estimate 
of BR in cattle of Mexican origin shipped direct-to
slaughter into Texas was 0.32%. The prevalence esti
mate ofBR in cattle from the state of Chihuahua (0.10%) 
was · significantly different from prevalence estimates 
in cattle from the states of Nuevo Leon (0.32%), 
Zacatecas (0.34%), Durango (0.47%), Chiapas (1.81 %), 

Tamaulipas (2. 71 %), Aguascalientes (7 .89%), and 
Campeche (12.24%). Furthermore, prevalence estimates 
of BR in cattle were significantly different among the 
northern (0.22%), south-central (3.18%), and south 
coastal (9.42%) regions of Mexico. Results of this study 
should make producers, veterinarians, and animal 
health authorities in border states aware of the contin
ued need for collaboration and sharing of information 
to control and eradicate BR in the US-Mexico border 
region. 

Preliminary observations on the pathogenesis of experimental bovine 
spongiform encephalopathy (BSE): an update 

G. A. H. Wells, S. A. C. Hawkins, R. B. Green, A. R. Austin, I. Dexter, Y. I. Spencer, M. J. Chaplin, 
M. J. Stack, M. Dawson 

.Veterinary Record (1998) 142, 103-106 

Further preliminary observations are reported of 
an experiment to examine the spread of infectivity and 
the occurrence of pathological changes in cattle exposed 
orally to infection with bovine spongiform encephalopa
thy. Calves were dosed at four months of age and clini
cally monitored groups were killed sequentially from two 
to 40 months after inoculation. Tissues were collected 
for bioassay, for histopathological examinations and for 
the detection of PrP. Previous reported observations have 
included the presence of infectivity in the distal ileum 
of cattle killed after six to 18 months, the earliest onset 
of clinical signs in an exposed animal after 35 months, 
and di~gnostic histopathological changes in the brain, 
in association with clinical disease, after 36, 38 and 40 
months. In spite of the relative inefficiency of the bio
assay of scrapie-like agents across a species barrier the 
new observations confirm that the onset of clinical signs 
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and pathological changes in the central nervous system 
(CNS) occur at approximately the same time. The earli
est pathological change, the presence of abnormal PrP 
32 months after inoculation, coincided with the earliest 
detected infectivity in the CNS and occurred shortly 
before there was evidence of typical spongiform changes 
in the brain 36 months after inoculation. Infectivity has 
now been demonstrated in the peripheral nervous sys
tem, in the cervical and thoracic dorsal root ganglia 32 
to 40 months after inoculation and in the trigeminal 
ganglion 36 to 38 months after inoculation. At the time 
of writing evidence of infectivity in other tissues is con
fined to the distal ileum, not only after six to 18 months 
but also after 38 to 40 months, but these findings may 
be supplemented by the results offurther mouse assays. 
Nevertheless, they are in general agreement with cur
rent knowledge of the pathogenesis of scrapie. 
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