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Glucocorticosteroids and ciclosporin do not
significantly impact canine cutaneous
microbiota
Giovanni Widmer1* , Lluís Ferrer2, Claude Favrot3, Judy Paps4, Kevin Huynh1 and Thierry Olivry4

Abstract

Background: As prednisone and ciclosporin can have immunosuppressive effects and have been considered
potential predisposing factors for skin infections, we investigated the impact of these drugs on the diversity of the
cutaneous microbiota, the abundance of Malassezia and infection with Papillomaviruses.

Results: Six atopic, asymptomatic Maltese-beagle dogs were treated with ciclosporin for one month and then with
prednisone for another month, with a one-month wash-out between treatments. The dogs were sampled on the
abdomen and pinna before and after each treatment using a swab. Samples for Papillomavirus detection were
obtained with cytobrush sticks. The bacterial microbiota was characterized using 16S amplicon high-throughput
sequencing. Malassezia populations were quantified with nested real-time PCR targeting the ribosomal internal
transcribed spacer 1. The diversity and composition of cutaneous microbiota was not impacted in a detectable
manner by any of the treatments. As observed for the bacterial microbiota, Malassezia populations were not
affected by treatment. Three dogs were positive for Papillomavirus at more than one timepoint, but an association
with treatment was not apparent.

Conclusions: Ciclosporin and prednisone at doses used for the treatment of atopic dermatitis do not impact the
canine cutaneous microbiota in a detectable manner.

Keywords: Prednisone, Ciclosporin, 16S amplicon sequencing, Microbiota, Malassezia, Papillomavirus, Principal
coordinates analysis

Background
Cutaneous infections are very prevalent in atopic dogs;
in most cases, they are caused by microorganisms that
are considered normal inhabitants of the canine skin,
such as Staphylococcus pseudintermedius or Malassezia
pachydermatis [1]. The mechanisms that trigger the pro-
liferation of a commensal cutaneous organism and leads
to a bona fide infection are poorly understood. As skin
infections are thought to worsen the clinical manifesta-
tions of atopic dermatitis, understanding the mecha-
nisms underlying their development is of high interest.
Both glucocorticoids and ciclosporin are extensively

used to treat atopic dermatitis in dogs. These drugs are

recommended as first line therapies in the recently up-
dated guidelines for the management of this disease [2].
As both drugs, depending on their dose, can have im-
munosuppressive effects, some authors have suggested
that their prolonged use could favor the development of
skin infections. For instance, treatment with glucocorti-
coids is considered to predispose to the development of
superficial pyoderma in dogs, and relapsing urinary tract
infections are recognized as a common side effect of
glucocorticoid treatment in this species [1, 3, 4].
There is less evidence for ciclosporin predisposing to

skin infections, but an increased rate of urinary tract in-
fections in atopic dogs treated with this drug has been
reported [5]. Finally, the development of viral papillomas
in dogs has been mentioned in different studies as one
on the side effects of ciclosporin therapy, probably due
to an alteration of in the immune mechanism control-
ling viral replication [6, 7].
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One way to assess if ciclosporin and glucocorticoids
predispose to the development of skin infections is to
analyze the impact of such treatments on the skin
microbiota using high-throughput sequencing. These
techniques enable the evaluation of the relative abun-
dance of cutaneous bacteria and diversity of the skin
microbiota [8, 9]. In this approach, changes in the
microbiome could be used as proxy to assess the risk for
cutaneous infections. In support of this assertion, skin
infections were recently shown to be preceded by a di-
minished bacterial microbiota diversity in human and
canine atopic patients [10, 11].
To examine the impact of ciclosporin and prednisone

on the canine skin microbiota, we designed a longitu-
dinal study with dosages used to treat canine allergic
skin diseases. We found that these treatments have no
discernable impact on the diversity of canine bacterial
microbiota nor on Malassezia or Papillomavirus popula-
tions of the skin.

Methods
Dogs and treatments
Six co-housed Maltese-beagle crossbred atopic dogs
numbered 1 to 6 were used for this study. The dogs are
purpose-bred for allergy research. There were three in-
tact males and three females aged between 3 and 8 years
(average: 5.7 years). These dogs had been sensitized in
preceding years to Dermatophagoides farinae house dust
mites [12]. For this study, allergen challenges and lesion
induction were not performed, and the dogs did not ex-
hibit skin lesions at any time. At first, six dogs were
treated orally with 5 mg/kg of ciclosporin once daily for
one month. After a 1-month wash out, the dogs were
treated with 0.75 mg/kg of prednisone per os once daily
for one month. The interventions were approved by the
Institutional Animal Care and Use Committee at NC
State University. Drugs used in this study were those
commercially available. They were purchased from this
university’s Veterinary Hospital Pharmacy. No anesthesia
was used and the dogs were not euthanized upon con-
clusion of the in vivo study.

Sample collection
Samples were collected aseptically at six timepoints over
a period of 7 months. These timepoints are numbered
T0 (pre-treatment) - T5, where T0 samples were col-
lected 19 days before initiation of ciclosporin treatment,
T1 on the day ciclosporin was first administered, T2 at
conclusion of ciclosporin treatment, T3 44 days after the
end of ciclosporin treatment and upon initiation of pred-
nisone treatment, T4 at the end of the prednisone treat-
ment and T5 after a 30-day washout period. Samples
were collected in all cases from two sites: ventral pinna
and inguinal skin. For the bacterial microbiota and for

the Malassezia analyses, a sterile swab was used (Isohe-
lix, Harrietsham, Kent, UK). Swabs were rubbed for 15 s
on each side of the swab within an area of approximately
4 cm2. For the evaluation of Papillomavirus, the samples
were obtained using sterile cytobrush sticks (CytoSmear,
Purfybr, Munster, Indiana) [13]. Samples were stored at
4 °C for no more than 72 h before extraction and final
storage at − 80 °C.

16S rRNA amplicon sequencing for bacterial microbiota
characterization
DNA was extracted from swabs using the Power Soil
DNA isolation kit (MoBio, Carlsbad, CA). Bacterial pop-
ulations were characterized using 16S ribosomal RNA
(rRNA) amplicon high-throughput sequencing. A por-
tion of the bacterial 16S rRNA ribosomal rRNA gene
from the V1 V2 variable region was amplified using
primers 27F and 338R [14], generating an amplicon of >
300 nucleotides (nt). A first PCR of 20 cycles using pri-
mer 27F (AGAGTTTGATYMTGGCTCAG) and 338R
(TGCTGCCTCCCGTAGGAGT) was followed by a sec-
ond PCR of 20 cycles to incorporate Illumina adapters
and a unique 6-nt barcode. All PCR experiments in-
cluded a positive and negative control reaction. Bar-
coded PCR products were electrophoresed on 2.5%
agarose gel to check for the presence of amplification
product of the correct size. The concentration of ampli-
con DNA was quantified by measuring absorbance at
260 and 280 nm. Amplicons were pooled at approxi-
mately equal concentration and the pooled library se-
quenced at the Tufts University Genomics core facility
(tucf.org) using an Illumina MiSeq sequencer and a cus-
tom sequencing primer [15]. Amplicons were sequenced
single-end, 300 nt. An average of 92,567 (standard devi-
ation (SD) = 72,127) sequence reads were obtained per
barcode. FASTQ files were deposited in the European Nu-
cleotide Archive under accession number PRJEB15158.
To assess the level of experimental noise in the sequence
data, we duplicated three samples (Additional file 1). Du-
plicates were amplified separately from the same DNA
sample and each amplicon tagged with a unique 6-nt
barcode.

Bioinformatics and statistical analysis
Bioinformatics analysis was performed using mothur es-
sentially as described [16–18]. Briefly, random subsam-
ples of 5000 sequences were aligned using Clustal
Omega [19] and curated to remove sequencing errors.
Chimeras were removed using Uchime [20] as imple-
mented in mothur. Sequences were denoised using pro-
gram pre.cluster [18] using a difference threshold of
2 nt. Differences between bacterial populations (β diver-
sity) were quantified using the weighted Unifrac phylo-
genetic distance [21]. Unifrac is a metric of pairwise
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phylogenetic dissimilarity frequently used in microbial
ecology. It is a measure of the fraction of branches in a
phylogenetic tree which are unique to either of the two
populations being compared. Matrices of pairwise dis-
tance between 89 samples were computed in mothur
and visualized on Principal Coordinate Analysis (PCoA)
plots using GenAlEx [22]. Sequences were classified
using the Naïve Bayesian classifier [23] with template
and taxonomy reference files downloaded from the
Ribosomal Database Project [24]. The minimum boot-
strap value for taxonomic assigment was set at 70%.
To measure α diversity, we used the Shannon and

Berger-Parker indices. The latter index is equal to the
proportion of the most abundant Operational Taxo-
nomic Unit (OTU), where an OTU is a collection of
similar sequences and can be viewed as a proxy of spe-
cies. In contrast to Shannon diversity, increasing Berger-
Parker diversity indicates decreasing diversity.
The significance of clustering of samples based on

Unifrac distance was tested using ANOSIM [16]. Vari-
ation Partitioning Analysis [25] as implemented in
CANOCO [26] was used to assess the relative contribu-
tion of two independent variables, dog and time, to the
microbiome profile.

Malassezia nested PCR
A nested PCR protocol was developed and used to amplify
a 142-nt fragment of the Malassezia Internal Transcribed
Spacer (ITS) 1. The following primers targeting the ribo-
somal repeat sequence of M. pachydermatis were used;
outside primer forward: AGGTTTCCGTAGGTGACCT,
outside primer reverse: TTCGCTGCGTTCTTCATCGA
[27]. The inside, nested, forward primer (unpublished)
was AACCCGTGTGCACTT, and the reverse nested
primer CGTTGTCGAAAGTTG. To quantify Malasse-
zia DNA, amplification curves were generated with a RT
PCR assay on a Roche LightCycler instrument. PCR ex-
periments were controlled with positive and negative
controls and specificity of the amplification confirmed
by sequencing a representative amplicon. As a positive
control, a sample from a dog with severe Malassezia
overgrowth (20–25 organisms/high power field) was
used. The number of PCR cycles needed to reach the in-
strument’s detection threshold, known as the Crossing
Point (Ct), was used as a measure of relative Malassezia
DNA concentration. A standard curve was calculated to
convert Ct values to Malassezia DNA copy number.
Seven 10-fold serial dilutions of a Malassezia DNA ref-
erence sample with an average of 41.7 cells per high-
power field were prepared and PCR amplified using the
nested primer sets described above. A first order linear
regression with the equation

Ct ¼ −4:06� log copy numberð Þ þ 43:94

and r2 = 0.998 was obtained and used to convert PCR Ct

values to ITS1 copy number.

Papillomavirus PCR
Samples collected with a cytobrush were kept at 4 °C for
no longer than 24 h and stored at − 18 °C until extrac-
tion. To pellet cells and debris, tubes (still containing
the cytobrush tip) were centrifuged at 15000 g for
10 min. The cytobrush tip was removed and the saline
supernatant aspirated leaving 25 μl in the tube. DNA
was extracted using the DNeasy extraction kit (Qiagen,
Hilden, Germany) following the manufacturer’s instruc-
tions. DNA was eluted in 100 μl sterile water. RT PCR
was used to identify and quantify Papillomavirus DNA in
the samples. The PCR amplified a region of the L1 gene
(canPVf/FAP64; CTTCCTGAWCCTAAYMAKTTTGC/
CCWATATCWVHCATNTCNCCATC). This probe de-
tects all viruses belonging to the genus Papillomavirus.
The papillomavirus PCR was performed at the Veterin-
ary School of the University of Zurich, Switzerland, as
described elsewhere [13].

Results
Analysis of bacterial microbiota
Impact of treatments
We used PCoA of pairwise weighted Unifrac distance
matrices to display differences in 16S rRNA sequence
profile in different dog skin swabs. Figure 1 shows three
versions of the same PCoA of 89 samples. The plots are
colored according to date of collection (A), dog (B) and
body site (C). There is no visible indication that ciclos-
porin or prednisone treatment, initiated at timepoint T1
and T3, respectively, affected the skin bacterial micro-
biota (panel A). Statistical analysis of weighted Unifrac
distances between samples collected at the six time-
points confirmed this interpretation (Table 1). T1 and
T2 samples, and T3 and T4 samples were not signifi-
cantly different (p = 0.262 and p = 0.345, respectively).
Only two comparisons, T0 versus T2 and T0 versus T5
were significantly different. Since these timepoints do
not bracket the treatments, we suspected a temporal ef-
fect unrelated to treatment and concluded that the
tested interventions had not discernable effect on
microbiota.
To investigate another possible effect of the tested

drugs, we estimated the α-diversity of the bacterial pop-
ulations in swabbed samples using the Shannon [28] and
Berger-Parker diversity index [29]. Altogether, the skin
bacterial diversity was not signifcantly impacted by
ciclosporin and prednisone treatment (Fig. 2).
Shannon diversity indices ranged in value between 3.4

and 5.1 regardless of treatment. We used Kruskal-Wallis
one-way ANOVA on ranks to test whether microbiota
diversity collected on the various dates differed. The test
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returned a significant P-value (P = 0.02). As for ANO-
SIM described above, comparisons between sampling
dates were not significantly different when comparing
samples collected immediately before and immediately
after each treatment. Similarly, the analogous analysis
based on Berger-Parker α-diversity showed no significant
difference between pre- and post-treatment samples. In

Table 1 ANOSIM R values and statistical significance of pairwise
weighted Unifrac distance between microbiota collected at six
timepoints

Comparisona R p

T0-T1 0.26 0.023

T0-T2 0.54 0.001b

T0-T3 0.08 0.217

T0-T4 0.25 0.039

T0-T5 0.25 0.001b

T1-T2 0.06 0.262c

T1-T3 −0.04 0.624

T1-T4 −0.04 0.579

T1-T5 0 0.375

T2-T3 0.15 0.138

T2-T4 −0.06 0.726

T2-T5 0.01 0.417

T3-T4 0.01 0.345c

T3-T5 0.12 0.094

T4-T5 −0.05 0.694
a timepoint abbreviations as described in Materials and Methods
b statistically significant R after correction for multiple comparisons
c comparisons of samples collected immediately before and after ciclosporin
and prednisone treatment

Fig. 2 Microbiome diversity over time. Mean Shannon diversity for
each animal is represented for each collection date. The means were
calculated for samples collected from each dog at each timepoint
(n = 2–6). Times of collection are represented on the x axis as
defined in Materials and Methods. Dogs are colored as shown in the
key. Green and pink bars indicate ciclosporin and prednisone
treatment, respectively

Fig. 1 Principal Coordinates Analysis of 89 swab samples. Colors represent time of collection (a), dog (b) and body site (c) as shown in the key.
The complete list of samples is shown in supplementary material. Duplicated samples extracted from the same sample and barcoded separately
are indicated with matching triangles in plot C (see also Additional file 1)

Widmer et al. BMC Veterinary Research  (2018) 14:51 Page 4 of 8



contrast to the analysis of Shannon diversity, no overall
difference between sampling dates was found using one-
way ANOVA (F5,30 = 2.205, p = 0.08). Together, Unifrac
distances and diversity values indicate that neither
ciclosporin nor prednisone had a detectable impact on
the skin bacterial microbiota.
The phylum-level classification of 85 swab samples is

shown in Fig. 3. Consistent with PCoAs, neither ciclos-
porin nor prednisone induced any apparent change in
microbiota taxonomy. A lower-level taxonomic classifi-
cation shows the same lack of treatment effect (Add-
itional files 2 and 3). Figure 3 shows a temporal trend of
increasing relative abundance of Firmicutes over time. A
linear regression of relative Firmicutes abundance over
time was highly significant (F1,23 = 20.8, P < 0.001), but
this trend appears to be unrelated to the tested
interventions.

Diversity of skin microbiota between dogs and anatomical
location
We analyzed 16S sequences to explore whether skin
microbiota differed by dogs. Since all animals where sub-
jected to the same treatment, this analysis is not central
to the topic investigated here, but is relevant to under-
standing the evolution of skin microbiota and the extent
to which co-housed animals may harbor different micro-
biota. Clustering by dog was found to be statistically sig-
nificant (ANOSIM, n = 6, R = 0.25, P < 0.0001). Variation
Partitioning Analysis was used to further evaluate the

relative contribution of two independent variables, dog
and time, on the microbiome profile. The results of this
analysis show that variable “dog” explains 27.5% of the
explained variation, which is 10 times more than the
variation explained by variable “time” (2.6%). This out-
come is consistent with the PCoA and ANOSIM results
described above and in Additional file 4 in showing that
time of sample collection had a relatively small impact
on the skin microbiome.
When the samples from six dogs were separated by

anatomical site, clustering of skin microbiota by dog be-
came apparent by PCoA (Additional file 4) and was sta-
tistically significant when all dogs were compared
(abdomen, n = 6, ANOSIM R = 0.40, P < 0.0001; pinna n
= 6 ANOSIM R = 0.24, P < 0.001). After Bonferroni cor-
rection, 8/15 pairwise comparisons of abdomen micro-
biota were significantly different. For the pinna, only two
out of 15 pairwise comparisons between dogs were sig-
nificantly different (Additional file 5). α and β diversity
was analyzed in relation to body site and to compare
intra-dog vs inter-dog diversity. Based on Shannon di-
versity, samples collected from the abdomen and from
the pinna were equally diverse (n = 93, t test P = 0.079).
In contrast, samples collected from the same dog,
whether from the pinna or the abdomen, were less dif-
ferent from each other than samples from different dogs
(Kruskal-Wallis ANOVA on ranks, P < 0.001). This ana-
lysis indicates that in spite of the animals being housed
together, the skin microbiota populating different

Fig. 3 Phylum-level classification of bacterial microbiota from 85 skin swabs shows no apparent impact of treatment. Each bar represents a
different sample. The most abundant phyla are colored as shown in the key. Timepoints are indicated uppermost. T1 and T2 indicate beginning
and end of ciclosporin treatment, respectively; T3 and T4 indicate beginning and end of prednisone treatment, respectively. Within each
timepoint (T), samples are ordered by dog (1 - > 6). The samples are from left to right: T0, 1_ing1, 1_ing2, 1_pinna1, 1_pinna2, 2_ing1, 2_ing2,
2_pinna1, 2_pinna2, 3_ing1, 3_ing2, 3_ing3, 3_pinna1, 3_pinna2, 3_pinna3, 4_ing1, 4_ing2, 4_pinna1, 4_pinna2, 5_ing1, 5_ing2, 5_pinna1,
5_pinna2, 6_ing1, 6_ing2, 6_pinna1, 6_pinna2. T1, 1_ing1, 1_pinna1, 2_ing1, 2_pinna1, 3_ing1, 3_pinna1, 4_ing1, 5_ing1, 5_pinna1, 6_ing1,
6_pinna1. T2, 1_ing1, 1_pinna1, 2_ing1, 2_pinna1, 3_ing1, 3_pinna1, 4_ing1, 4_pinna1, 5_ing1, 5_pinna1, 6_ing1, 6_pinna1. T3, 4_ing1, 4_pinna1,
5_ing1, 5_pinna1, 6_ing1, 6_pinna1, 1_ing1, 1_pinna1, 2_ing1, 2_pinna1, 3_ing1, 3_pinna1. T4, 1_ing1, 1_pinna1, 2_ing1, 2_pinna1, 3_ing1,
3_pinna1, 4_ing1, 4_pinna1, 5_ing1, 5_pinna1, 6_ing1, 6_pinna1. T5, 1_ing1, 1_pinna1, 2_ing1, 2_pinna1, 3_ing1, 3_pinna1, 4_ing1, 4_pinna1,
5_ing1, 5_pinna1, 6_ing1, 6_pinna1, where the number before the underscore indicates dog number and the final number within each code
indicates left (1) and right (2) side. On timepoint T0 dog 3 was sampled three times, as indicated by (3)
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animals tends to diverge, and that each dog is populated
by a distinct bacterial microbiota.

Quantification of Malassezia and association with
bacterial diversity
A nested real-time PCR assay was used to quantify
Malassezia DNA in the same swab samples as used for
16S rRNA sequencing. Malassezia carriage varied
among dogs. At time T0, before initiation of treatment,
some dogs had high Malassezia loads (i.e., dog 5) (Add-
itional file 6). In contrast, other dogs showed very low
loads (dogs 3, 6). Despite this trend, high inter-sample
variability was observed among samples from a same
dog. The density of Malassezia was higher on the pinnae
than on the abdomen (Mann-Whitney Rank sum test, U
= 2016, n = 72, P = 0.021). Malassezia populations sig-
nificantly varied in the course of the experiment
(ANOVA on Ranks, n = 24/group, H = 20.1, 5 d.f., P <
0.001). However, such variation did not appear to be a
result of treatment (Additional file 6). Neither of the two
pairwise comparisons between Ct values from samples
taken immediately before and after the treatment were
significantly different (Tukey’s test).
We analyzed Malassezia PCR Ct values and 16S rRNA

diversity for an association between Malassezia infest-
ation and bacterial diversity. For this analysis, we used
both Shannon and Berger-Parker diversity indices. Bac-
terial diversity and Malassezia relative abundance were
not significantly correlated (Additional file 7). Although
none of the regressions were statistically significant, we
observed a slight yet non-significant increase in bacterial
diversity with increasing Malassezia Ct (decreasing
Malassezia relative abundance) for the abdominal sam-
ples and an opposite trend for those collected on the
pinnae.

Detection of Papillomavirus DNA
The results of PCR to detect Papillomavirus DNA in the
skin samples are summarized in Table 2; these results
are in agreement with those from previous studies that
had demonstrated that Papillomavirus DNA is detect-
able on the skin of healthy dogs. Dogs 2 and 4 were
positive once and dog 3 was positive on two consecutive
sampling points. As observed for the bacterial micro-
biota and Malassezia infestation, the results did not cor-
relate with the treatments administered.

Discussion
The cutaneous microbiota of six atopic dogs was ana-
lyzed at six timepoints over a 7-months period. This
study is unique because of its comprehensive examin-
ation of microbiota, including bacteria, Malassezia and
Papillomavirus. To our knowledge, this is the first study
that investigated the impact of non-antimicrobial

treatments on the canine cutaneous microbiome. The
major limitation of this study is the small number of
dogs investigated. However, as we found no apparent
trend when pre- and post-treatment samples were com-
pared, it is unlikely that a study with more animals
would lead to a different conclusion.
Our original hypothesis was that ciclosporin or gluco-

corticoids would reduce bacterial diversity, facilitating
overgrowth of pathogens and the development of overt
skin infections. Our results show that the treatment with
ciclosporin at 5 mg/kg/q 24 h or with prednisone at
0.75 mg/kg/q 24 h does not impact the profile or the di-
versity of the cutaneous bacterial microbiome of the
dog. Therefore, it is unlikely that treatment itself directly
increases the risk of secondary bacterial infections com-
monly observed in atopic dogs. The specific trigger(s) of
Staphylococcus pseudintermedius proliferation ending in
pyoderma in an atopic dog remain unclear, but the lead-
ing hypothesis is that abnormalities in the skin barrier or
immunologic changes linked to atopic dermatitis [30]
lead to a reduction in bacterial diversity and facilitate
bacterial infections, as reported in humans [10] and
more recently in dogs [11]. In this study, we did not
challenge dogs with the allergen to which they are sensi-
tized, because the main objective was to assess the im-
pact of the treatment - and not allergic inflammation -
on the bacterial microbiota, on Malassezia and on Papil-
lomavirus infection. The assessment of the bacterial
microbiome after an allergen challenge in this acute ca-
nine atopic dermatitis model has been reported previ-
ously [31].
The detection and relative quantification of Malassezia

DNA was successful using the PCR primers reported by
Makimura et al. [27] which are specific for Malassezia
pachydermatis. A nested PCR protocol was used to

Table 2 Results of Papillomavirus PCR

Dog number
and sampling site

Timepoint

T0 T1 T2 T3 T4 T5

1 Pinna – – – – – –

1 Abdomen – – – – – –

2 Pinna – – – – + –

2 Abdomen – – – – – –

3 Pinna – + + – – –

3 Abdomen – – – – – –

4 Pinna – – – – – –

4 Abdomen – – – + – –

5 Pinna – – – – – –

5 Abdomen – – – – – –

6 Pinna – – – – – –

6 Abdomen – – – – – –
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increase the sensitivity of this test. None of the two
treatments had an impact on the relative abundance of
Malassezia yeast and thus we concluded that ciclosporin
and prednisolone do not affect cutaneous Malassezia
populations under the conditions tested. The outbreaks
of M. pachydermatis frequently observed in atopic dogs
probably should be better attributed to changes in the
cutaneous ecosystem caused by the atopic disease rather
than to treatment itself. Previous studies have reported
that in human atopic patients different Malassezia spe-
cies are present on the skin, which is typically not the
case in healthy individuals [32, 33]. Importantly, in this
study, we only investigated the most common and clinic-
ally important Malassezia species in the dog (M. pachy-
dermatis) and therefore cannot draw conclusions on the
diversity of the entire Malassezia population, as reported
in atopic humans [34]. A recent study based on high-
throughput sequence data of the ribosomal internal
transcribed spacer I analyzed the fungal population of
the skin in healthy and atopic dogs [35]. This study
found that the relative abundance of Malassezia was not
impacted by the dog’s health status. This observation
and our study are however difficult to compare. While
Meason-Smith et al. used high-throughput sequencing
to infer relative abundance, we quantified Malassezia
using real-time PCR. In contrast to the earlier study, our
experiments were not designed to assess differences in
skin microbial populations between atopic and healthy
animals.
As for the analysis of bacterial microbiota and Malas-

sezia, we found that the treatments did not increase the
presence of detectable Papillomavirus in the skin. As ex-
pected, papillomavirus DNA was detected in some dogs
at different points of the study (Table 2), but all dogs
were negative for this group of commensals at the end
of the study.

Conclusions
Ciclosporin and prednisone, used at typical dosages pre-
scribed for the treatment of atopic dermatitis for one
month did not impact the canine cutaneous microbiota
in a detectable manner. The data suggest that these
treatments are unlikely to increase the risk of secondary
microbial infections commonly observed in atopic dogs.
Whether a longer treatment would change the skin
microbiota remains undetermined but deserving of fur-
ther study.

Additional files

Additional file 1: Sample replication and experimental noise. Three
samples were replicated to estimate the level of technical variation.
Replicated samples are shown in black. For clarity some black data points
were slightly shifted on the plot to eliminate symbol overlap. The

distance between replicates represents the experimental noise caused by
PCR and sequencing. The mean weighted Unifrac distance among 4275
non-replicated pairwise comparisons (93 × 92/2–3 = 4275) was 0.383,
whereas the mean for the three pairwise distance between replicates was
0.186. Unifrac distance values originating from experimental noise was thus
significantly smaller than the average Unifrac distance from different samples
(Mann-Whitney Rank Sum Test U = 456, p= 0.005). Triangle up, dog 1
abdomen; triangle down, dog 2 pinna; diamond, dog 3 abdomen. The
percent variation explained by the first two principal axes is indicated.
(DOCX 16 kb)

Additional file 2: Example of lower-level classification of skin microbiota
over time for dog 1 and dog 3. Bars are arranged from left to right in
chronological order grouped by anatomical site. Stacks are arranged from
bottom to top in order of diminishing cumulative taxon abundance
across all samples. The 20 most abundant taxa are shown. Bars height is
< 1 because less abundant taxa are not shown. Sequences classified at
the genus level with 70% probability value were assigned to the next
higher taxonomic level i.e., family, order, class or phylum. The dates when
the samples were collected are abbreviated as DDMMYY. On 5/21/14 (T1),
dog 1 samples were collected in duplicate and dog 3 samples in triplicate.
Replicate samples were barcoded individually to visualize experimental
variation (see Additional file 1). The dogs showed a different composition of
the microbiome, which remained relatively constant over time. As seen in
the other analyses, no effect of treatment on microbiota composition was
apparent. (DOCX 265 kb)

Additional file 3: Genus-level classification of abdomen and pinna skin
microbiota from six dogs. (DOCX 38 kb)

Additional file 4: Principal Coordinates Analysis by body site. When two
sampling locations are considered separately, clustering by dog is
significant (pinna n = 6, ANOSIM R = 0.24, P < 0.001; abdomen, n = 6,
ANOSIM R = 0.40, P < 0.0001). The data points are color-coded by dog as
shown in Fig. S1. A, pinna; B, abdomen. (DOCX 34 kb)

Additional file 5: Pairwise ANOSIM R values and statistical significance
level for comparisons of weighted Unifrac distance between microbiota
from six dogs and two body sites. (DOCX 13 kb)

Additional file 6: Temporal evolution of Malassezia infestation of pinna
and inguinal area of six dogs. The timepoints are labelled as indicated in
Materials and Methods. Data points are colored according to dog as in
Fig. 1. Swabs from the left and right side were analyzed individually as
shown by duplicated lines of same color. Ciclosporin and prednisone
treatment are represented with a green and a pink bar, respectively.
Crossing points exceeding 41 cycles (< 10 copies) were deemed negative
and are not represented in graphs. Triangles indicate positive control.
Crossing points were converted to number of ITS1 copies using the
standard curve. (DOCX 31 kb)

Additional file 7: Lack of significant association between Malassezia
abundance and bacterial diversity. Left and right graph show the analysis
of inguinal and pinna samples, respectively. Full symbols indicate
Shannon diversity, empty symbols Berger-Parker diversity. Linear
regression model is indicated by lines. (DOCX 43 kb)

Abbreviations
ANOVA: Analysis of Variance; nt: nucleotide; OTU: Operational Taxonomic
Unit; PCoA: Principal Coordinates Analysis; rRNA: ribosomal RNA; SD: standard
deviation

Acknowledgments
The authors gratefully acknowledge Elanco for funding the study, and Albert
Tai and the Tufts Genomics staff for sequencing.

Funding
Elanco reviewed and approved the study protocol, and funded the study; it
had no part in the execution of the study, data analysis or writing of the
manuscript.

Availability of data and materials
FASTQ files were deposited in the European Nucleotide Archive under
accession number PRJEB15158.

Widmer et al. BMC Veterinary Research  (2018) 14:51 Page 7 of 8

https://doi.org/10.1186/s12917-018-1370-y
https://doi.org/10.1186/s12917-018-1370-y
https://doi.org/10.1186/s12917-018-1370-y
https://doi.org/10.1186/s12917-018-1370-y
https://doi.org/10.1186/s12917-018-1370-y
https://doi.org/10.1186/s12917-018-1370-y
https://doi.org/10.1186/s12917-018-1370-y


Authors’ contributions
LF and TO designed the experiment and obtained the funding. JSP
contributed to the design and performed the in vivo study. GW supervised
the bench work and analyzed the 16S sequence data. KH processed the
samples, prepared the 16S amplicon libraries and performed the Malassezia
PCR analyses. CF performed the Papillomavirus analysis and analyzed the
data. GW and LF wrote the manuscript, which was reviewed and revised by
the other authors. All authors read and approved the final revision.

Ethics approval
The Institutional Animal Care and Use Committee of North Carolina State
University approved this study.

Consent for publication
Not applicable

Competing interests
TO declares having received consulting honoraria and previous research
support from Elanco or one of its founding companies (Novartis Animal
Health).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Infectious Diseases and Global Health, Cummings School of
Veterinary Medicine at Tufts University, 200 Westboro Road, North Grafton,
MA, USA. 2Department of Clinical Sciences, Cummings School of Veterinary
Medicine at Tufts University, 200 Westboro Road, North Grafton, MA, USA.
3Clinic for Small Animal Internal Medicine, Vetsuisse Faculty, University of
Zürich, Winterthurerstrasse 260, -8057 Zürich, CH, Switzerland. 4Department
of Clinical Sciences, College of Veterinary Medicine, North Carolina State
University, 1060 William Moore Drive, Raleigh, NC 27607, USA.

Received: 23 March 2017 Accepted: 14 February 2018

References
1. Miller WH, Griffin CE, Campbell KL. Muller & Kirk’s small animal dermatology.

St Louis: Elsevier; 2013.
2. Olivry T, DeBoer DJ, Favrot C, Jackson H, Mueller RS, Nuttall T, et al. Treatment

of canine atopic dermatitis: 2015 updated guidelines from the international
committee on allergic diseases of animals. BMC vet. Res. 2015;11:210.

3. Ihrke PJ, Norton AL, Ling GV, Stannard AA. Urinary tract infection associated
with long-term corticosteroid administration in dogs with chronic skin
diseases. J Am Vet Med Assoc. 1985;186:43–6.

4. Peterson AL, Torres SM, Rendahl A, Koch S. Frequency of urinary tract infection
in dogs with inflammatory skin disorders treated with glucocorticoid therapy: a
retrospective study. Vet Dermatol. 2012;23:201–e43.

5. Radowicz SN, Power HT. Long-term use of ciclosporin in the treatment of
canine atopic dermatitis. Vet Dermatol. 2005;16:81–6.

6. Seibel W, Sundberg JP, Lesko LJ, Sauk JJ, McCleary LB, Hassell TM.
Cutaneous papillomatous hyperplasia in ciclosporin-a treated beagles. J
Invest Dermatol. 1989;93:224–30.

7. Favrot C, Olivry T, Werner AH, Nespecca G, Utiger A, Grest P, et al.
Evaluation of papillomaviruses associated with cyclosporine-induced
hyperplastic verrucous lesions in dogs. Am J Vet Res. 2005;66:1764–9.

8. Rodrigues-Hoffman A, Patterson AP, Diesel A, Lawhon SD, Lu HJ, Elkins
Stephenson C, et al. The skin microbiome in healthy and allergic dogs. PLoS
One. 2014;9:e83197.

9. Weese JS. The canine and feline skin microbioma in health and disease. Vet
Dermatol. 2013;24:137–e31e.

10. Kong HH, Oh J, Deming C, Conlan S, Grice EA, Beatson MA, et al. Temporal
shifts in the skin microbiome associated with disease flares and treatment
in children with atopic dermatitis. Genome Res. 2012;22:850–9.

11. Bradley CW, Morris DO, Rankin SC, Cain CL, Misic AM, Houser T, et al.
Longitudinal evaluation of the skin microbiome and association with
microenvironment and treatment in canine atopic dermatitis. J Invest
Dermatol. 2016;136:1182–90.

12. Olivry T, Wofford J, Paps JS, Dunston SM. Stratum corneum removal
facilitates experimental sensitization to mite allergens in atopic dogs. Vet
Dermatol. 2011;22:188–96.

13. Lange C, Zollinger S, Tobler K, Ackerman M, Favrot C. Clinically healthy skin
of dogs is a potential reservoir for canine papillomaviruses. J Clin Microbiol.
2011;49:707–9.

14. Koenig JE, Spor A, Scalfone N, Fricker AD, Stombaugh J, Knight R, et al.
Succession of microbial consortia in the developing infant gut microbiome.
Proc Natl Acad Sci U S A. 2011;108(Suppl 1):4578–85.

15. Luo X, Jellison KL, Huyn K, Widmer G. Impact of bioreactor environment
and recovery method on the profile of bacterial populations from water
distribution systems. PLoS One. 2015;10:e0133427.

16. Clark KR. Non-parametric multivariate analyses of changes in community
structure. Aust J Ecol. 1993;18:117–43.

17. Ras R, Huyhn K, Desoky E, Badawy A, Widmer G. Perturbation of the
intestinal microbiota of mice infected with Cryptosporidium Parvum. Int J
Parasitol. 2015;45:567–73.

18. Schloss PD, Westcott SL, Ryabin T, Hall JR, Hartmann M, Lesniewski RA, et al.
Introducing mothur: open-source, platform-independent, community-
supported software for describing and comparing microbial communities.
Appl Environ Microbiol. 2009;75:7537–41.

19. Sievers F, Wilm A, Dineen D, Gibson TJ, Karplus K, Li W, et al. Fast, scalable
generation of high-quality protein multiple sequence alignments using
Clustal omega. Mol Syst Biol. 2011;7:539.

20. Edgar RC, Haas BJ, Clemente JC, Quince C, Knight R. UCHIME improves
sensitivity and speed of chimera detection. Bioinformatics. 2011;27:2194–200.

21. Lozupone C, Hamady M, Knight R. UniFrac - An online tool for comparing
microbial community diversity in a phylogenetic context. BMC
Bioinformatics. 2006;7:371–85.

22. Peakall R, Smouse PE. GenAlEx 6.5: genetic analysis in excel. Population genetic
software for teaching and research–an update. Bioinformatics. 2012;28:2537–9.

23. Wang Q, Garrity GM, Tiedje JM, Cole JR. Naive Bayesian classifier for rapid
assignment of rRNA sequences into the new bacterial taxonomy. Appl
Environ Microbiol. 2007;73:5261–7.

24. Cole JR, Wang Q, Fish JA, Chai B, McGarrell DM, Sun Y, et al. Ribosomal
database project: data and tools for high throughput rRNA analysis. Nucl
Acids Res. 2014;42:D633–D42.

25. Brocard D, Legendre P, Drapeau P. Partialling out the spacial component of
ecological variation. Ecology. 1992;73:1045–55.

26. ter Braak CJF, Šmilauer P. Canoco reference manual and user guide.
Biometris: Wageningen and České Budĕjovice; 2012.

27. Makimura K, Tamura Y, Kudo M, Uchida K, Salto H, Yamaguchi H. Species
identification and strain typing of Malassezia species stock strains and
clinical isolates based on the DNA sequences of nuclear ribosomal internal
transcribed spacer 1 regions. J Med Microbiol. 2000;49:29–35.

28. Shannon C, Weaver W. Biodiversity measurements. The Mathematical Theory
of Communication. Urbana University Press, Illinois 1948;117–27.

29. Berger WH, Parker FL. Diversity of planktonic foraminifera in deep-sea
sediments. Science. 1970;168:1345–7.

30. Santoro D, Marsella R, Pucheu-Haston CM, Eisenschenk MN, Nuttall T,
Bizikova P. Review: pathogenesis of canine atopic dermatitis: skin barrier
and host–micro-organism interaction. Vet Dermatol. 2015;26(2):84–e25.

31. Pierezan F, Olivry T, Paps JS, Lawhon SD, Wu J, Steiner JM, Suchodolski JS,
Rodrigues Hoffmann A. The skin microbiome in allergen-induced canine
atopic dermatitis. Vet Dermatol. 2016;27:332–e82.

32. Han SH, Cheon HI, Hur MS, Kim MJ, Jung WH, Lee YW et al. Analysis of the skin
mycobiome in adult patients with atopic dermatitis. Exp Dermatol. 2018; Jan 21.

33. Yim SM, Kim JY, Ko JH, Lee YW, Choe YB, Ahn KJ. Molecular analysis of
Malassezia microflora on the skin of patients with atopic dermatitis. Ann
Dermatol. 2010;22:41–7.

34. Sugita T, Suto H, Unno T, Tsuboi R, Ogawa H, Shinoda T. Molecular analysis
of Malassezia microflora on the skin of atopic dermatitis patients and
healthy subjects. Nihon Ishinkin Gakkai Zasshi. 2001;42:217–8.

35. Meason-Smith C, Diesel A, Patterson A, Older CE, Mansell JM, Suchodolski JS
et al. What is living on your dog's skin? Characterization of the canine
cutaneous mycobiota and fungal dysbiosis in canine allergic dermatitis.
FEMS Microbiol Ecol. 2015;Dec91(12).

Widmer et al. BMC Veterinary Research  (2018) 14:51 Page 8 of 8


	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Dogs and treatments
	Sample collection
	16S rRNA amplicon sequencing for bacterial microbiota characterization
	Bioinformatics and statistical analysis
	Malassezia nested PCR
	Papillomavirus PCR

	Results
	Analysis of bacterial microbiota
	Impact of treatments
	Diversity of skin microbiota between dogs and anatomical location

	Quantification of Malassezia and association with bacterial diversity
	Detection of Papillomavirus DNA

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

