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Lors de lésions de la dermatophilose, le derme est infiltré par un 
éventail de types de cellules. Le but de cette étude était de vérifier si 
la composition des infiltrations cellulaires dans les lésions chroniques 
était différente de celle dans les lésions en voie de guérison. Des infec- 
tions expérimentales de moutons par Dermatophilus congolensis ont 
été utilisées pour étudier les changements en types cellulaires qui se 
succèdent au cours d’infections chroniques et aiguës. Des infestations 
par des Amblyomma vuriegatum adultes ont été utilisées pour produi- 
re des lésions chroniques chez des moutons infectés, tandis que des 
infections de moutons sans tiques donnaient des lésions aiguës. Les 
types de cellules dans le derme des sites d’infection ont été colorés et 
typés par des méthodes d’histopathologie et d’immunobistochimie. 
Les neutrophiles étaient dominants au cours de la réponse initiale et 
étaient présents en plus grand nombre dans les lésions chroniques. 
Des cellules plasmatiques étaient présentes dans les deux types de 
lésions, mais persistaient dans les lésions chroniques, tandis qu’elles 
disparaissaient de la peau dans les sites des lésions aiguës après la 
guérison des lésions. Déjà à partir de 4 jours après l’infection il y 
avait de 2 à 3 fois plus de cellules mononucléaires dans les lésions 
chroniques que dans les lésions aiguës, et ces cellules persistaient dans 
les lésions chroniques. La population des cellules mononucléaires 
dans les lésions chroniques consistait en lymphocytes T auxiliaires et 
en lymphocytes T suppresseurs cytotoxiques dans des proportions 
égales, tandis que dans les lésions aiguës en voie de résolution, 14 
jours après infection, le nombre de cellules T auxiliaires dépassait 
celui des cellules T suppresseurs cytotoxiques. 

Mots clés : Ovin - Dermatophilose - Dermatophilus congolensis Lésion - 
Tique Amblyomma variegatum - Immunologie - Cellule -Lymphocyte. 

INTRODUCTION 

The cellular infiltrate in the dermis of ruminant skin infec- 
ted with Dermatophilus congolensis contains a range of 
cell types. The dominant cells are neutrophils (2,9) and 
mononuclear cells (3). ODUYE (8) reviewed the histopa- 
thological studies on chronic and acute dermatophilosis, 
he concluded that neutrophils dominate the initial reaction 
and mononuclear cells dominate the reaction in the der- 
mis of advanced chronic lesions. Neutrophils also occur 
in the scabs of chronic lesions. Experimental infection of 
ruminants with D. congolensis produces acute lesions 
which resolve without treatment in 2-4 weeks. TO date 
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there has not yet been a parallel study of cell types in 
experimental acute and chronic infections under control- 
led conditions. This information is essential for future stu- 
dies on all aspects of the immunology of dermatophilosis 8: 
at present the mechanisms involved in protective res- 
ponses, lesion healing responses, and pathogenic res- 
ponses are not understood. However it has been sugges- 
ted that skin surface antibodies may be responsible for 
protection (3, 6, 11) and lesion resolution (3), that increa- 
sed epidermal cell turnover caused by lymphokines from 
mononuclear cell infiltrates may contribute to lesion reso-’ 
lution (13) and that a persistent mononuclear cell respon- 
se may contribute to pathogenesis (1). 

Recently it has been shown that chronic dermatophilosis 
lesions cari be produced by infesting animals with adult 
A. variegatum ticks prior to infecting them with D. congo- 
lensis at sites far separate from the ticks (12). This paper 
describes the cell types present in the skin of tick infested 
and tick-free sheep following experimental infection with 
D. congolensis. The aim was to find out if there were dif- 
ferences between the cell types oresent in the dermis 
during acute and chronic dermatophilosis infections. 

MATERIALS AND METHODS 

Four sheep (Blackface x Suffolk ewes) were paired for 
weight, kept indoors at 20 “C, 75 to 95 % relative humidity 
and fed rations of hay and concentrates ample for health. 
The sheep had not been exposed to ticks before and 
were treated with anthelminthic (fenbendazole) before 
use. The autopsy material described here came from the 
second A. variegatum infestation, and D. congolensis 
infection, 7 weeks after a first infestation and infection. 

Adult Amblyomma variegatum were applied to one sheep 
of each pair (test sheep) at a separate site from the sites 
of infection with D. congolensis. The other sheep of each 
pair were without ticks (control sheep). Cotton bags to 
confine the ticks were glued to wool on the shoulders of 
test sheep. Ten male ticks were allowed to feed for at 
least one week then females were added to give 
10 mating pairs. The timing of tick feeding was such that 
females had fed for approximately 5 days before 
D. congolensis was applied. Feeding proceeded until 
repletion or the end of that phase of the experiment at 
5 weeks after the application of males. 
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One flank of each sheep was sheared close to the skin 
but the skin was not scarified. The skin was washed with 
a solution of non-ionic detergent (‘Tween 80’), left to dry, 
then degreased with a 1:l mixture of ethanol and ether. 
Sites for infection with D. congolensis measuring 2 x 4 cm 
were outlined with a marker pen. The D. congolensis iso- 
late was taken from a sheep in Scotland, it was cultured 
on Columbia agar containing 7 % calf serum. Cocci and 
zoospores were scraped from the agar and suspended in 
Hanks balanced salt solution containing 0.5 w/v pig gela- 
tin as a thickening agent. The resulting suspension was 
used at a concentration of 1.25 x 108 per cm*. 100 PI of 
D. congolensis suspension was applied to sites on the 
sheep such that at autopsy, at the end of the experiment, 
they had sites of ages 4, 9, 14, 18, 23 and 28 days post- 
infection (dp.i.). In addition an uninfected site was taken 
as a day 0 control and the site of infection with the 
highest dose from the first infection was taken to repre- 
sent a 56 day old site. 

At autopsy samples of the infection site from control and 
test sheep were taken for histology and immunohistoche- 
mistry. Samples for histology were fixed and processed 
for light microscopy examination using methacrylate plas- 
tic embedding. Four 2 um thick sections from each 
sample were stained with Giemsa’s stain, and four sec- 
tions stained with pyronin and methyl green to examine 
plasma cells. The number of mononuclear cells, neutro- 
phils and plasma cells were counted in 5 similar fields of 
view at x 1000 magnification. Fields in the Upper dermis 
were selected to avoid major skin organelles. Median 
values of the cell counts were determined. 

Samples of infection sites for immunohistochemistry were 
taken from test and control sheep at 0, -14 and 28 days 
post-infection, they were frozen immediately after being 
taken. Sections were tut at 8 ,um, mounted onto coated 
multiwell slides and dried for 2-3 hours at 37 “C. A pane1 
of monoclonal antibodies (MAbs) against ovine lymphocy- 
te subsets was purchased from the Centre for Animal 
Biotechnology, University of Melbourne, Australia, their 
specificities and phenotypes are given in table 1. The opti- 
mal working dilutions of the MAbs were determined by 
titration using the method described below. Dilutions of 
l/lO, 000 were selected except for CD1 which was used 
at 1/32,000. The MAbs were used to label lymphocytes in 

TABLE I List of monoclonal antibodies. 

Monoclonal 
antibody 

SBU 20.27 
SBU 44.38 
SBU 38.65 
SBU 25.91 
SBU 19.19 
SBU 20.96 

Antigen 
specificity 

CD1 
CD4 
CD8 
CD5 
T-19 

CD45R 

Cell phenotype 

Antigen presenting cells 
T-helper cells 
T-cytotoxic/ suppressor cell: 
Pan T-cell marker 
Gamma-delta T-cells 
B-cells 

sections using a standard indirect immunoperoxidase 
technique. Briefly, the sections were fixed in acetone,~ 
endogenous peroxidase activity was blocked with hydro- 
gen peroxide and the slides were incubated with 200 ul of 
an anti-ovine lymphocyte monoclonal antibody overnight 
at 18 “C under humidified conditions. After washing, the 
slides were each incubated with 200 ,ul of goat anti-~ 
mouse IgG peroxidase conjugate (Nordic) diluted l/lOO, 
for 1 h at 18 “C in a humidified chamber. After washing, 
positive labelling was visualised using a solution of the’ 
substrate 3,3’-diaminobenzidene tetra-hydrochloride, 
containing hydrogen peroxide. The reaction was then 
enhanced with osmium tetroxide. The sections were’ 
counterstained with Giemsa’s stain, dehydrated and 
mounted in DPX. Cell counts were made as described for 
the histological sections except that a magnification of X, 
400 was used. 

RESULTS 

The D. congolensis infection procedure produced cha- 
racteristic dermatophilosis lesions on all sheep. In the 
control sheep D. congolensis was present in lesions 
only up to 14 dp.i. and the lesions had resolved by 23-l 
28 dp.i. However in tick-infested test sheep scabs were 
present until the end of the experiment at 56 dp.i. 
Histopathology showed the presence of D. congolensis,’ 
haemorraghia and exudation up to 56 dp.i. In both test 
and control sheep eosinophils and mast cells were’ 
found only in small numbers in the dermis below infec- 
tion sites. 

The number of neutrophils increased in both test and, 
control sheep after infection. In control sheep their num- 
bers peaked at 4 dp.i. and declined to preinfection levels 
by 14-18 dp.i. However in the test sheep they peaked at 
higher levels than in controls on day 9 and declined to 
pre-infection levels by 18-23 dp.i. (fig. 1). 

35 r---.-.. 

il L? 
14 18 23 2% 56 
DAYS AFTER INFECTION 

I .ITest sheep 1 f%Test sheep 2 i.IlfZontrol~sheep 1 UControl sheep 2 i 

Figure 1 : Neutrophils in lesiom on test and control sheep. 
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The number of plasma cells at infection sites increased in 
both test and control sheep after infection. In controls 
they peaked at 14 dp.i. then declined to pre-infection 
levels by 56 dp.i. In test sheep, the number of plasma 
cells peaked at 18-23 dp.i. and remained at a level above 
the number in pre-infection and control sheep skin until 
56 dp.i. (fig. 2). 
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Figure 2 : Plasma cells in lesions on test and control sheep. 

Mononuclear cells increased in the dermis of infection 
sites on control and test sheep. From 8-56 dp.i. mononu- 
clear cells were more abundant in test than control sheep. 
Their numbers peaked at 14 dp.i. in all sheep, however at 
this time there were approximately 3 times as many in 
test sheep than control sheep. In the test animals mono- 
nuclear cells continued to be present at elevated levels 
until 56 dp.i. whereas in controls they declined between 
14 and 56 dp.i. (fig. 3). 
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Figure 3 : Mononuclear cells in lesions on test and control sheep. 

In the light of the above observations samples of skin 
were selected for study by immunohistochemistry. The 
aim was to provide more information on the differences 

in the composition of lymphocyte populations in the 
mononuclear cell infiltrate of acute and chronic lesions on 
control and test sheep respectively. Day 0 post-infection 
was selected as a pre-infection control, day 14 post-infec- 
tion was selected as the time when mononuclear cell 
numbers were at their maximum levels and acute lesions 
in control sheep were beginning to heal. Day 28 post- 
infection was selected as the time when control skin had 
returned to normal, as judged by histopathological obser- 
vations, whereas on test sheep lesions were persisting. 

The number of CD5 positive cells increased in both test 
and control sheep between 0 and 14 dp.i. and then remai- 
ned at elevated levels until 28 dp.i. (fig. 4). The number of 
CD5 cells was equal to 73 % or greater of the combined 
total of CD4 and CD8 in all sheep, at all times except in 
test sheep at 14 dp.i. In these lesions at this time CD5 
positive cells accounted for only 45 % and 48 % of the 
CD4 plus CD8 total. 

14 28 

DAYS AFTER INFECTION 

msheep 1 : .Test sheep 2d~&%~~sheep 1 I-iControl sheep 2 

Figure 4 : CD5 positil,e cells in lesions 011 test ond control sheep. 

The number of CD1 positive cells (antigen presenting ce&) 
increased in both test and control sheep between 0 and 14 
dp.i., then, to 28 dp.i. they continued to increase in control 
sheep whereas they decreased in test sheep (fig. 5). 

28 

DAYS AFTER INFECTION 

?K&sh&pmjm :Test sheep 2 7-Control sheepl rl3Control sheep 21 

Figure 5 : CD1 po.vitil.e cells in lesions ~II test and control sheep. 
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CD4 positive cells (T-helper cells) increased in number in 
test and control sheep between 0 and 14 dp.i., however 
they were more abundant in test than control sheep at 
14 dp.i. (fig. 6). 

DAYS AFTER INFECTION 

1 LÏTest sheep 1 ElTest sheep 2 ZControl sheep 1 LControl sheep 2 1 

Figure 6 : CD4 positive cells in lesions on test and control sheep. 

CD8 positive cells (T-cytotoxic/suppressor cells) were 
more abundant in the skin of test sheep at day 0. 
Their numbers increase from 0 to 14 dp.i. in both test 
and control sheep, however they were substantially 
more abundant in test than control sheep at 14 dp.i. 
(fig. 7). 

30 r- 

0 14 2% 

DAYS AFTER INFECTION 

[?Test sheep 1 *Test sheep 2 C:.Control sheep 1 UControl sheep 2 ~ 

Figure 7 : CD8 positive cells in lesions on test and control sheep. 

The ratio of CD4 : CD8 positive cells was 1 or less on all 
but three occasions ; it was substantially above 1 at 14 
and 28 dp.i. in one control sheep and at 14 dp.i. in the 
other control sheep, these ratios were 2.2, 1.6 and 1.4 
respectively. 

The numbers of T-19 positive cells (gamma-delta T-cells) 
in both test and control sheep were small, they were 
slightly increased between 0 and 28 dp.i. (fig. 8). 
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Figure 8 : T-19 positive cells in lesions on test and control sheep. 

CD45R positive cells (B-cells) showed a similar pattern in 
test and control sheep : the numbers were small in bath,, 
from O-14 dp.i. they increased and from 14-28 dp.i. they~ 
decreased (fig. 9). l 
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Figure 9 : CD45R positive cells in lesions on test and control sheep. 

DISCUSSION 

Our observations on the presence of neutrophils and 
mononuclear cells in the dermis following infection with D. 
congolensis are in agreement with those of other workers. 
Neutrophils dominate the initial reaction, this is followed 
by an influx of mononuclear cells into the dermis. 
However in the lesions which become chronic on tick- 
infested test sheep the peak in numbers of neutrophils 
was later and greater than in control sheep. ELLIS et a/. 
(4) found that neutrophils from sheep with chronic derma- 
tophilosis phagocytosed opsonized D. congolensis more 
efficiently than neutrophils from sheep that had recovered 
from dermatophilosis. In our study the large number of 
neutrophils in chronic lesions were unable to control the 
infection. In a transmission electron microscope study of 
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these lesions POERMADJAJA (unpublished observation) 
found that D. congolensis hyphae were too big to be pha- 
gocytosed by neutrophils. This result appears to contra- 
dict the suggestion of ROBERTS (10) that neutrophils 
contribute to lesion resolution. 

Our observations on the occurrence of plasma cells are 
interesting in that these cells occur in larger numbers and 
persist for longer in chronic than acute lesions. This begs 
the questions : Are they producing antibodies that contri- 
bute to healing but which are ineffective for some unk- 
nown reason and, do plasma cells in chronic and acute 
lesions produce antibodies with different specificities ? It 
has been shown that following inoculation of sheep and 
vaccination of cattle with D. congolensis, skin surface 
antibodies are produced that are specifically directed 
against D. congolensis antigens and it was suggested 
that they may contribute to clearing infections (7,ll). 
However the efficacy of these antibodies in mediating 
killing of D. congolensis and the antigen specificity of skin 
surface antibodies on chronically infected animals has not 
been investigated. 

Mononuclear cells were at least twice as numerous in 
chronic lesions compared to acute lesions from 14- 
56 dp.i.. This response indicates an exaggerated reaction 
to D. congolensis as a result of the A. variegatum infesta- 
tion and in common with the heightened neutrophil res- 
ponse and persistent plasma cell response, these mono- 
nuclear cells do not contribute to lesion resolution. The 
results from immunohistochemical studies showed that 
the increased number of mononuclear cells in test sheep 
lesions were mainly composed of CD4 and CD8 positive 
cells in equal proportions. It is interesting to note that in 
their immunohistochemical studies of experimental infec- 
tions of sheep with chronic dermatophilosis and sponta- 
neously recovered sheep, ELLIS et a/. (4) found CD4 : 
CD8 ratios of one or less except in the recovered sheep 
at 15 dp.i.. In our study the only noticeable deviation of 
CD4 : CD8 above one was in acute lesions at 14 and 
28 dp.i.. It seems likely that an excess of T-helper cells is 
required for lesions to resolve, however the immune 
mechanism involved in lesion resolution remains unk- 
nown. 

WOODMAN et a/. (14) showed that acute infections in 
rats stimulated a D. congolensis specific T-helper cell res- 
ponse and WOODMAN (13) demonstrated that culture 
supernatants, possibly containing lymphokines, from 
D. congolensis stimulated lymphocytes altered the kine- 
tics of epidermal cell growth. She suggested that increa- 
sed epidermal cell turnover may lead to lesion resolution. 
If this is correct, lymphokine production in chronic and 
acute lesions may be qualitatively different, as the scabs 
of chronic lesions are characterised by massive accumu- 
lations of keratinocytes. An alternative hypothesis is that 
gamma-interferon is released by T-helper cells and is 
bacteriocidal or bacteriostatic, thus preventing the prolife- 
ration of D. congolensis. 

ELLIS et a/. (4, 5) showed that numbers of CD1 positive 
cells in sheep were low in chronic lesions and in periphe- 
ral blood of chronically infected sheep when compared to 
acute lesions and blood from previously unexposed 
sheep. In our study there was a small difference betwee,n 
the number of CD1 positive cells in acute and chronrc 
lesions at 28 dp.i., in retrospect it would have been inter- 
esting to examine the lymphocyte subsets in chronic 
lesions at 56 dp.i.. In a separate study AMBROSE (unpu- 
blished observation) found that chronic lesions on natural- 
ly infected cattle did not contain any CD1 positive cells 
although normal skin from these animals did SO. Perhaps 
a defect in the presentation of antigens is a factor that 
contributes to the development of chronic dermatophilo- 
sis. 

CONCLUSION 

- Amblyomma variegatum infested and tick free sheep 
were used to study the cellular responses in chronic and 
acute dermatophilosis infections respectively. 

- In this study neutrophils dominated the early reactions to 
D. congolensis. Larger numbers occurred in chronic than 
acute lesions. 

- Mononuclear cells were more abundant in chronic than 
acute lesions from an early stage after infection. 

- Mononuclear cells and plasma cells persisted in chronic 
lesions. 

- Mononuclear cell responses in chronic lesions were 
composed of T-helper and T-cytotoxic/suppressor lym- 
phocytes in equal proportions. 

- In acute lesions at 14 days after infection, when lesions 
begin to resolve, T-helper were more abundant than 
T-cytotoxic/suppressor lymphocytes. 
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El infiltrado celnlar en la dermis en las lesiones de dermatofilosis se 
compone de nna gama variada de tipos celnlares. El objetivo de este 
estudio es el de determinar si la composition del infiltrado cehdar en 
las lesiones cronicas es diferente a1 de las lesiones en proceso de recn- 
peracion. Se prodnjeron infecciones experimentales con 
Dermatophilus congolensis en ovejas, para estndiar 10s cambios pro- 
gresivos en Los tipos celnlares dnrante el cnrso, de infecciones tanto 
cronicas como agndas. Se ntilizaron infestaciones con especimenes 
adnltos de A. variegatum para prodncir las lesiones cronicas en ove- 
jas; las infecciones de ovejas libres de garrapatas prodnjeron las 
lesiones agndas. Se ntilizaron técnicas de ,histopatologia e inmnnohis- 
toqnimica para la tincion y la determinacion de 10s tipos celnlares en 
la dermis de las zonas infectadas. La respuesta temprana presento 
nna mayoria de neutrofilos, 10s cnales fneron mas nnmerosos en las 
lesiones cronicas. Las célnlas plasmaticas se encontraron en ambos 
tipos de lesion, cabe notar que se mantnvieron en las lesiones croni- 
cas, pero desaparecieron de la pie1 en las lesiones agndas despnés de 
la cura. El numero de mononncleares fne 2 a 3 veces mayor en las 
lesiones cronicas que en las agndas y esto a partir de 4 dias post-infec- ,, 
cion, observandose también la persistencia en las lesiones cronicas. 
En éstas, la poblacion de célnlas mononncleares se compnso de linfo- 
citas T de aynda y T citotoxicoslsnpresores, en proporciones idénticas 
; mientras que en las lesiones agndas, 14 dias post-infection, dnrante 
la resolncion de la lesion, se observa un numero mayor de célnlas T 
de aynda que T citotoxicas/snpresoras. 
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