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KEY POINTS

e Allergen immunotherapy is the only specific therapy for atopic dermatitis in dogs and cats.

e Selection of allergens should be based on clinical history of the animal in conjunction with
positive reactions on intradermal or serum testing.

To optimize success, the protocol should be individualized to each patient; when adapting
the dose and/or frequency during the treatment, most animals show a good to excellent
response.

Adverse effects include increased pruritus and very rarely anaphylactic reactions.

e Subcutaneous, intralymphatic, and oro-mucosal administration routes have been re-
ported; the subcutaneous route is most frequently used.

INTRODUCTION

Allergen immunotherapy (AIT) is the only treatment of atopic dermatitis that
is able to change the pathogenic mechanisms of the disease. By injecting relevant
allergens, AIT aims at initiating an immune response that leads to activation of
regulatory T cells and immunosuppressive cytokines with a subsequent
improvement of clinical signs. In the past, the term allergen-specific immuno-
therapy was used; but as AIT by definition contains specific allergens, AlT is as
accurate and avoids stating the obvious. AIT has been used successfully in
several animal species but is most commonly used in dogs. Data in
cats are more limited. Initially, AIT was administered subcutaneously; but intra-
lymphatic and sublingual or oral immunotherapy protocols have also been
described.
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SELECTION OF ALLERGENS FOR ALLERGEN IMMUNOTHERAPY

For many years, intradermal testing was the gold standard for the identification of
offending allergens in animals with atopic dermatitis. Today serum tests for
allergen-specific immunoglobulin E (IgE) are also used, and the success rate of AIT
seems to be the same when allergens are chosen based on skin testing compared
with serum testing.” Interassay and intraassay variability of serum testing has been
evaluated in several studies, some of which showed a high reproducibility?; in others
the reproducibility was much lower,® emphasizing the need for independent evaluation
of a testing method before it can be recommended. As healthy dogs show numerous
positive reactions on both skin and serum tests,*° allergens should be chosen not only
based on test results but also on clinical history. For example, if in a temperate climate
an atopic dog shows severe pruritus all year round yet only has a strong reaction to
birch pollen, this would not explain its clinical signs. Similarly, in a dog that exhibits
clinical signs only in spring or summer and shows a strong positive reaction to house
dust mites, it is unlikely the clinical signs are due to dust mites. Positive skin test or
serum test results indicate sensitization against an allergen with subsequent IgE pro-
duction, not necessarily clinically relevant hypersensitivity. Consequently, skin or
serum test results are not suitable to make a diagnosis of environmental allergies in
any species because of those false-positive reactions and should only be used with
the aim to identify allergens suitable for AIT in animals that are diagnosed with atopic
dermatitis based on history, clinical examination, and having ruled out differential di-
agnoses. Thus, pros and cons of AIT need to be discussed with the owners and AIT
chosen as desired therapy before performing those tests. Subsequently, the results
of either intradermal testing or testing for allergen-specific IgE should be interpreted
in light of the clinical history of that particular patient; the allergens included in the
treatment solution should be chosen based on this history.

MECHANISM OF ACTION

Most available information about the mechanism of action of AIT derives from studies
with dogs and parallels what is seen in humans (Box 1). An increase in so-called block-
ing IgG antibodies was described in dogs undergoing immunotherapy®’; but an actual
binding and, thus, inactivation of offending allergens by those antibodies have
not been demonstrated as of yet; it is not known whether production of those
allergen-specific antibodies during AlT is correlated to a good clinical response. An
increase in FoxP3+ regulatory T cells and IL-10 and a decrease in allergen-specific
IgE have been associated with successful immunotherapy in one study.® In cats
with experimental asthma that underwent rush immunotherapy (RIT) with CpG

Box 1
Mechanisms of action of allergen immunotherapy in dogs and humans
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Abbreviations: |lgG4, immunoglobulin G4; IL, interleukin; Treg, regulatory T cell.
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oligodeoxynucleotides, the percentage of eosinophils in the bronchoalveolar lavage
fluid (BALF) decreased significantly with immunotherapy; but the number of regulatory
T cells in the peripheral blood and the concentration of IL-10 or interferon-gamma in
the BALF did not change.®

SUBCUTANEOUS ALLERGEN IMMUNOTHERAPY

Traditionally, allergens in AIT of canine atopic dermatitis (as in other species) are
injected subcutaneously during the induction period in gradually increasing volume
and concentration over a few weeks to a few months depending on the protocol.™®
Thereafter maintenance therapy is administered with the same amount of allergen
extract every few weeks to once monthly for a period of several years. However,
most dermatologists agree that the amount of allergen and the frequency of injections
have to be adjusted to individual patients. If a dog shows increased pruritus directly
after the injection, that then subsides again a few days later, the dose should be
reduced at the next injection. If the pruritus improves after the injections but then in-
creases again some time before the next allergen administration, a shorter interval be-
tween injections is advisable. The final response should not be evaluated until
12 months after beginning AIT. Owners need to be made aware before choosing
immunotherapy that it may take 1 year until maximal improvement has been achieved.

Patients on immunotherapy may need additional antipruritic medication during the
first months of treatment. Essential fatty acids, antihistamines, lokivetmab, and
shampoo therapy are unlikely to interfere with tolerance induction. However, the
author prefers not to use glucocorticoids, cyclosporine, and oclacitinib as long-term
therapy during the first year of AIT but rather as short treatment courses as needed.

Many studies evaluating subcutaneous AIT (SCIT) show an excellent response or a
good improvement in approximately two-thirds of the dogs, independent of age, sex,
breed, type of allergen, perennial or seasonal clinical signs, and high- or low-dose pro-
tocols (Table 1)." The few studies evaluating RIT, oro-mucosal immunotherapy (OIT),
and intralymphatic immunotherapy (ILIT) reported similar success rates.’'~'®> How-
ever, most studies included a small number of dogs and were case studies’; only a
few studies were randomized and double blinded.®'4'> Thus, the results need to
be interpreted with caution; more studies are needed to determine factors optimizing
treatment outcomes. In addition, dose-finding studies were performed only, rarely, in
dogs; their results have not been conclusive.’ 1516

Table 1
Success rate of canine allergen immunotherapy in various studies
Number of Dogs

Study Reference Success Rate (% Good to Excellent Responders) Included
Keppel et al,® 2008 51 53
Mueller & Bettenay,'”” 58 146

1996
Nuttall et al,'® 1998 222 186
Schnabl et al,'® 2006 64 117
Scott et al,’® 1993 60 144
Zur et al,?° 2002 52 169

@ Most studies evaluated responses as excellent, good, mild/moderate, and poor; this particular

study only graded responses as good, partial, or none; 22% showed a good and 39% a partial
response.
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RUSH IMMUNOTHERAPY

With subcutaneous RIT, the induction period of several weeks to months is abbrevi-
ated to 1 day and injections are given hourly. Dogs are continuously monitored clini-
cally in a hospital setting. In human medicine, RIT is performed to achieve a more rapid
improvement, particularly in patients with venom hypersensitivities, but is associated
with a high rate of anaphylactoid reactions. In dogs, RIT is well tolerated and has
mainly been associated with increased pruritus; more severe reactions have been
extremely rare.’2" The protocol in dogs includes a recommendation of an antihista-
mine administration 1 or 2 hours before the injection of the allergen extract. In a
double-blinded study, the maximum improvement in clinical signs was reached after
6.8 months with RIT compared with 9.2 months with classic immunotherapy; however,
in this study the difference failed to reach statistical significance.'? RIT with alum-
precipitated allergens has been reported with similar safety and success rates as
RIT with aqueous allergens.?? RIT has also been reported in 4 cats,?® but this number
is too small to make any conclusions about safety; efficacy was not reported in this
case series.

ORO-MUCOSAL IMMUNOTHERAPY

Oral immunotherapy has been available in some countries for several years. In humans
with sublingual immunotherapy (SLIT), small amounts of allergens are administered
and kept under the tongue for several minutes without swallowing; in oral immuno-
therapy, allergens are swallowed after oral administration. In dogs, a small amount
of extract is applied between the lips and gums once to twice daily. Consequently,
in animals, OIT is probably the better term. Improvement of clinical signs and a
decrease in allergen-specific IgE were reported in a small number of dogs with this
type of AIT."® A larger clinical study a few years ago showed a reasonable success
rate comparable with that seen with SCIT.?* In addition, dogs improved on OIT that
had previously failed to improve on SCIT. Unfortunately, this study is not published.
Further scientific studies are needed to evaluate optimal treatment protocols for this
treatment option.

INTRALYMPHATIC IMMUNOTHERAPY

In humans, ILIT is associated with a prolonged improvement after 3 monthly injections
and was reported to be safer and better tolerated than SCIT.?>2° In dogs, several
studies have evaluated ILIT and reported it a safe treatment alternative to SCIT or
OIT.""27:28 A smaller amount of allergen extract (typically 0.1 mL) is injected in the sub-
mandibular or popliteal lymph node monthly. Based on published data, prolonged
improvement is only seen in a small number of dogs; most patients will need
continuous intralymphatic or subcutaneous injections, especially when aqueous aller-
gens are used.?” The author has seen some dogs improve on ILIT that previously failed
to improve on SCIT. Short- and midterm adverse effects seem to be very rare.'"27:28
Long-term adverse effects of ILIT are not known, and further studies about long-term
safety are particularly needed with alum-precipitated extracts.

FELINE ALLERGEN IMMUNOTHERAPY

Atopic dermatitis in cats is not well defined. There is evidence for causal involvement
of allergens in cats with noninflammatory alopecia, severe head and neck pruritus, le-
sions of the eosinophilic granuloma complex, miliary dermatitis, and feline asthma.®2°
In cats with skin disease, few studies are published evaluating AIT; almost all of them
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evaluated SCIT in a small number of cats.’2°" All of those studies showed success
rates similar to what is seen in dogs with atopic dermatitis. One study reported suc-
cessful RIT in 4 cats.?® No studies have been published evaluating ILIT or SLIT in
cats. More information is published about the treatment of cats with asthma sensitized
to various allergens in a laboratory setting.>? Successful RIT with a decrease in eosin-
ophil numbers in bronchoalveolar lavage has been reported even when the allergen
used in the extract was either not the allergen the cats were sensitized to or not the
only allergen the cats were sensitized to.®® When bacterial oligodeoxynucleotides
were used as an adjuvant to RIT in those cats with experimental asthma, eosinophilic
airway inflammation was also significantly alleviated.®

ADVERSE EFFECTS OF IMMUNOTHERAPY

Increased pruritus after allergen administration is the most common adverse effect
seen with subcutaneous immunotherapy.’ In many cases, this can be alleviated by
decreasing the volume of allergen extract injected. Other animals may benefit from
the administration of an antihistamine 2 hours before allergen injection. In some cases,
this may be due to adjuvants; in a double-blinded study 3 of 27 dogs treated with
alum-precipitate allergens and 2 of 24 dogs treated with an alum-containing placebo
showed generalized pruritus.’# Localized injection reactions may rarely be seen.” In a
small number of patients (<1%), systemic reactions may occur and include anxiety,
depression, diarrhea, hyperactivity, sleepiness, urticaria/angioedema, vomiting,
weakness, and very rarely collapse and anaphylaxis.' For milder adverse effects, glu-
cocorticoids or antihistamines may be administered; however, in patients with
anaphylaxis, intravenous epinephrine is the treatment of choice.

SUMMARY

AlT is a good treatment option for environmental allergy in dogs and cats. It is the only
specific therapy and the only treatment reported to change the patho-mechanisms of
the disease. Subcutaneous immunotherapy combines a satisfactory success rate with
a good safety profile. Anaphylactic reactions are rarely seen in animals. In addition to
the subcutaneous administration of allergens, more recent routes of administration,
such as intralymphatic and OIT, have been described. Pilot studies with different ad-
juvants, such as bacterial oligodeoxynucleotides,®>*2° pullulan,®® or mannan,®” have
been published; their use may further increase safety and efficacy. The first trials have
reported the use of recombinant allergens.®® However, as most of the published
studies are case series with often rather small numbers of animals included, more
and larger randomized studies of immunotherapy are needed in a clinical setting to
provide guidance on the optimal selection of allergens, adjuvants, dosing, success
rate, and adverse effects of the various protocols of immunotherapy in dogs and cats.
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