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Background – Demodicosis is a common disease in small animal veterinary practice worldwide with a variety of

diagnostic and therapeutic options.

Objectives – To provide consensus recommendations on the diagnosis, prevention and treatment of demodico-

sis in dogs and cats.

Methods and materials – The authors served as a Guideline Panel (GP) and reviewed the literature available

before December 2018. The GP prepared a detailed literature review and made recommendations on selected

topics. A draft of the document was presented at the North American Veterinary Dermatology Forum in Maui, HI,

USA (May 2018) and at the European Veterinary Dermatology Congress in Dubrovnik, Croatia (September 2018)

and was made available via the World Wide Web to the member organizations of the World Association for

Veterinary Dermatology for a period of three months. Comments were solicited and responses were incorpo-

rated into the final document.

Conclusions – In young dogs with generalized demodicosis, genetic and immunological factors seem to play a

role in the pathogenesis and affected dogs should not be bred. In old dogs and cats, underlying immunosuppres-

sive conditions contributing to demodicosis should be explored. Deep skin scrapings are the diagnostic gold stan-

dard for demodicosis, but trichograms and tape squeeze preparations may also be useful under certain

circumstances. Amitraz, macrocyclic lactones and more recently isoxazolines have all demonstrated good effi-

cacy in the treatment of canine demodicosis. Therapeutic selection should be guided by local drug legislation,

drug availability and individual case parameters. Evidence for successful treatment of feline demodicosis is stron-

gest for lime sulfur dips and amitraz baths.
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1 Introduction

In previous clinical consensus guidelines, the World Asso-

ciation of Veterinary Dermatology (WAVD) has made an

effort to provide up-to-date and relevant information

about certain topics available worldwide, written by inter-

national panels reflecting expert opinions from several

parts of the world and accessible to everybody world-

wide.1,2 The WAVD invited the authors of this manuscript

to contribute to clinical consensus guidelines about

demodicosis. Authors initially agreed on responsibilities

of each individual for specific sections of the manuscript,

then performed a literature search and gathered pub-

lished evidence for their individual sections. Where pub-

lished studies were lacking, textbooks, abstracts

presented at veterinary meetings and expert opinions

were used. After each section was drafted, the complete

manuscript was reviewed by each author. Comments on

the whole manuscript were discussed and a preliminary

draft of the complete manuscript was posted on the

WAVD website and presented at the North American

Veterinary Dermatology Forum meeting in Maui, HI, USA,

2018 and the European Veterinary Dermatology Congress

in Dubrovnik, Croatia, 2018 where feedback was

Summary of statements

Diagnosis and treatment of demodicosis in dogs and cats

1 In young dogs with generalized demodicosis a temporary immune alteration most likely plays an important role in the

pathogenesis. In older dogs, the disease may be associated with an immunosuppressive condition or treatment. However,

other hitherto unknown factors also may play a role. In cats, demodicosis is usually associated with other diseases, with

the exception of the contagious Demodex gatoi that can also affect otherwise healthy cats.

2 In young dogs, demodicosis has a genetic basis and most likely multiple genes are involved

3 In dogs, two Demodex species occur, the shorter D. canis and the longer D. injai. In cats, the shorter D. gatoi has a more

regional occurrence and different clinical signs than the classical D. cati.

4 Demodicosis in dogs is characterized by alopecia and comedones, follicular casts, papules and pustules. In more severely

affected dogs crusting with secondary bacterial infections and systemic signs may develop. Dogs with demodicosis due

to D. canis also can exhibit pruritus, especially when secondary infection is present. Demodex injai occurs more often in

terrier breeds and additionally causes excessive greasiness. In cats, D. cati shows similar clinical signs, whereas by

contrast infestations with the contagious D. gatoi often lead to truncal pruritus.

5 Deep skin scrapings (currently the diagnostic method of choice), trichograms, tape strips and examinations of exudate

may be useful in identifying Demodexmites. More than one mite on any given test is an indication of clinically relevant

demodicosis.

6 Dogs with generalized demodicosis and their parents should not be bred.

7 Treatment for generalized demodicosis should be monitored clinically and microscopically every month until the second

negative skin scraping. Miticidal therapy should be continued four weeks beyond the second set of negative monthly

scrapings to decrease the risk of a disease recurrence.

8 In dogs with demodicosis, systemic antibiotics will typically not be needed and topical antibacterial therapy combined with

good miticidal agents will be sufficient unless severe bacterial infection is present.

9 Weekly amitraz rinses at 0.025–0.05% are effective for canine demodicosis; long-haired animals should be clipped.

10 Oral ivermectin at 0.3–0.6 mg/kg daily, moxidectin at 0.3–0.5 mg/kg daily, milbemycin oxime at 1.0–2.0 mg/kg daily and

doramectin injected subcutaneously every week at 0.6 mg/kg are effective therapies for canine demodicosis, but an initial

gradual dose increase is recommended for systemic moxidectin and ivermectin to identify dogs sensitive to toxicosis

induced by those macrocyclic lactones. Topical moxidectin/imidacloprid should be considered for mild-moderate cases of

canine demodicosis.

11 A number of studies have evaluated the efficacy of isoxazolines for canine demodicosis in pet dogs. The published data

are very encouraging and make this drug class an excellent treatment option for dogs with demodicosis.

12 Demodicosis in cats may be treated with weekly lime sulfur dips at a concentration of 2% or amitraz baths at a

concentration of 0.0125%. An easier alternative may be weekly administration of a spot-on containing moxidectin/

imidacloprid.

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2.6
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requested. This feedback was discussed and a final ver-

sion of the manuscript was agreed on by all authors

before submission to the journal.

2 Pathogenesis

Demodicosis is a common disease in canine practice3,4

caused by a proliferation of Demodex mites. These mites

are normal commensal organisms in the hair follicles of

many mammals.5–10 In the dog they are transmitted dur-

ing the first days of life from the dam to the puppies.11 In

most species, demodicosis occurs only when animals are

immunocompromised due to other diseases or undergo-

ing immunosuppressive therapies. Demodicosis in

immunosuppressed individuals has been reported in

humans, dogs and cats amongst others.12–18 With the

exception of Demodex gatoi in the cat, the dog is the only

species where young and otherwise healthy animals

develop demodicosis. This juvenile demodicosis has been

presumed to be due to cell-mediated deficiency.19

2.1 Immunology

Early studies showed a normal humoral response, but

decreased lymphocyte blastogenesis in young dogs with

naturally occurring demodicosis.20,21 Treatment of pup-

pies with anti-lymphocyte serum led to generalized

demodicosis in eight puppies whereas their untreated lit-

termates remained healthy.22 Subsequently, a T-cell

exhaustion characterized by low numbers of circulating

CD4+ T cells,23 together with increased serum concentra-

tions of interleukin (IL)-2,24 IL-5, IL-625 and26 IL-18,24 and

the immunosuppressive cytokines IL-1027,28 and TGF-

beta25 were reported in a number of studies comparing

dogs with generalized demodicosis to healthy con-

trols.9,27–29 By contrast, the proinflammatory cytokine

TNF-alpha was reduced in dogs with demodicosis.28 The

CD4:CD8 ratio was lower and the number of CD8-positive

cells was reported to be increased in dogs with general-

ized demodicosis.29 However, it is unclear, whether

those changes are a consequence of the demodicosis or

contribute to the pathogenesis. Histologically, demodico-

sis is characterized by a mural folliculitis with infiltrating

CD8+ cytotoxic T cells, which resolves quickly with reso-

lution of the demodicosis.30 MHC class II receptors are

upregulated in the skin of dogs with demodicosis, particu-

larly in keratinocytes.31

The presumption that immunosuppression is the cause

of the demodicosis is further supported by a severe com-

bined immunodeficiency (SCID) mouse model. SCID

mice, which have no B and T cells, received skin grafts

from dogs which were later infected with D. canis col-

lected from a dog with demodicosis. Within one to three

months, mites proliferated in the grafted canine skin and

not the surrounding murine skin.32 In another immunode-

ficient double knock-out mouse model lacking CD28 (a

co-stimulatory molecule involved in T-cell activation) and

STAT6 (essential for a pathway that plays a role in IL-4

signal transduction and Th2 differentiation), mice devel-

oped a severe dermatitis due to a proliferation of Demo-

dex mites.33 However, in this model, demodicosis was

accompanied by a prominent dermal infiltration of CD4+

and CD8+ T cells, increased concentrations of IL-12, IFN-

gamma and IgG2 indicating a prominent Th1 response,

that was markedly reduced once the Demodex mites

were treated with amitraz.33 The alleviation of the Th1

response with miticidal treatment in the double knock-out

mouse model does not seem to be in concordance with a

defect of cell-mediated immunity as a cause of demodico-

sis. In another study, canine skin grafts on Rag2 knock-

out mice were infected with D. canis mites.34 Mites pro-

liferated in the grafts, but clinical lesions did not develop.

Nine weeks after infection, some grafts were injected

with canine peripheral blood mononuclear cells (either

nonstimulated or stimulated with phytohaemagglutinin

and IL-2). One month later, mite numbers were highest in

the grafts injected with stimulated PBMCs (those mice

also developed canine serum IgG antibodies), lower in

grafts not injected at all with PBMCs and lowest in the

grafts injected with nonstimulated PBMCs.34

The pathogenesis of demodicosis may be more compli-

cated or it may be different in the juvenile dog or in differ-

ent dog breeds. Possibly, a functional Th2 response is

more relevant for mite control than thought previously.

One study evaluated only pit bull terrier-type dogs with

generalized demodicosis with age- and breed-matched

controls, and reported significantly higher serum IgA,

IL-2, IL-18 and monocyte chemoattractant protein-1 con-

centrations in affected dogs, also pointing to an at least

partially increased immune response in this breed.24 A

further study reported increased Toll-like receptor (TLR)-2

and decreased TLR-4 and TLR-6 in dogs with demodico-

sis compared to normal controls.35 The downregulation

of TLRs in affected dogs may be induced by the mites as

a strategy to decrease the host immune response. Alter-

natively, it could be a predisposing factor for disease

development or an incidental finding not influencing the

disease. Further studies are required to define the role of

TLRs in the development of canine demodicosis.

Initially, there was debate as to whether the secondary

bacterial infection seen with generalized demodicosis

was contributing to, or in some way causing, those

immunological changes.36,37 However, based on the pub-

lished data this seems less likely38,39 and at least the

decreased lymphoblastogenesis seems to be a conse-

quence rather than a cause of the disease.39,40 Not sur-

prisingly, demodicosis is accompanied by an increase in

markers for oxidative stress.41

As the overwhelming majority of affected juvenile dogs

do not suffer from a recurrence following successful ther-

apy,42 it seems likely that the presumed immune aberra-

tion is a temporary problem.

The first clinical signs of juvenile demodicosis in dogs

typically occur in the first 18 months of life.19 Adult-onset

demodicosis also exists and is comparable to the demodi-

cosis seen in other species. In the dog, this was reported

to be associated with diseases or drugs leading to a com-

promised immune system such as leishmaniosis,43

hyperadrenocorticism,14,44 hypothyroidism,14 neoplasia,14

babesiosis,45 ehrlichiosis,45 and glucocorticoid treatment

or chemotherapy.14 Although one report mentioned ato-

pic dermatitis as a frequent concurrent disease, many

dogs had received glucocorticoid therapy.46 In a retro-

spective study evaluating a large number of dogs with

adult-onset demodicosis in two countries and comparing

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2. 7
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those dogs to a control population, hyperadrenocorticism,

hypothyroidism and leishmaniosis, but not neoplasia, pre-

disposed dogs to demodicosis.47 However, the differenti-

ation of juvenile- and adult-onset demodicosis may be

difficult in individual cases. It is more important to identify

and correct predisposing factors (such as endoparasitism

or underlying diseases) independent of age to achieve the

best possible outcome.

In cats, demodicosis has been reported in association

with feline immunodeficiency virus,18,48,49 xanthoma50

and diabetes mellitus.51 The localized form has been

described in lesions of feline squamous cell carcinoma

in situ.52,53

In humans, demodicosis is described as a primary

immunosuppressive disorder based on a hereditary T-cell

defect54 or as a consequence of immunosuppression.17

2.2 Genetics of juvenile demodicosis

For decades, strong breed predilections were reported

for canine juvenile demodicosis. In early reports, those

lists were largely anecdotal. One large, well-powered

study identified a greater than four-fold increased risk of

developing generalized demodicosis for the American

Staffordshire terrier, Staffordshire bull terrier, Chinese

shar-pei and French bulldog.55 A further study in the Uni-

ted States identified the English bulldog, pit bull and

Sealyham terrier as predisposed breeds for juvenile onset

demodicosis.46

Those breed predilections and the frequent occurrence

of juvenile demodicosis in certain lines, sibling puppies

and related dogs make a hereditary basis very likely. In

addition, there is anecdotal evidence that preventing

affected dogs from breeding decreases the frequency of

the disease.19 However, to the best of the authors’

knowledge, only one study has been published evaluating

the genetic basis in more detail. In that study, using

microsatellite markers, a significant association was

found between generalized demodicosis and the DLA

haplotypes FH2002, FH2975 and FH2054 in Argentinian

mastiffs and boxer dogs.56

Demodicosis in juvenile dogs shows a wide variety of

clinical signs, from mild, localized alopecia to severe gen-

eralized forms with prominent systemic signs. These vari-

ations may be seen within the same litter of puppies. In

addition, dogs respond differently to the various therapeu-

tic approaches. Thus, it is likely that several genes are

involved in the pathogenesis and, thus, more and larger

studies are needed to elucidate the genetic background

of the disease. Further support for a multi-gene

involvement is the above-mentioned immunodeficient

double knock-out mouse strain lacking CD28 and

STAT6.33 By contrast to the double knock-out mice, sin-

gle knock-out siblings kept in close contact and lacking

either CD28 or STAT6 did not show any clinical signs.33

3 Demodex species in the dog and cat

Several mite species have been reported in dogs and

cats. In the dog, initially three different species were

reported. Demodex canis is the most common demod-

ectic mite of dogs. A longer-bodied mite also was

reported57–60 and named D. injai ("inja" being the Zulu

name for "dog").57 The female adult mites were approxi-

mately 50% longer and males 100% longer than adult

D. canis mites respectively. A short-bodied mite was

named D. cornei by some authors because it was sup-

posedly found more superficially.61–65 Genetic compar-

isons66,67 revealed only one66 or two67 different species

of Demodex in the dog: D. canis and D. injai. In the

genetic studies, the short-bodied mite was considered

to be a morphological variant of D. canis.67 In one

report it was suggested that D. cornei are dead or near-

dead D. canis mites, further supporting that only two

species of mites exist.68 However, a taxonomic analysis

found the short-bodied mite to be a distinct canine spe-

cies.65

There are three different species of Demodex mites in

the cat: D. cati,69 D. gatoi70 and a third unnamed spe-

cies.13,71 The unnamed species had a longer gnathosoma

and a shorter opisthosoma than D. cati; the length:width

ratio of the opisthosoma was approximately 2:1, whereas

in D. cati it was approximately 5:1.13 By contrast to

D. cati, D. gatoi is contagious and usually causes intense

pruritus.72,73 It was considered a very regional disease,

predominantly diagnosed in the Southeastern United

States.73 However, more recently there have been

reports of D. gatoi infestations in cats from other areas of

the world.72,74,75

4 Clinical signs in dogs

In the dog, localized and generalized forms of demodico-

sis were differentiated on the basis that the vast majority

of dogs with localized demodicosis went into sponta-

neous remission without treatment.19 However, the defi-

nition of localized demodicosis is subjective and thus

different presentations are judged differently by different

Consensus Statement 1 In young dogs with general-

ized demodicosis a temporary immune alteration most

likely plays an important role in the pathogenesis. In

older dogs, the disease may be associated with an

immunosuppressive condition or treatment. However,

other hitherto unknown factors also may play a role. In

cats, demodicosis usually is associated with other dis-

eases, with exception of the contagious Demodex gatoi

that also can affect otherwise healthy cats.

Consensus Statement 2 In young dogs, demodicosis

has a genetic basis and most likely multiple genes are

involved.

Consensus Statement 3 In dogs, two Demodex spe-

cies occur, the shorter D. canis and the longer D. injai.

In cats, the shorter D. gatoi has a more regional occur-

rence and different clinical signs than the classical

D. cati.

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2.8
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breeders and veterinarians. The reported lesion extent

consistent with localized disease ranges from four lesions

to 50% of the body surface.76,77 It is unknown whether

the size of a lesion considered localized is influenced by

the size of the dog or whether an area with inflammatory

lesions such as papules, pustules, exudation, crusting

and ulcers is comparable to an area characterized only by

alopecia and comedones. This may make the differentia-

tion of localized from generalized disease difficult in some

individual cases.

Clinical signs develop after mite proliferation has

occurred; they depend on the degree of mite proliferation.

Initially, there may be a noninflammatory hypotrichosis/

alopecia and/or an inflammatory dermatitis with mild ery-

thema, comedone formation, scaling and associated

hypotrichosis/ alopecia (Figures 1 and 2). The lesions may

be focal or multifocal to coalescing involving large areas

of the body. Follicular plugging, dilation and hyperpigmen-

tation of hair follicular ostia may be present and when

seen are a clinical clue for the disease. Pedal demodicosis

commonly causes quite marked hyperpigmentation (of

both follicles and surrounding skin) and may present with

significant interdigital inflammation, oedema and pain

(Figure 3). In more inflammatory presentations, follicular-

oriented papules may develop. Pruritus is generally not

thought to be characteristic of milder presentations; how-

ever, it is more common if the short-bodied morphological

variant of D. canis61,62 is present and/or if secondary bac-

terial infection develops. Follicular casts (scale adherent

to the hair shafts) may be present.

With more severe or advanced disease (Figures 4 and

5), secondary bacterial infection may lead to follicular pus-

tules, furunculosis with scale, crust, exudation and ulcera-

tion with draining tracts. Severe, generalized pustular

demodicosis may be painful and associated with hyper-

pigmentation, lymphadenopathy, lethargy and fever. In

those severely affected dogs, septicaemia secondary to

bacterial infection is possible and may even have a fatal

outcome.

Demodex injai has been reported in several dog breeds

but seems over-represented in terrier breeds and their

crosses.60 Whilst it may be associated with erythema,

comedone formation, hyperpigmentation and alopecia,

similar to D. canis, the most striking and consistent clini-

cal feature is marked greasiness of the dorsal trunk.

Environmental factors such as a high humidity and

ambient temperature are anecdotally discussed as lead-

ing to more severe clinical signs in the dog, although no

scientific studies have been conducted to confirm this

statement.

5 Clinical signs in cats

Demodex cati can cause localized or generalized disease

and lesions include erythema, hypotrichosis/alopecia,

Figure 1. Comedones in the perivulval area of a dogwith demodicosis.

Figure 2. Erythematous and scaly pinna of a dog with demodicosis.

Figure 3. Pododemodicosis in a 1-year-old, male neutered pug with

generalized demodicosis.

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2. 9
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scale and crusting (Figure 6). Pruritus is variable but may

be intense in some individuals. Generalized disease com-

monly is associated with an underlying disease such as

feline immunodeficiency virus,18,48,49 xanthoma50 or dia-

betes mellitus.51 In some cats, no other disease may be

identified. Demodex mites also have been reported to

proliferate within the scaly alopecic lesions of Bowenoid

in situ carcinoma (BISC).52,53

Demodex gatoi is a contagious mite that inhabits the

stratum corneum (like Sarcoptes) and the most common

clinical feature is pruritus ranging from mild to very

intense. Skin lesions aside from self-induced alopecia and

scale (Figure 7) are secondary hyperpigmentation, super-

ficial erosion and ulceration. The changes predominantly

are truncal with the ventral abdomen having been

reported as a site of predilection.72,73

6 Diagnosis

6.1 Deep skin scrapings

Deep skin scrapings are considered to be the diagnostic

tool of choice in most patients with suspected demodico-

sis.78 Samples may be collected with curettes, spatulae,

sharp or dull scalpel blades. Placing a drop of mineral oil

on the sampling instrument or directly on the skin is help-

ful for better adherence of the sampled debris to the

instrument. Multiple scrapings of approximately 1 cm2 of

affected skin should be performed in the direction of the

hair growth and importantly the skin should be squeezed

constantly or intermittently during scraping to extrude the

mites from the depth of the follicles to the surface.

Squeezing the skin has been shown to increase the num-

ber of mites found.79 Primary lesions such as follicular

papules and pustules should be selected in order to

obtain the best yield. If at early onset papules and pus-

tules are not present, erythematous, alopecic areas

should be chosen. Ulcerated areas are not suitable as it is

less likely to find parasites in such areas. The skin is

scraped until capillary bleeding occurs indicating sufficient

depth of the scraping. The gathered debris should be of

reddish to brownish colour, indicating sufficient material

(Figure 8). If necessary in a long- or medium-haired dog,

lightly clipping the area to be scraped (in the direction of

hair growth) will minimize the loss of the scraped material

into the surrounding hair. Debris then is transferred to a

slide, mixed with mineral or paraffin oil and examined

with a cover slip under the microscope at low magnifica-

tion (overall 940 or 9100). Recognition of mites is easier

with a lowered microscope condenser and decreased

light to increase the contrast in the microscope field (Fig-

ure 9). Specimens should be evaluated immediately, as

anecdotally mite deterioration may occur making accurate

identification of numbers and stages more difficult with

time.

As Demodex mites are part of the normal microfauna,

one mite identified on several deep skin scrapings could

be a normal but uncommon finding. However, more than

one mite is strongly suggestive of clinical demodicosis. If

only one mite is found in a dog with compatible clinical

signs, further skin scrapings should be performed to con-

firm the diagnosis. Different life stages (eggs, larvae,

nymphs and adults) and their numbers should be

recorded and compared from the same sites at each visit

to objectively measure the treatment success.

Figure 4. Pustular demodicosis on the ventrum of a dog with gener-

alized demodicosis. Figure 5. Severe facial demodicosis in a dog.

Consensus Statement 4 Demodicosis in dogs is char-

acterized by alopecia and comedones, follicular casts,

papules and pustules. In more severely affected dogs

crusting with secondary bacterial infections and sys-

temic signs may develop. Dogs with demodicosis due

to D. canis also can exhibit pruritus, especially when

secondary infection is present. Demodex injae occurs

more often in terrier breeds and additionally causes

excessive greasiness. In cats, D. cati shows similar

clinical signs, whereas by contrast infestations with the

contagious D. gatoi often lead to truncal pruritus.

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2.10

Mueller et al.
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6.2 Trichograms

Trichograms have been reported as an alternative to deep

skin scrapings79,80 and are particularly useful in areas that

are difficult to scrape, such as periocular and interdigital

areas. An area of 1 cm2 should be plucked with forceps in

the direction of the hair growth and placed in a drop of

mineral or paraffin oil on a slide. The use of a coverslip

greatly facilitates thorough and rapid inspection of the

specimen (Figure 10). To increase the chance of a

positive trichogram, a large number of hairs (50–100)
should be plucked, if possible. When performed properly,

trichograms have a high diagnostic yield.79,80 However,

negative trichograms should be followed by deep skin

scrapings before ruling out demodicosis. Positive tri-

chograms in healthy dogs are rare.81

6.3 Tape strips (“Scotch tapeTM tests”)

Tape strips also have been reported as an excellent diag-

nostic method for canine demodicosis.82 While squeezing

the skin, the acetate tape is pressed onto the skin with

the sticky surface down. Although this technique initially

was reported to be more sensitive than deep skin scrap-

ings,82 follow-up studies have shown contradicting

results.83,84

6.4 Skin biopsy (histopathological investigation)

In some rare cases, skin scrapings, trichograms and tape

preparations may be negative and skin biopsies for

histopathological investigation may be needed to detect

the Demodex mites in the hair follicles or in foreign body

granulomas observed as a consequence of furunculosis.

This may be more likely in certain body locations such as

the paws and certain breeds such as the shar-pei.

6.5 Other methods of mite detection

Direct examination of the exudate from pustules or drain-

ing tracts may reveal mites in some cases. Specimens

can be collected by squeezing the exudate onto a glass

slide, and visualized by adding mineral oil and a coverslip.

In one study, exudate was collected from dogs showing

exudative lesions with the blunt side of a second scalpel

blade after gently removing the crusts and squeezing the

lesion.85 In this particular study, the exudate sampling

Figure 6. Demodicosis caused by Demodex cati in an 8-year-old

female spayed domestic short-haired cat with lymphoma.

Figure 7. Alopecia due to Demodex gatoi in a DSH.

Figure 8. Debris gathered with a deep skin scraping.

Figure 9. Demodex canismites in a skin scraping (9100).

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2. 11
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was compared to deep skin scrapings and trichograms

and was positive in all dogs sampled. However, this tech-

nique is only possible in dogs with more severe forms of

demodicosis.

Cytological specimens stained with commercial Roma-

nowsky stains, such as Diff Quik, also may reveal Demo-

dex mites (more easily recognized with the condenser

lowered for searching). Although this is not a very sensi-

tive method for the diagnosis, it is not uncommon to find

mites on the evaluation of cytological samples of dogs

with exudative forms of demodicosis.

Faecal flotation was evaluated for diagnosis of canine

and feline demodicosis and was reported to yield less

mites than skin scrapings and be frequently false-nega-

tive.74,75,86

6.6 Diagnosing bacterial infections

Frequently, generalized demodicosis is associated with

secondary bacterial infections. Particularly in severe

cases involving furunculosis, a bacterial septicaemia is

possible. When clinical signs of possible bacterial infec-

tion such as pustules or draining tracts are present, an

impression smear should be obtained, stained and evalu-

ated for an increased number and/or intracellular location

of bacterial organisms. Most commonly, Staphylococcus

pseudintermedius will be present,42 but in some patients,

particularly those with furunculosis, Gram-negative rods

such as Escherichia coli or Pseudomonas aeruginosa may

dominate. For these cases, a culture and susceptibility

testing is indicated.

6.7 Breeding considerations

Canine generalized demodicosis is a relatively frequent

and often very severe parasitic skin disease. As many as

0.58% of the dogs in the USA suffer from the generalized

form of the disease.55 Multiple risk factors are involved in

the development of canine demodicosis and one of the

most important recognized risk factors is breed predispo-

sition.55 Juvenile demodicosis is more common in pure-

bred dogs of particular breeds. Selective breeding in order

to obtain a certain set of desired characteristics in a partic-

ular breed can lead to a reduction of genetic variation

within a breed. This may facilitate the clinical expression

of recessive genes and in turn can result in a greater sus-

ceptibility to certain diseases.

Knowledge about breed predispositions for certain dis-

eases such as demodicosis is useful not only while creat-

ing a list of differential diagnoses and when advising

clients which breed to purchase, but also when advising

breeders. Implementing appropriate prophylactic strate-

gies can markedly reduce the prevalence of generalized

juvenile demodicosis in the dog.19 Excluding bitches from

breeding that have given birth to puppies with demodico-

sis will lead to a prominent decrease of puppies affected

with demodicosis.19 As early as 1981, the American

Academy of Veterinary Dermatology adopted a resolution

recommending “neutering all dogs who have had gener-

alized demodicosis so that the incidence of the disease is

decreased and not perpetuated”.87 We recommend that

affected dogs or their parents should not be used for

breeding. One report recommended that the need to use

acaricidal therapy was a determining factor for the exclu-

sion of dogs from breeding, given the advent of isoxazoli-

nes used for ectoparasite control, this recommendation is

difficult to maintain. It is the consensus of the authors to

recommend that dogs with generalized demodicosis and

their parents not be bred until further studies are evalu-

ated regarding the impact of isoxazolines.

7 Treatment

7.1 General considerations

Demodicosis varies from mild localized to severe general-

ized disease. Mild localized disease will resolve sponta-

neously in most cases. How many dogs with more

severe disease would also resolve spontaneously without

treatment is unclear. Although a study has attempted to

evaluate the proportion of dogs with the generalized form

of the disease that undergo spontaneous remission,88

such studies are difficult to conduct and robust data are

lacking to answer this question. In addition, in most coun-

tries it is considered unethical to withhold treatment of

dogs with severe demodicosis and owners of such dogs

usually will not consent to observation instead of inter-

ventional (and typically efficacious) acaricidal therapy.

Nevertheless, there is some evidence that spontaneous

remission can occur in a subset of dogs with generalized

disease.88,89

Anecdotally, intact female dogs with generalized

demodicosis in remission after successful treatment may

show disease recurrence when in oestrus. Some of the

present authors also have seen this. In a female

Figure 10. Demodex canismites in a trichogram.

Consensus Statement 5 Deep skin scrapings (cur-

rently the diagnostic method of choice), trichograms,

tape strips and examinations of exudate may be useful

in identifying Demodex mites. More than one mite on

any given test is an indication of clinically relevant

demodicosis

Consensus Statement 6 Dogs with generalized

demodicosis and their parents should not be bred.

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2.12

Mueller et al.
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Dobermann pinscher four recurrences each associated

with oestrus were seen until the owner agreed to neuter-

ing. In a study of American Staffordshire terriers, Stafford-

shire bull terriers and pugs with demodicosis from

Sweden, the rate of recurrence was not increased in the

group of intact bitches.90

In juvenile dogs, treatment of the demodicosis and pos-

sibly the secondary bacterial infection, if present, is typi-

cally sufficient without the need for further diagnostic

investigation. By contrast, for those cats and dogs with

adult-onset disease, the possibility of an underlying,

immunosuppressive disease should be investigated. In

one dog with adult-onset demodicosis, treatment of the

primary disease resulted in resolution of the demodico-

sis.57 In another study evaluating dogs with adult-onset

demodicosis,14 four of nine dogs in which the primary dis-

ease was diagnosed and treated successfully were

cured. By contrast, only three of 25 dogs in which no

underlying disease was diagnosed or the concurrent dis-

ease could not be treated were cured. However, even

extensive investigation for underlying diseases is not

always successful in identifying a cause for the demodi-

cosis. In one larger study, 30% of the adult dogs had idio-

pathic demodicosis.14

Regardless of the specific miticidal therapy, treatment

success is monitored both clinically and by repeated skin

scrapings. Generally, it is recommended to examine dogs

and cats with demodicosis monthly. At each recheck, skin

scrapings are taken from the same sites as in previous vis-

its. In addition to clinical improvement, the numbers of

mites and immature stages should decrease with each

visit. If clinical improvement does not occur and mite num-

bers fail to improve, a change in therapy should be consid-

ered.42 Clients need to be informed that their pets may

look better before the mites have been eliminated, thus

the need to comply with monthly evaluations until the

patient is deemed parasitologically cured. They also need

to be educated about the potentially slow improvement in

clinical signs over several weeks to months.

Miticidal therapy should be continued four weeks

beyond the second set of negative monthly scrapings to

decrease the risk of a disease recurrence.42 In dogs that

responded very slowly to therapy, treatment may be

extended even further. In a systematic review of 124

dogs reported to have failed the initial therapy, two thirds

responded to a change of therapy.42 Similarly, of 40 dogs

with recurring demodicosis within 12 months after ini-

tially responding to therapy, more than two thirds went

into remission after another treatment course with the

same or an alternative medication.42 A follow-up of at

least 12 months after treatment cessation has been rec-

ommended before calling a dog cured, although in some

studies the disease recurred after more than 12 months

of remission in a few dogs.42

In most dogs with demodicosis, secondary bacterial

infection will develop with time. In the past, systemic

antibiotic therapy was recommended for all dogs in which

a secondary bacterial infection could be demonstrated

clinically and cytologically. However, in a randomized con-

trolled trial evaluating 58 dogs with generalized demodi-

cosis, half of the dogs were treated with systemic

antibiotics in addition to miticidal therapy with daily iver-

mectin and topical weekly benzoyl peroxide shampoo,

the other half received only shampoo and ivermectin.91

There was no significant difference between groups in

the time to cytological resolution of the bacterial pyo-

derma, the time to negative skin scrapings and to clinical

remission. Systemic antibiotics may not be needed

because topical therapy with antimicrobial shampoo was

as effective in cases with mild to moderate secondary

pyoderma.91 In dogs with severe deep pyoderma, previ-

ous antibiotic treatment or dogs with bacterial infections

associated with the presence of rod-shaped bacteria on

cytological samples then bacterial culture and sensitivity

should be recommended as a basis for the selection of

appropriate antibiotic therapy. As the prevalence of skin

infections with multiresistant bacteria is increasing, antibi-

otic stewardship with a judicial use of systemic antibiotics

is recommended,2 and topical antibacterial therapy alone

should be considered for the majority of dogs with

demodicosis.

7.2 Amitraz

Amitraz as a leave-on rinse has been the approved main-

stay treatment for canine generalized demodicosis

in many countries for decades. It is a diamide, N0-
(2,4-dimethylphenyl)-N-[(2,4-dimethylphenyl) imino]1-8

methyl]-N-methylmethanidamide.92 Amitraz is a monoa-

mine oxidase inhibitor, an alpha 2-adrenergic agonist and

inhibits prostaglandin synthesis.92 In addition to the rinse,

amitraz also is available in a 9% tick preventive collar,

reported as a sole therapy93 and in combination with

other ectoparasiticides.94 However, amitraz tick collar

efficacy for canine demodicosis is controversial. Pilot

studies of the spot-on products (in combination with

metaflumizone95–97 and with fipronil98) reported success-

ful treatment of canine generalized demodicosis. How-

ever, pemphigus foliaceus-like drug reactions were

reported with both products.16,99 The manufacturers of

both products have discontinued the production of those

spot-ons.

The amitraz rinse has been shown to be an effective

treatment option in many studies.94–98,100–112 This evi-

dence for efficacy was confirmed by systematic

reviews.42 Amitraz rinses require adequate skin contact

for optimal efficacy. Therefore, it is recommended to clip

the hair coat in medium- and long-haired dogs.113 The hair

should be kept short throughout the treatment period.

The rinse should be applied with a sponge and the skin

Consensus Statement 7 Treatment for generalized

demodicosis should be monitored clinically and micro-

scopically every month until the second negative skin

scraping. Miticidal therapy should be continued four

weeks beyond the second set of negative monthly

scrapings to decrease the risk of a disease recurrence.

Consensus Statement 8 In dogs with demodicosis,

systemic antibiotics will typically not be needed and

topical antibacterial therapy combined with good mitici-

dal agents will be sufficient unless severe bacterial

infection is present.

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2. 13
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soaked thoroughly and allowed to dry without rinsing.

Dogs should not get wet between rinses, to avoid wash-

ing off the amitraz. Gentle removal of crusts and surface

debris with a shampoo is recommended before applica-

tion of the amitraz rinse.113 Dogs should be lightly towel-

dried after shampooing and water rinsing before the

application of the amitraz rinse.

Rinses should be performed in a well-ventilated area

and protective clothing should be worn by the handler, as

adverse effects such as respiratory problems have been

observed in humans.19,42 Care should be taken to avoid

inappropriate ingestion or excessive exposure. In addition

to respiratory adverse effects, many other adverse

effects have been reported in humans associated with

amitraz poisoning. A systematic review in humans ana-

lyzed 32 studies describing 310 cases of amitraz poison-

ing.114 The most commonly reported clinical features of

amitraz poisoning were altered sensorium, miosis, hyper-

glycaemia, bradycardia, vomiting, respiratory failure,

hypotension and hypothermia.114 Diabetic humans should

avoid all contact with amitraz. Reported adverse effects

of amitraz in dogs included depression, sleepiness, atax-

ia, pruritus, urticaria, oedema, skin irritations, polyphagia,

polydipsia, hypotension, bradycardia, hyperglycaemia,

vomiting and diarrhoea.19,42 Severe reactions or intoxica-

tions in dogs can be antagonized with yohimbine or ati-

pamezole. Additional symptomatic treatment may be

added. Smaller breed dogs, in particular toy-breed dogs,

such as Pomeranians and Chihuahuas, are at increased

risk for toxicity and deaths have been reported.115 Chi-

huahuas are specifically excluded on the label. Amitraz

should be used with caution in very young, geriatric and/

or debilitated animals. Because amitraz is an a 2-adrener-

gic agonist, sedating agents that also are a-adrenergic
agonists (e.g. benzodiazepines, xylazine) should be

avoided due to possible synergistic toxicity.19

The recommended concentration varies from 0.025%

to 0.06% once weekly to every two weeks. Clinical effi-

cacy increases with increasing concentration and shorter

treatment intervals.104,105 Intensive protocols with daily

rinsing of alternating body halves at a concentration of

0.125%107 or weekly treatment with an amitraz concen-

tration of 1.25%104 have been reported in dogs not

responding to conventional therapies. In the latter report,

each time, dogs were treated once with atipamezole

(0.1 mg⁄kg intramuscularly) followed by yohimbine

(0.1 mg⁄kg) orally (p.o.) once daily for three days to mini-

mize systemic adverse effects with each weekly treat-

ment.104 Treatment of pedal demodicosis with amitraz

rinses may be especially problematic in wet environ-

ments because it is difficult to maintain sufficient amitraz

on the pedal skin in these circumstances. Daily treatment

of the paws19 or using other treatment modalities may be

needed. As many as 20% of dogs with generalized

demodicosis do not attain negative scraping results or

experience a recurrence when treatment with amitraz is

discontinued.105 The success rate of amitraz rinses was

reported to be lower in dogs with adult-onset demodico-

sis.42

Combining amitraz with other miticidal therapies has

been reported previously but is currently rarely used

because of the high efficacy of other therapies. There is a

report of potentiated neurotoxicity in a dog treated with

ivermectin and amitraz.113

7.3 Ivermectin

Ivermectin is derived from the fermentation of molecu-

larly synthesized Streptomyces avermitilis.116 Since its

introduction as a broad-spectrum parasiticide in 1981, it

has become widely used in veterinary medicine. For

almost two decades, ivermectin was the most commonly

used macrocyclic lactone in the treatment of canine

demodicosis. However, it is only approved in dogs for the

prevention of the heartworm Dirofilaria immitis – all other

applications are considered extra-label.117

Preliminary studies using ivermectin for the treatment

of demodicosis evaluated various dosages and routes of

administration. Initial results indicated that daily oral

administration of ivermectin was the most efficacious

protocol whilst weekly subcutaneous (s.c.) administration

at 0.4 mg/kg109 or use of a 0.5% ivermectin topical pour-

on three times weekly118 yielded poor results. Several

studies have examined the use of oral ivermectin at vary-

ing dosages with contrasting results. Oral administration

at 350 lg/kg76 and 400 lg/kg119 daily demonstrated poor

efficacy with only 30% and 48% rates of cure, respec-

tively. However, small sample size and concurrent admin-

istration of other drugs may have negatively impacted the

results of these trials. By contrast, the cure rate was 85%

in another study when ivermectin was administered at

300 lg/kg p.o. daily;120 similar results were achieved

using 500–600 lg/kg.121–123 The currently recommended

protocols generally employ 300–600 lg/kg p.o. once daily

until four to eight weeks beyond parasitological cure.

Despite its frequent successful use in the treatment of

demodicosis, it is unlikely that ivermectin will ever

become labelled for this purpose due to its potential

toxicity. Dogs treated with ivermectin should be closely

monitored for potential neurotoxicity, especially iver-

mectin-sensitive breeds such as collie breeds, Australian

shepherd dogs, Shetland and old English sheepdogs or

dogs treated with high doses of ivermectin. Clinical signs

of toxicosis may include mydriasis, lethargy, vomiting,

ataxia, tremors and temporary blindness, which may

rapidly progress to seizures, stupor, coma, respiratory fail-

ure and death.42,124,125 Mydriasis is typically the first clini-

cal sign of ivermectin toxicity and the last to resolve.

There is no specific antidote for ivermectin toxicosis.

Depending on their severity, the clinical signs typically

resolve within days to weeks following cessation of the

drug along with supportive care. In the case of an acute

oral overdose, repeated doses of activated charcoal may

be administered in an effort to disrupt enterohepatic recir-

culation.117 Intravenous lipid emulsion therapy has been

shown to be effective in the treatment of adverse reac-

tions to all lipophilic drugs including ivermectin.126 Its

effect is thought to be due to the lipid sink mechanism

whereby the drug is drawn out of the tissues and

Consensus Statement 9 Weekly amitraz rinses at

0.025–0.05% are effective for canine demodicosis;

long-haired animals should be clipped.

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2.14

Mueller et al.
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sequestered into a lipid phase within the intravascular

space, thereby decreasing CNS tissue concentrations.126

Physostigmine, a parasympathomimetic alkaloid and

reversible cholinesterase inhibitor, has been shown to

cause short-term improvement in neurological signs but

is not recommended for prolonged use due to its signifi-

cant cholinergic effects and only temporary action.125

Flumazenil, a gamma-aminobutyric acid (GABA)-antago-

nist, has been shown to reverse the effects of ivermectin

in experimental models in rodents.125,127 However, its

clinical efficacy in dogs has yet to be demonstrated.

Ivermectin toxicity can occur as a result of acute over-

dose, elevated serum concentration following long-term

administration or associated with genetic susceptibility

which is seen most commonly in herding breeds such as

collie breeds, Australian shepherd dogs, Shetland and old

English sheepdogs and their crosses but also has been

recognized to occur in other breeds.124,128–130 Not

uncommonly, this results in a severe and sometimes fatal

idiosyncratic neurotoxicosis. Ivermectin-sensitivity occurs

in individuals that carry a frame shift deletion mutation of

the ABCB1 gene (formerly multi-drug resistance gene,

mdr1), which is responsible for producing P-glycoprotein

(P-gp), an ATP-dependent transmembrane transporter

protein which plays an important role in the blood–brain
barrier.129 The deletion mutation causes P-gp synthesis

to terminate prematurely resulting in severely truncated,

nonfunctional P-gp molecules. Consequently, transport of

certain drugs out of the central nervous system (CNS) is

impaired, leading to accumulation of drug within the CNS

to toxic levels.129 Ivermectin is among the substrates for

P-gp and therefore, individuals that are homozygous for

this autosomal recessive gene demonstrate the iver-

mectin-sensitive phenotype. Dogs can be tested for the

ABCB1-1D genotype before beginning ivermectin therapy

through a number of laboratories.125,130 However, dogs

without this defect also may show signs of toxicity.131

In ivermectin-sensitive individuals, toxicity may be

apparent 4–12 h after oral administration.125 Slow titra-

tion up to the therapeutic dose over several days is rec-

ommended when instituting ivermectin therapy in all

breeds of dogs to enable close monitoring for adverse

reactions and early identification of ivermectin-sensitive

individuals.124 A starting dose of 0.05 mg/kg on Day 1 is

recommended, then 0.1 mg/kg on Day 2 followed by

incremental doses of 0.1 mg/kg/day until the final dose is

achieved.124 Treatment should cease and an alternate

therapy be considered if neurological signs develop dur-

ing this titration period.

Owing to ivermectin’s long half-life (80 � 30 h),126

serum concentrations rise over weeks until after perhaps

six weeks a steady-state is reached. Subchronic iver-

mectin toxicity also has been reported following long-

term therapy as serum drug concentrations accumulate

to toxic levels.42,119 In a study of 28 dogs that developed

subchronic toxicity while being treated for demodicosis

with ivermectin or other macrocyclic lactones, only one

dog was heterozygous and all others were homozygous

for the normal ABCB1 gene.131 Interestingly, 10 dogs in

this study were concurrently receiving one or more drugs

that also are substrates of P-gp such as ketoconazole,

ciclosporin or glucocorticoids. The concurrent use of

ivermectin with other P-gp substrates should be avoided

whenever possible. In addition, use of spinosad-contain-

ing products should be avoided as mild to moderate iver-

mectin toxicosis has been reported when these drugs are

used concurrently.132 Spinosad has been shown to be a

potent inhibitor of canine P-gp which accounts for its

impact on ivermectin pharmacokinetics.132,133 In Europe

and in the USA, under the Animal Medicinal Drug Use

Clarification Act (AMDUCA), off-label therapies should

only be used in instances where a drug licensed for the

purpose of treating demodicosis has either failed or is

contra-indicated.

7.4 Milbemycin oxime

Milbemycin oxime is the fermentation product of Strepto-

myces hygroscopus aureolacrimosus. It is approved in

many countries as an endoparasiticide. In some coun-

tries, oral milbemycin oxime is licensed for the treatment

of canine demodicosis at a dose of 0.5–2 mg/kg daily. In

studies from the USA and Australia, a clearly higher suc-

cess rate was seen with the higher dose of 1–2 mg/kg

compared to 0.5–1 mg/kg p.o.15,134,135 However, these

studies were conducted in referral practices with poten-

tially more chronic and severely affected cases. By con-

trast, a Swedish study showed a good response with the

low dose protocol,136 possibly because most dogs in that

study were diagnosed early in the disease and had not

previously been treated with other miticides. Alterna-

tively, a different genetic background of the dogs or dif-

ferent sensitivity of the mites to milbemycin oxime may

have influenced the results. The success rate of milbe-

mycin oxime was shown to be much lower in dogs with

adult-onset demodicosis.15,135

There seems to be a high safety margin with milbe-

mycin oxime.42 It has been administered to rough collies

at a dose of 2.5 mg/kg daily for 10 days with no adverse

effects observed.137 However, dogs homozygous for the

ABCB1-1D (MDR-1) mutation developed ataxia with

milbemycin oxime at a dose of only 1.5 mg/kg daily,

although they tolerated the drug at 0.6 mg/kg/day.128 In

herding breeds, it is thus prudent to evaluate the ABCB1-

1D (MDR-1) genotype and to use lower doses or increase

the dose gradually in dogs homozygous for the ABCB1-

1D (MDR-1) mutation similar to what has been recom-

mended for oral ivermectin.124

7.5 Moxidectin

Moxidectin, a macrocyclic lactone derived from the fer-

mentation of Streptomyces spp., has demonstrated com-

parable efficacy to that of other macrocyclic lactones in

the treatment of canine generalized demodicosis. Daily

administration at 300–400 µg/kg p.o. yielded cure rates of

72–85%138–140 and 500 µg/kg administered every 72 h

showed similar results.121 When oral administration

(500 µg/kg) was compared to the subcutaneous route

(500–1,000 µg/kg), each administered every 72 h, rates

of cure were 75% and 86%, respectively. Adverse

effects were reported in 10–37% of dogs in these stud-

ies,121,138–140 but were mostly mild and included emesis,

salivation, anorexia, lethargy, dyspnoea and facial

oedema. Because these occurred more frequently with

subcutaneous administration,140 the oral route is

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2. 15
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preferable. The efficacy of moxidectin appears to be simi-

lar to that of ivermectin; although neurological signs such

as mydriasis, tremor, ataxia and seizures have been

reported with overdoses,125 moxidectin seems to be bet-

ter tolerated by ivermectin-sensitive individuals than is

ivermectin.139 Nevertheless, a gradual dose increase over

several days similar to what is recommended for iver-

mectin124 seems prudent to identify the few dogs intoler-

ant to the drug, before adverse effects become severe

and potentially fatal.42

Topical application appears to be better tolerated than

either of the aforementioned routes. A 2.5% preparation

of moxidectin combined with 10% imidacloprid was well-

tolerated even in ivermectin-sensitive breeds that were

given three monthly applications of up to five times the

recommended dose.141 When applied every two weeks,

efficacy was greater in dogs with juvenile- versus adult-

onset disease, similar to studies using other treatment

protocols.77 In a study comparing varying application

rates of the moxidectin/imidacloprid spot-on, a significant

dose-dependent effect was observed resulting in

enhanced efficacy with more frequent application than

once monthly.123,142 No adverse events occurred in the

moxidectin/imidacloprid-treated dogs. By contrast, in the

same study, three dogs became intoxicated while receiv-

ing daily ivermectin at 500 µg/kg p.o. Although ivermectin

was more efficacious than moxidectin/imidacloprid in this

study, weekly application of the latter yielded good clinical

results and represents a safe therapeutic option.123,142

Follow-up data also revealed good long-term effects with

no relapse of disease within one year of parasitological

cure. Based on the demonstrated dose-dependent effi-

cacy, this product has been registered for weekly use in

dogs with demodicosis in many countries and should be

considered in mild to moderate cases.

Further research is required to evaluate the impact of

the topical moxidectin/imidacloprid preparation in the pre-

vention of relapse of demodicosis following parasitologi-

cal cure. One pilot study evaluated the response to once

monthly treatment in twelve dogs with relapsing juvenile-

and adult-onset generalized demodicosis following para-

sitological cure. All but one dog remained in remission

during the 12 month trial.143 Because this spot-on is com-

monly prescribed for young dogs as a monthly agent for

the treatment and prevention of other parasitic diseases,

its influence on the progression of localized demodicosis

to the more generalized form should be evaluated. How-

ever, the high rate of spontaneous resolution of localized

disease complicates interpretation of such studies.19

7.6 Doramectin

Doramectin is a longer-acting macrocyclic lactone that

has been reported as a successful treatment for canine

demodicosis.144–146 In the first study, 23 dogs were

injected once weekly with 600 lg/kg s.c. for 5–
23 weeks.144 Ten of the dogs were cured, seven

relapsed after 1–24 months (two of which responded to

repeat doramectin treatment) and six were lost to follow-

up. None of the animals in this study were reported to

show any adverse effects with therapy. In a second

study, doramectin was given orally to 29 dogs with

generalized demodicosis with good efficacy.145 Ataxia as

an adverse effect of doramectin therapy for demodicosis

was seen in one golden retriever.145 Another study

involved 400 client-owned dogs treated with weekly dora-

mectin injections (0.6 mg/kg s.c.), 232 of which success-

fully completed the protocol. Two hundred and twenty of

these dogs (94.8%) achieved clinical remission with two

consecutive negative skin scrapes collected two weeks

apart. The time taken to achieve this remission ranged

from four to 20 weeks (mean duration 7.1 weeks). Three

dogs (1.3%) relapsed within a month of treatment cessa-

tion but all were successfully treated with a second round

of injections. Ten (4.3%) were failures, with no detectable

difference in mite numbers seen on follow-up skin scrap-

ings (mean treatment duration 6.4 weeks). The treatment

was well-tolerated and only two adverse reactions were

seen, one was a local irritation reaction at the injection

site and the other ataxia, both developing during therapy

and resolved when therapy was withdrawn. Of 17 adult

animals (older than four years), 47% had an underlying

concurrent disease diagnosed. The efficacy was lower in

this group and only 66.7% achieved remission in 6–
8 weeks (mean duration 7.1 weeks).

In a further study, sixteen dogs were treated with

600 lg/kg doramectin s.c. once weekly and 13 dogs

received 600 lg/kg doramectin p.o. twice weekly. The

mean time to achieve negative skin scrapings was 13 and

12 weeks, respectively (P = 0.955). Adult-onset demodi-

cosis affected five of 16 and two of 13 dogs, respectively

(P = 0.662). The success rate for treatment was 13 of 16

(81%) of dogs receiving subcutaneous injections once

weekly and 12 of 13 (92%) dogs receiving oral dosaging

twice weekly. (P = 0.691). Adverse effects were not

observed in any dog. Oral administration of doramectin

twice weekly does not achieve a more rapid resolution of

canine generalized demodicosis than administration by

subcutaneous injection once weekly, but treatment suc-

cess was the same with both protocols.147 Finally one

report described using doramectin in a 2-week-old litter

of nine pug dogs which were presented with pustular

lesions covering several areas of the body. All puppies

were safely and effectively treated with 0.6 mg/kg/week

doramectin with clinical lesions resolved within four

weeks and mite negative by eight weeks.148 Overall this

appears to be a well-tolerated and useful therapy for the

treatment of canine generalized demodicosis.

Consensus Statement 10 Oral ivermectin at 0.3–
0.6 mg/kg daily, moxidectin at 0.3–0.5 mg/kg daily,

milbemycin oxime at 1.0–2.0 mg/kg daily and doramec-

tin injected subcutaneously every week at 0.6 mg/kg

are effective therapies for canine demodicosis, but an

initial gradual dose increase is recommended for sys-

temic moxidectin and ivermectin to identify dogs sensi-

tive to toxicoses induced by those macrocyclic

lactones. Topical moxidectin/imidacloprid should be

considered for mild-moderate cases of canine demodi-

cosis.

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2.16
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7.7 Isoxazolines

Recently, a new group of parasiticides also effective

against canine demodicosis has been introduced to vet-

erinary medicine.149 These ectoparasiticides are isoxazoli-

nes and include fluralaner, sarolaner, afoxolaner and

lotilaner. These molecules have been shown to target a

binding site that inhibits insect and acarine ligand-gated

chloride channels, in particular those gated by the neuro-

transmitter GABA, thereby blocking pre- and postsynaptic

transfer of chloride ions across cell membranes.150 Pro-

longed isoxazoline-induced hyperexcitation results in

uncontrolled activity of the CNS and death of insects and

acarines. The selective toxicity of isoxazolines between

insects, acarines and mammals may be inferred by the

differential sensitivity of the insects’ and acarines’ GABA

receptors versus mammalian GABA receptors.151,152

7.7.1 Fluralaner

Fluralaner (4-[5-(3,5-dichlorophenyl)-4,5-dihydro-5-(trifluo-

romethyl)-3-isoxazolyl]-2-methyl-N-[2-oxo-2-[(2,2,2-trifluo-

roethyl)amino]ethyl]-benzamide) is a rapidly absorbed

isoxazoline, that reaches maximum concentrations within

24 h and is quantifiable in plasma for up to 112 days after

a single oral administration.153 Absorption is increased

when fluralaner is given with food;154 it is predominantly

excreted unchanged in the faeces by hepatic elimina-

tion.153 It is administered orally every three months. The

long interval between treatments may increase owner

compliance and thus successful treatment outcome. Flu-

ralaner can be used without additional risk for collie

breeds and other sensitive herding breeds that have the

MDR1 mutation.155 Following intravenous administration

fluralaner exhibits a relatively high apparent volume of dis-

tribution, a low plasma clearance, a long terminal half-life

of 12–15 days, and a long mean residence time of 15–
20 days, thereby demonstrating a long persistence of flu-

ralaner in both dogs and cats.156

Fluralaner every three months was compared to a spot-

on containing imidacloprid/moxidectin administered once

monthly.157 A reduction of 99.8% and 98%, respectively,

in mite numbers was achieved after 28 days. Scrapings

were negative in all dogs treated with fluralaner after

56 days.157 However, the dogs used in this study came

from South Africa were probably not comparable to pri-

vately owned dogs in Europe or North America. In a larger

clinical study, 163 dogs of various breeds with general-

ized demodicosis (63% with juvenile- and 37% with

adult-onset of the disease) were treated with fluralaner

once at a single dose of 25 mg/kg.158 The majority of

dogs (87%, all of the dogs with juvenile onset and most

with adult-onset demodicosis) had negative skin scrap-

ings after one month and all dogs were negative on scrap-

ing after two months. Adverse effects were not seen.158

A further study that included 67 dogs also demonstrated

that fluralaner when given at the recommended dose for

flea and tick prevention was effective for the treatment of

canine generalized demodicosis.159 In 46 individuals with

adult-onset demodicosis 63%, 85% and 100% cure rates

were observed after two, three and four months, respec-

tively. In 21 dogs diagnosed with juvenile-onset demodi-

cosis in this same study, 81% and 100% cure rates were

observed after two and three months, respectively.

Adverse reactions in fluralaner-treated dogs in studies

evaluating flea and tick control were uncommon to rare.

During a 12-week period, only four of 223 fluralaner-trea-

ted dogs (2.0%) had an adverse event, this was in all

cases transient gastrointestinal-related signs including

vomiting and anorexia.160 In toxicity studies, administra-

tion of fluralaner at the highest recommended treatment

dose (56 mg/kg p.o.) at eight-week intervals caused no

clinical signs, the safety margin in healthy dogs 8 weeks

or older and weighing ≥2 kg was more than five times the

labelled dose.155 Of 224 dogs participating in a 182 day

field study, 7.1%, 6.7% and 4.9% showed emesis,

decreased appetite and diarrhoea, respectively. Lethargy,

polydipsia and flatulence were seen in 5.4%, 1.8% and

1.3% of the dogs, respectively.161

Fluralaner can be used without additional risk for collies

and other sensitive herding breeds that have the MDR1

mutation.155 No adverse events were observed subse-

quent to fluralaner treatment of ABCB1-1D (�/�) Collies

at three times the highest expected clinical dose. Flu-

ralaner seems to be an effective, safe and convenient

treatment option for all breeds of dogs with generalized

demodicosis.157,158 However, due to anecdotal very rare

neurological adverse effects, it is recommended in the

package insert to use fluralaner with caution in dogs with

pre-existing epilepsy.

7.7.2 Afoxolaner

Afoxolaner [1-Naphthalenecarboxamide, 4-(5-(3-chloro-5-

(trifluoromethyl)phenyl)- 4,5-dihydro-5-(trifluoromethyl)-3-

isoxazolyl)-N-(2-oxo-2-((2,2,2-trifluoroethyl)amino)ethyl)] is

one of the members of the isoxazoline family. In a variety

of studies, afoxolaner was demonstrated to be a highly

effective and safe form of flea and tick control.162–165

Afoxolaner is a palatable beef-flavoured product that

can be given with or without food. After oral administra-

tion to dogs, it is rapidly absorbed into the systemic circu-

lation, where the drug becomes active. Afoxolaner is

highly protein bound (>99%) and the unbound fraction

distributes moderately into tissues.166 It is slowly elimi-

nated from the body via biliary excretion of free afox-

olaner and via hepatic metabolism and subsequent biliary

and renal clearance of afoxolaner metabolites. This slow

clearance gives afoxolaner a long half-life in dogs and sus-

tained ectoparasitic activity. In an oral bioavailability

study, afoxolaner was rapidly absorbed (Tmax = 2–4 h),

achieved a maximum plasma concentration (Cmax) of

1,655 � 332 ng/mL, demonstrated a bioavailability

of 73.9% and exhibited a terminal plasma half-life of

15 days.166 Company-generated study data showed no

differences in pharmacokinetics in fed or fasted dogs sup-

porting that it can be given without food.

Adverse reactions in flea and tick studies are rare. In a

90-day US field study of 415 dogs, vomiting was seen in

17 (4.1%), dry flaky skin in 13 (3.1%), diarrhoea without

blood in 13 (3.1%) and lethargy in seven (1.7%).167 Only

five dogs showed anorexia during the study and two of

those dogs experienced anorexia with the first dose but

not subsequent doses. Three dogs in that field study had

a history of seizures. One dog experienced a seizure on

the same day after receiving first and second dosing and

a third seizure one week after the third dosing but

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2. 17
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completed the study. One other dog with a history of sei-

zures had one seizure 19 days after the third dose. The

third dog with a history of seizures had no seizures during

the study trial.167 The safety profile of afoxolaner was fur-

ther evaluated in two studies in 8-week-old beagle

dogs.164 In the first study, 32 beagle dogs were randomly

assigned to receive 19, 39 or 59 the maximum exposure

dose (6.3 mg/kg). Treatments were administered at three

dose intervals of one month (days 0, 28 and 56) followed

by three fortnightly dose intervals (days 84, 98 and 112).

Physical examinations, and blood collections for clinical

pathological analysis and afoxolaner plasma concentra-

tions, were performed throughout the study. No afox-

olaner-related changes were observed in growth, physical

variables, clinical pathological variables or tissues exam-

ined histologically. No clinically or statistically significant

health abnormalities related to the administration of afox-

olaner were observed. Vomiting and diarrhoea were

observed sporadically across all groups including the con-

trols.164 In the second study, afoxolaner was combined

with milbemycin and the same protocol was repeated as

performed in the first study. No treatment-related

changes were observed in any of the examinations

described above. Vomiting and diarrhoea were observed

sporadically across all groups including the control

group.168 In the USA, afoxolaner is approved to be given

to 8-week-old puppies. The safety of afoxolaner in breed-

ing, pregnant and lactating dogs has not been evaluated.

Afoxolaner is registered for treatment of canine

demodicosis in Europe and has been shown to be

highly effective for treatment of demodicosis in case

reports169–171 and one controlled study.172 The controlled

published report looked at eight dogs diagnosed with

generalized demodicosis and compared the efficacy with

a topical combination of imidacloprid/moxidectin. Afox-

olaner was administered at the recommended dose

(≥ 2.5 mg/kg) on days 0, 14, 28 and 56, and the topical

combination of imidacloprid/moxidectin was given at the

same intervals at the recommended concentration. Clini-

cal examinations and deep skin scrapings were per-

formed every month to evaluate the effect on mite

numbers and the resolution of clinical signs. The percent-

age reductions of mite counts were 99.2%, 99.9% and

100% on days 28, 56 and 84, respectively, in the afox-

olaner-treated group, compared to 89.8%, 85.2% and

86.6% on days 28, 56 and 84 in the imidacloprid/mox-

idectin-group. Mite reductions were significantly higher

on days 28, 56 and 84 in the afoxolaner-treated group

compared to the imidacloprid/moxidectin treated group.172

In a large series of clinical case evaluations at a referral

dermatology practice, 102 cases of generalized demodi-

cosis were treated with excellent results. Of the 102

cases, 68 were dogs with adult-onset demodicosis. The

product was administered at 2.5 mg/kg p.o., initially used

every two weeks in the first 10 dogs. With the high

degree of efficacy seen in those dogs, the dosage was

reduced to monthly in the remaining cases. Ninety per-

cent of the cases were negative after two months of

treatment, the remaining dogs after three months. The

only dog needing administration every two weeks was on

immunosuppressive therapy for pemphigus foliaceus that

became mite-positive when the interval was increased to

four weeks, but remained mite-negative when afoxolaner

was administered every two weeks.170 In a further study,

50 dogs with generalized demodicosis were treated with

afoxolaner alone (Nexgard�) or combined with milbe-

mycin (Nexgard Spectra�) with 2.5–2.7 mg/kg once

monthly and the number of mites on skin scrapings was

reduced by 87.6%, 96.5% and 98.1% on days 28, 56 and

84, respectively, and 36 of 50 dogs had negative skin

scrapings after three months 173 A more recent study

looked at afoxolaner combined with milbemycin (Nexgard

Spectra�) at the dosage of 2.5–6.3 mg/kg p.o. every four

weeks in dogs with juvenile-onset (n = 4) and adult-onset

(n = 11) generalized demodicosis with a variety of clinical

lesions. The rate of decrease in mite counts was 91.2%,

99.8% and 99.9% on days 28, 56 and 84, respectively.171

Based on these data, afoxolaner seems to be an effec-

tive, safe and convenient treatment option for dogs with

generalized demodicosis.

7.7.3 Sarolaner

Sarolaner [1-(50-((5S)-5-(3,5-dichloro-4-fluorophenyl)-5-(tri-
fluoromethyl)-4,5-dihydroisoxazol-3-yl)-30-H-spiro(azetidi-
ne-3,10-(2) benzofuran)-1-yl)-2-(methylsulfonyl) ethanone]

was discovered through a targeted synthesis and screen-

ing programme, and was selected for development on

the basis of structural uniqueness, potency, mammalian

safety and pharmacokinetic suitability.174 This isoxazoline

can be used safely for puppies from eight weeks of

age.175 In an initial in vivo study in dogs, sarolaner demon-

strated robust efficacy (≥99.8%) for 35 days against both

fleas and adult ticks.175 Sarolaner chewable tablets are

generally well-tolerated with rare treatment-related

adverse reactions. The majority of observed adverse

events are typical of those commonly seen in the general

dog population. In a 90 day study, vomiting was observed

in 10 of 315 dogs (3.5%) and lethargy in eight dogs

(2.5%).176 Sarolaner is currently authorized as chewable

tablet with indications for the treatment of fleas, ticks,

demodicosis and ear mites in dogs.

In one study, 16 dogs with generalized demodicosis

were treated either with monthly oral sarolaner or with a

weekly spot-on containing imidacloprid and mox-

idectin.177 The sarolaner-treated dogs and the dogs trea-

ted with the spot-on had a reduction of over 99% and

96% in mite numbers after one month and negative

scrapings after one month and after 11 weeks, respec-

tively.177 In addition, the Demodex-infested dogs showed

a marked improvement in their clinical signs. There were

no treatment-related adverse events observed. A subse-

quent noninferiority study compared the same two prod-

ucts in 81 client-owned dogs.178 Parasitological cure in

dogs treated with sarolaner was achieved in 93% after

three months and 100% after five months, confirming

the efficacy of sarolaner against canine generalized

demodicosis.

Consensus Statement 11 A number of studies have

evaluated the efficacy of isoxazolines for canine

demodicosis in pet dogs. The published data are very

encouraging and make this drug class an excellent

treatment option for dogs with demodicosis.
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7.7.4 Lotilaner

Lotilaner (CredelioTM, Elanco) is the newest isoxazoline

molecule and was evaluated against Demodex spp. in 10

naturally infested dogs with generalized demodicosis.179

Dogs were treated with 20 mg/kg p.o. on days 0, 28 and

56. The pre-treatment mite counts based on skin scrap-

ings performed at five different sites were reduced by

>99.9% (P < 0.0001) up to 56 days after the first and sec-

ond monthly doses. No live mites were detected in any

dog after Day 56 and including Day 84 post-treatment,179

indicating that this drug may also be effective against

canine demodicosis.

7.8 Other drugs

Various other drugs have been used to treat generalized

demodicosis. As described above, an immune aberration

seems to contribute to the development of generalized

demodicosis.180 Thus, it seems logical that immunomod-

ulatory agents may be beneficial for dogs with demodico-

sis and a number of those agents were evaluated in

several studies.

A mycobacterial cell wall component, muramyl dipep-

tide, was injected at 0.2 mg/kg s.c. weekly in dogs with

generalized demodicosis either as monotherapy or in

combination with amitraz at two different concentrations

(0.025% and 0.05% twice weekly) and compared to ther-

apy with amitraz alone at 0.025% twice weekly.181

Remission was achieved in all dogs. The study numbers

were very small (two dogs per treatment group) and there

was no follow-up period, thus it is difficult to ascertain if

the muramyl dipeptide was of any benefit. Muramyl

dipeptide also was shown in a separate study to increase

the lymphocyte response to mitogens in eight dogs with

demodicosis, without reaching the comparative values of

healthy dogs.21 Adverse effects were not mentioned.

Levamisole at a dose from 3 to 10 mg/kg given at dif-

ferent intervals was used in two studies,180,182 which

showed a positive effect on lymphocyte proliferation

assays, but did not improve efficacy based on clinical or

parasitological resolution of demodicosis.

In another study, 16 dogs with generalized demodico-

sis were treated either with amitraz rinses at 0.0375%

every five days alone or in combination with 2 mL of inac-

tivated Parapox virus suis s.c. on days 0, 2 and 9.183 The

dogs receiving combination therapy achieved remission

within 85 days compared to 104 days in the control group

(P < 0.05), although a power analysis was not presented.

To the best of the authors’ knowledge, this is the first ran-

domized trial showing a beneficial effect of an immunos-

timulant as treatment for canine demodicosis.

Thirty-six dogs with generalized demodicosis were

treated with 1,000 mg of vitamin E daily, weekly amitraz

rinses at 0.05% or a combination of both therapies.184 All

dogs went into remission, the dogs on combination ther-

apy had the shortest time until remission (7.1 weeks ver-

sus 7.3 weeks with amitraz only and 8.5 weeks with

vitamin E only) but a statistical evaluation was not per-

formed. Compared to a control group, affected dogs had

lower serum vitamin E concentrations. However, it was

not known if inadequate dietary intake of vitamin E at the

beginning of the study or the disease caused this differ-

ence. When the mean serum vitamin E concentration

was compared among dogs with pyoderma, generalized

demodicosis and normal dogs, no significant differences

were found between groups.185

Lufenuron is a chitin synthesis inhibitor. As chitin is

found in the shells and exoskeletons of all life stages of

Demodex spp.186 it was proposed that this compound

might interrupt the life cycle of the Demodex mite. How-

ever, lufenuron at mean doses of up to 15.8 mg/kg three

times weekly for 2–3 months did not lead to improve-

ment of canine demodicosis.187

Three dogs with generalized demodicosis were

sprayed weekly with a deltamethrin spray at 0.005%.

After three weekly applications, there was no difference

in clinical signs or numbers of mites on skin scrapings.111

Deltamethrin at 12.5% was used in another report and

compared with an indigenous preparation containing

extracts of Mallotus phillipensis, Oleum pinus, Oleum

terebinth and Sulphur sublimatum. Topicals were applied

twice daily until skin scrapings were negative, which took

seven days in the group treated with the indigenous

preparation and 11 days for deltamethrin.188 Dogs had to

be restrained for 1 h after the topical application to pre-

vent excessive licking. Skin scrapings were still negative

in all dogs one month after cessation of therapy.

Homeopathic preparations containing Sulphur 200,

Heparsulphuris 200 or Psorinum 200 were given orally at

five drops daily for five weeks to three groups of six pup-

pies experimentally infected with Demodex canis.189 The

post-treatment mean demodicosis indices were lower in

the groups treated with Sulphur 200 and Psorinum 200

compared with the group treated with Heparsulphuris

200 and a control group, but neither complete clinical nor

microscopic resolution could be achieved. A herbal prepa-

ration containing extracts of Cedrus deodara, Azadirecta

indica and Embelia ribes was sprayed on lesions of 14

juvenile dogs with apparent generalized demodicosis.190

Dogs were re-evaluated after 24 h and if skin scrapings

were still positive for D. canis, dogs were retreated once.

Subsequent weekly skin scrapings for six weeks were

negative in all dogs.

Closantel ({N 9–5-chloro-4-(4-chlorophenyl cyano-

methyl)-2-methylphenyl}-2-hydroxyl 3,5 diiodobenzamide)

is an anthelminthic of the salicylanilide family and was

used to treat nine juvenile dogs with generalized demodi-

cosis at a dose of 5 mg/kg s.c. for the first injection and

2.5 mg/kg s.c. for subsequent weekly injections.191 All

dogs improved, but only six dogs went into remission

based on assessment of skin scrapings, after six injec-

tions. A follow-up period was not specified.

Overall, for almost all of those drugs there is insufficient

evidence to be recommended as treatment of canine gen-

eralized demodicosis, either due to low numbers of

patients in the studies, unclear methods, insufficient effi-

cacy or prominent adverse effects.42 There is some evi-

dence for efficacy of inactivated Parapox virus suis

subcutaneously as a concurrent treatment to amitraz.183

7.9 Treatment of feline demodicosis

A number of drugs have been used to treat feline demodi-

cosis, including organophosphate baths,192–195 rote-

none,192,196 lime sulfur dips,18,72,73,197,198 amitraz

rinses,72,199–201 ivermectin orally and by injection,72

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2. 19
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selamectin,72 milbemycin oxime16 and a moxidectin/imi-

dacloprid spot-on.202

The two treatments most frequently reported as suc-

cessful are lime sulfur dips and amitraz rinses. Lime sulfur

dips were used at 2% every 5–7 days72,73,197,198,201 and

were successful in 22 of 24 cats. Adverse effects were

not seen. Amitraz rinses were typically used at a concen-

tration of 0.0125%72,201 to 0.025%199 up to 0.1%200

weekly and 12 of 14 cats responded to treatment. How-

ever, both treatments are not always well-tolerated by

the affected cats. In a case series, eight of 13 cats in one

household showed pruritic skin disease and skin scrap-

ings were positive for D. gatoi in two of those cats.

Weekly administration of a spot-on containing mox-

idectin/imidacloprid for 10 weeks was well-tolerated and

pruritus resolved in all cats following treatment.202 Thus,

at least for D. gatoi, this spot-on may be a more conve-

nient efficacious therapy.

Oral fluralaner has been used in a cat with demodico-

sis,203 leading to rapid resolution of clinical signs and neg-

ative skin scrapings.

8 Prognosis and future outlook

With the advent and widespread use of isoxazoline ther-

apy for flea and tick control, the future incidence of canine

demodicosis could be impacted. How prominent this

effect will be remains to be seen in the coming years.

Anecdotally, treatment of 15 breeding bitches with 25

mg/kg fluralaner 10 days prior to the scheduled mating

and three months later with a second dose, resulted in a

marked reduction in the numbers of puppies breaking out

with demodicosis compared to the previous consistent

production of litters developing the disease.177 In this

trial, all bitches were treated with 25 mg/kg fluralaner

10 days before the scheduled mating and three months

later with a second dose. All 15 bitches included in the

study gave birth to litters of healthy puppies and 14 of

those 15 litters did not develop demodicosis in the first

12 months, and two puppies of one litter developed local-

ized demodicosis only.170 The obtained result indicates a

high efficiency of fluralaner not only as a treatment, but

also as a preventative strategy in cases of breed-predis-

posed, generalized, juvenile onset canine demodicosis.

Although these results are impressive, isoxazoline ther-

apy should not replace the need for withholding affected

and carrier dogs from breeding programmes.

There also is concern about the possible impact of isox-

azoline therapy on normal canine cutaneous Demodex

populations. Demodex mites are considered part of the

microbiota of most mammals, including dogs. Under nor-

mal circumstances, they appear to live as commensals,

feeding on their host’s sebum and are only opportunisti-

cally pathogenic. Similar to bacterial flora found on the

skin, in humans follicular mites have been shown to con-

tain immune-reactive lipase,204 which can produce free

fatty acids from sebum triglycerides. Therefore, the mites

could play a role in the defence of the skin against patho-

genic bacteria, particularly against Staphylococcus aureus

and Streptococcus pyogenes.205

The investigation of the normal cutaneous Demodex

populations has been, until recently, elusive due to the

low number of individual mites present on healthy dogs.

The development of PCR techniques targeting Demo-

dex-DNA in skin samples has allowed advancement of

the study of Demodex populations.206 A previous study

using a real-time PCR (RT-PCR) for D. canis detected

Demodex-DNA in approximately 18% of healthy dogs

after sampling hairs from two to five body sites.7 Direct

proportionality between the number of positive dogs

and the number of sampled sites and hairs was demon-

strated clearly, as positive results increased to 100%

when the number of sampled sites increased to 20.7

Another study investigated whether healthy dogs trea-

ted with the isoxazolines afoxolaner and fluralaner at the

labelled dose for flea and tick prevention would maintain

a normal population of Demodex mites as part of their

cutaneous microbiota. The study demonstrated that

after 30 and 90 days of treatment, healthy dogs still had

Demodex mites similar to the population of healthy

dogs not receiving these treatments.207 However, PCR

also will detect antigen from dead mites, the duration of

the study was only three months and, to the best of the

authors’ knowledge, the maximum time to eliminate

dead mites from the follicle is not known although the

interfollicular epidermal turnover is faster than three

months. These data may suggest that dogs receiving

isoxazoline treatment maintain Demodex populations as

part of their cutaneous microbiota, despite the apparent

ability of these medications to resolve clinical demodico-

sis. To date, no studies have been performed to detect

Demodex-DNA post-treatment in dogs with demodico-

sis. Isoxazolines may not affect Demodex mites in nor-

mal dogs to the same degree or may have no effect at

all on normal mite populations in unaffected dogs. More

studies of longer duration are needed to characterize

the response of the Demodex populations in dogs with

clinical disease to isoxazolines and in comparison to

other treatments for demodicosis.

Currently the isoxazoline derivatives have shown

impressive results in controlling demodicosis and are

likely to be the mainstay therapy for many years to come.

The development of resistance is less likely to occur due

to their selective inhibition of insect and acarid GABACls

and GluCls. This novel binding site is key to the innovative

activity profile, which bypasses the critical cross-resis-

tance observed in other noncompetitive antagonists208

and will likely slow development of resistance to this

class of molecules. A combination product combining

afoxolaner and milbemycin oxime has been released in

Europe for flea, tick, nematode infestation and heart-

worm prevention.177 No studies have been reported to

date regarding demodicosis treatment with this product.

However, the combined molecules of afoxolaner and

milbemycin oxime could have additive effects, as both

have efficacy for Demodex mites as sole molecules. In

Consensus Statement 12 Demodicosis in cats may be

treated with weekly lime sulfur dips at a concentration

of 2% or amitraz baths at a concentration of 0.0125%.

An easier alternative may be weekly administration of a

spot-on containing moxidectin/imidacloprid.

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2.20
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view of these developments, further derivatives and com-

binations are likely to be approved and more treatment

options will likely become available in the future.
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R�esum�e

Contexte – La d�emod�ecie est une maladie fr�equente en m�edecine v�et�erinaire des petits animaux, dans le

monde entier, avec plusieurs options diagnostiques et th�erapeutiques.

Objectifs – Fournir un consensus des recommandations sur le diagnostic, la pr�evention et le traitement de

la d�emod�ecie du chien et du chat.

Mat�eriels et m�ethodes – Les auteurs ont form�e un groupe d’experts (GP) et ont revu la litt�erature disponi-

ble ant�erieure �a d�ecembre 2018. Le GP a pr�epar�e une revue d�etaill�ee de la litt�erature et a fournit des

recommandations sur des sujets choisis. Un premier document a �et�e pr�esent�e au forum de dermatologie

animale d’Am�erique du nord �a Maui, HI, USA (Mai 2018) et au congr�es europ�een de dermatologie v�et�eri-

naire �a Dubrovnik (Septembre 2018) et �etait disponible sur le WorldWideWeb aux membres des organisa-

tions de l’association mondiale de dermatologie v�et�erinaire pendant trois mois. Les commentaires ont �et�e

sollicit�es et les r�eponses, incorpor�ees au document final.

Conclusions – Chez les jeunes chiens atteints de d�emod�ecie g�en�eralis�ee, les facteurs g�en�etiques et

immunologiques semblent jouer un rôle dans la pathog�enie et les chiens atteints ne devraient pas se repro-

duire. Chez les chiens et les chats âg�es, les pathologies immunosuppressives sous-jacentes contribuant �a

la d�emod�ecie doivent être explor�ees. Des raclages profonds sont la m�ethode de diagnostic de choix pour

la d�emod�ecie, mais les trichogrammes et les tests �a la cellophane adh�esive peuvent aussi être utiles dans

certaines conditions. L’amitraz, les lactones macrocycliques et plus r�ecemment les isoxazolines ont mon-

tr�e leur bonne efficacit�e dans le traitement de la d�emod�ecie canine. Le choix du traitement doit être fait sur

la base de la l�egislation locale, de la disponibilit�e des mol�ecules et des param�etres individuels. Les preuves

pour l’efficacit�e d’un traitement de la d�emod�ecie f�eline sont fortes pour le lime sulfur et les bains d’amitraz.

RESUMEN

Introducci�on – la demodicosis es una enfermedad com�un en la pr�actica veterinaria de animales peque~nos

en todo el mundo con una variedad de opciones de diagn�ostico y terap�euticas.

Objetivos – Proporcionar recomendaciones consensuadas sobre el diagn�ostico, prevenci�on y tratamiento

de la demodicosis en perros y gatos.

M�etodos y materiales – los autores sirvieron como Panel de Recomendaciones (GP) y revisaron la litera-

tura disponible antes de diciembre de 2018. El GP prepar�o una revisi�on detallada de la literatura y formul�o

pautas sobre temas seleccionados. Se present�o un borrador del documento en el Foro de Dermatolog�ıa

Veterinaria de Am�erica del Norte en Maui, HI, EE. UU. (Mayo de 2018) y en el Congreso Europeo de Der-

matolog�ıa Veterinaria en Dubrovnik, Croacia (septiembre de 2018) y se puso a disposici�on a trav�es de

WorldWideWeb para las organizaciones miembros de la Asociaci�on Mundial de Dermatolog�ıa Veterinaria

por un per�ıodo de tres meses. Se solicitaron comentarios y las respuestas se incorporaron al documento

final.

Conclusiones – en perros j�ovenes con demodicosis generalizada, los factores gen�eticos e inmunol�ogicos

parecen desempe~nar un papel en la patog�enesis y los perros afectados no deben ser criados. En perros y

gatos viejos, se deben explorar condiciones inmunosupresoras subyacentes que contribuyen a la demodi-

cosis. Los raspados profundos de la piel son el est�andar principal de diagn�ostico para la demodicosis, pero

los tricogramas y las preparaciones de compresi�on con cinta adhesiva tambi�en pueden ser �utiles en ciertas

circunstancias. El amitraz, las lactonas macroc�ıclicas y m�as recientemente las isoxazolinas han demostrado

una buena eficacia en el tratamiento de la demodicosis canina. La selecci�on terap�eutica debe guiarse por la

legislaci�on farmac�eutica local, la disponibilidad de medicamentos y los par�ametros de casos individuales.

La evidencia del tratamiento exitoso frente a la demodicosis felina es m�as clara para los ba~nos de

inmersi�on en azufre de cal y ba~nos de amitraz.

Zusammenfassung

Hintergrund – Die Demodikose ist weltweit eine h€aufige Erkrankung in der Kleintierpraxis mit unterschied-

lichen diagnostischen und therapeutischen Optionen.

Ziele – Die Erstellung von Consensus Empfehlungen in Bezug auf Diagnose, Vorbeugung und Behandlung

der Demodikose bei Hunden und Katzen.

Methoden und Materialien – Die AutorInnen wirkten als Guideline Panel (GP) und f€uhrten eine Review

der Literatur durch, die vor Dezember 2018 zur Verf€ugung stand. Die GP erstellten eine detaillierte Litera-

turr€uckschau und machten Empfehlungen €uber ausgew€ahlte Themen. Ein Auszug des Dokuments wurde

beim North American Veterinary Dermatology Forum in Maui, HI, USA (Mai 2018) sowie beim European

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2.26
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Veterinary Dermatology Congress in Dubrovnik, Kroatien (September 2018) pr€asentiert und wurde €uber

das WorldWideWeb den Mitgliedern der Organisationen der World Association for Veterinary Dermatology

f€ur eine Dauer von drei Monaten zur Verf€ugung gestellt. Es wurde um Kommentare gebeten und die Ant-

worten in das Abschlussdokument inkludiert.

Schlussfolgerungen – Bei jungen Hunden mit einer generalisierten Demodikose scheinen genetische und

immunologische Faktoren bei der Pathogenese eine Rolle zu spielen und man sollte mit betroffenen Ras-

sen nicht z€uchten. Bei alten Hunden und Katzen sollten die zugrundeliegenden immunsupprimierenden

Ursachen, die zur Demodikose beitragen, untersucht werden. Tiefe Hautgeschabsel sind der diagnostische

Goldene Standard zur Diagnose einer Demodikose, aber Trichogramme und Klebestreifen Quetschpr€apa-

rate k€onnen unter gewissen Umst€anden auch n€utzlich sein. Amitraz, Macrozyklische Laktone und unl€angst

h€aufiger Verwendung findende Isoxazoline haben eine gute Wirksamkeit bei der Behandlung der Demodi-

kose des Hundes gezeigt. Die therapeutische Selektion sollte sich nach der lokalen Legislation der Medika-

mente richten, der Verf€ugbarkeit der Medikamente sowie individueller Fallparameter. Die Evidenz f€ur eine

erfolgreiche Behandlung der Demodikose der Katze ist am st€arksten f€ur Kalksulphat und Amitraz B€ader.

要約

背景 – ニキビダニ症は世界中の小動物獣医診療において一般的な疾患であり、さまざまな診断および治

療オプションがある。

目的 – 本研究の目的は、犬および猫のニキビダニ症の診断、予防および治療に関するコンセンサスの推

奨事項を提供することである。

材料と方法 – 著者らはガイドラインパネル（GP）を務め、2018年12月までに入手可能な文献をレビュー

した。GPは詳細な文献レビューを作成し、選択したトピックに関する推奨事項を作成した。本文書の草

案は、米国ハワイ州マウイで開催された北米獣医フォーラム（2018年5月）およびクロアチアのドブロブ

ニクで開催された欧州獣医会議（2018年9月）で発表され、WorldWideWebを介して3か月間、世界獣医皮

膚科学会の会員組織に公開された。コメントを求め、回答を最終文書に組み込んだ。

結論 – 若齢発症性汎発性ニキビダニ症では、遺伝的および免疫学的因子が病因に関与しているようであ

り、罹患犬を繁殖に用いるべきではない。老犬および猫では、ニキビダニ症の原因となる基礎的な免疫

抑制状態を調査する必要がある。深部皮膚スクレーピングは、ニキビダニ症診断のゴールドスタンダー

ドであるが、特定の状況では抜毛検査やテープスクイズ作成も役立つ場合がある。アミトラズ、大環状

ラクトン、さらに最近ではイソキサゾリン系化合物のすべてが、犬ニキビダニ症の治療において良好な

有効性を実証している。治療法の選択は、その地域の薬事法、薬の入手可能性、および個々の症例パラ

メータに基づいて行う必要がある。猫ニキビダニ症の治療成功に対するエビデンスは、石灰硫黄の浸漬

とアミトラズ浴で最も強い。

摘要

背景 – 在世界各地的小动物兽医临床中，蠕形螨病都是一种常见疾病，其诊断和治疗的选择有多种。
目的 – 提供诊断、预防和治疗犬猫蠕形螨病的共识性建议。
方法和材料 – 作者们成立指导小组(GP)，回顾了2018年12月之前现存的文献。指导小组编写了详细的文献

综述，并就选定的主题提出了建议。在美国夏威夷毛伊岛举办的北美兽医皮肤医学论坛(2018年5月)，以及

克罗地亚杜布罗夫尼克举办的欧洲兽医皮肤病大会(2018年9月)，都公布了文件草案，并通过世界兽医皮肤

病协会成员组织的世界范围网站发布三个月。征求了意见，并将答复纳入文件的最终版本。
结论 – 在全身性蠕形螨的幼犬身上，遗传和免疫因素似乎在发病机制中起作用，发病犬不应繁殖。在老年

犬猫中，应寻找导致蠕形螨病的潜在免疫抑制疾病。皮肤深刮是诊断蠕形螨病的金标准，但在某些情况

下，毛发形态和挤压胶带制片也可能有用。双甲脒、大环内酯类和新近上市的异恶唑啉类药物，均显示出

良好的治疗犬蠕形螨病的疗效。治疗选择应以当地药物法规、药物可获得性和个例参数为指导。成功治疗

猫蠕形螨病最给力的是石硫合剂和双甲脒。

Resumo

Contexto – A demodiciose �e uma doenc�a comum na pr�atica veterin�aria de pequenos animais em todo o

mundo, com uma variedade de opc�~oes diagn�osticas e terapêuticas dispon�ıveis.

Objetivos – Fornecer um consenso de recomendac�~oes sobre o diagn�ostico, prevenc�~ao e tratamento da

demodiciose em c~aes e gatos.

M�etodos e materiais – Os autores constitu�ıram um Painel de Diretrizes (GP) e revisaram toda a literatura

dispon�ıvel at�e dezembro de 2018. O GP preparou uma revis~ao detalhada da literatura e fez recomendac�~oes
sobre os t�opicos selecionados. Um rascunho do documento foi apresentado no F�orum de Dermatologia

Veterin�aria da Am�erica do Norte em Maui, HI, EUA (maio de 2018) e no Congresso Europeu de Dermatolo-

gia Veterin�aria em Dubrovnik, Cro�acia (setembro de 2018) e foi disponibilizado via WorldWideWeb �as orga-

nizac�~oes membros da Associac�~ao Mundial de Dermatologia Veterin�aria por um per�ıodo de três meses.

Foram solicitados coment�arios e as respostas foram incorporadas ao documento final.

Conclus~oes – Em c~aes jovens com demodiciose generalizada, fatores gen�eticos e imunol�ogicos parecem

desempenhar um papel na patogênese e os c~aes afetados n~ao devem ser utilizados na reproduc�~ao. Em
c~aes e gatos idosos, deve-se investigar condic�~oes imunossupressoras subjacentes que contribuem para a

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2. e1
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demodiciose. O raspado cutâneo profundo �e o padr~ao-ouro para diagn�ostico de demodiciose, mas o trico-

grama e o exame parasitol�ogico por fita adesiva tamb�em podem ser �uteis em determinadas circunstâncias.

O amitraz, as lactonas macroc�ıclicas e mais recentemente as isoxazolinas demonstraram boa efic�acia no

tratamento da demodiciose canina. A selec�~ao terapêutica deve ser orientada pela legislac�~ao local de medi-

camentos, disponibilidade de f�armacos e parâmetros individuais de cada caso. O tratamento da demodici-

ose felina possui evidências de sucesso mais fortes com banhos de calda sulfoc�alcica e banhos de amitraz.

© 2019 ESVD and ACVD, Veterinary Dermatology, 31, 4–e2.e2
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