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Abstract
Background: Allergic pruritic diseases are increasingly common in dogs. This group
of conditions hampers life quality as pruritus progressively interferes with normal
behaviours. Therefore, new treatment modalities for canine allergic pruritic diseases are
necessary. While novel drugs have recently reached the market, there is still the need for
other therapeutic approaches. Some dogs are refractory even to the newer compounds,
and cost is also an important issue for these. Older therapeutic modalities are only mod-
erately successful or have considerable secondary effects, as is the case with glucocorti-
coids.
Objectives: Report on the use of recombinant human interferon-α14 (rhIFN-α14) for
the treatment of canine allergic pruritus. Following the experience with a similar com-
pound in the Japanese market, it was expected that rhIFN-α14 could alter the Th1/Th2
disbalance that drives these diseases.
Methods:Here, we present an uncontrolled trial in which eight dogs with clinical diag-
nosis of allergic pruritus were treated with rhIFN-α14, either orally or via subcutaneous
injections. Skin condition, microbiota and anti-interferon antibody levels were assessed.
Results: The parenteral use of interferon induced hypersensitivity in two of the three
dogs in which it was used. The oral administration was consistently safe and could
reduce signs of the allergic condition in three of the five treated animals. Treatment also
altered the skin microbiota, as verified by next-generation sequencing.
Conclusion: The present results indicate that rhIFN-α14 is a viable candidate for the
treatment of canine allergic pruritus. Future controlled studies are needed, and the oral
route is indicated for further trials.
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INTRODUCTION

Canine allergic pruritic diseases are a common condition in
dogs, characterised by dermatosis with intense pruritus and
inflammation. Atopic dermatitis (AD) is the primary variety
of allergic skin conditions.1 The most common clinical man-
ifestations are dry skin, erythema and self-induced excoria-
tions, commonly at the scalp, face, neck and flexural surfaces
of the extremities.2 These allergic pruritic diseases – and AD
in particular – occur due to excessive immune responses of the
CD4 Th2 ’phenotype’. These are usually due to genetic predis-
position, but environmental factors also play a role. The acti-
vation of this immune pathway leads to IgE production and
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the classical clinical manifestations of hypersensitivity. The
disease therefore requires long-term treatment.1

Standard-of-care therapies include several possible lines of
clinical intervention. Among these, the treatment of concur-
rent infections, the control of allergens and the use of anti-
histamines, glucocorticoids (topically or systemically) and,
more recently, a Janus Kinase inhibitor, oclacitinib.1 In Japan,
canine interferon gamma has been used in the treatment of
AD. The goal of the therapy is to revert the Th1/Th2 immune
disbalance that leads to excessive IgE responses.3,4 Clinical
efficacy was demonstrated in dog trials having antihistamine
as the active control.5 Here, we report the use of recombi-
nant human interferon-alpha14 (rhIFNα−14) in the treatment
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of canine allergic dermatitis.6 Previous work has shown the
molecule to interact with canine whole blood (unpublished
data). A small-scale trial was conducted to assess safety and
initial efficacy of rhIFNα-14.

MATERIALS ANDMETHODS

This study was designed as an open uncontrolled trial. Eight
dogs with chronic non-seasonal AD were selected. Dogs were
enrolled based on previously published inclusion criteria.7
Briefly, dogs had to havemoderate to severe itching associated
with allergy based on history, clinical signs and owner com-
plaint. Dogs were otherwise healthy, were not in, and did not
require, active treatment for other conditions; dogs were not
receiving and had not received immunosuppressants, antibi-
otics or antihistamines for 8 weeks prior to the study. Inclu-
sion to the study was also based on elimination of resembling
non-immune-mediated pruritic dermatoses by clinical assess-
ment only. The owners received explanations about the trial,
and the study included those who accepted and completed the
informed consent form. The study was performed under the
license of theCommittee for theUse of Animals in Research of
Imunova Análises Biológicas, protocol 003.2018. The trial was
conducted according to the relevant international guidelines
in ethics in the use of animals in research.
All dogs were treated with the experimental compound.

Recombinant human interferon-alpha14 was produced in E.
coli by Invigate GmbH, Jena, Germany and shown to be>98%
pure by SDS-PAGE and MS. The anti-viral bioactivity was
assessed by U-CyTech Biosciences, Utrecht, The Netherlands
and shown to be 1.8 × 108 IU/mg. Lyophilized interferon
was resuspended in 0.1% bovine serum albumin in saline
and was frozen in aliquots until the time of use. Three ani-
mals received 10,000 IU/kg of rhIFNα−14 via subcutaneous
injection. The protocol for parenteral treatment consisted of
administration three times weekly for 4 weeks, then once
weekly for another 4 weeks. Five animals received the formu-
lation at the same dosage via oral administration, daily for
8 weeks.
’Within-treatment’ follow-up was comprised of clinical

assessment and efficacy outcomes (veterinarian and owner
assessments). Each dog was evaluated for the presence or
absence of papule, macula, pustules, dandruff, skin scabs,
lichenification, nodules, tumours, hyperkeratosis, vesicles,
hyperpigmentation, erythema and alopecia by the veteri-
narian once a week. Efficacy outcomes were based on the
veterinary-conducted version of the CADESI (canine AD
extent and severity index) score used in previous trials. This
was based on assigning scores (1 to 5) to the levels of pruritus,
excoriation, erythema and alopecia. Scoring was performed
according to a table that defined the scores based on the size
of the lesion and its characteristics.5,7 Owner assessment of the
status of the dog was also collected during the clinical consul-
tation. A visual analogue scale was used by owners for quan-
tification of observed pruritus. A mark was made on a 15-cm
long line to indicate the degree of observed behaviour.7 This
was then measured with a ruler and used for statistical analy-
ses. Dogs had to have been in the study until at least week 3 to
be included in the efficacy analysis (which excluded one dog
from the evaluation).

Blood samples were collected for haematological anal-
ysis and for quantification of anti-interferon antibodies.
Samples were collected weekly whenever there was owner
compliance. Therefore, sampling was not homogeneous
between dogs throughout the test. Haematological analyses
consisted of determination of blood cell counts, alkaline phos-
phatase, urea, creatinine, total protein, protein fractions and
AST levels. This was performed at the Veterinary Hospital at
the Universidade Federal do Paraná. For the determination of
adverse events, deviations in blood parameters that occurred
following drug administration were counted. ELISA for deter-
mination of canine anti-rhIFNα14 antibodies was performed
in house. Briefly, MaxiSorp plates (Nunc) were coated with
100 ng interferon/well. The plate was blocked with 1% casein
in phosphate buffered saline (PBS). Control wells were coated
with casein only. Plates were washed with PBS following each
step. Serum was added in twofold dilutions for the deter-
mination of titres. HRP-coupled anti-dog IgG was used for
detection of bound antibodies (Alpha Diagnostics, 1:10,000
dilution). The reaction was developed with TMB liquid sub-
strate (Life Scientific). The absorbance of interferon-coated
wells was subtracted from the absorbance from control wells
(coated with casein only) for the determination of specific
anti-interferon antibody titres.
Long-term follow-up efficacy assessment was performed

with the best responders by communication with the owners
at 5 months post-trial. Owners were asked for the status of the
dogs and the time to return of pruritus. There was no clinical
assessment of the dogs during the follow-up period.
Skin microbiota was assessed by next-generation sequenc-

ing. Skin swabs were collected at treatment D0 and at the end
of the trial for three dogs. DNA was extracted from swabs
using the ZR Fecal DNA MiniPrep (Zymo Research). The
variable V4 region of 16S rRNA was amplified using the uni-
versal primers 515F and 806R (Caporaso et al, 2011). PCR con-
ditions were as follows: 94◦C, 3 minutes; 18 cycles of 94◦C,
45 seconds, 50◦C, 30 seconds e 68◦C, 60 seconds; followed
by 72◦C, 10 minutes. These amplicons were then sequenced
(Illumina MiSeq). Sequencing reads were normalised at 8010
reads and analysed with the QIIME (Quantitative Insights
into Microbial Ecology) platform (Caporaso et al, 2010,
2011). Sequences were classified into bacterial genera through
the recognition of operational taxonomic units based on
the homology at 97% of the sequences when compared to the
SILVA 128 ribosomal sequence database (2017 release) (Yilmaz
et al, 2013). Basic diversity was assessed using QIIME.
Statistical analysis was conducted using MiniTab 7 and

GraphPad Prism 6. Owner pruritus score and veterinarian
evaluation score percentual changes in relation to the start of
the trial were assessed by Wilcoxon Signed Rank test. ELISA
andmicrobiome results were interpretedwithMann-Whitney
tests. p was considered significant when <0.10.

RESULTS

Three males and five females were enrolled in the trial. They
were assigned into two groups, for parenteral (n = 3 dogs) or
oral (per os [PO]) (n = 5 dogs) routes of treatment. Experi-
mental layout and the number of animals in each phase of the
trial are shown in Figure 1.
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F IGURE  Experimental layout and number of animals [in brackets] in each stage. During the enrolment phase the number of candidate dogs was reduced
as they fell into the exclusion criteria. Dog 8 was not considered in the efficacy analyses as it left the trial following a single dose of interferon

TABLE  Adverse events: The number of blood samples was counted
when one or more blood tests from the same animal showed deviations from
standard parameters. Adverse events not related to the blood tests are also
listed

Parameters

Parenteral
injection (N: three
dogs, five samples
after the first dose*)

Oral administra-
tion(N: five dogs,
 samples after
the first dose*)

Fraction of positive samples

Albuminemia 1/1 7/8

Increased packed cell
volume

0/3 4/9

Increased haemoglobin 1/3 6/9

Increased plasma proteins 2/3 1/10

Leucocytosis 1/3 1/8

Eosinophilia 0/3 4/8

Neutrophilia (segmented) 1/3 3/8

Lymphopenia 1/3 2/8

Monocytopenia 2/3 8/8

Vomiting 1/3 0/10

Skin rashes 2/3 0/10

*Not all samples were processed for all analyses due to small blood samples.

Adverse events

During the trial, severe adverse drug reactions were not
observed. Although there were deviations from the reference
parameters in blood tests, these were not correlated with any
clinical manifestation (Table 1). The most severe reactions
were observed in dogs that received the subcutaneous injec-
tions (Dogs 6, 7 and 8). Treatment of dog 6 was discontinued
in the third week due to adverse effects including skin rashes
and fever, vomiting and nausea. The owner of dog 8 stopped
treatment after the first dose due to intense skin rashes.

Efficacy

Efficacy results include both administration routes. Although
this was not basis for enrolment of the dogs in the trial,
patients shared a common history of non-responsiveness to
previous veterinary interventions. A subjective scoring system

F IGURE  Subjective pruritus score by owners. Results were nor-
malised in relation to the score of each dog at the beginning of the trial.
There are 3 bars for each dog, indicating the beginning, the middle and the
end of the trial. Dates for these periods are approximated between dogs, since
many owners did not comply with the determined evaluation dates. Data are
reported as fractions from the start of the trial for each dog. Dogs 4, 5 and 8
received the drug by the parenteral route. The third bar is missing from dog 4
as it left the trial by the 3rd week. Dog 8 is missing as it left the trial following
the first dose

was used for quantifying the opinion of the owners regard-
ing effectiveness of the treatment. The results of this subjective
score are shown in Figure 2. By the end of the test, three dogs
had greater than 60% reduction of pruritus, whereas two dogs
had less than 20% reduction. Two dogs showed no reduction
in pruritus according to the owners, and dog 8 was removed
from the analysis as it showed allergic signs following the first
administration of the drug. The aggregate result was of 42%
reduction of pruritus by the end of the trial. For the oral route
of treatment, there was a mean reduction of pruritus of 24.6%
mid-trial and of 17.5% by the end of the trial. Both mid-trial
(p = 0.062) and end-of-trial scores (p = 0.062) were reduced
in relation to the start of the trial for orally treated animals
and for the total scores (p = 0.047 and 0.031 for mid and end-
of-trial, respectively). The parenteral route could not be anal-
ysed separately as the small number of cases prevents the use
of theWilcoxon Signed Rank Test. Nevertheless, of these ‘low-
responders’, the owner of dog 4 reported that it stopped wak-
ing up by the end of the protocol, even though the total score
was not greatly reduced. In addition, three owners (of dogs 3,
4 and 7) reported increased feed consumption by the end of
the trial (and these dogs effectively gained weight).
Every week, on return for veterinarian evaluation, the

investigator evaluated skin lesions. There was an overall
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F IGURE  Veterinarian evaluation scores. (a) Data from the summa-
tion of scores for excoriation, erythema and alopecia. There are three bars for
each dog, indicating the beginning, the middle and the end of the trial. Dates
for these periods are approximated between dogs, since many owners did not
comply with the determined evaluation dates. Data are reported as fractions
from the start of the trial for each dog. Dogs 4, 5 and 8 received the drug by
the parenteral route. The third bar is missing from dog 4 as it left the trial by
the 3rd week. Dog 8 is missing as it left the trial following the first dose

reduction of the lesions of 49% by the end of the experiment.
Dogs 3, 4, 6 and 7 had a 50% or greater reduction of the lesions
by the termination of the trial (Figure 3). Mid-trial scores
(p = 0.062) and final scores (p = 0.031) were reduced in rela-
tion to the start of the experiment. When the oral route of
administration was considered in isolation, mid-trial results
were not different from the start of the protocol (p = 0.25)
but were significantly lower by the end of the experiment
(p = 0.062).

Anti-interferon antibodies

Anti-rhIFNα−14 antibodies were measured in the serum of
all dogs. Due to the low number of animals, statistical com-
parisons throughout time are hampered, but anti-interferon
antibodies were lower in responders (dogs 3, 4, 5 and 7 were
classified into this group) in relation to non-responders (dogs
1, 2, 6 and 8). This is confirmed when all sera were pooled
for group comparison. No significance was found in the
difference between injectable dosing and oral administration
(Figure 4).

Microbiota

Skin microbiota of three responders was assessed at treatment
D0 and at the end of the protocol (dogs 3, 4 and 7). The
microbiota of Dog 2 was also assessed at D0, but its analysis
at the end of the protocol failed to generate data.
Overall analysis of the skin microbiota demonstrated that

treatment induced changes by the end of the protocol (Fig-
ure 5). Several differences were found between the beginning
and the end of the protocols. In all three animals there was a
significant increase in the number of Firmicutes and a reduc-
tion in Actinobacteria. The most common bacterial genera
(top 15%) were Staphylococcus, Streptococcus, Lactobacillus,
Corynebacterium, Pseudomonas. Of these, dogs 3 and 4 (both
received interferon orally), which were the most similar, had
a relatively low percentage of Staphylococcus (ca. 5%). Treat-
ment had differing effects on this bacterial population in dogs
3 and 4: it decreased (0.87-fold) Staphylococcus following

treatment in dog 3 but increased it in 4 (4.4-fold). Dog 7
(parenteral route of administration), in which Staphylococcus
represented 24% of the bacteria at the start of the test, also had
a marked increase in the relative number of Staphylococcus
following treatment (3.8-fold). These bacteria reached over
90% of the skin bacterial population of dog 7 by the end of the
protocol, although it did not have any signs of dermatitis at
the time. Dogs 3 and 4 also shared an increase in the relative
abundance of Pseudomonas and Lactobacillus, a trend which
was again opposite in dog 7. In common, dogs 3, 4 and 7
shared a decrease in the percentage of Corynebacterium and
Actinomyces following treatment.

Long-term follow-up

Follow-up data were obtained from the best responders to
interferon treatment (dogs 3, 5, 6 and 7). Dog 3 remained free
from any sign of allergic pruritus for at least 5 weeks following
the end of the trial. Dog 7 remained free from intense pruritus
for 45 days. By 4 months of the trial, pruritus on the face and
extremities had returned, but not yet to the same level of the
beginning of the trial. Dog 4 and 5 showed return of pruritus
and skin lesions. The owner of dog 4 reported slow return of
the signs starting from 3 to 4 weeks from the end of the test.
By 3 months, the original lesions and pruritus were similar to
the start of the trial. Dog 5 showed a fast return to the original
condition, which happened by 2 weeks of the end of the trial.

DISCUSSION

Allergic pruritic diseases of the dog skin are characterised
by a deviation of the immune responses towards a T helper
type 2 phenotype (Th2). There is increased production of
cytokines by Th2 polarized cells which leads to the intense
pruritus that is common to these conditions, regardless of
the causative allergen.8 Therefore, systemic treatment options
include either glucocorticoids or cyclosporin, anti-histamines
or, more recently, a small molecule inhibitor and an antibody
that block pruritus via the IL-31 signalling pathway.5,9–11 Nev-
ertheless, immunosuppressants often lead to severe adverse
effects, especially because therapy is lifelong. Anti-histamines
are only useful as supplementary treatments.12 The novel
molecules, on the other hand, can be prohibitively costly, espe-
cially in poorer countries, that import the molecules (anecdo-
tal evidence). Since the prevalence of these diseases is high (in
the order of 10% of the canine population), novel drugs may
prove useful.
Interferons have been trialled and used in the treatment

of human AD for their role in reverting the Th2 disbalance,
for effects on keratinocytes and for reducing secondary skin
infections.13,14 In Japan, canine AD has been treated with
canine recombinant interferon gamma, made available in the
country by Toray Industries.3 This drug shows good efficacy,
reducing pruritus, excoriation, erythema and alopecia by 57–
79%.4,5 Using a similar trial approach as has been reported
by Japanese research groups, we show here that recombi-
nant human interferon alpha 14 (rhIFNα−14) induced a
mean decrease in pruritus of 42%, considering owner evalu-
ation of pruritus and of 49%, considering vet-assigned lesion
scores.
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F IGURE  ELISA for detection of canine anti-rhIFNα14 antibodies. Top: antibody titers by treatment week. Each line represents an animal. No statistical
analysis was performed because there are missing data. Below: antibody titres were grouped for statistical comparisons. For the comparison between injectable
and oral treatments, titres at D0 were removed from the analysis as the goal was to assess the induction of anti-antibodies following treatment. Statistical analysis
by two-tailed Mann-Whitney test. In the timeline analysis, geometric means are shown. In the aggregated analysis, each dot is a blood collection point

F IGURE  Analysis of the skin microbiota. (a) Overall similarity of the
skin microbiota between dogs at the start of the trial and at the end. Dog 5
showed very distinctive trends regarding its microbial skin composition. It
finished the trial with over 90% of the skin microbiota composed of Staphy-
lococcus. (b) Microbiota richness at the start of the trial versus the end of the
test. Chao1 and OTU richness evaluations are shown. Statistical analysis by
Mann-Whitney test. ‘D0’, beginning of the trial with interferon. ‘End’, final-
ization of the trial

The dosage scheme followed by our group was similar to
those previously reported for IFNγ.4,5 However, injectable
interferon induced prominent allergic reactions in two of
the three dogs that received it. Some dogs showed significant
levels of specific antibodies even before the start of the trial,
and we could not find an association between anti-interferon
antibodies and clinical efficacy. Total levels of anti-drug anti-
bodies are not necessarily associated with loss of function,
since most immunoglobulins are not neutralizing, perhaps
justifying why even ’responder’ dogs had high antibody
titres.15 Pre-existing antibodies that cross-react with biolog-
ical drugs are not rare, and they usually have little impact
in treatment outcomes, as was found in the present study.16
High prevalence of pre-existing cross-reactive antibodies in
the dogs may be due to the chronic immune activation that
drives allergic dermatitis. It is known that AD patients are
in higher risk of other inflammatory-driven diseases, for
instance.17

Orally administered interferon showed some efficacy in
three of five dogs that received it, with no adverse events.
Oral interferon has been tested for the treatment of other
conditions in dogs and cats.18–20 However, its use for AD in
dogs is rather novel.4,5,21 In contrast, adverse events were con-
siderable in two of the three dogs that received parenteral
interferon. These dogs showed classical signs of hypersensi-
tivity against the recombinant protein, with skin rashes and
vomiting.22 Such adverse events due to parenteral admin-
istration of biologicals are not rare and may derive from
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classical hypersensitivity mediated by IgE – especially since
it was a human recombinant protein – but also from intense
immune activity following the administration of an exogenous
cytokine.23 Since therewere few dogs in the ‘parenteral arm’ of
the study, these results do not necessarily preclude using this
route in future trials.
Failures in treatment efficacy may be due to the simplified

selection of enrolled dogs. Pruritus in dogs is often derived
from immune-mediated processes, and the selection criteria
attempted to narrow towards patients that with these patho-
logical characteristics. However, itch may also arise from
neurological or psychological conditions, which cannot be
excluded as causes in our enlisted dogs.24 It is expected that
rhIFNα−14 would not benefit such patients, since the under-
lying pathogenic mechanisms are vastly different.
The skin microbiota is altered in canine AD. However,

we could not observe the apparent correlation of Staphylo-
coccus spp. with clinical outcomes reported by others.25–27
Our results showed varying effects of treatment over Staphy-
lococcus spp. prevalence on the skin of dogs. Class I inter-
ferons – such as IFNα – have a dual role on Staphylococcus
spp. colonization of the skin. These cytokines may enhance
skin immune responses against S. aureus, influencing bacterial
loads.28 Opposingly, chronic exposure to interferons disrupts
the skin barrier, increasing staphylococcal colonization.29,30
These divergent effects of interferons may account for the
different outcomes regarding skin Staphylococcus spp. abun-
dance in our trial. The connection of other bacterial species
with AD is less established. As an example, some reports indi-
cate higher Corynebacterium spp. percentages in the skin of
healthy dogs,26 whereas opposing results can also be found,
and therefore it is difficult to interpret the results found here
regarding this bacterial genera.25,27

The skin microbiota varies greatly with each individual,
with the body site to be considered, time of sampling and with
cohabitation.26,31,32 Therefore, it is difficult to comparemicro-
biome results between dogs due to natural individual varia-
tions and to different sites of sampling, since swabs were taken
from lesions, which varied in location between dogs. The long
interval between the beginning and the end of the trial and the
low number of dogs that were tested also represent hurdles in
the interpretation of these data. Nevertheless, it is interesting
to observe that microbiotas on day 0 grouped together in the
dendrogram analysis, apart from those from the end of the
test. Therefore, there is an indication of effect of the treatment
over the microbiota.
In conclusion, administration of rhIFNα−14 induced var-

ied outcomes in the treatment of allergic pruritic conditions
in dogs. The results indicate that novel trials should con-
centrate in the oral route of administration, as the adverse
effects (rashes and vomiting) seen in dogs that were injected
suggest that parenteral administration is not likely to be
safe.
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