Clinical & Serological Studies-
Of
Canine Atopic Dermatitis -
by

Mary A. Fraser BVMS CertVD MRCVS

Dissertation submitted for the Degree of Doctor of Philosophy
Department of Veterinary Pathology
Faculty of Veterinary Medicine
Glasgow University
December 1999

Volumeé 1

© MaryF raser 2000



""1234 65-

1

"tHS% $

*
+',

*( )
7+ %
, 9

lllll_

0
<
< 4 =



\I955 voPﬂ \



Abstract

Canine atopic dermatitis i1s a skin condition of an allergic origin which usually
becomes apparent in dogs between the ages of one and three years. This is a particular
problem for Guide Dogs for the Blind Association (GDBA) dogs as this is the age that
dogs are finishing training and beginning their working life. Hence much time and
money is spent on dogs which may have to be retired early due to this skin condition.
Therefore, if dogs likely to go on and develop atopic dermatitis could be identified
before beginning their training more efficient use of funds and facilities could be
made by trainers and the society.

A group of dogs passing through the GDBA kennels were studied for a period of three
years. This involved collecting clinical and serological data, with the aim of
identifying factors which could be used to isolate dogs likely to develop clinical signs
of atopic dermatitis. In addition to GDBA dogs, groups of racing greyhounds,
laboratory beagles and pet dogs were also examined in order to identify factors
peculiar to the GDBA population.

GDBA dogs provided an ideal opportunity to study a large number of dogs in a
particular environment with excellent husbandry and recording of clinical histories.
Both clinical and serological parameters were studied. Examination of clinical
histories revealed that GDBA dogs demonstrating four or more episodes of atopic
type skin discase before 15 months of age were at an increased risk of developing
atopic dermatitis.

Serological studies revealed that serum total IgE concentrations are unrelated to the
age or parasite status of a dog. Rather there appears to be a range of serum total IgE
concentrations in the canine population with some dogs showing high levels and other
low. Although it has been suggested (de Weck et a/, 1998) that only dogs with high
serum total IgE concentrations Will go on to develop atopic dermatitis this was not
always found to be the case as a nu(mbeﬁrhqf.atiopic dogs was found to have low serum

total IgE concentrations. L



Unlike serum total IgE, serum total IgG; concentrations were found to be significantly
higher in dogs affected by atopic dermatitis and/or parasitism. In addition serum total
IgG; concentrations were found to increase in dogs following hyposensitisation
therapy and this appeared to be associated with the success of hyposensitisation. It is
possible that measurement of serum total IgG; concentrations could be used as an
indicator of the success of hyposensitisation before a clinical improvement becomes
apparent.

When comparing intradermal skin test results and serological results in the same dogs,
results do not often agree, possibly due to the different methodologies involved.
Allergen exposure appears to influence antibody levels with dogs in different
environments and at different times of year showing different serological results.
Although allergen exposure can be assumed to be different in different environments
an interesting method of identifying exactly which pollens a dog has been exposed to
was developed. This involved examination of faecal samples for their pollen contents
and revealed a large variety of pollens. This method could be used in the design of
intradermal skin tests or serological tests which to date are primarily based on human
pollen exposures.

Examination of individual allergen responses revealed that atopic dogs appear more
likely to demonstrate higher serological results against mould allergens than non-
atopic dogs. This was the case even though very few dogs actually demonstrated
positive intradermal skin test results against mould allergens.

In summary, this study has disproved a number of hypotheses, including the belief
that serum total IgE concentrations depend on the parasite status of an animal, and
that it is not possible to compare different serological tests and expect a good
correlation.

The author has demonstrated that by examining the number of episodes of skin
disease in dogs by particular ages, the serological response of individuals to particular
allergens, especially moulds, and by assessing serum total IgG; concentrations it is

possible to identify dogs at risk of developing atopic dermatitis.
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Preface

This study is designed to follow the progress of dogs passing through the Guide Dogs
for the Blind Association (GDBA) kennels at Forfar. The main area of interest in the
study is atopic dermatitis, which usually becomes evident in dogs between the ages of
one and three years. As guide dogs often begin their working life at two years of age it
is not uncommon for a dog to go through a year’s training after which clinical signs of
atopic dermatitis bécome. Atopic dermatitis interferes with a dog’s ability to work and
is distressing for an owner. Indeed, in cases where medical management is not
successful it can lead to the early retirement of a dog, which is obviously costly for
the GDBA.

Thus, the main aim of the study is to create a predictive model, which will be able to
identify those dogs likely to develop atopic dermatitis before they begin their training
at a year old.

A number of areas are incorporated in the study including clinical examinations,
clinical histories and serological studies. The GDBA population provides a situation
where a detailed examination of a large number of dogs from a closed population can
take place. This is advantageous, as these dogs undergo regular clinical examinations
and highly detailed clinical histories are kept. In addition, all dogs undergo a rigorous
parasite control programme and both endo- and ectoparasites are rare in the GDBA
population at this particular kennel. Thus factors such as parasitism or even owner
observation, which may influence results, can be minimised. |
For comparative purposes, groups of kennelled beagles, racing greyhounds and pet
dogs will also be studied, to identify whether or not findings are peculiar to the
GDBA population. These measures will allow findings to be applied to the canine

population as a whole.
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Chapter 1 Literature Review

1.1 History of atopic dermatitis

Atopic dermatitis is a skin condition found in both humans and animals which
is assumed to have an allergic pathogenesis. A common feature is evidence of
pruritus usually presenting at a young age.

The term atopy was first introduced in 1923 by Coca & Cook. At that time it
was restricted to a ‘hypersensitivity reaction of the asthma and hayfever
group.” The term atopy was derived from the Greek aroma (atopia) meaning
strange disease, an apt description to this day. Among the criteria devised by
Coca and Cook were features such as, the condition was inherited by way of a
dominant gene; a hypersensitivity reaction against substances such as
tubercutin was present and that by injecting the active substance the severity
of clinical signs could be lessened. As will be discussed later these chimicat
findings have stood the test of time. However, Coca and Cook also suggested
that the disease could not be transferred passively to mormat individuats via the
blood of hypersensitive individuals — a fact later proved false.

The term ‘atopic dermatitis’ was first introduced i human medicine im 1935
by Hill & Sulzberger to describe a pruritic skin condition often associated with
hay fever and asthma. In veterinary medicine atopy was first described i the
dog in 1941 by Wittich, and later by Patterson (1960), and Schwartzman &
Rockey (1967). The first description by Wittich (1941) noted that the main
clinical features were respiratory signs of a hayfever like condition, associated
with pruritus and urticaria. In addition this dog demonstrated positive direct
skin tests. ‘
In later reports of canine atopy, the condition was described as, either a
pruritic skin condition, or a respiratory problem (Schwartzman & Rockey,
1967). Criteria for a diagnosis of atopy by Schwartzman & Rockey (1967)
inctuded the presence of reaginic antibodies in the serum of a hypersensitive
patient; that these antibodies coutd be demonstrated by means of a Prausnitz
Kustner test and that positive skin tests could be obtained for allergens such as



pollens, house dust or mould. These authors also noted that the clinical signs
of atopy were seasonal and that the condition appeared to be familial.

The majority of recent work on canine atopic dermatitis has been carried out
by Willemse. His review of atopic skin disease (1986) defined atopy as a
hereditary, IgE mediated hypersensitivity to environmental allergens.
Currently diagnosis of canine atopic dermatitis is based on Willemse’s criteria.

This will be discussed it some detait later.

1.2 Pathogenesis of atopic dermatitis
Atopic dermatitis is a condition where the patient (human or animal) becomes

sensitised to environmental antigens that in non-atopic animals create no
disease (Scott er al., 1995). Type 1 hypersensitivity reactions involving the
production of Immunoglobulin E (IgE) and mast cell degranulation are
believed to be the major pathogenic process (Scott er af., 1995), although late
phase reactions and Type IV hypersensitivity reactions may also be involved.
Substances such as pollens and house dust mites are believed to come in
contact with the immune system in the respiratory tract, with initial
presentation resulting i the formation of antibodies, generaltly of the IgE
class, which bind to mast cells. On subsequent exposure to the same substance
(or allergen), cross linkage of IgE molecules via allergem results - the
degranulation of mast cells and release of vaso-active mediators such as
histamine. These mediators are responsible for the chmical signs such as
pruritus associated with atopic dermatitis.

Although this is the accepted basis to the pathogenesis of atopic dermatitis
much controversy exists about this theory and other ideas have been put
forward by various authors. Szentivanyi (1968) put forward the beta
adrenergic theory which suggests an abnormal response in the sympathetic
branch of the autonomic nervous system. Both cyclic adenosine
monophosphate (cCAMP) and cyclic guanosine monophosphate (cGMP) are
involved in the mediation of cell reactions. The beta adrenergic theory
suggests that reduced cAMP or elevated cGMP levels tend to labilize cells and



promote the release of inflammatory mediators. This is stimulated by

substances such as cholinergic drugs, oestrogen or levamisole.

A further theory of atopy is that of the Basenji greyhound model suggested by

Chan et al. (1985). Again, this is based on studies of cAMP, where increased

phosphodiesterase activity results in a lowering of cAMP responses and

resultant airway hypersensitivity.

The route by which allergens come into contact with the immune system is

currently under examination. The traditional theory of allergen presentation, as

mentioned above, is via the respiratory tract: However, there is some proof
that percutaneous absorption of atlergens may also be ivolved.

The clinicat presentation of atopic dermatitis i both humans-and dogs woutd
suggest that percutaneous absorption of allergens may take ptace. In humans,

the commontly affected sites are the flexural areas of the arms and tegs, or
periocutarly where the skin is relatively thin. In the dog, dermatitis is often

present around the eyes, on the abdomen, flexural areas of the lower tegs, and

between the pads of the feet. These areas are subject to friction and/or have

poor hair covering allowing easy contact between allergens and the skin.

In addition, increased numbers of Langerhans cells have been demonstrated in

the skin of atopic humans and dogs compared to non-atopics (de Vries, 1994)

and from this Olivry er al (1996) suggested that transepidermal capture of

allergens is possible.

1.2.1 Cellular components of immune response

1.2.1.1 Langerhans cells
Langerhans cells were first described in 1868 by Paul Langerhans. These cells

are derived from the bone marrow, from which they migrate to the suprabasal
epidermis (Stingt ez al., 1993). The identifying feature is the Birbeck granute
(Yager, 1998), which is thought to represent internatised ligand receptor
complexes and is present in the Langerhans cells of humans, cats, mice and
horses, but is absent in avians and amphibians. In the dog, the presence of
Birbeck gramutes is controversiat (Yager, 1998).



Langerhans cells are the chief antigen presenting cell in the skin immune
system (Stingl et al, 1989). Surface molecules such as Major
Histocompatability Complex II (MHC 1T} and receptors for the Fc portion of
IgE and IgG are present on Langerhans cells and are important in
hypersensitivity reactions in humans (Bieber ez al., 1992).

As mentioned above, increased numbers of Langerhans cells have been
identified in the skin of human atopics compared with non-atopics (de Vries,
1994) suggesting that the Langerhans cell may be important in the
pathogenesis of atopic dermatitis.

1.2.1.2 Keratinocytes
The traditional functions of keratinocytes are well known, including the

production of keratin, surface lipids and intercettutar substances (Scott et al.,
1995). Keratinocytes are atso capable of producing cytokines mvolved m the
inflammatory response; releasing inftammatory mediators such as histamine
and carrying out phagocytosis under certairr conditions (Scott et af., 1995).
Release of preformed interieukin-1 (IL-1) takes place after injury to the
keratinocyte (Yager, 1998). This cytokine is pro-inflammatory and is involved
in the T cell response. Keratinocytes can also release histamine following
exposure to ultraviolet light. (Yager, 1998).

Activated keratinocytes can express the Major Histocompatability Complex
molecule II (MCH II) on their surface (Reviewed by Chu & Morris, 1997).
The MHC II molecule is usually expressed on the surface of B lymphocytes
and macrophages and is required for the presentation of antigenic epitopes to
T helper cells in order to stimulate an immune response. Theoretically,
keratinocytes could process and present antigens to T lymphocytes (Stingl et
al., 1989). If this is the case then percutaneous absorption of allergen could
take place with the keratinocyte playing a major role. However, although
activated keratinocytes can express MHC II molecules on their surface they
have been shown to lack B7-1 (otherwise known as CD80) receptor molecules
which are required for presentation of antigen to T lymphocytes (Yager,
1998). It is more probable that keratinocytes have a role to play in antigen



processing but do not contribute to the pathogenesis of atopic dermatitis by
presenting antigens to T lymphocytes (Yager, 1998). Indeed it has been
suggested that presentation of antigens by kératinocytes may well result in a
down regulation of the immune response or the induction of tolerance (Yager,
1998). From this it can be seen that much work is still required on the role of

the keratinocyte in the pathogenesis of atopic dermatitis.

1.2.1.3 Monocytes / macrophages
Monocytes are derived from the bone marrow. These cells enter the blood

stream and then enter the tissues where they will reside. In these tissues
monocytes differentiate into macrophages, where their main function is
phagocytosis of foreign material and presentation of this to B and T
lymphocytes. In addition to phagocytosis, macrophages can act as secretory
cells and produce enzymes, proteins in the complement cascade, interferon
gamma (IFN v), IFN § and IL-1; IL-1 being required to activate T cells
(Chang et al., 1990).

1.2.1.4 Lymphocytes
Lymphocytes are immune system cells which can be divided into three

groups. These are bone marrow derived cells (B cells), thymus dependent cells
(T cells) and null cells. Null cells do not demonstrate any of the characteristic
markers of B and T lymphocytes and will not receive any further mention. T
cells have received by far the most attention in both canine and human atopic

dermatitis.

T Lymphocytes
Although produced in the bone marrow T lymphocytes are activated and

released from the thymus. From here they disperse to the secondary lymphoid
organs such as the spleen and lymph nodes. T lymphocytes can express a
number of surface molecules. Groups of surface molecules which can be
identified by a single monoclonal antibody have been described as Clusters of
Differentiation (CD) (Cobbold & Metcalfe, 1994) and each monoclonal

antibody has been given an identifying number.



All mature T lymphocytes express surface molecules which can be identified
with the use of CD3 antibodies and surface molecules called T Cell Receptors
(TCR). Two forms of T cell receptors (TCR) have been described. Firstly the
o/ TCR which is found on 90% of human cutaneous lymphocytes, and
secondly the y/6 TCR which is the predominant cutaneous T cell in ruminants.
T cells expressing a/B TCR can be further sub-divided into two distinct groups
depending on whether they express CD4+ or CD8+ markers. Those cells
which express CD4+ are designated T helper cells (Th) and those that express
CD8+, suppressor cells (Ts).

T helper cells are involved in the stimulation of B lymphocytes and these T
helper cells can be further divided according to the cytokines which they
produce. Thl cells produce interleukin-2 (IL-2), interferon-y (IFN-y), and
tumour necrosis factor a (TNF-a) whereas Th2 cells produce IL-4, IL-5 and
IL-10.

Thl cells preferentially develop against bacterial infection and are important
in delayed hypersensitivity reactions (Chang et al., 1990). Th2 cells are
involved in activation and proliferation of mast cells, eosinophils and
lymphocytes (Hnilcé & Angarano, 1996) via their cytokine production. They
also promote antibody dependent immunity especially IgE production (Yager,
1993), with reactions predominantly against helminths and environmental
allergens. As such, Th2 cells are important in the pathogenesis of atopic
dermatitis (de Vries, 1994).

Defective cell mediated immunity has been demonstrated in both canine and
human atopic patients (Leung ef al., 1993; Nimmo Wilkie, 1990), with a lower
proportion of CD8+ T suppressor cells present in the circulation of atopics.
This leads to an increase in the matio of CD4+:CD8+ cells (Leung ef al., 1993;
Kapsenberg et al., 1991; van der Heijden et al., 1991; Stingl et al., 1981). In
atopic dermatitis this decrease in T suppressor cell numbers may be important
(Chiorazzi et al., 1977) as it may allow excessive IgE production by B cells.

In addition to decreased T suppressor cell numbers, atopic patients have been

shown to have increased concentrations of T helper cells, in particular those



patients suffering from diseas¢ (Wiernga et al., 1990) and much research has
concentrated on this subset of cells.

van der Hiejden (1991) demonstrated that Th2 cells specific for the house dust
mite Dermatophagoides pteronyssinus from the skin of atopic people
produced 1L-4. As IL-4 stimulates the production of IgE this would suggest
that Th2 cells are important in the pathogenesis of raised serum IgE levels in
atopic patients.

External factors such as drug therapy can augment Th2 cell reactions.
Glucocorticoids, calcitrol and progesterone (Romagnani, 1994) may enhance
the differentiation of Th2 cells and thus tend towards the production of IgE
and the proliferation of mast cells. This would appear to be an anomaly in the
treatment of atopic dermatitis. However, as glucocorticoids have an obvious
beneficial effect in the treatment of atopic dermatitis there must be other
factors involved. Hyposensitisation also appears to influence the activity of
Th2 cells. Secrist et al. (1993) demonstrated that allergic patients receiving
hyposensitisation produced lower levels of IL-4 but these authors did not

provide an explanation for this.

B lymphocytes
B lymphocytes make up between 5 and 15% of the peripheral blood

lymphocytes and unlike T lymphocytes, B lymphocytes are capable of
interacting directly with antigens. Antigen presenting cells present antigens to
B cells in association with T helper cells in the lymph nodes. The resultant
activated B cells divide and thus generate large numbers of antigen specific
effector cells. These will develop into plasma cells capable of producing
antigen specific antibodies and memory cells capable of responding on
subsequent exposure to the same allergen (reviewed by Day, 1993). Most
research on atopic dermatitis in both humans and animals has concentrated on
T lymphocytes rather than B lymphocytes even though B cells are the source
of IgE, central to the pathogenesis of atopic dermatitis.



1.2.1.5 Mast cells
Mast cells are one of the most important cells in the pathogenesis of atopic

dermatitis due to the pathological effects caused by their degranulation. Mast
cells are derived from the bone marrow and are located mainly in connective
tissues or near mucosal surfaces. Mast cells contain numerous granules which
give the cells a distinctive appearance. These granules contain preformed
mediators such as histamine, heparin and serotonin. Mast cells can also release
cytokines, IL-1 and TNFa. On the surface of the mast cell are surface
receptors for the Fc region of IgE and IgG antibodies and complement
(Aalberse et al., 1998). Cross linkage of IgE molecules bound to these Fc
receptors results in the degranulation of mast cells following re-exposure to
antigen or directly by substance P from imritated cutaneous nerve endings
(Cooper, 1994).

A heterogeneity of mast cells has been suggested by Becker er al., (1985,
1986). These authors observed two populations of mast cells which could be
differentiated histologically and physiologically. One population of cells was
observed to take part in the early response to antigens and a different
population was associated with the late phase reaction. The exact role of this

finding in the pathogenesis of atopic dermatitis was not explained.

1.2.1.6 Granulocytes
Other cells such as eosinophils, basophils and neutrophils can be involved in

atopic dermatitis. Eosinophils are generally associated with parasitism and
hypersensitivity and are often found in association with mast cells. On the
surface of eosinophils are low affinity receptors for IgE which may be
involved in atopy. Their characteristic granules contain histaminase and
peroxidases. Eosinophils are influenced by IL-5 from T cells.

Unlike eosinophils, basophils possess a high affinity receptor for IgE and
similar to mast cells, activation of basophils takes place via cross linkage of
IgE molecules on their surface. This results in degranulation and release of
histamine and other physiologically active substances contained in basophil

granules — hence their role in the pathogenesis of atopic dermatitis.



Neutrophils are involved in inflammation and are capable of phagocytosis and
enzyme release. They also possess surface receptors for the Fc portion of
immunoglobulins and complement but little is known about the function of

these receptors.

1.2.2 Humoral components of immune response

1.2.2.1 Immunoglobulins
Immunoglobulins or antibodies are a group of serum proteins produced by

plasma cells as part of the immune response. The function of these antibodies
is to bind to the antigen which induced their formation, and then to interact
with neutrophils, macrophages or complement in order to facilitate destruction
of that antigen. Inmunoglobulins are composed of two identical heavy chains
(50,000-55,000 Daltons) and two light chains (20,000-25,000D), each of
which possess a constant region and a variable region of amino acids. Either
end of the immunoglobulin molecule has a particular function. The variable
end (N-terminal) deals with binding to antigen and is called the Fab region.
The constant (carboxyl terminal) end interacts with host cells and complement
and is called the Fc region.

There are five major classes of antibody, IgM, IgE, IgG, IgA and IgD. The
class of antibody depends on the amino acid sequence in the constant region of
the heavy chain. When animals and humans are first exposed to antigens the
first antibody formed is IgM (Schultz & Halliwell, 1985). Due to the influence
of cytokines and T cells these B cells switch, to produce a different heavy
chain constant region, which results in the production of a different antibody
class (Stavnezer, 1996). Interleukin-4 is specifically responsible for the
induction of switching to IgE production (del Prete et al., 1988).

Igk
The presence of reaginic antibodies has been suggested as a major feature of

atopy / atopic dermatitis in both humans and animals (Willemse, 1986). IgE is
the predominant antibody associated with atopy although IgG has also been
shown to be involved (Willemse ef al., 1985b).



In humans IgE is present in very low concentrations in the serum (300ng/ml,
Johansson ef al., 1970) due to its short half life of two days (Tizard, 1987b).
Increased levels of serum IgE are associated with both parasitism (Bloch et al.,
1972) and hypersensitivities (Tizard, 1987b).

IgE production is induced by IL-4, and IL-13 but is reduced by IFNy.
Analogous properties, such as heat instability and the ability to induce passive
cutaneous anaphylactic reactions have been illustrated for both human and
canine IgE (Patterson et al., 1963, Rockey & Schwartzman, 1967,
Schwartzman et al., 1971).

Increases in serum IgE levels have been demonstrated in human atopic
subjects, which are significantly higher than in non-atopics, or people
suffering from contact dermatitis or psoriasis (Gurevitch et al., 1973; Juhlin et
al., 1969; Jones et al., 1975; Ogawa et al., 1971; Wittig et al., 1980). The
degree of increase in serum IgE concentrations is highest in patients suffering
from disease at the time of sampling (Jones et al., 1975; Johansson & Juhlin,
1970). Hence IgE concentrations can be used as a diagnostic parameter for
atopic dermatitis in human medicine.

The kinetics of serum IgE in the dog reveal a picture different to that painted
for human serology. Generally canine serum IgE concentrations are much
higher than that of humans with levels of 350ug/ml standardly recorded
(Schwartzman & Rockey, 1967). The high levels of parasitism present in the
canine population has been put forward as the reason for these increased
serum IgE concentrations (Halliwell, 1990).

In contrast to the findings in humans, non-atopic dogs can demonstrate a wide |
variety of serum IgE concentrations. Initial work on IgE by Katz, (1978)
demonstrated that there were two populations of mice that could be divided
into ‘high’ responders with high serum IgE concentrations and ‘low’
responders with low concentrations. These responses were genetically
inherited. Work by de Weck et al. (1998) has found similar results in the
canine population. These authors demonstrated that the phenotype to produce
high levels of serum IgE was inherited in a dominant fashion and that only

10



dogs which demonstrated this trait had the ability to go on to develop atopic
dermatitis. This is perhaps the most exciting area of serological research in
canine atopy at the present time.

It has also been shown that both parasitism and viral infection have the ability
to potentiate the IgE response to other allergens and may have a role in the
pathogenesis of atopic dermatitis. Frick et al. (1979) demonstrated that young
children with viral infections had increased levels of serum total IgE; Frick &
Brooks (1983) demonstrated that following vaccination against distemper
virus, dogs demonstrated increased levels of pollen allergen specific IgE
antibodies. Similarly increased levels of serum total IgE were found in people
and rats with concomitant parasite infestations (Bloch et al., 1972).

Although the half life of serum IgE in non-atopic humans is only two days, in
atopic dogs the half life was found to be two months (Frick & Brooks, 1983).
No reason was given for this difference but prolonged, high serum
concentrations of IgE may have a role in the pathogenesis of atopic dermatitis.
The exact relationship between IgE bound to mast cells and that free in the
serum is not known but it is possible that where there are high serum
concentrations of total IgE, this leads to increased binding of IgE to mast cells
with an increased potential for degranulation.

Hence it is apparent that the role of IgE in both human and canine atopic
dermatitis is not as simple as once believed — there are many arguments for

and against the part which IgE plays in the pathogenesis of atopic dermatitis.

IgG
Immunoglobulin G (IgG) antibodies are the most abundant antibody class in

the body and are the major antibodies produced during the secondary phase of
the immune response. Total IgG is composed of at least four different sub-
groups in the dog, namely IgG,, IgG,, IgGs, and IgGs. This nomenclature is
based on their physicochemical properties and follows a similar naming
system used in human medicine. In addition to these four groups, a further
subgroup IgG4 has been described in the dog by Willemse er al. (1985a,
1985b). It has been suggested that IgGs is equivalent to IgG, (Halliwell,
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1990). However, this is disputed by Day et al. (1996) who found that IgGy4
antibody did not react with antiserum to any of the four recognised IgG
antibody subgroups. Personal communication with Willemse confirms that
IgGy is not equivalent to any of the known IgG subgroups.

Normal dogs have been shown to develop IgG antibodies against
environmental allergens (Wheeler, 1993; Shaw, 1996) but disease, parasites
and hypersensitivity have all been shown to influence serum IgG levels. Hill et
al. (1995) demonstrated that serum total IgG levels are higher in atopic and
parasitised dogs than in healthy dogs. Willemse et al. (1985a) demonstrated
that dogs suffering from Toxocara canis had elevated levels of serum IgGy. In
addition Halliwell & Longino (1985) demonstrated that dogs with flea
hypersensitivity had raised levels of allergen specific IgG. However, these
authors also found that the levels of allergen specific IgG were higher in dogs
with flea allergy than in those dogs chronically exposed to fleas which did not
demonstrate any allergic reaction towards the fleas. This would suggest that an
increase in allergen specific IgG levels was directed more towards a
hypersensitivity reaction than parasitism. In contrast however, Hill es al.
(1995) observed that the profiles of serum total IgG in both atopic and
parasitised dogs followed similar patterns and therefore there may be a similar
immunoregulatory mechanism occurring in both of these conditions.

There still appears to be some disagreement as to the circumstances necessary
for the production of specific IgG subgroups. It has been suggested that in
humans and animals the genetic background, type of antigen, the route and
duration of exposure may all affect the subclass of IgG produced in an
immune response (Day et al., 1996; Mazza et al., 1994). However, there has
not been a study of the functional properties of these IgG subclasses (Day et
al., 1996) which would be very helpful in determining their importance in

disease.

Both humans and dogs with atopic dermatitis have shown variations in

specific IgG subgroups compared to non-atopics. Djurup & Malling (1985)
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and McHugh et al. (1990) demonstrated a dominant allergen specific IgG; and
IgG4 response in human atopics.

In the dog, Day et al. (1996) found that IgG; and IgG4 were the dominant IgG
subclasses present in atopic individuals. However, the levels of these
antibodies vanied between different causative allergens. IgGs was the
dominant subgroup against Dermatophagoides farinae and D. pteronyssinus
whereas IgG; was the dominant subgroup against Timothy grass. This is
probably due to the various factors such as route and duration of exposure
mentioned earlier.

A further factor contributing to the production of IgG is the suggestion that
some of the IgG antibodies present in the serum are actually directed against
IgE, termed IgG anti-IgE antibodies. These have been shown to be present in
both dogs and humans (Scheur er al., 1991; Carini & Fratazzi 1992;
Hammerberg et al., 1997). These antibodies are found in normal, parasitised
and atopic humans and dogs but the highest levels are found in atopics. In
atopics IgG; and IgG; subgroups contribute to the bulk of these antibodies. In
humans the highest levels of IgG anti-IgE was found in those patients with the
highest levels of IgE and there was a direct correlation between these two
parameters. From a _diagnostic viewpoint IgG anti-IgE is important because in
serological tests these antibodies could mask IgE and result in low levels of
IgE being recorded.

Perhaps the most important function of IgG antibodies in allergic disease is in
hyposensitisation therapy of both human and canine subjects.
Hyposensitisation has been shown to cause an increase in serum total IgG
levels in the dog (Hites et al., 1989) and it has been suggested that it is these '
antibodies which mediate the clinical response to hyposenstisation therapy
(McHugh et al., 1990). Allergen specific subgroups IgG; and IgG4 have been
shown to dominate different stages of immunotherapy in people (Djurup &
Malling, 1985; McHugh et al., 1990). Allergen specific IgG; has been shown
by McHugh et al. (1990) to increase after three months of hyposensitisation
therapy and then to plateau, whereas although allergen specific IgG, also
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increases over this time it continues to rise until the end of therapy after twelve
months and dominates the response (Aalberse et al, 1983). In general
increased levels of allergen specific IgG4 have been shown to be associated
with clinical improvement of human patients receiving hyposensitisation
(McHugh et al., 1990; Devey et al., 1976; Rowntree et al., 1985). This is
contradicted by one author (Djurup & Malling, 1987) who observed that high
allergen specific IgGy levels were associated with a failure of immunotherapy.
In an attempt to explain this anomaly, Aalberse ef al. (1998) suggested that the
failure of hyposensitisation in association with increased allergen specific
IgGy levels, may have been due to the production of IgG4 antibodies against
allergens not involved in the disease process.

The way in which these IgG antibodies contribute to the success of
hyposensitisation is still much debated. The classical theory is that they act as
‘blocking’ antibodies, binding to the allergens before IgE, and thus preventing
degranulation of mast cells (Aalberse er al., 1998). It has been shown that
serum with high levels of IgG, can block IgE mediated histamine release from
peripheral blood basophils (Clinton es al, 1989). Aalberse er al. (1998)
suggested that IgG binds to a particular allergen and this antigen antibody
(AgAb) complex then binds to the mast cell surface via allergen specific IgG.
The allergen bound IgG then interacts with the Fc gamma receptor which
causes down-regulation of mast cell activation (Daéron, 1997).

It can be seen from this that IgG has an important role to play in the
pathogenesis and therapy of atopic dermatitis in both human and veterinary

medicine with much remaining to be discovered.

IgA

Immunoglobuin A (IgA) is the major antibody associated with mucous
membranes and is the major mediator of surface immunity. IgA is generally
involved in binding to bacteria and inhibiting infection. In atopic humans
reduced secretions of IgA have been observed although actual serum levels

were no different between atopics and non-atopics (Imayama et al.,, 1994).
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In the dog Hill et al. (1995) observed that serum total IgA concentrations were
significantly lower in atopic and parasitised dogs compared with healthy dogs
(p<0.05) and suggested that this was caused by similar down-regulatory
mechanisms in atopic and parasitised dogs due to altered, rather than primary,

immune functions,

1.2.2.2 Inflammatory mediators involved in the patbogenesis of
atopic dermatitis

As mentioned above inflammatory mediators such as histamine, cytokines and
complement are all involved in the pathogenesis of atopic dermatitis. It is
beyond the scope of this review to include all of the current knowledge of

these mediators but a short discussion of the major players will be given.

Histamine
Histamine is probably the most important factor in the pathogenesis of atopic

dermatitis. Its effects are easily observed and quantified and as such histamine
1s used as a control factor in intradermal skin testing. As mentioned earlier
histamine is released from degranulating mast cells. Histamine generally acts
as a pro-inflammatory mediator but can have anti-inflammatory effects (Scott,
et al., 1995). Pro-inflammatory effects are mediated via H1 receptors and
induce pruritus. Anti-inflammatory effects are mediated through H2 receptors

and an increase in cCAMP.

Cytokines
Cytokines are glycoproteins, produced by leukocytes and other cells, which

act as intercellular messengers. They are mainly involved in inflammatory
processes and are important in the activation of T and B cells and the clinical
presentation of atopic dermatitis. Interleukins, tumour necrosis factors (TNF)
and colony stimulating factors (CSF) are all classified as cytokines.

Many cytokines contribute to the pathogenesis of atopic dermatitis. However,
the main cytokines involved include, interleukin 1 (IL-1) which is necessary
for the Th2 response and interleukin 4 which is the most important interleukin
in the promotion of Th2 differentiation. Th2 cells produce IL-4 which allows a
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positive feedback loop. The original source of IL4 is not known although it
has been suggested that it may come from T cell snbsets, mast cells or
basophils (Zlotnil, 1993).

Continued elevation of IL-4 has been demonstrated in allergic human infants
after six months of age whereas in non-atopics IL-4 levels decreased after five
months of age (Bjorkstén, 1999). It is possible that this is the oniginal source
of IL-4. It has been suggested that the exaggerated production of IL-4, IL-13
and IL-5, which promote Th2 production, may be the underlying pathogenesis
of allergy (Hnilca & Angarano 1996).

Arachidonic acid pathway
The arachidonic acid pathway is important in the pathogenesis of

inflammation and contributes to the clinical signs observed in atopic
dermatitis. Arachidonic acid is the major fatty acid in the cell membrane.
Following damage to tissues, phospholipase A2 is activated and arachidonic
acid is released from the cell membrane. Enzymes can then act on this and
depending on the dominant enzymes, either follow the lipoxygenase pathway
or the cyclooxygenase pathway both of which result in the formation of pro-
inflammatory mediators.

Lipoxygenase products have been shown to be formed in significant amounts
in canine atopic skin (Thomsen ef al., 1991). Interfering with the formation of
these inflammatory mediators from arachidonic acid is the basis for using
essential fatty acids in the treatment of atopic dermatitis.

1.2.3 Pathophysiology of Pruritus
The main clinical feature of atopic dermatitis is pruritus. As such the

pathophysiology of pruritus requires some mention. The main problem in
veterinary medicine is that it is impossible to say for definite that a dog is
pruritic. We can only observe the clinical consequences likely to be caused
by pruritus such as scratching and self trauma.

Pruritus is a sensation mediated by way of nerve fibres and humoral
mediators mentioned earlier. Physiologists have divided the sensation of itch

into two types — firstly a rapid localised itch and secondly a slow burning
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diffuse itch. Both of these different sensations are transmitted by different
nerve fibres Myelinated nerves which transmit rapid impulses (called A
fibres) are associated with the rapid itch and non-myelinated fibres which
transmit slow impulses (C fibres) are associated with the diffuse itch (Sture,
1994). The humoral mediators of pruritus are wide and varied, some of

which have been mentioned earlier.

1.2.4 Genetic background to the pathogenesis of atopic
dermatitis.

The actual mode of inheritance of atopic dermatitis is not clear, although it is
widely accepted that there is a familial predisposition for the disease (Reedy et
al., 1997a). Studies of human atopy as early as 1916, by Cooke and Vander
Veer, concluded that atopy was inherited as a dominant trait with variable
penetrance. Current genetic theories on human atopy consider recessive or
multiple genes (Hopkin 1995). Humans have an IgE associated marker on
chromosome 5q31.1 specifically localised to the IL-4 gene region
(Romagnani, 1994). Near here are segments coding for IL-13, IL-5 and GM-
CSF which are all involved in the Th2 response (Marsh et al., 1995; Holgate et
al., 1995). It has been suggested by Romagnani (1994) that if promoter
regions here are over-expressed under normal stimulation, there is increased
IL-4 production and thus Th2 stimulation. Early reports of canine atopic
dermatitis by Schwartzman & Rockey (1967) observed that often, involvement

of dam, sire or siblings was found in relation to a number of atopic cases.

Schwartzman et al., (1971) attempted to breed a colony of atopic dogs. They
found that there was a familial tendency to develop atopy but results were not
consistent with a simple recessive or simple incomplete dominant hypothesis.
However, they were consistent with the inheritance of an autosomal dominant
gene mutation controlling histamine release if one assumed that the gene only
determined whether release occurred, the amount of histamine released

depending on other factors.

As mentioned earlier, de Weck er al. (1998) demonstrated that the
predisposition to become a high IgE responder was inherited in a dominant
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manner. The high IgE responder trait was found to be p}esent in all offspring
of a couple in which one of the parents was also a high responder. It was also
observed that only dogs with the high IgE responder trait could go on to
develop atopic dermatitis (Mayer, ef al., 1998). However, this is not the only
controlling factor for the development of atopy as not all high responders will
go on to demonstrate clinical signs of atopy and therefore other factors must

also be involved.

1.2.5 Influence of external factors on the pathogenesis of atopic
dermatitis

It has been suggested that infection with both bacteria and/or viruses can
influence the development of atopic dermatitis. Various authors in human
medicine have suggested that exposure to viruses such as parainfluenza and
respiratory syncitial virus (RSV) can be related to the development of atopy
(reviewed by Frick & Brooks, 1983). A similar finding was shown in the dog
by Frick & Brooks (1983) who demonstrated that pups vaccinated against
canine distemper before receiving pollen extracts had significantly more
reaginic antibodies to subsequent pollen exposure than in control dogs. These
authors associated this response to the breakthrough theory of Katz (1978)
and suggested that virus infections or virus exposure may selectively delete
suppressor T lymphocytes and result in a naturally occurring allergic
breakthrough. |

Parasitism has also been suggested as a contributing factor to the
development of atopic dermatitis. Parasites naturally cause an increase in the
production of IgE antibodies in both animals and humans. A potentiation
effect of parasite antigens has been suggested by Bloch er al. (1972) with
both people and rats suffering from parasite infestations demonstrating high
serum IgE levels against pollen allergens. '
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1.3 Clinical aspects of atopic dermatitis

1.3.1 Clinical presentation of canine atopic dermatitis
It is widely accepted that the principal clinical finding in atopic dermatitis is

that of pruritus (reviewed by Scott, 1981; Willemse, 1986; Carlotti &
Costargent, 1994). This pruritus can present itself in a variety of ways over a
number of different sites. The only evidence that a dog is pruritic may be
increased licking or chewing without any resultant skin lesion. This can

however escalate into frequent scratching and self trauma.

The main areas affected in atopic dermatitis are the ears, periocular area,
muzzle, feet, ventrum, extensor surface of the carpal joints and flexor aspect
of tarsal joints (Scott, 1981; Willemse & Van den Brom, 1983; Willemse,
1986; Nesbitt, 1978). Any of these areas can be affected alone but it is more
usual for multiple areas to be affected, especially as the disease progresses,
often resulting in generalized pruritus (reviewed by Scott, 1981). Otitis externa
is by far the commonest presenting sign followed by conjunctivitis (Scott,
1981; Willemse & Van den Brom, 1983). Scott (1981) observed that 55% of a
group of 100 atopic dogs suffered from otitis externa in addition to other skin
problems. However, only 3% of the atopic dogs in that study had otitis externa
alone. The clinical findings in atopic dogs with otitis externa can be confused
with non-atopic dogs with ear disease. Scott (1981) described atopic dogs as
having pruritus, erythema and oedema of the ear canal with a minimum
amount of exudation in addition to ear disease flaring in conjunction with skin

disease and an excellent response to glucocorticoids and hyposensitisation.

Primary lesions such as erythema, papules and wheals have been reported but
are rarely seen (reviewed by Scott, 1981; Willemse & Van den Brom, 1983). It
1s more common to find secondary lesions such as excoriations, alopecia,
pyoderma or even lichenification in the worst cases. Lichenification of the
extensor and flexor surfaces was found to be significantly less common
(p<0.001) in atopic dogs that showed no skin test reactivity when compared
with those who did react (Willemse, 1986).
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Respiratory problems such as those observed in human atopics are rare in the
dog (Schwartzman, 1984). However, Willemse & Van den Brom (1983)
observed that 22.4 % of a group of atopic dogs suffered from increased
sneezing and reverse sneezing has been included as one of the diagnostic
criteria by Willemse (1986). Other clinical findings which are inconsistently
seen include seborrhoeic skin disease, hyperhidrosis (Scott, 1981) and
discoloration of the coat (Willemse & Van den Brom, 1983; Willemse, 1986).
Schwartzman et al. (1971) reported that once affected the dog maintains its
atopic state throughout life.

1.3.2 Epidemiology

1.3.2.1 Prevalence
Atopic dermatitis is a relatively common disease of people with one study

demonstrating that 2-3% of children younger than five years of age were
affected by atopic dermatitis (Walker & Warin, 1956).

Atopy is the second most common allergic skin disease of dogs next to flea
bite hypersensitivity (Reedy ef al., 1997a). The reported incidence varies
between studies and depends on the groups of dogs in those studies. Of the
general population of dogs, between 10% and 15% were reported as being
atopic (Chamberlain, 1974). At dermatological referral centres the lowest
prevalence of atopy was 3-4 % of the cases seen by Halliwell & Schwartzman
(1971). Scott (1981) diagnosed 8% of referral cases as atopic and 30% of

cases seen by Nesbitt (1978) were diagnosed as atopic.

1.3.2.2 Age of onset

The age at which clinical signs consistent with atopy are first recognized is of
major importance in the diagnosis of atopic dermatitis - indeed this parameter
1s included in Willemse's diagnostic criteria (1986). The usual age of onset is
between one and three years (reviewed by Scott, 1981; Halliwell &
Schwartzman, 1971) with a first occurrence of atopy being rare in dogs
younger or older than this. Scott (1981) noted that 58% of dogs presenting
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with atopic dermatitis were one year of age with only 12% being two or four
years of age. Willemse (1986) reported similar findings with 75.5% of atopic

dogs presenting at less than 3 years of age.

1t is rare for dogs to be diagnosed as atopic between six months and one year
of age (Scott, 1981). Scott only observed 2% of atopic dogs in the six to eight
months age group. However it should be noted that these studies examined
dogs in referral clinics and often dogs may have been affected by atopic

dermatitis for a period of months before being seen at a referral centre.

In a study of progeny of atopic dogs by Schwartzman (1984) no clinical
evidence of atopic dermatitis was found in dogs less than 12 months of age,
and no positive intradermal skin tests were demonstrated by dogs less than six
months old However, one exception to this was a group of highly inbred
atopic dogs observed by Reedy et al. (1997a) which demonstrated significant
clinical signs consistent with atopic dermatitis by the time they were six

months old.

The incidence of atopy also decreases in dogs older than three years. Again,
Scott (1981) only found 2% of dogs presenting with atopy in the six to seven
years age group. A possible explanation for older dogs developing atopy is if
they have been moved frequently as young dogs and have not remained in the
same environment long enough to demonstrate clinical allergy. (Reedy et al.,
1997a).

1.3.2.3 Breed predisposition
Breed predispositions for the development of atopic dermatitis have been

shown by a number of studies. However, the predominant breeds often differ
between different areas of the world, probably due to distinct gene pools in
these areas. Even, within the United Kingdom breed differences were found
by Sture et al. (1995) with a higher percentage of atopic West Highland white
terriers and boxers in London than in Edinburgh. (14.3% and 9.5% compared

to 8% and 4.6% respectively). However, no information as to the difference in
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the numbers of these breeds in the general population in Edinburgh and
London was given, which may bias the findings.

In America the breeds mainly affected have been reported as the wire-haired
terrier (Halliwell & Schwartzman, 1971), Cairmn terrier, West Highland white
terrier, Ihasa apso, wire-haired fox terrier, dalmatian, pug, Irish setter, Boston

terrier and miniature schnauzer (Scott 1981).

In Europe, Carlotti & Costargent (1994) found that setters (Irish, English, and
Gordon) were the breeds most often diagnosed as atopic with the Pyrenean
shepherd, fox terriers and Labradors also over-represented. In the Netherlands,
Willemse & van den Brom (1983) found boxers (13.5%) terriers (13.5%),
German shepherd dogs (13%) and poodles (5.8%) to be the breeds most often
diagnosed as atopic. .

A decreased incidence of atopic dermatitis was found by Scott (1981) in the
cocker spaniel, dachshund, standard poodle, toy poodle and German
shorthaired pointer. Carlotti & Costargent (1994) also found that the cocker
spaniel and dachshund were under-represented. Although most studies have
concentrated on pedigree breeds, mongrels can also be affected by atopic
dermatitis (Reedy et al., 1997a). The breed predilections seen in dogs are
somewhat different to the findings in human medicine. Caucasians have been
reported as being more prone to developing atopic dermatitis but no
significant difference has been shown between races (Leung et al., 1993).

1.3.2.4 Sex A
Sex predilections towards the development of atopic dermatitis for both male

and female dogs have been suggested by different authors. Halliwell &
Schwartzman (1971) and Scott (1981) found that females were more likely to
be atopic. Schick & Fadok, (1986) observed that bitches had a significant
predilection (p<0.05) for developing clinical signs of atopy. Scott (1981) also
observed this. An explanation for this predisposition for female atopics was
given by Reedy et al. (1997a) who suggested that intracellular cGMP levels

were raised due to oestrogens. As cGMP is involved in the degranulation of
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mast cells, higher levels of cGMP could lead to increased release of histamine
and other mediators of pruritus, and thus more female animals could present
with clinical signs of atopic dermatitis. However, Nesbitt (1978) found that
male dogs were more likely to be atopic with 56.1% of the atopic population
being male. No sex predilection was observed by Willemse & van den Brom
(1983).

From this it appears likely that due to the number of factors involved in the
pathogenesis of atopic dermatitis it would be very difficult to find a sex

predilection for atopic dermatitis.

1.3.2.5 Seasonality
Clinical signs of atopic dermatitis are often seasonal coinciding with

pollination of grasses, weeds or trees, although this depends on an individual’s
hypersensitivity (Halliwell & Schwartzman, 1971). Early studies on atopic
dermatitis in the dog concentrated on hypersensitivity to ragweed pollen where
dogs had a definite seasonal pattem, (Schwartzman & Rockey, 1967), with
clinical signs paralleling the ragweed pollen season. Halliwell & Schwartzman
(1971) also found the majoﬁty of ragweed allergy cases (53%) were seasonal.
Seasonality of clinical signs can help with a diagnosis of atopic dermatitis.
Seasonal dermatitis is more likely to be caused by pollen from grasses, trees,
flowering plants; a perennial problem is more likely to be caused by house
dust or household antigens (Willemse, 1986). Also, cases which initially
present as seasonal can become perennial problems (Halliwell &
Schwartzman, 1971). That study found 22% of cases were originally seasonal
progressing to non-seasonal and 25% were completely non-seasonal. Scott et
al. (1995) found that a progression from seasonal to non-seasonal disease

occurred in 15% of atopic dogs.

1.4 Environment
As mentioned earlier atopy in the dog was associated with positive intradermal

skin tests against allergens such as pollens, house dust mites or mould. The
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environment that an animal is kept in is therefore important as this will control

the level of these allergens to which an animal is exposed.

1.4.1 Pollens
For a pollen to be a major allergen there are a number of prerequisites that

must be met. Namely, there must be a large amount of that pollen in the
environment, the pollen must be small enough to become windborne (pollens
spread by animal means are rarely a cause of human allergy) - this usually
means less than 50um in size; and the pollen allergens must be water soluble
to be absorbed. (Matthiesen ef al., 1991; Reedy ef al., 1997b). Ragweed is the
best known example of a pollen that meets these criteria and most studies
have concentrated on this. However, the United Kingdom is essentially free of
ragweed.

In the United Kingdom, Hyde (1960) observed that the pollen season lasted
from mid-January to late September. This comprised three phases - firstly
mainly tree pollens from January to May; secondly grass pollens in June/July;
and finally dicotyledenous herbs in August and September. Moulds,
depending on their methods of spore release, tend to peak during wet
conditions in spring and autumn (Reedy ef al., 1997b).

Pollen counts are affected by a variety of environmental factors - firstly the
weather. As a large number of plants release their pollen after rainfall, pollen
counts can increase after wet weather. However, during periods of rainfall,
pollen in the atmosphere can be washed out of the sky, hence lowering the
pollen counts (Hyde, 1960). Generally, rainfall of more than 2mm can cause a
reduction in pollen levels.

The time of day can also influence pollen counts as pollen shedding is not
uniform throughout the day (Hyde, 1960; Reedy et al., 1997b). Usually the
best conditions for pollination are mid-day/afternoon when the air is likely to
be at its warmest.

The location of the pollen station is important with most stations being located
in towns, on the roofs of tall buildings. Obviously pollen levels here are going

to be different to those encountered by a dog at ground level.
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Therefore pollen calendars can only be used as a rough guide to the likely
types and levels of pollen that an animal will be exposed to. Indeed some of
the pollens likely to be found at ground level, such as the heavier or sticky
pollens, are not important in human medicine but may well be very important
in canine medicine (Nesbitt, 1978).

Another difference between human and canine medicine is that most of the
problems associated with pollens in people are due to their being inhaled and
resulting in asthma/hay fever. However, in the dog cutaneous disease is the
predominant clinical finding. Although it was initially believed that allergens
were inhaled by the dog, this theory is being questioned and the possibility of
percutaneous absorption of allergens receiving more attention (Reedy et al.
1997a). This means that the pollens thought to be important in human and
canine medicine may not be the same and species not thought important in
human medicine may indeed be pathogenic in canine medicine.

In addition to a pollen allergy, there is some proof that dogs could be allergic
to the actual constituents of a plant, for example when a dog walks over
freshly cut grass. This may explain the predominance of pedal dermatitis in
atopic dogs. People have been shown to develop signs of hayfever when in
contact with cut grass (Varney ef al,, 1991). It has also been suggested that cut
grass can produce a ‘grass juice’ which is released as an aerosol (Brown
1989).

The major pollens in the United Kingdom are the grasses (Poacaea) between
the months of June and August and the Urticacaea (Bagni, et al., 1976).
Grasses are responsible for between 10 and 30% of all pollen mediated
allergies (Reedy et al. 1997b) and are the most common pollen allergy in
Europe (Weeke & Spieksma, 1991). The most widely distributed grasses in
Europe associated with grass pollen allergens are Poa pratensis (Kentucky),
Festuca eliator (meadow fescue), Dactylis glomerata (orchard), Lolium
perenne (perennial ryegrass) and Phleum pratense (Timothy). In the United
Kingdom, Anthozantum odoratum (sweet vemal grass), Holcus lanatus

(velvet) and Agrostis alba (redtop) may also be the cause of pollinosis.
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Cross reactivity has been demonstrated between most temperate zone grasses
with one study (Dirksen & Osterballe, 1980) noting that Timothy grass could
be used to identify grass allergy in 75% of allergic individuals. Studies of the
particular grass allergens have found that single grass species can have 20-30
allergenic componeﬁts (Mathiesen & Lowenstein, 1991), with the naming of
these allergens being the subject of international agreement (Marsh, et al.,
1986). In general, pollen allergens have to be water soluble and have a
molecular size of 5000 -70000 daltons. Again these characteristics are based
on human medicine but there are no such figures for canine models.
Suggestions have been made that these allergens have biochemical properties
such as enzymic activity but no such findings have been made with the only
physiological finding being that they can produce an IgE response. (Leiferman
& Gleich, 1976; Esch & Klapper, 1989.)

Other plants have been shown to be involved in allergies (See Table 1.1).
However, a lot of plants such as mugwort and plantain do not tend to produce
very high levels of pollen.

Cross reactivity between groups of trees or plants is possible (Halmepuro et
al., 1984). Alder (Alnus), Birch (Betula), Ash (Fraxinus) and Hazel (Corylus)
are all related and there may be some cross reactivity between these species.
These trees shed large amounts of windspread pollens which are very good at
releasing their allergenic potential when they come into contact with mucous
membranes. Due to the cross reaction between these species hyposensitisation
of people against birch often protects against other tree pollens.

Oak (Fagacaea), Beech (Fagus) and Chestnut (Castanea) only play a small
part in human allergies. Olive pollen, although important in the Mediterranean

has not been isolated in Britain.
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1.4.2 Fungal Spores

Fungi are universal in distribution and fungal spores can comprise the bulk of the
suspended allergenic peptides in an area depending on the weather conditions and
land usage. Most fungi of allergenic significance are nonpathogenic saprophytes
and disperse their spores in dry weather conditions (Reedy et al., 1997b) eg.
Cladosporium spp., Alternaria spp., Aspergillus spp., Penicillium spp. and
Rhizopus spp.

Cladosporium is the most abundant single type of fungus in Great Britain and is
the commonest fungal cause of asthma. Botrytis and Alternaria are less common
but accepted causes of summer asthma. Larger numbers of Cladosporium,
Alternaria and Botrytis are found in the summer whereas Penicillium is found in
the same quantities all year round (Hyde, 1960). Tee et al. (1987) demonstrated
that most humans allergic to a fungus tended to be sensitive to all antigenically
related fungi.

1.4.3 House Dust Mites

Dust mites have been described as the major allergens in house dust (Halliwell &
Kunkle, 1978). There are two species of house dust mites in the domestic
environment - Dermatophagoides pteronyssinus and D. farinae. From each of
these species, three groups of allergens have been isolated (Noli er al, 1996).
These are named Der p I-IlI and Der fI-1II. Within groups I - HI of each species
these allergens seem to be homologues but between D. farinae and D.
pteronyssisinus they seem to be antigenically unrelated Groups I and II of both
species have shown immediate type hypersensitivity reactions in mite allergic

humans but are probably not important in the dog (Noli et al., 1996).

Reactions to both D. farinae and D. pteronyssinus have been demonstrated in dogs.
However reactions seem to be more common to D. farinae (Sture et al., 1995) than
D. pteronyssinus. Noli et al. (1996) observed that D. pteronyssinus was a relatively
unimportant allergen in the dog. This agrees with work by Carlotti & Costargent
(1994).

28



1.4.4 Ectoparasites

Flea allergy is the most common allergic skin disorder in dogs and cats. (Reedy et
al., 1997c). 1t is a problem in its own right and can complicate other allergic
conditions. Many dogs have been shown to have high concentrations of IgE to
biting insects and other insects. Pucheu-Haston et al. (1996) demonstrated that
there was some cross reactivity as well as some distinct allergens between flea
(Ctenocephalides felis), black ant (Camponotus spp), cockroach, and black fly
(Simulium spp.). Allergy to ectoparasites can complicate the diagnosis of atopic
dermatitis and may also interfere with serological tests as dogs can suffer from

both conditions.

1.5 Diagnosis of atopic dermatitis
In addition to examining the clinical history and presenting signs many
diagnostic tests have been incorporated into the diagnosis of atopic dermatitis in

both canine and human medicine. One of the earliest tests was the Prausnitz
Kustner test.

1.5.1 Prausnitz Kustner test

This test was recorded in 1921 (Prausnitz & Kustner) and demonstrated the
existence of a skin sensitising antibody in the serum of allergic individuals which
could transfer the clinical signs of allergy via injection of this serum to non-

allergic individuals.

1.5.2 Passive Cutaneous Anaphylaxis (PCA) Test

This test is derived from the PK test and is a classic method used to measure
reaginic IgE antibodies in various species of mammals (Peng et al., 1993).
Disadvantages are that it takes a long time to run — three days, and the sacrifice of
a dog is required. In addition results are not consistent from dog to dog. Hence
this method could only be used for research purposes and has been replaced with

other more effective tests as discussed below.
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1.5.3 Intradermal skin testing

Intradermal skin testing is a2 method of assessing an individual’s response to a
variety of allergens in an attempt to identify those which are pathogenic, and is
used in both human and veterinary medicine. Intradermal skin testing was first
recorded in the medical literature by Blackley in 1873, but is now utilised in the
diagnosis of atopic skin disease in humans, dogs, cats and even birds.

Allergens are made up in solutions and injected intradermally. The way in which
allergens are prepared differs between companies and there are no standards for
this. Different preparations may contain different antigenic epitopes and this can
account for differing IDST results between animals tested with different allergen
preparations. In addition most of the allergens are designed for use in human
dermatology rather than specifically for use in cats and dogs.

There are different ways of expressing the concentration of an allergen solution
as described below (modified from Halliwell & Gorman, 1989):

Protein Nitrogen Units (PNU) —-One PNU is equivalent to 10°mg of
nitrogen precipitated with phosphotungstic acid.

Noon units — One noon unit is 1ml of an extract made from 1mg of pollen
in 1 litre of extracting fluid.

Micrograms/ml — Extracts are standardised to the content of a particular
protein allergen.

Weight/volume — The weight of allergen extracted in a given volume of
extraction fluid.

The concentrations of these allergens can also differ between manufacturers.
There is much controversy as to the ideal allergen concentrations to use in
veterinary dermatology. The average concentration used for IDST was 100-
300PNU/ml (Bunde et al., 1997). However, Codner & Lessard (1993) applied
different allergen concentrations to different allergens ranging from 100 PNU/ml
for house dust, 250 PNU/ml for Rhizopus up to 500 PNU/ml for wool.

e
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Allergens can sometimes be used as mixtures, however, this can lead to
problems. Firstly there is 3 dilution factor when allergens are present as mixtures
(Schick & Fadok, 1986) and mould extracts have been shown to contain
proteolytic enzymes which may reduce the allergenic activity of a protein
(Rosenbaum et al., 1996).

Storage of allergens can also influence their stability. The material which
allergens are kept in (whether it is a glass or plastic bottle), the presence or not of
preservative and the temperature at which they are stored have all been shown to
adversely affect the antigenicity of allergen extracts (Halliwell, 1987). Glycerine
is often used as a preservative for allergen extracts and Kleinbeck er al. (1989)
demonstrated that 6.25% glycerine could give a positive IDST result making a
diagnosis of atopy difficult.

Allergens are generally kept at 4°C but Halliwell (1987) demonstrated that
allergens kept at this temperature could lose up to 52% of their biological
activity. These suggestions have been opposed by Rees et al. (1997) who did not
find any change in biological activity between allergens stored at 4°C or 22°C.
Similarly, Halliwell (1987) and Campbell & Hall (1993) demonstrated that
allergens stored in plastic syringes lost a higher percentage of their biological
activity than those stored in glass syringes. It seems that the veterinary
dermatologist cannot win! 7

When it comes to the interpretation of IDST there exists as much confusion.
There is no standard method for the assessment of a positive IDST result in
veterinary medicine. Most practitioners use a scale of 0 or 1-4 with 0 or 1
representing a negative result equal to the negative control injection (saline) and a
score of 4 equal to the positive histamine control. Results between this are
applied arbitrarily.

However, the confusion does not end here. Cross reactions between allergens
have been observed. Kleinbeck et al. (1989) observed that there was cross
reaction between phylogenetically related species of pollen. In addition, although
a positive intradermal skin test proves that a dog is sensitised to an allergen (if for

the time being we ignore the possibility of cross reaction) it does not mean that



the dog is necessarily allergic. These positive results in non-atopic animals are
often referred to as false positive results, although whether this is a true
description or not is debatable. Such clinically irrelevant positive IDST results
are known to be relatively common in the dog especially to allergens such as
house dust (DeBoer, 1989).

From these findings it is clear that the practice of intradermal skin testing in
veterinary medicine requires standardisation in both the allergens used and in the
interpretation of results in order to allow sensible analysis of results between
different authors. Only after this will advances be made in the study of veterinary

allergic skin disease.

1.5.4 Serology

In humans serological tests to measure IgE antibodies utilise an IgE myeloma, to
obtain pure fractions of IgE. However, no such myeloma has been found in the dog
and this makes accurate measurement of canine IgE difficult. (Halliwell & Kunkle,
1978).

Polyclonal or monoclonal antibodies can be used in serological tests each of which
has their own advantages and disadvantages. For example, monoclonal antibodies
recognise a limited number of epitopes and therefore should be more specific than
polyclonal antibodies. However, due to the small number of epitopes to which the
monoclonal antibodies are attracted the affinity these antibodies have for the IgE
molecule may be reduced (Peng et al., 1993).

1.5.4.1 Radioallergosorbent assay

The first serological test developed to measure allergen specific IgE in serum was
the radioallergosorbent assay or RAST (Wide et al. 1967). This involved binding
of allergens to a solid phase such as a paper disc and then incubating them with the
serum sample being tested. Following washing the discs were then incubated with
a radio-labelled anti-IgE antibody which would bind to any IgE that had bound to
the allergen. After washing the radioacﬁvity present was measured thus facilitating

assessment of the amount of allergen specific IgE present.
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Intradermal skin testing is regarded as the ‘gold standard’ (Esch & Grier, 1997) in
both human and veterinary medicine. Due to this authors often attempt to correlate
serological results with IDST. Halliwell & Kunkle (1978) found good agreement
between RAST and IDST results for ragweed allergen in dogs with 89%
agreement between positive IDST and positive RAST. Where negative IDST
results are obtained alongside positive RAST results it has been suggested that this
may be due to high levels of serum IgE and that these RAST results are false
positives (Griffin e al. 1990). This does however assume that IDST 1s
demonstrating a true result and any test which does not agree with this is giving a
false result. This hypothesis remains to be proved and it is possible that the
positive results in the RAST test are indeed positive and that allergen specific
serum IgE is present in dogs which do not demonstrate a clinical allergy. Halliwell
& Kunkle (1978) suggested that the reason for the poor correlation between RAST
and IDST results was due to the dynamics of IgE being different in both tests and

that there were different levels of allergen purity in both tests.

1.5.4.2 Enzyme linked immunosorbent assay

The enzyme linked immunosorbent assay or ELISA was first reported in 1971 in
human medicine (Engvall & Perlmann, 1971) and is now widely used in both
human and veterinary medicine. The ELISA test is based on a similar method to
that used in the RAST test. However, instead of using radio-labelled anti-IgE
antibody the ELISA incorporates enzyme linked anti-IgE antibody which
following incubation with an enzyme activator, causes a colour change which
indicates the amount of IgE present.

A number of problems with the ELISA test have been observed. Halliwell (1994)
reported that high levels of IgE can cause non-specific binding; incorrect cut off
points between positive and negative results can lead to errors; detection of IgG
instead of IgE can occur; or poor techniques such as inadequate washing of wells
may be present. He also suggested that false negatives could be obtained due to
poor allergen preparation; poor adsorption onto the solid phase; poor anti-IgE
preparation; outdated labelled antibody; a high level of IgG antibody which may
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compete with IgE for allergen; poor technique such as inadequate incubation;
testing for allergens in groups; or testing at the incorrect season when the level of
allergen specific IgE may be lower.
As in the case of RASTSs the results of ELISA tests are often compared with IDST.
Good correlation between allergen specific circulating IgE and IDST / challenge
test results in atopic humans has been found (reviewed by Lockey ef al., 1992).
Bunde et al., (1997) observed excellent correlation between ELISA and IDST
where identical allergens were used in both tests.
In comparing these tests, sensitivity and specificity are usually examined.
Sensitivity is defined as the proportion of true positive results detected and
specificity as the proportion of true negative results (Thrusfield, 1995). In the dog,
the sensitivity of ELISA tests is often found to be good (Bond ef al., 1994; Codner
& Lessard, 1993) reaching 100% for some individual allergens (Miller et al.,
1993). However, very poor specificity has been recorded for different allergens
with a mean of 43.8% (Bond et al., 1994). The reason for this poor speciﬁcity is
the high number of positive ELISA results in clinically normal dogs. The
predictive value of a positive test has been found to be poor but that of a negative
result good (Bond ef al., 1994). As such, negative ELISA results are believed to be
reliable (Kleinbeck er al. 1989; Codner & Lessard, 1993); indeed Codner &
Lessard (1993) went as far as to state that a negative ELISA result could reliably
rule out a diagnosis of atopy.
Correlation is another method by which IDST and ELISAs are compared. In
veterinary medicine correlation coeficients between IDST and ELISA tests were
found to be different for different allergens, but in general correlation was poor
(Anderson & Sousa, 1993; Codner & Lessard, 1993; Bond et al., 1994).
As mentioned above the main area of discrepancy between ELISA and IDST
results is that of positive ELISA results but negative IDST (Halliwell & Kunkle,
1978; Kleinbeck et al., 1989; Griffin et al., 1990; Anderson & Sousa, 1993;
Codner & Lessard, 1993; Bond ef al. 1994; Griffin, 1994). These disparities may
be due to differing levels of bound and free circulating IgE. If mast cells are
saturated with allergen specific IgE which is directed against a different allergen to

34



that against which there is circulating IgE then differing results will be obtained on
each test (Kleinbeck et al., 1989). It is also possible that dogs with high serum
total IgE but a low IDST score may possess fewer cutaneous mast cells or have
mast cells in a state of continuous degranulation, with only a few able to respond at
the time if IDST. However, if this were the case then surely these dogs would
demonstrate mild clinical signs of atopic dermatitis as the clinical signs of atopic
skin disease are primarily controlled by the release of such mediators of pruritus.
Other explanations have been put forward by different authors to explain the
disagreement between IDST and serological tests. For example it is possible that
serological tests contain allergenic epitopes which are not exposed in natural
allergens (Alaba, 1997, Lowenstein & Marsh, 1983). This would lead to the
development of false negative results.

Different allergens will have different abilities to bind to microwell plates and so
serological results will differ for different allergens (Canterero ef al., 1980, Pesce
etal., 1977).

In the majority of reports comparing IDST and serological tests the allergens
incorporated into each test are produced by different companies and so the
allergenic epitopes that are present may be different. This was illustrated by Bunde
et al., (1997) who observed that when identical allergens were used for both tests
agreement between clinical presentation, IDST and ELISA was very good at
82.3%.

The interpretation of IDST is subjective (as discussed earlier). Where dogs have a
high degree of positive IDST results correlation with ELISA has been shown to be
good at 90%. However, where IDST results were not clear cut, the correlation with
ELISA fell to 50% (Esch & Grier, 1997).

The use of mixed allergens in ELISA tests can lead to discrepancies due to a lower
concentration of allergen resulting in false negatives (Bond ez al., 1994).

The specificity of the serological test for IgE is very important. Where the ELISA
is not totally specific for IgE, other antibodies such as IgG can be measured as
well. This is a common problem where polyclonal antibodies are incorporated into

the assay.
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It has also been suggested that there may be different types of IgE present — one
free in the circulation, and one bound to mast cells (Griffin ez al., 1990).

The presence of IgG anti-IgE antibodies may interfere with the measurement of
IgE concentrations with lower levels of serum IgE being recorded than were
actually present. This has been shown to be a problem by Hiammerberg et al.,
(1997).

Non-specific binding of IgE may take place in the wells of the ELISA where there
is a high serum IgE concentration. This will result in the development of so called
false positive or clinically irrelevant ELISA results. Indeed Griffin er al. (1990)
and Codner & Lessard (1993) observed that there was a statistically significant
correlation between the level of serum IgE and the number of positive ELISA
results in non-atopic dogs.

The relationship between bound and circulating IgE has not been fully explained.
Schwartzman (In Anderson & Sousa, 1993) commented that serum levels of total
IgE are probably in dynamic equilibrium with IgE bound to mast cells. If IgE
levels were low then most would be bound and not free in the circulation and so
the IDST would be more sensitive. He also suggested that there may be a
difference in mast cell affinity for IgE and this could affect the levels of bound or
free IgE.

Of the positive ELISA results in non-atopic dogs found by a number of authors,
the highest incidence were found against mould allergens (Griffin et al., 1990;
Anderson & Sousa, 1993; Day ef al., 1996). Bunde er al. (1997) suggested that
there may be a difference in the sensitivity of ELISA in detecting fungal specific
IgE but were unsure as to the significance of this. In comparing atopic and non-
atopic dogs Codner & Lessard observed that ELISA results for fungal allergens
were significantly higher in atopics than non-atopics. This was the only group of
allergens in which such a difference was observed. In addition sensitivity to fungal
allergens was more common with serological testing than IDST. However, the
reason for these differences was not known.

A seasonal variation in ELISA results has been observed by Halliwell & Kunkle

(1978). These authors found a marked variation in IgE levels against ragweed in
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September and June and from this suggested that it is important to take into
account the time of year that a dog is being tested.

From these findings it can be seen that correlation between ELISA and IDST
testing is often poor but the reasons for this are wide and varied and much work is

still required in this area.

1.5.4.3 Inmunodot

The immunodot test was first described in 1994 by Aubert & Frei for use in human
medicine as a2 means of determining serum allergen specific IgE levels. This was
later adapted for use in the dog (de Weck, personal communication).

The immunodot test consists of a nitrocellulose strip to which various groups of
allergens are bound. Following incubation of test serum and washing, monoclonal
anti-IgE antibodies are added. The test is then similar to an ELISA with washing
steps and the addition of developing antibodies which in the presence of canine
IgE develop a blue colour which can be evaluated by the naked eye or by
measuring reflective density.

The immunodot test is easy to run and is reported to have a sensitivity of 84.5%
and specificity of 94% in human medicine (Aubert & Frei, 1994). The immunodot
test has been predominantly used by Hammerling & de Weck (1998) in the dog,
the main advantage of this method being the use of monoclonal dog anti-IgE
antibodies in the detection of canine IgE. This assay has been reported to have a
sensitivity ranging from 54-100% for different allergen groups when compared
with IDST (Hammerling & de Weck, 1998).

1.5.4.4 Other serological methods

Heska® ALLERCEPT™ is a modified ELISA test, which has recently been
introduced. This test is based around the high affinity Fc IgE receptor (FceRI)
found on mast cells and basophils. The « subunit of this receptor has been
reproduced by Heska and is incorporated into an ELISA test in the place of anti-
IgE monoclonal or polyclonal antibodies. Comparing IDST and the ALLERCEPT



methods have shown an overall sensitivity of 86%, specificity of 92% and an
overall accuracy of 90% (Bevier et al, 1997).

Other serological methods such as liquid gold methodology (Alaba, 1997) and the
polymerase chain reaction (Foster, 1997) have been used in the study of atopic
dermatitis but are generally research tools rather than diagnostic tests. No further
explanation of the methodology behind them will be given here.

1.6 Therapeutics of atopic dermatitis

1.6.1 Hyposensitisation

Hyposensitisation has been used in human medicine since 1911 (Noon & Cantab)
and in veterinary medicine since 1941 (Wittich). Hyposensitisation or
immunotherapy involves sequential injections of a solution containing small
amounts of allergens to which a person or animal is allergic. The quantities of
allergens given are gradually increased and in so doing, the immune system is
gradually exposed to these allergens. The exact regime used varies between
vaccine manufacturers. There is however, always a risk of anaphylaxis when using
hyposensitisation vaccines.

The immunological responses to hyposensitisation have not been fully explained
but the widest believed theory is that hyposensitisation causes the formation of IgG
antibodies which act as ‘blocking’ antibodies. These IgG molecules bind to
allergen before IgE can do so. In addition IgG may be able to bind to the mast cell
and prevent degranulation by interfering with IgE cross linkage.

Hyposensitisation vaccines can be based on IDST, ELISA or a standard mixture of
allergens. The main aim of hyposensitisation is to eliminate the allergic reaction
which occurs when the dog is exposed to particular allergens. The degree of
improvement demonstrated by animals receiving hyposensitisation therapy is
however variable with a slight reduction in pruritus through to a complete cure
being classed as a success. A lot depends on the expectations of the owners and
generally success is defined as any improvement in the degree of prumntus

demonstrated by the dog.
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The success rate of hyposensitisation in the dog is reported to be somewhere
around 63% (Chamberlain, 1969). Nesbitt (1978) reported a success rate of
between 82.1-85.7% after six months therapy with up to 51.4% of dogs showing
some improvement after three months therapy.

Where hyposensitisation was based on IDST results Willemse et al. (1984)
achieved a success rate of 70% and DeBoer reported a success rate of 68% (1989).
Kleinbeck er al. (1989) observed that hyposensitisation protocols based on ELISA
results were equal to or greater than those immunotherapies based on IDST. Scott
(1981) suggested that a hyposensitisation vaccine does not need to contain all of
the allergens to which a dog is allergic.

Reasons for the variation in the success of hyposensitisation have been suggested
by Miller et al. (1993). These include an animals inherent ability to respond, the
accuracy of the diagnosis of atopy, the accuracy of the allergy test results, the type
and numbers of allergens in the immunotherapy protocol, the immunotherapy
protocol used, the exogenous allergy load during immunotherapy and the
development of other non-allergic pruritic skin disease during the course of the
treatment. From this it may appear surprising that any animals respond favourably
to hyposensitisation.

Miller et al. (1993) observed that there was no correlation between the age of
onset, duration of disease, number of serological allergens included in the vaccine
or the number of positive IDST results not included in the vaccine and the success
of hyposensitisation. However, Nesbitt ez al. (1978) found that the younger dogs
showed the best response to hyposensitisation.

Possible complications with hyposensitisation include the risk of anaphylaxis,
nodule development at the site of injection; increased pruritus following
vaccination and pain and swelling at the injection site following injection with
aqueous allergens in propylene glycol (Nesbitt, 1978). -

There is as much variation in the concentration of hyposensitisation vaccines as
there is in the test allergens. Nesbitt (1978) suggested that the maximum dose of
alum precipitated extracts is 10,000PNU/ml and exceeding this can result in
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pruritus and restlessness. Chamberlain (1969) used the same concentration initially
but gradually increased this by 2500PNU/ml per allergen.

1.6.2 Other therapeutic measures

Other methods of treatment for atopic dermatitis include avoidance of the inciting
agent, and symptomatic therapy including the use of glucocorticoids,
antihistamines and essential fatty acids which will all relieve pruritus. However, a
discussion of the pharmacological background to these treatments is beyond the

scope of this review.

1.7 Summary

It can be seen from this review that a lot of work has been carried out on the
pathogenesis, diagnosis and treatment of atopic dermatitis in both people and dogs.
Many factors appear to be involved ranging from genetics through to the
environment that animals are kept in. Common factors have been shown between
humans and animals but there are many discrepancies as well

The aims of this study are to examine both clinical and serological parameters in
atopic and non-atopic dogs. Much work has been carried out on serum total IgE
but it is intended to expand on this, especially as the GDBA dogs are known to
have very low levels of parasite exposure. In addition work on serum IgG has
concentrated more on human atopics than canine, something which it is intended to
rectify with this study.

Much work in the veterinary field has concentrated on the clinical aspects of atopic
dermatitis. Due to the excellent clinical histories of the GDBA dogs the aim is to
identify important clinical parameters and ages of onset which could be applied in
the prediction and diagnosis of atopic dermatitis.

The environment that animals are kept in is known to be important in the
pathogenesis of atopic dermatitis, with dogs exposed to pollens, house dust mites

and moulds being at a greater risk of developing atopy. Hence it is hoped to
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identify significant environmental factors and possibly ways of preventing dogs

from coming into contact with them.
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Chapter 2 Materials & Methods

2.1 Animals

The clinical, historical and serclogical parameters of 240 dogs were examined
(see Appendix A for details). Dogs came from four distinct environmental groups,
namely Guide Dogs for the Blind Association (GDBA) working dogs, Glasgow
University Veterinary School referral cases (GUVS), racing greyhounds and
laboratory beagles.

GDBA dogs are kept both as houschold pets and in kennels during their training
and working lives. Pet dogs and laboratory beagles were therefore included for
comparative purposes. Both GDBA dogs and laboratory beagles received
stringent parasite oontrol measures throughout their lives. Greyhounds were
examined as a population known to be exposed to high levels of parasites,
although they also received some form of intermittent anthelmintic therapy.

2.1.1 GDBA Dogs
Clinical and serological parameters of 143 GDBA dogs were studied over a

period of three years. In addition the clinical records of a further 21 GDBA dogs
were.examined, GDBA dogs are predominantly Golden Retriever and Labrador
Retriever crosses. In addition there are a small number of German Shepherd Dogs
and other breeds such as curly coated Retrievers. Breeding and whelping of
GDBA dogs mainly takes place at the breeding centre in Tollgate, England.
However, a small number of GDBA dogs are born in breeders’ houses. Bitches
and puppies are kept in the one area until the pups are fully weaned by six weeks
of age. At this age they are taken to puppy walkers’ homes where they will remain
until entering training kennels at nine to twelve months of age. Training of dogs at
the kennels takes twelve to eighteen months after which dogs will begin their
working lives and stay in the homes of their owners.

Dogs were first examined by the Centre Veterinary Surgeon on entering kennels
at nine to twelve months of age. When they entered kennels dogs were randomly
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assigned to the study by kennel staff and their clinical progress was followed
throughout their time in kennels. After leaving kennels, dogs are sent anywhere in
the United Kingdom so a detailed clinical examination was not always possible
but correspondence with the home vet was undertaken in order to allow dogs in
the study to be monitored. Any dogs at Forfar kennels found to develop skin
disease, which had not been initially assigned to the study, were thereafter
included.

As the majority of GDBA dogs are bred at the GDBA centre in England very few
dogs under eight weeks ot" age were seen at Forfar and so only low numbers are
included in the study.

Whilst with the puppy walker the dogs are kept as pets in a household and are
exposed to a wide variety of allergens including house dust mites. They are also
exposed to other household pets such as cats, other dogs or even pet birds.

Once in kennels the dogs are kept in groups of two or three. These groups do not
remain constant and the animals are continually exposed to a large number of
other GDBA dogs. Whilst training individuals are given access to a town
environment and thus meet dogs cutwith the GDBA population. In the kennels
dogs are kept on a tiled floor with shredded paper bedding. Outside is a concrete
run. Both kennels and runs are cleaned twice daily with dilute bleach. Dogs are
allowed access on a daily basis to a fenced grass area for exercise. This area is
surrounded by trees and farmland.

All dogs are kept under a strict regime of veterinary care and parasite control.
Vaccinations against Distemper, Parvovirus (Nobi-vac Puppy DP®, Intervet) and
Leptospirosis (Nobi-vac L®, Intervet) are given at six weeks old, followed by
Distemper, Parvovirus, Hepatitis, Parainfluenza (Nobi-vac DHPPi®, Intervet) and
Leptospirosis (Nobi-vac L®, Intervet) at twelve weeks of age and a final
Leptospirosis (Nobi-vac L®, Intervet) vaccine at sixteen weeks old. Yearly full -
booster vaccinations are given thereafter. Intranasal kennel cough vaccinations are

not routinely given.
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Parasite control begins with the treatment of nursing bitches and their pups with
fenbendazole (Panacur®, Hoechst UK Ltd.), at a dose of 1g/2.2kg, at two, five,
and eight weeks post whelping. Subsequently, the pups received
febentel/praziquantel/pyrantel combination (Drontal Plus®, Bayer), at a dose of
5mg praziquantel/kg (i.e. one tablet/10kg) at twelve weeks, six months and twelve
months of age. The dogs were then routinely wormed with Drontal Plus® at six
monthly intervals. Faecal samples taken from all the dogs at eight-ten months of
age were uniformly negative. All the dogs were treated monthly with fipronil
(Frontline®, Rhone Mérieux) or permethrin (Exspot®, Mallinkrodt Veterinary)
spot-on once a month to control ectoparasites and no parasites were found on

clinical examination. These dogs are considered to be essentially free of parasites.

GDBA dogs recruited into the study were ultimately assigned to one of three
groups: atopic dogs, dogs with clinical signs consistent with atopic dermatitis but
skin test negative and non-atopic dogs. Dogs which showed signs of skin disease
which did not meet the criteria of atopic dermatitis were classified as skin
problem dogs and were removed from this study. This was essential to ensure that
potential atopics which had ;Jot been given a definitive diagnosis prior to the

termination of the study were excluded from the non-atopic group.



A. A diagnosis of atopic dermatitis was based on the following three critena:

1. Meet Willemse’s criteria of at least three major and three minor categories of
skin disease (Willemse, 1986) listed below.

Major features:

Minor features:

Pruritus
Morphology & distribution — involvement of the face,

digits, lichenification of the flexor surface of the tarsal joint
and/or extensor surface of the carpal joint.

Chronic/ relapsing dermatitis

Family history and/or breed predisposition.
Onset before three years of age

Facial erythema and cheilitis

Bilateral conjunctivitis

Superficial staphylococcal pyoderma
Hyperhydrosis

Immediate skin test reactivity to inhalents

Elevated allergen specific IgE

Willemse also included elevated allergen specific IgG; as a minor criterion but

this could not be included as it was not possible to carry out this serological assay.

2. At least one positive result on IDST

3. There was no suggestion of food hypersensitivity based on an eight week

restriction diet and subsequent challenge.
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B. Dogs were assigned to the skin test negative group if:

1. They met Willemse’s criteria of at least three major and three minor

categories of skin disease (Willemse, 1986).
2. Negative results were obtained on intradermal skin testing.

3. There was no suggestion of food hypersensitivity based on an eight week

restriction diet and subsequent challenge.
C. Dogs were assigned to the non-atopic group if they were:
1. Aged over three years by 31/8/98

2. Had no history of multiple episodes of atopic type skin disease consistent with
Willemse’s criteria (1986).

3. Had no evidence of recurring episodes of any skin disease.

Application of these criteria to the GDBA population (143 dogs) allowed the

allocation of dogs to the different groups as follows:
A. Atopic dogs found which demonstrated positive results on IDST (n=18).

B. Atopic dogs which demonstrated negative IDST results but met all of the

other criteria for a diagnosis of atopic dermatitis (n=2).
C. Non-atopic dogs without any recurring skin disease (n=96).

D. Problem dogs which demonstrated recurrent episodes of skin disease but did
not meet the criteria for atopic dermatitis (n=27). These dogs were excluded
from further studies.

2.1.2 Greyhounds
23 racing greyhounds undergoing routine biochemical and haematological

examinations were also studied, details of which are shown in Appendix A. These
dogs were all National Racing Greyhound Club (NRGC) registered and were
being blood sampled as part of a clinical work up due to a poor performance
whilst racing. Clinical examination of these dogs was carried out by the referring

veterinary surgeon and all dogs studied were free of clinical skin disease at the
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time of blood sampling and had no history of recurrent skin disease. All dogs
were housed in outdoor kennels either built of concrete or wood and are kept on
newspaper or sawdust bedding. In general these dogs were not allowed into a
household environment. However, it was noted that such dogs are exposed to
large numbers of fleas both in kennels and at the race track. All twenty three dogs
in this study were known to be treated regularly (minimum of three to four times
a year) with proprietary anthelmintics (personal communication with referring
veterinary surgeon). All dogs had received up to date vaccinations against

distemper, parvovirus, leptospirosis and hepatitis.

2.1.3 Laboratory beagles
33 laboratory beagles were also studied (described in Appendix A). In each case

excess serum from blood samples taken for assessment of antiviral antibodies was
available for analysis. These dogs were from a closed colony of dogs in England.
It was not possible to examine them personally but communication with the
referring veterinary surgeon confirmed that these dogs were free of skin disease at
the time of sampling and had no history of recurrent skin disease. These dogs
were kept indoors at all times and did not have any access to outdoor allergens.
Clinical examinations have not revealed the presence of ectoparasites and these
dogs did not receive any ectoparasite therapy. They were housed in concrete and
steel buildings with sawdust and paper bedding and were allowed plastic toys. All
dogs received vaccinations against distemper, hepatitis, parvovirus, parainfluenza
(Nobivac DHPPi®, Intervet) and leptospirosis (Nobivac L®, Intervet) at six, nine
and twelve weeks of age. This vaccination was then repeated annually. Breeding
bitches were also vaccinated with the same regime at every oestrus. Endoparasite
control was given with fenbendazole (Panacur, ® Hoechst Roussel Vet Ltd.) at
two, five, eight and twelve weeks of age at a dosage of 50mg fenbendazole/kg
body weight for three consecutive days. At twenty eight weeks of age and every
four months thereafter fenbendazole was given on one occasion at 100mg/kg

body weight. Pregnant bitches were treated with fenbendazole at a dosage of
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25mg/kg body weight daily from day forty two of pregnancy until two days post

whelping. These dogs are believed to be free of parasites.

2.1.4 Glasgow University Veterinary School (GUVS) Referral Cases
Cases referred to the Dermatology Clinic at Glasgow University Veterinary

School (GUVS) with clinical signs consistent with atopic dermatitis were
included in this study. Theseforty seven dogs were kept as household pets and
were exposed to both indoor and outdoor allergens. All dogs had access to grass
areas and other animals. A variety of breeds and ages of dogs were examined as
shown in Appendix A. The parasite control measures of these dogs before
attending GUVS varied widely often being irregular or unknown although all
dogs had received up to date vaccinations against distemper, leptospirosis,
parvovirus and hepatitis. The criteria required for a diagnosis of atopic dermatitis
were based on those described above for GDBA dogs. Of these forty seven dogs,
forty were found to give at least one positive reaction on IDST and were classified

as atopic and seven gave negative IDST and were classified as skin test negative.

2.2 Clinical examination
GDBA and GUYVS referral cases were given a full clinical examination by the

author. A full skin examination involving collection and examination of coat
brushings, skin scrapings and hair pluckings was carried out on all dogs with
evidence of skin disease. Fungal culture and microscopic examination were
performed on these samples. Impression smears of skin lesions were also taken
where deemed necessary. Skin biopsies were taken from any swellings or non-
responsive skin lesions. Where internal medical problems were detected
haematological and biochemical profiles were examined and appropriate therapy

instigated.

A standard treatment protocol was followed for both GDBA and GUVS dogs with
skin disease. All GUVS referred cases were treated with fipronil (Frontline®
spray, Rhone Mérieux) at a dosage of 3ml per kg bodyweight. This treatment was

not required for GDBA dogs as these were all routinely given treatment for
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ectoparasites. All GDBA dogs with recurrent skin disease were treated with
phosmet (VetKem Sponge On®, Sanofi Animal Health) as part of the GDBA

protocol on skin disease.

Where a pyoderma was evident on clinical examination antibacterial therapy with
cephalexin (Ceporex®, Mallinkrodt Veterinary Ltd.) at 30mg/kg body weight
twice daily was given for a minimum period of two weeks. Most cases required a
minimum of four weeks treatment. Yeast infections were treated with
chlorhexidine/enilconazole shampoo (Malaseb® Leo Laboratories Ltd.),

according to manufacturer’s advice twice weekly for a minimum of two weeks.

Any dogs which demonstrated recurrent skin disease were placed on restriction
diets of either home prepared chicken and rice or commercially available catfish
and rice (Pedigree Select Protein). Dogs were not allowed any food other than this
diet and water for a minimum of six weeks up to a maximum time of twelve
weeks. All dogs which underwent intradermal skin testing were also placed on
this restriction diet and were only diagnosed as atopic if there was no

improvement whilst on this diet.

2.3 Intradermal skin test
Prior to performing an intradermal skin test all therapy with corticosteroids,

antihistamines and evening primrose oil was stopped. Corticosteroid therapy was
stopped for a minimum of four weeks up to a maximum of three months where
depot injections had been given. Antihistamine therapy and evening primrose oil

were stopped for at least two weeks prior to intradermal skin testing.

At the time of intradermal skin testing dogs were sedated with domosedan
(Domitor®, Pfizer Ltd.) at a dosage of 0.4mg per 10kg bodyweight given
intramuscularly along with butorphanol (Torbugesic®, Willows Francis
Veterinary) at 4mg per 10kg body weight also given intramuscularly. Once
sedation had taken effect, usually after 10-15 minutes, the dog was placed in
lateral recumbency and the lateral thorax clipped. A total of 48 marker pen spots
were applied to the flank in order to highlight the site of the intradermal
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injections. Allergens produced and supplied by ARTU Biologicals (Netherlands)
were used for intradermal skin testing (See Table 2.1). Injections of 0.05ml of
each allergen, a positive control (histamine, concentration unknown) and a
negative control (saline) were each administered intradermally with a 27 gauge
needle. After thirty minutes the diameter, colour and degree of oedema of any
wheals which developed at the site of injections were recorded. A result was
considered positive where the diameter of the wheal was equal to or greater than

the average of the positive and negative controls.

50



Table 2.1 Intradermal skin test allergens used in study.

Group Allergen Concentration
Controls Histamine 0.1mg/ml
Physiological phosphate buffer Unknown
Mites ' Dermatophagoides_farinae 100NU/ml
Dermatophagoides pteronyssinus 100NU/ml
Acarus siro 100NU/ml
Tyrophagus putrescentiae 100NU/ml
Indoor Flea 1,000NU/ml
Mosquito Unknown
Cat epithelia 100ug/ml
Human epithelia 10ug/ml
Sheep’s wool 10ug/mi
Feathers Unknown
Tobacco Unknown
Trees Alder 1,000NU/ml
Ash 1,000NU/ml
Beech 1,000NU/ml
Birch 1.000NU/ml
Elder 1,000NU/ml
Elm _1,000NU/ml
Hazel 1,000NU/ml
Horse chestnut 1,000NU/ml
Qak _1.000NU/ml
Poplar 1,000NU/ml
Willow _1,000NU/ml
QGrass Bent grass 1,000NU/ml
Cocksfoot 1,000NU/ml
Couch grass 1000NU/ml
Meadow fescue 1,000NU/mi
Orchard grass 1,000NU/ml
Perennial ryegrass 1,0600NU/ml
Sweet vernal grass 1,000NU/ml
Timothy 1,000NU/ml
Plants Daisy 1,000NU/ml
Dandelion _1,000NU/ml
Dwarf ragweed 1,000NU/ml
Golden Rod 1,000NU/ml
- Lamb’s quarter 1, 000NU/ml
Mugwort 1,000NU/ml
Nettle 1,000NU/ml
Plantain 1,000NU/ml
Rape 1,000NU/m!
Sorrel _1,000NU/ml
Wall pellitory 1,000NU/ml
Moulds Alternaria alternata 100ug/ml
Aspergillus 100ug/mi
Cladosporium 100ug/ml
Penicillium 100ug/ml
Phomae betae 100ug/mi




2.4 Blood sampling
Dogs from the GDBA and GUVS populations which were undergoing intradermal

skin testing were blood sampled at the time of testing whilst under sedation.
Blood samples of at least Sml were taken by jugular venipuncture, placed in a
glass tube without any additives and allowed to clot at room temperature. Samples
were then centrifuged at 3,000 rpm and 5° Celsius for ten minutes. The resultant
serum was then removed and divided into 0.5ml aliquots. These were stored at

-20°C until required for testing.

Serum from other GDBA dogs and greyhounds was obtained from blood samples
taken for health profiles prior to elective surgery or at the time of routine health
checks. Serum obtained from laboratory beagles was surplus to samples taken for

viral antibody assessment as explained earlier.

At the time of sampling the ninety six non-atopic GDBA dogs ranged in age from
56 to 3161 days with an average of 619 days; eighteen atopic GDBA dogs ranged
in age from 125-2892 (average of 1265 days); nine IDST negative dogs with
recurrent skin disease ranged in age from 246-2885 days (average 1388). Ages of
beagles and greyhounds were only available in years rather than days — twenty
three greyhounds ranged in age from 3-12 years (average of 1667days) and thirty
three beagles ranged in age from 2-6 years (average of 1360 days); forty atopic
GUVS dogs ranged in age from 288-2941 days (average 1265 days). Ages of dogs
at sampling are shown in Appendix A.

2.5 Serological Tests

Due to the limitations of the amount of serum obtained from each dog it was not
possible to carry out all of the serological tests on every dog. In addition the
various serological kits and reagents and intradermal skin test used in this study
by necessity came from different manufacturers. This is an important point when
considering the correlation of serological and IDST results but could not be
avoided.

52 .-



2.5.1 Enzyme Linked Immunosorbent Assay (ELISA)
A commercially available ELISA test for the detection of canine allergen specific

serum IgE produced by AlerCHEK Inc. Portland, USA was used for this analysis.
Allergens incorporated into this test are designed specifically for the European
market and the test itself has been validated by the company (personal
communication Richard Robinson, Operations Manager, AlerCHEK Inc.).

Serum samples were defrosted at room temperature for ten minutes and 0.6ml of
each serum sample mixed with 2.4 ml of unspecified specimen diluent provided
by AlerCHEK. This mixture was incubated at 4°C for twenty four hours. This
incubation was required in order to bind serum proteins which can bind non-
specifically to the plates (Kemeny & Challacombe, 1988).

Following this incubation, 100ul of each diluted sample was added to each
allergen coated well. Each serum was tested against eleven outdoor antigen panels
and a negative control on one plate and eleven indoor antigen panels and a
positive control on another plate. All wells contained one allergen as described in
Table 2.2 apart from house dust mites which contained both Dermatophagoides
farinae and D. pteronyssinus; feathers which contained a mixture of feathers and
Mucor which contained different species of mucor. Both plates were incubated at
22°C for two hours. The wells were then decanted and washed five times with the
wash buffer provided which had been diluted with deionised water at a

concentration of one to fifteen.

To each well, 100ul of rabbit anti-canine IgE was added, followed immediately
with 100ul of conjugated peroxidase goat anti-rabbit IgG. This was incubated at
22°C for three hours. The well contents were then decanted and washed five times
with buffer as described above.

To each well, 100ul of 3,3°,5-5’ tetramethylbenzidine hydrochloride
(TMB)/peroxide was added and the plate incubated at 22°C for thirty minutes.
This resulted in the formation of a blue colour in the positive control well, a clear
colourless negative control and varying shades of blue in the test samples (See

Fig. 2.1). The intensity of blue colour formation was assessed subjectively,
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compared to a reference panel and graded from zero (colourless) to four (intense
blue).

In order to stop the colour development 100ul of 0.18N sulphuric acid was added
to each well resulting in a change of the blue colour to yellow where present (See
Fig 2.2). The colour intensity was then read on a microplate reader (Bio-tek
Instruments, Inc. Winooski, VT), at 450nm with the plate zeroed on the negative
control well. The resulting optical density correlates with the degree of postitivity
where 0-0.149 is equal to a negative result; 0.150-0.249 is equal to a Grade 1
positive; 0.250-0.349 is equat to a Grade 2 positive; 0.350-0.449 1s equal to a
Grade 3 positive and greater than 0.45 is equal to a Grade 4 positive which was
the highest result.

Results were then tabulated and examined with statistical packages where

required.



Table 2.2 Allergens inctuded in ELISA

Group

Allergens

OUTDOOR ALLERGENS

Orchard grass

Timothy grass

Kentucky blue

Fescue.

Poplar

Birch

Sheep’s sorrel

English plantain

Mugwort

Dandelion

Nettle

INDOOR ALLERGENS

Flea

Mixed dust mites —
D. farinae
D. pteronyssinus

Mixed feathers

Alternaria

Aspergillus

Rhizopus

Kapok

House dust

Cat epithelium

Human epithelium

Mixed Mucor
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2.5.2 Immunodot
The Immunodot test (Centre Medical des Grand Places/HESKA, Switzerland)

consists of multiple nitrocellulose strips with spots containing various allergens
which when incubated with serum bind to IgE and IgG. Following the addition of
an anti-IgE antibody, which binds specifically to IgE, and the subsequent addition
of an enzyme colour development takes place where IgE is detected (See Fig.
2.3). Different groups of allergens are present on different strips with the three
strips used in this study being the Outdoor panel, Indoor panel and a Topscreen
(See Table 2.3 for further details).

Serum samples were defrosted at room temperature for ten minutes. 0.5ml of the
serum was then added to 0.5ml Tris Buffered Saline (TBS) which had previously
been diluted one in ten with distilled water and contained 4% Microcide III. The
resulting 1ml solution was then added to a well containing the appropriate strip
and incubated at 22°C on a horizontal shaker for two hours for both Indoor and

Outdoor panels and overnight for the Topscreen panel.

After this time serum was removed from the well and the strips washed three
times for five minutes each time with 1.5 ml of the diluted TBS described above
on a horizontal shaker at 22°C. To each strip 1ml of the revealing horseradish
peroxidase monoclonal anti-IgE antibody mixture was added and incubated at
22°C on the horizontal shaker for two hours. Revealing antibody was then

removed and the strips washed for fifteen minutes as described above.

Developer was prepared by adding fifteen graduated drops of chromogen (4-
chloro-1-naphthol) and two graduated drops of enzyme substrate containing 3%
hydrogen peroxide to 10ml distilled water. To each strip, 1ml of the resultant
developer was then added and incubated for fifteen minutes.

Developer was then removed and the strips washed under running tap water for
one minute. The strips were then blotted dry and allowed to completely dry at
room temperature for twenty four hours. Resultant colour development was
assessed subjectively on a scale of 1-4 (where 1= negative, no colour; 2= positive

control, some colour; 3= strong positive, 4= highly positive). Strips were also
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scanned with an optical densitometer (AGFA Scanner, model 4200e at a reflective

density of 1kV) and the resultant optical density recorded for statistical analysis.

Table 2.3 Allergens included in Topscreen, Outdoor and Indoor Immunodot

allergen panels.
TEST GROUP CONSTITUENTS OF GROUP
STRIP ‘
TOP Total IgE
SCREEN
Outdoor Six grasses, Rye, Birch, Oak, Hazel, Ribwort, Olive,
Wall pellitory, Jerusalem Cedar
Indoor Dermatophagoides. farinae, D. pteronyssinus, Acarus
siro, Tyrophagus putrescentiae, Cat flea, Human
dander, Cat epithelia.
Foods A Cow’s milk, Hen’s egg, Soybean, Maize flour, Wheat.
Foods B Lamb, Beef, Pork, Cod, Sole, Peanut.
Moulds Alternaria alternata, Aspergillus fumigatus,
Cladosporium herbarum, Penicillium notatum,
Candida albicans.
OUTDOOR Total IgE
Grasses Cocksfoot, meadow fescue, perennial ryegrass,
timothy, kentucky blue grass, velvet grass /yorkshire.
Trees Birch, Oak, Hazel.
Mugwort/Ribwort
Olive/Wall pellitory.
INDOOR House dust D. farinae, D. pteronyssinus
mites
Storage mites A. siro, T. putrescentiae
Cat flea
Humadn dander
Cat épithelia
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2.5.3 Radial Immunodiffusion
Radial immunodiffusion is a quantitative method used in the analysis of

immunoglobulins. Antibody against IgG; is incorporated into agar. The test serum
(containing IgG;) is placed in an antigen well in the agar and allowed to diffuse
through the agar. This results in the development of an antigen-antibody precipitin
ring around the well. The diameter of the precipitate riﬁg reflects the
concentration of IgG; present. By applying known concentrations of anti 1gG;
antibody, it is possible to create a logarithmic graph from which unknown IgG;

concentrations can be calculated.

Analysis of serum total IgG, levels was carried out with a commercially available

radial immunodiffusion method (Bethyl Laboratories, Inc., Montgomery, USA).

In addition to the test samples, three control samples of known IgG,; concentration
were supplied by the manufacturer. These controls were known to contain
205mg/dl, 825mg/dl and 1650mg/dl of IgG;. To each diffusion plate well was
added 5ul of either a control sample or one of eleven test samples, so that each
plate contained all three controls and eleven tests. Plates were then incubated at
22°C for twenty four hours. This resulted in the formation of a precipitation ring,
the diameter of which was measured in millimeters and recorded (See Fig 2.4).
Ring diameters were plotted on a logarithmic gaph and the resultant serum IgG;
concentration calculated from this as shown in Fig. 2.5. Resultant serum IgG;
concentrations were recorded. Results from the different groups of dogs were

examined statistically.
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2.6 Statistical methods
Various statistical tests were used in the analysis of data collected in this study. A

brief summary of the background to these tests follows.

The paired t test is a way of comparing two groups of data from a population with
normal distribution and the same variances. The test gives a probability value (p)
to the two groups being the same and that the differences between them are due to
chance. A low p value, usually less than 0.05 or 0.01 is considered indicative of a
significant difference between the two groups and thus not due to chance.

The Kolmogorov-Smirnov two sample test is a method of detecting whether or
not the results are from one populaﬁon or two distinct populations. Where the
only variations between the two groups are considered to be within random
variation no significant difference will be found between the groups. The
Kolmogorov-Smirnov test is a method of detecting when the results are
sufficiently far apart to be considered significant and indicative of two
populations.

One way analysis of variance (ANOVA) is a method of comparing data when
different levels of only one factor are being compared. The number of
observations in each group do not need to be the same size but it is assumed that
the data comes from a normally distributed population — otherwise transformation
is required prior to analysis. The test indicates evidence of a significant difference
between the groups.

Two way analysis of variance is a method of comparing data classified according
to two variables, however the method is most effective when there are the same
number of observations in each group. Where different numbers of observations
are present in each group a General Linear model may be used in order to deal
with the imbalance in the design. Following the identification of significant
differences amongst groups using ANOVA, the Newman Keuls multiple range

test was used to test for differences between particular groups.
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The association between different serological tests and intradermal skin testing
was examined using correlations. Pearson’s correlation coefficient (r) can take a
value between —1 to +1. The correlation between two variables is positive if high
values of one variable correspond with high values of the other variable whereas a
negative correlation is obtained if one variable increases when the other
decreases. A correlation coefficient close to zero indicates that there is no linear
correlation between the variables and they are unrelated.

The Mann Whitney test is a non-parametric method for comparing data from two
independent groups. This test requires that the observations in each group are
ranked in order and the sum of ranks used to obtain a p value which is indicative
of the significance between the two groups.

The confidence interval is a range of values which we can be confident contains
the true population parameter. In assessing the confidence interval of an
estimated mean that interval extends either side of the mean by a multiple of the
standard error. Confidence intervals are usually based on a 90%, 95% or 99%
chance of including the true population value. Where confidence intervals are
calculated whether 90%, 95% or 99% was used will be stated.

Sensitivity is defined as the proportion of true positives which are correctly
detected by the test. Specificity is defined as the proportion of true negatives that
are correctly detected by the test (Thrusfield, 1995). The predictive value of a test
depends on sensitivity, specificity and prevalence of a disease in a particular
population. The efficacy is a means of determining how well the diagnostic
method works in both affected and non-affected animals.

Data was stored on Microsoft Excel version 5.0, 1995 and statistical analyses
carried out using Minitab for Windows Release 11.21, 1996.
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Chapter 3 Examination of the clinical histories of atopic
and non-atopic GDBA dogs

3.1 Introduction
The aim of this part of the study was to determine if any differences could be

identified between atopic and non-atopic dogs in the age of onset of skin
problems and the type of skin conditions presented.

The usual age of onset of clinical signs of atopic dermatitis in the dog are between
one and three years (Scott, 1981). It is rare for dogs younger than this to present
with atopic dermatitis (Scott, 1981) with only 2% of atopics presenting between
six-eight months of age. In support of this is work by Schwartzman (1984) who
could not find any evidence of atopic dermatitis in the progeny of atopic dogs by
the age of twelve months. The only exception to this is work by Reedy er al.
(1997b) who observed clinical evidence of atopic dermatitis by the age of six
months.

It was anticipated that differences in the type of skin disease presented and the age
of onset of these conditions could contribute to a diagnostic plan so that dogs
which would go on to develop atopic dermatitis could be identified before a year
of age. This prediction would be of benefit because GDBA dogs begin their
training at a year old but do not develop clinical signs, diagnostic for atopic
dermatitis, until two to three years old. At this point dogs are often unable to work
after much time and money has been spent on their training (as explained in
2.1.1).

3.2 Materials & Methods
Clinical histories of thirty dogs from the GDBA population described in section

2.1.1 were examined. Fifteen of these dogs had previously been diagnosed as
atopic, based on clinical findings and intradermal skin testing. At the time of the

study these dogs ranged in age from two to eleven years. Fifteen non-atopic dogs
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were chosen at random by the Kennel Assistants based on the critenia that, all
dogs were older than four years of age by 31/8/98 and that there were no skin
problems suggestive of atopy in the clinical history i.e. although otitis externa and
pyoderma are included in Willemse's criteria as clinical signs of atopic dermatitis,
dogs were only excluded from being atopic if they had a history of repeated
episodes of these conditions as non-atopic dogs can have isolated cases of otitis
externa. A lower age limit of four years rather than three years was chosen to
ensure that the chance of these dogs still developing atopic dermatitis was
minimised as much as possible, although it is recognised that it is possible for a
dog to develop atopic dermatitis after 4 years of age, this is uncommon. Willemse
& Van den Brom (1983) reported that 75.5% of cases of atopic dermatitis
developed before three years of age. The dogs chosen were aged between four and
eleven years. All thirty dogs were either Golden Retrievers, Labrador Retrievers
or crosses of these two breeds. Detailed clinical histories were available for all of
the dogs from birth to twenty one months of age. Further details of these thirty
dogs are given in Appendix A. _

Clinical histories were examined for mention of any skin problems, excluding
viral papillomas and pressure sores. These conditions were excluded as both
occurred at specific times in the history of the kennels. For example bedding was
only introduced to the kennels at the start of this study and prior to this pressure
sores were very common. However, due to the introduction of bedding materials
younger dogs had fewer cases of pressure sores. Also, outbreaks of viral
papillomas were seen during the history of the kennels but there were times when
no dogs were affected. As it was not consistently present throughout the time
being studied it was not felt appropriate to include this criterion as this could
adversely influence the results. During this discussion atopic type skin conditions
were based on the criteria of Willemse (1986) and included pruritus, ofitis
externa, conjunctivitis, pedal dermatitis, pyoderma, erythema, dandruff and anal
gland disease. ‘Any skin condition’ describes atopic type conditions in addition
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to skin problems such as alopecia and wounds but does not include viral
papillomas or pressure sores.

The age at which dogs first presented any skin condition or an atopic type skin
problem was recorded and a survival type curve of time to event produced for
both of these findings. Atopic and non-atopic dogs were compared for any
significant differences in the age at which they first presented with atopic or any
skin conditions using a Kolmogorov-Smirnov two sample statistical test.

Also, the frequency of presentation of particular skin conditions in atopic and
non-atopic dogs was examined. In order to compare the two groups of dogs, the
expected length of time a particular skin condition took to resolve, had to be
determined. This was defined in non-atopic dogs as the length of time between
first being examined by the centre vet until complete resolution of the problem.
Only conjunctivitis, otitis externa, pedal dermatitis and acute moist dermatitis or
pyoderma were observed often enough to allow statistical evaluations to be
carried out. Acute moist dermatitis and pyoderma were both used by the centre
vet to describe infectious skin disease and could not be differentiated on the
clinical records — therefore both conditions had to be included as one. Statistical
analysis of these results was carried out to obtain a 90% non-parametric
confidence interval for the median times to resolution in order to define the
expected duration of each skin condition.

These results for non-atopic dogs were then applied to the clinical histories of
atopics. This meant that where an episode of skin disease in an atopic dog lasted
twice as long as expected in a non-atopic dog, the atopic dog was described as
being affected by two épisodes of skin problems. This is necessary because atopic
dogs can suffer from prolonged episodes of skin disease which do not respond
quickly to treatment and this fact has to be taken into account when comparing
both groups of dogs. However, as not all atopic dogs suffer from longer episodes
of skin disease, the duration of skin disease in atopic and non-atopic dogs was not

compared.
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The cumulative number of episodes of particular skin conditions in atopic and
non-atopic dogs, at various ages, were analysed using a Mann Whitney statistical
test. This allowed the identification of the most significant diagnostic parameters.
Analyses were undertaken using the Minitab version 11.21 (1996) statistical
software package.

Sensitivity, specificity and predictive value of the above classifications were
examined in order to identify the most suitable model to use as a diagnostic
indicator for atopic dermatitis based on the number of episodes of skin problems

at difference ages.

3.3 Results
Studies of the skin conditions in atopic and non-atopic dogs revealed that otitis

externa was the commonest condition in both atopic and non-atopic dogs
followed by conjunctivitis (See Appendix B). Conditions other than atopic type
skin conditions observed in both atopic and non-atopic dogs included juvenile
cellulitis, wounds, alopecia, lick granulomas and infected nailbeds.

Examination of the age at which dogs first demonstrated any kind of skin
condition, (Figure 3.1) excluding viral papillomas and pressure sores, revealed
that 50% of atopic dogs had demonstrated skin problems by the age of seven
months compared with twelve months for the non-atopic dogs. Examination of the
demonstration of atopic type skin conditions (Figure 3.2) revealed that 50% of
atopic dogs were affected by the age of eight months compared with twelve
months for non-atopics. All fifteen atopic dogs had suffered from some form of
skin condition by the age of eleven months and atopic type skin conditions by
fifteen months compared with twenty two months for the development of both
atopic and any kind of skin condition in all fifteen non-atopic dogs (Figs 3.1 &
3.2).

Survival curve analyses‘ of the number of atopic and non-atopic dogs affected by
skin problems by particular ages revealed that atopic dogs were consistently

affected by skin disease at a younger age than the non-atopic dogs.
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Comparison of the survival type curves of atopic and non-atopic dogs with a
Kolmogorov-Smirnov test (Table 3.1) revealed a significant difference between
both groups of dogs at ten months of age for any skin conditions (p<0.01) and
atopic type skin conditions (p<0.02).

Examination of the length of an episode of atopic type skin conditions in non-
atopic dogs (Table 3.2 and Appendix C) revealed the estimated expected duration
of each particular skin condition as: seven days for conjunctivitis; seven days for
otitis externa; seven days for pedal dermatitis and fourteen days for pyoderma.
Examination of the number of episodes of skin disease in atopic and non-atopic
dogs at differing ages, shown in Appendix B, was carried out with a Mann
Whitney test (results shown in Table 3.3 and Appendix D). This revealed a
significant difference between atopics and non-atopics (p<0.025, p<0.042) at nine
months for the total number of episodes of both atopic type skin conditions and
any skin conditions respectively. No significant difference was evident until
twelve months between atopics and non-atopic for otitis externa (p<0.002) and
eighteen months for conjunctivitis (p<0.02). No difference was observed between
the two groups in the number of episodes of pedal dermatitis or pyoderma.
Sensitivity, the number of atopic dogs from the fifteen atopics in the study which
agreed with the criteria of x number of episodes by y months of age, and
specificity, the number of non-atopic dogs in the study which were not affected by
x number of episodes by y months of age were found to be best for four episodes
or more of atopic type skin conditions by the age of fifteen months (Table 3.4).
Sensitivity for these criteria was 60% and specificity 93.3%.

For any skin condition, excluding viral papillomas and pressure sores, sensitivity
of 66.7% and speciﬁéity of 86.7% were found for four episodes or more by the
age of 15 months (Table 3.5). The prevalence of atopic dermatitis in the general
population has been reported as between 10% and 15% (Chamberlain, 1974).
Therefore a prevalence of 10% was used for statistical evaluation. Using this, the



best predictive value for a diagnosis of atopy in these thirty dogs was four or more

episodes of atopic type skin disease by the age of fifteen months (Table 3.4).
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Table 3.1 Results of Kolmogorov-Smimov two sample test examining the
age which any skin disease or atopic type skin disease developed in groups
of atopic and non-atopic dogs

Formula required for Kolmogorov Smirnov test:

mn
X*=4D*,, m + n

Where X*= Chi Squared distribution

D= The maximum difference between survival
curves of atopic and non-atopic dogs.

m=  Number of atopic dogs.

n= Number of non-atopic dogs.

1. For any skin condition with a maximum difference between the two
groups at ten months old:

X?=4x(60/100* x _ 15x15 .
15+15
X2=10.8

From this a critical value of p<0.01 was obtained for df=2.*

2. For atopic type skin conditions with a maximum difference between the
two groups at ten months old:

X?=4x(53.3/100%x _ 15x15 .
15+15

X*=85

From this a critical value of p<0.02 was obtained for df=2*

* From Siegel & Castellan, 1988.
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Table 3.2. The duration of episodes of atopic type skin conditions in 15

non-atopic dogs between birth and 21 months of age and results of 90%

non-parametric confidence interval.

Duration of problem (days)

Episode | Conjunctivitis | Otitis externa | pedal dermatitis Pyoderma

number
1 5 5 7 17
2 26 7 7 12
3 7 7 7 10
4 17 7 5 10
5 7 7 5 7
6 7 7 * 5
7 5 5 * 20
8 6 22 * 7
9 5 7 * 7
10 7 10 * 5
11 7 7 * 14
12 7 7 * 14
13 5 5 * *
14 7 7 * *

* No more episodes of this particular skin condition were observed.

Results of 90% non-parametric confidence interval analysis of above data
(See Appendix C) revealed the expected duration of each skin condition

as:

Conjunctivitis 7 days
Otitis externa 7 days
Pedal dermatitis 7 days
Pyoderma 14 days

75




Table 3.3 Examination of the number of episodes of individual skin
diseases in atopic and non-atopic GDBA dogs by different ages with a
Mann Whitney test. (Original data in Appendix B; calculations in

Appendix D).
Parameter Age (months) Level at which test is
significant (p value).
Otitis externa 3mths 1.000
6mths 0.756
9mths 0.507
12mths 0.010
15mths 0.071
18mths 0.013
21mths 0.005
Conjunctivitis 3mths *
6mths 1.000
9mths 0.756
12mths 0.678
15mths 0.101
18mths 0.029
21mths 0.040
Pedal dermatitis 3mths *
6mths *
9mths *
12mths 1.000
15mths 0.709
18mths 0.152
21mths 0.078
Pyoderma 3mths *
6mths *
9mths *
12mths 0.272
15mths 0.229
18mths 0.199
21mths 0.300
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Table 3.3 continued

Parameter Age Level at which test is
significant. (p value)
Atopic skin conditions 3mths 0.804
6mths 0.237
9mths 0.025
12mths 0.004
15mths 0.01
18mths 0.001
21mths 0.0003
Any skin conditions 3mths 0.804
6mths 0.351
9mths 0.042
12mths 0.002
15mths 0.003
18mths 0.002
21mths 0.001

*Test could not be carried out as results identical / virtually identical.

Those figures in bold are significant. (p< 0.05).
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Table 3.4 Sensitivity, specificity and predictive value results for the
number of episodes of atopic type skin conditions demonstrated by atopic
dogs by different ages.

Sensitivity of number of episodes of atopic type skin conditions

Age ( months)
No. episodes 12mths 15mths 18mths
3 46.6% 73.3% 100%
4 33.3% 60% 86.7%
5 26.7% 53.3% 80%
Specificity of number of episodes of atopic type skin conditions
Age ( months)
No. episodes 12mths 15mths 18mths
3 100% 73.3% 40%
4 100% 93.3% 53.3%
5 100% 100% 66.7%

Predictive value of a positive test for 10% prevalence

Predictive value =

Prevalence x Sensitivity

(Prevalence x Sensitivity) + [(1-Prevalence)x(1-Specificity)]

Age ( months)
No. episodes 12mths 15mths 18mths
3 1 0.234 0.156
4 1 0.49 0.171
5 1 1 0.211

Note: Figures in bold indicate best result
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Table 3.5 Sensitivity, specificity and predictive value results for the
number of episodes of any skin conditions demonstrated by atopic dogs by
different ages.

Sensitivity of number of episodes of any skin conditions

Age ( months)
No. episodes 9mths 12mths 15mths
3 5.3% 86.7% 100%
4 40% 66.7% 86.7%
5 26.7% 60% 86.7%
Specificity of number of episodes of any skin conditions
Age ( months)
No. episodes 9mths 12mths 15mths
3 86.7% 40% 20%
4 100% 86.7% 26.7%
5 100% 100% 46.7%
Predictive value of a positive test for 10% prevalence.
Age ( months)
No. episodes 9mths 12mths 15mths
3 0.308 0.138 0.122
4 1 0.359 0.116
5 1 1 0.153

Note: Figures in bold indicate best result
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3.4 Discussion
Atopic dermatitis is characterised as a pruritic skin condition, which is

often familial and generally affects particular breeds (Scott, 1981,
Willemse, 1986). All thirty dogs in this particular study were Retrievers,
Labrador Retrievers and their crosses which are breeds known to be
predisposed to developing atopy (Willemse, 1986).

Most cases of atopic dermatitis become clinically evident between the ages
of one and three years (Scott, 1981). However, clinical signs of skin
problems can present themselves before this age but as they are often
minor they may not be regarded as significant by an owner. The clinical
histories of the working dogs in this study are highly detailed and in this
respect minor skin conditions which may not be observed in pet dogs have
been recorded.

Diagnosis of atopic dermatitis before one year of age is difficult as
diagnosis often relies on a history of chronic relapsing skin problems.
Willemse & van den Brom (1983) observed that only 27% of atopic dogs
had developed clinical signs of atopic dermatitis by one year of age,
whereas Scott (1981) found that 64% of atopic dogs had developed signs
by one year old.

Examination of the clinical histories of the working dogs described here
revealed that there was indeed a significant difference between atopic and
non-atopic dogs in the age at which dogs first demonstrated skin problems.
This difference was evident by ten months of age. Examination of both
atopic type skin conditions and any skin conditions revealed that the atopic
dogs were significantly younger than the non-atopic dogs in the age at
which they first demonstrated such skin problems.

Atopic dogs were found to first present with atopic type skin conditions or
any skin problems at a younger age than non-atopics. From this it can be
concluded that the age at which dogs first demonstrate skin problems can
be included in the diagnostic criteria of atopic dermatitis and examination
of a dog’s history is important in the diagnosis of atopy. The only problem
is that these conditions may often be so minor that when applied to pet

dogs, episodes may not be recognised by owners. However, this should not
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be a problem in the GDBA population where puppy walkers could be
informed of the clinical signs to look for.

Evidence of pruritus is the most common presenting clinical sign in canine
atopic dermatitis (Scott, 1981). However, it can be difficult to assess as it
is subjective in nature and relies on the opinion of the owner. As it is
normal for all dogs to demonstrate a degree of pruritus, diagnosis can
prove difficult. In the kennels, working dogs are not observed at all times
and pruritus may not be diagnosed unless it is very obvious. Therefore
pruritus is not mentioned regularly in the clinical histories and it could not
be included as a major sign in this study.

Most commonly mentioned skin problems were conjunctivitis, otitis
externa, pyoderma and pedal dermatitis and statistical analysis of these
parameters was possible. Other conditions such as anal gland disease were
too infrequent to include in statistical analysis and each mention of such
condition had to be included as an episode of disease.

Otitis externa and conjunctivitis were the most common conditions
recorded. It is possible that this is because both conditions are easy to
identify when a dog is being groomed, whereas pedal dermatitis and
pyoderma can go unnoticed.

In the diagnosis of atopic dermatitis the main problem is that the initial
presentation of skin disease alone is not sufficient to make a
diagnosis.Instead diagnosis is commonly based on repeated episodes
which obviously take time to become apparent. In addition, these repeated
episodes of skin disease in both humans and dogs can become chronic,
taking a long time to resolve. It was therefore necessary to determine the
expected duration of atopic type skin conditions in non-atopic dogs. This
gave some surprising results. The expected duration of ofitis externa in
non-atopic dogs was found to be only seven days which is rather low as
usually cases of ofitis externa in GDBA dogs would be treated for a
minimum of fourteen days. It is possible that this is due to iatrogenic cases
of ear disease as a result of over zealous cleaning, and the misdiagnosis of
cases of ofitis externa by kennel staff. It has been noted that individual
dogs with large amounts of wax have been referred to the centre veterinary

surgeon as otitis externa and such cases are often recorded as otitis
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externa. These had to be included in this study as it was not possible to
differentiate them from true cases of otitis externa. Similarly cases of pedal
dermatitis were expected to last for seven days which again appears a
rather short time. It is possible that these cases are due to trauma as many
dogs tend to jump up onto the wire mesh kennel doors. However, such
cases are equally presented in atopic and non-atopic populations and it is
fair to include them 1n this study.

Comparison of atopic and non-atopic dogs revealed that there was indeed a
significant difference in the number of episodes of both atopic type skin
lesions and any skin lesions as early as nine months of age. This is
younger than would be expected as most diagnoses of atopy are not made
before one year of age. However, it is likely that most atopic dogs do
indeed begin to show clinical signs of disease at this young age, but that
the process of diagnosis, often involving relapsing skin conditions, with
dogs often being referred to dermatologists means that the recorded age of
presentation is older. Indeed, Reedy at al. (1997a) reported that a group of
inbred atopic dogs demonstrated clinical signs of atopic dermatitis at six
months of age.

There was very little difference in the numbers of dogs presenting with
atopic type skin lesions or all skin lesions. This is due to the fact that the
majority of skin conditions presenting in all these dogs are of an atopic
type. This makes diagnosis of atopy difficult.

Of the individual skin conditions described, a significant difference was
noted between the number of episodes of otitis externa experienced by
atopics and non-atopics by the age of twelve months (p<0.01). A
significant difference was found for the number of episodes of
conjunctivitis by eighteen months of age (p<0.029). There was no
significant difference between atopic and non-atopic dogs in the number of
episodes of pedal dermatitis or pyoderma. Examination of the cumulative
total of all episodes of atopic type skin problems revealed the most
significant difference between atopics and non-atopics was at nine months
of age (p<0.025). However, there was very little difference between the
total number of episodes of atopic type skin problem and the total number

of episodes of any skin problem, with a significant difference also present

82



for any skin condition (p<0.042) at nine months of age. From this it
appears that for diagnostic purposes it is better to examine the total number
of episodes of atopic type skin conditions or indeed any skin conditions
rather than relying on one particular skin condition.

The finding that atopic dogs as young as nine months of age have
significantly more episodes of skin disease than non-atopics contradicts
work by Schwartzman (1984) who could not find any clinical evidence of
atopic dermatitis in dogs less than twelve months of age. However, the
work described in the present study could not detect atopy in dogs as
young as those studied by Reedy ef al. (1997b), who observed that dogs
could demonstrate clinical signs consistent with a diagnosis of atopic
dermatitis by the time they were six months of age. In order for such an
observation to withstand statistical scrutiny increased numbers of dogs
would have to be studied.

Retrospective examination of clinical findings revealed a significant
difference between atopic and non-atopic dogs by nine months of age.
However, in order to apply this data in the prediction of atopic dermatitis,
dogs who show four or more episodes of atopic type skin disease by
fifteen months should be considered at risk of developing atopic
dermatitis. Sensitivity of this finding was 60% and specificity 93%.
Although the sensitivity is lower than desired the high specificity means
that there would be a low chance of non-atopic dogs being identified as
possible atopics. This would allow dogs to be assessed at the beginning of
their training and a decision could be made about their future before they
go through two years of training.

3.5 Conclusions
It 1s apparent from this study that atopic dogs demonstrate clinical

evidence of skin problems both of an atopic and non-atopic nature at a
younger age than non-atopic dogs. It is therefore important that the clinical
history of a suspected atopic dog is examined in some detail and that the
age at which dermatological disease of any sort was first recognised is

included in the diagnostic parameters of canine atopic dermatitis.
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In addition, examination of the cumulative number of episodes of atopic
type skin conditions or any skin problems are a better diagnostic indicator
than episodes of any one particular form of skin disease. Analysis of thc
nuinber of episodes of skin problems should therefore be carried out in
suspected atopic dogs. Those animals affected by four or more episodes of
skin problcms by the age of fifteen months should be investigated further

as candidates for the development of atcpic dermatitis.























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































