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ARTICLE INFO ABSTRACT

Defective skin barrier characterize canine atopic dermatitis (AD). Pyoderma is the most common complication.
Herbal compounds have been suggested as alternatives to control bacterial colonization for their effect on
natural antimicrobial peptides (AMPs). This study evaluated the effects of 0.1% Peumus boldus leaf and Spiraea
ulmaria plant extract combination on clinical signs, bacterial colonization and AMPs secretion in atopic dogs
compared to placebo.

Twenty privately-owned atopic dogs were randomly divided in 2 groups (treatment: n = 10; placebo: n = 10)
and their abdomen was sprayed every 24 h for 4 weeks. Total and inguinal clinical scores (CADESI-03), manual
bacterial count, and skin washes for AMPs (cBD3-like and cCath) were performed on days 0, 14 and 28. AMPs
were detected using in-house, previously-validated, canine-specific ELISAs. Data were statistically analyzed and
ap < 0.05 was considered significant.

Clinical scores and AMPs secretion did not differ significantly between the two groups at any time point. A
significant reduction of the clinical scores was seen in the placebo group at 14 and 28 days (p < 0.04). On days
14 and 28, a reduction in the bacterial count was seen in the treated group compared with placebo (p < 0.009
and p = 0.04, respectively). Compared to baseline, a reduction in Staphylococcus spp. was seen in the treated
group after 14 days of treatment (p < 0.03).

These results show the efficacy of this plant extract combination against bacterial colonization, suggesting its
potential usefulness in preventing bacterial infection in atopic dogs. The influence of this compound on AMPs
secretion or other mechanisms should be further evaluated.
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1. Introduction In the past decade, an alarming increase in bacterial resistance has
been documented in both dogs and people with AD (DeBoer and
Marsella, 2001; Kedzierska et al., 2008). These subjects require con-

stant use of antimicrobials with the potential risk of selecting for re-

Atopic dermatitis (AD) is one of the most common inflammatory
skin diseases in dogs. Canine AD is a chronic pruritic disease requiring

life-long pharmacological management, with significant costs and po-
tential side effects (Olivry et al., 2010, 2015). The pathogenesis of AD is
not completely elucidated, although a skin barrier defect has been de-
monstrated in both dogs and people (Santoro et al., 2015a). Skin barrier
impairment, genetic and immunological alterations, and altered inter-
action with the cutaneous microflora have been suggested as possible
causes of recurrent infections in atopic dogs (Santoro et al., 2015a).

sistant bacterial strains (Weese et al., 2015; Pitiriga et al., 2017). For
this reason, researchers are looking into alternative treatment and
preventative options for bacterial infections and colonization. Under
this prospective, the use of metals and plant extracts have been hy-
pothesized as good alternative options (Higaki et al., 1997; Higaki
et al., 1999; Gloor et al., 2002; Lemire et al., 2013; Oktar et al., 2015).
Plant extracts have also been considered with particular interest in the
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veterinary field. In fact, very recently, plant extracts have demonstrated
a positive effect on natural immune defenses with the implied potential
to reduce the insurgence of skin infection in atopic dogs (Marsella et al.,
2010; Olivry et al., 2010; Olivry et al., 2015; Santoro et al., 2017).

The use of Peumus boldus (aka Boldo) and Spiraea (Filipendula) ul-
maria (aka Meadowsweet) have been tested in vitro on healthy and
atopic canine keratinocytes showing a positive effect on production and
secretion of selected antimicrobial peptides (AMPs) without stimulating
an inflammatory reaction (Santoro et al., 2017). This proof-of-concept
study confirmed previous larger studies on the immunological proper-
ties of these plant extracts in people (Lanhers et al., 1991; Churin et al.,
2008; Drummond et al., 2013).

Thus, due to the positive immunological properties of Boldo and
Meadowsweet plant extracts and the lack of inflammatory stimulation,
the aim of this randomized, double blinded, placebo controlled clinical
trial was to evaluate the effects of 0.1% Peumus boldus leaf and Spiraea
ulmaria plant extract combination on clinical signs, bacterial coloniza-
tion, and AMPs secretion in privately-owned atopic dogs. The primary
outcomes were the evaluation of bacterial colonization and the effect
on AMP secretion using non-invasive techniques. The secondary out-
comes included the effect of this compound on clinical signs of natu-
rally occurring AD in dogs and the possible correlation among the
variables analyzed.

2. Materials and methods

This study was a prospective, randomized, double-blinded, placebo-
controlled study in privately owned atopic dogs. The study was ap-
proved by the Institutional Animal Care and Use Committee. All dogs
entered the study with the owners' written informed consent.

2.1. Dogs

2.1.1. Inclusion criteria

Dogs with a previous diagnosis of non-seasonal AD were eligible to
be enrolled. The diagnosis of AD was based on compatible history, and
clinical signs and exclusion of other pruritic diseases according to
Favrot's criteria (Favrot et al., 2010) and following recently published
guidelines (Hensel et al., 2015). Additional topical therapy (e.g.
shampoos or conditioners) was not permitted for the entire duration of
the study.

2.1.2. Exclusion criteria

Dogs receiving glucocorticoids or other immunomodulatory drugs
(e.g. cyclosporine or oclacitinib) or allergen specific immunotherapy
were excluded from the study. The withdrawal period for topical, sys-
temic and/or depot glucocorticoid treatment was two, four, and eight
weeks, respectively. The withdrawal period for oclacitinib and systemic
and topical calcineurin inhibitors was two weeks and eight weeks re-
spectively. Dogs were also excluded from the study if a low number of
total bacteria (< 500 colony forming units [CFUs]) or no Staphylococci
spp. were cultured on the day of enrolment. If at any time point, a
secondary infection developed and/or the severity of the disease war-
ranted rescue therapy, the dog was withdrawn from the study and
treated appropriately.

2.1.3. Intervention, randomization and masking

Each dog enrolled was randomized, using a computer software
(www.randomizer.org), and allocated to a treatment or control group
(ratio 1:1). The treatment consisted of a spray solution containing 0.1%
Peumus boldus leaf and Spiraea ulmaria plant extract combination
(Santoro et al., 2017). The control product consisted of the water base,
but lacked the active ingredients. Both products were dispensed in
identical bottles and were indistinguishable by appearance, smell and
consistency. The clinician and all site personnel, with the exception of
the treatment administrator, were blind to the treatment group
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assignments, as were the owner and the laboratory personnel. No other
treatments, including antibiotics and antiseptics were allowed during
the study.

2.1.4. Treatment

The treatment was administered at home by the owners daily. The
owners were instructed to spray glabrous areas (axillae, inguinal area,
ventral thorax, medial thighs) of each dog for a total of 10 pumps,
corresponding to ~20 ml of product, every 24h for 4 weeks. Licking
was prevented by distracting the dog or placing an E-collar for the time
needed for the product to dry. Each dog was clinically evaluated by the
same investigator (RM) on days 0, 14, and 28.

2.2. Outcome measurements

The primary objectives of the study were to evaluate the effects of
the spray formulation containing a mixture of 0.1% of Boldo and
Meadowsweet extracts on bacterial load and on AMPs secretion in dogs
with AD. The secondary objective was to evaluate the effect of this
formulation on clinical lesions measured by the Canine Atopic
Dermatitis Extent and Severity Index score (CADESI-03) (Olivry et al.,
2007; Olivry et al., 2008).

2.2.1. Bacterial load evaluation

A sterile compact dry swab, consisting of a sterile swab and trans-
porting media (HyServe GmbH & Co. KG, Uffing, Germany), was rubbed
for 10s on a well-defined standardized area (15cm?) of the ventral
abdomen at each visit and plated on Columbia blood agar (BAP) and
colistin and nalidixic acid (CNA) enriched plates (Remel Inc., San
Diego, CA, USA). The first plate is an unselective medium for detection
of both Gram + and Gram — bacteria (BAP); the second plate (CNA) is
specific for isolating Gram+ bacteria (CNA). A total of 100 pl of the
transporting media and a minimum of three serial dilutions were plated
for a total of 6 plates per evaluation. The dilutions were performed in
order to ensure a representative number of CFUs, between 30 and 300,
per plate (Markey et al., 2013). All plates were cultured at 37 °C for
24 h, and then the colonies were manually counted and identified based
on characteristic morphological appearance for Staphylococci spp. (e.g.
B-hemolysis, small white colonies, etc.). The final number of CFU/ml
took into consideration the dilution factors.

Furthermore, the control and the plant extract solution were tested
for direct antimicrobial activity. Briefly, isolated colonies of
Staphylococcus pseudintermedius (ATCC 49444), S. aureus (ATCC 29213),
Escherichia coli (ATCC 25922), and Pseudomonas aeruginosa (ATCC
27853) were suspended in sterile double distilled water to achieve an
optical density equal to a McFarland 0.5 standard (Sensititre Inc.,
Westlake, OH, USA). The bacterial suspension was plated on BAP plates
and treated (1 spray at ~5 cm from the plate) with either the control or
the plant extract, or no treatment at all (positive control) and incubated
at 37 °C for 18-20 h.

2.2.2. Skin washes

To evaluate secreted AMPs, the skin was washed using a sodium
phosphate buffered solution, as previously reported, with few mod-
ifications (Harder et al., 2010). In brief, the skin was rinsed with 900 pl
of 10 mM sodium phosphate buffer pH 7.4 containing 150 mM NaCl
(skin rinsing buffer) in 2 standardized areas (2.5 cm?) using a sterile
upper half of a cut off 15ml plastic centrifuge tube to demarcate the
area. Another 900 pl was repeated in 2 other areas twice for a total of 6
areas (15 cm? total area) rinsed with 2700 ul in total. The skin rinsing
buffer was then concentrated using Amicon® Ultra centrifugal filters
Ultracell® - 3K and stored at —80 °C until used for competitive in-
hibition ELISA for canine AMPs (cBD3-like and cCath).

2.2.3. ELISAs
Protein levels of AMPs (cBD3-like and cCath) in the skin washing
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fluids were measured using a custom-made, canine-specific competition
inhibition ELISA previously validated (Santoro et al., 2013; Santoro
et al., 2015b).

2.2.4. (Clinical evaluation

Dogs were evaluated every 2 weeks for a total of 4 weeks for clinical
signs to monitor severity of AD using a validated scoring system, the
CADESI-03 (Olivry et al., 2007, 2008). Briefly, the dog's body was di-
vided into small sections, each of which received a score based on the
clinical signs evaluated. Clinical signs included diffuse erythema, er-
ythematous macules, papules, excoriation, and alopecia. The scoring
system ranged from O (absent) to 3 (severe) for each site and sign. The
total score was calculated by adding the scores of all clinical signs and
body sites and a separate score of the inguinal/abdominal area was also
calculated. Both total and regional (inguinal) score were used in the
statistical analysis.

2.2.5. Statistical analysis

Data were analyzed using both the intention to treat with the last
value carried forward (ITT) and the per-protocol analysis. The two
analyses gave very similar results and the ITT analysis was used. Mean
values and 95% confidence intervals were calculated for all results. The
Kolmogorov—-Smirnov test of normality was used (a = 0.05).
Differences in CADESI-03 scores (total and regional) between the two
groups (treatment vs control) at each time point were compared using
the Student's unpaired t-test or the Mann-Whitney test. Differences in
bacterial counts and AMP secretion between the two groups (treatment
vs control) at each time point were compared using the Mann-Whitney
test. A repeated measurement ANOVA was used to evaluate the over-
time changes (within the group) in CADESI-03 (total and regional),
bacterial counts, and AMP secretion compared to baseline. The
Dunnett's or the Dunn's multiple comparison test were used as post-hoc
analysis based on the distribution of each variable. Finally, Spearman
correlation test was used to evaluate possible correlations among the
variables of interest. p values of < 0.05 were considered statistically
significant. Statistical analysis was done using the GraphPad Prism6
Software (GraphPad Software Inc., La Jolla, CA, USA).

3. Results
3.1. Dogs

Twenty dogs with non-seasonal AD were enrolled in the study (10 in
each group). Of these, 3 males and 7 females were in the control group
and 4 male and 6 females were in the treatment group. The average age
of the dogs in the control group was 5.2 *+ 2.3 years, whereas the
average age in the treatment group was 6.9 * 4.9 years. The average
weight of the dogs in the control group was 21.2 + 11.6 kg, whereas
the average weight in the treatment group was 18 * 9.3 kg. There was
no difference in age (p = 0.3), sex (p = 1), or weight (p = 0.5) dis-
tribution between the two groups. The most common breeds were
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Fig. 1. Microbiological testing of blood agar plates after
20 h of incubation at 37 °C. From left to right in each panel
— positive control (no treatment), control (1 spray of the
control solution), treatment (1 spray of the plant extract
solution). a) Staphylococcus pseudintermedius (ATCC 49444);
b) Escherichia coli (ATCC 25922); ¢) Staphylococcus aureus
(ATCC 29213); d) Pseudomonas aeruginosa (ATCC 27853).
No differences are seen among the three groups for any of
the bacterial strain tested.

mixed breed (10), beagles (3), German shepherd (2), Australian cattle
dog (2), followed by Maltese (1), Pug (1), and Boston terrier (1). Two
dogs, one for each group, were withdrawn from the study on day 14.
The dog in the control group was withdrawn due to the need of sys-
temic antibiotic for a generalized superficial pyoderma. The dog in the
treatment group was withdrawn due to euthanasia for causes unrelated
to the study (aggressive behavior present prior the enrollment in this
study).

3.2. Primary outcome

3.2.1. Direct antimicrobial activity of the control and the plant extract
solution

At 20 h post-inoculation, there was no difference in bacterial growth
on either of the blood agar plates showing a lack of direct inhibitory/
antibacterial activity of either the control or the plant extract combi-
nation (Fig. 1).

3.2.2. Bacterial load evaluation

The treatment group had an overall lower amount of total bacteria
during the study. In particular, on day 14 there was a significant reduction
in total bacterial count on both media, CNA (p = 0.004) and BAP
(p = 0.009), in the treatment group (1.6 x 10° = 2.5 x 10° CFU/ml and
2.8 x 10®> + 4 x 10® CFU/ml, respectively) compared to the control group
(49.3 x 10* = 93 x 10°CFU/ml and 53 x 10° *+ 92.6 x 10°CFU/ml,
respectively) (Fig. 2). Similarly, on day 28 there was a significant reduction
in total bacterial count on the BAP media (p = 0.04) in the treatment group
(41.6 x 10° = 75.5 x 10°CFU/ml) compared to the control group
(87.4 x 10®> = 101.2 x 10° CFU/ml). Furthermore, a significant reduction
of Staphylococcus spp. was seen on both media in the treatment group after
14 days (BAP: 155 + 285CFU/ml; CNA: 174 = 327 CFU/ml) compared
to  baseline  (BAP: 4x10° + 7x10° CFU/ml; CNA:
4.6 x 10° £ 9.5 x 10°CFU/ml) (BAP: p = 0.02; CNA: p = 0.03). Finally,
no differences were seen between baseline and day 28 for any of the bac-
teria (total and Staphylococcus spp.) (Fig. 2).

3.2.3. Antimicrobial peptides (cBD3-like and cCath ELISAs)
There was not a significant difference in either of the AMPs tested
between the two groups at any time point nor over-time (Fig. 3).

3.3. Secondary outcome

3.3.1. Clinical evaluation

There was no significant differences in total or regional CADESI-03
score between the two groups at any time point. However, a significant
reduction of the total CADESI-03 score on day 14 (from 40 = 20 to
28 + 12; p = 0.03) and 28 (from 40 = 20 to 21 = 10; p = 0.009)
compared to baseline was seen in the control group (Fig. 4). Similar
results were obtained for the regional CADESI-03, in which a significant
difference was only seen in the control group with a significant re-
duction of the score on day 28 (from 8 + 4 to 4 += 3; p = 0.04)
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Fig. 2. Bacterial count on blood agar plate (BAP) and colistin/nalidixic acid plate (CNA). Bar: standard error. Groups were compared using Mann-Whitney test and repeated mea-

surements ANOVA with Dunn's multiple comparison test. *p < 0.05; **p < 0.01.

(Fig. 4).

3.3.2. Correlation among variables

A correlation matrix was performed to assess possible correlations
among the different variables in each group and each time point. The
analysis was done with particular focus on CADESI-03, bacterial load
and AMP secretions as well as bacterial load and AMP secretion (Table

S1).

3.3.2.1. Control group (Table 1). In the control group there was a
moderate to strong correlation between CADESI-03 and regional
CADESI-03 on day O (r=0.67; p=0.04) and 14 (r = 0.66;
p = 0.04). In addition, a strong correlation was seen between
bacterial counts (total and Staphylococci) on both media (BAP and
CAN) (r = 0.70-0.97; p = 0.03-0.00001) at each time point.
Significant correlations were not seen between either of the CADESI-

cBD3-like
5
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4
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3
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2 B Treatment
15
1
0
Day0 Day14 Day 28

03 scores, bacterial load or AMPs.

3.3.2.2. Treatment group (Table 1). When the treatment group was
analyzed, moderate to strong correlations were seen. In particular, on
day O, strong correlations were seen between CADESI-03 and
Staphylococcus spp. count on both media (BAP and CAN) (r = 0.7;
p =10.03 and r = 0.71; p = 0.02, respectively); regional CADESI-03
and bacterial load on both media (BAP and CNA) (r = 0.73; p = 0.02
and r=079; p=0.01, respectively); regional CADESI-03 and
Staphylococcus spp. count on both media (BAP and CNA) (r = 0.75;
p =0.02 and r = 077; p = 0.01, respectively); Staphylococcus spp.
count on BAP media and Staphylococcus spp. count and bacterial load
on CNA media (r = 0.98; p = 0.000008 and r = 0.87; p = 0.002,
respectively); bacterial load between the two media (BAP and CAN)
(r = 0.73; p = 0.02); Staphylococcus spp. count and bacterial load on
CNA media (r = 0.87; p = 0.002); finally, bacterial load on CNA media
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Fig. 3. Protein levels for canine B-defensin 3-like (cBD3-like) and cathelicidin (cCath) in the skin wash collected from both groups. Bar: standard error. Groups were compared using

Mann-Whitney test and repeated measurements ANOVA with Dunn's multiple comparison test.
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Fig. 4. Individual results for total and regional CADESI-03 scores. Bar: standard error. Groups were compared using Unpaired t-test or Mann-Whitney test and repeated measurements

ANOVA with Dunnetts' or Dunn's multiple comparison tests.

and cBD3-like secretion (r = 0.74; p = 0.02). On day 14, a moderate
inverse correlation was seen between regional CADESI-03 score and
Staphylococcus spp. count on BAP media (r = —0.66; p = 0.03); a
strong correlation between Staphylococcus spp. count on both media
(r = 0.7; p = 0.03); total bacteria on both media (r = 81; p = 0.006);
finally, Staphylococcus spp. count and total bacteria on CNA (r = 0.7;
p = 0.03). On day 28, a strongly negative correlation was seen between
regional CADESI-03 and cCath secretion (r = —0.75; p = 0.007); total
bacteria on BAP and Staphylococcus spp. count (r = 0.69; p = 0.03) and
total bacteria on CNA (r = 0.83; p = 0.004); finally, Staphylococcus spp.
count and total bacteria on CNA (r = 0.85; p = 0.003).

4. Discussion

The main finding of this preliminary study was the significant re-
duction in total bacteria counts on days 14 and 28 for the treatment
group compared to the control group. In addition, a significant reduc-
tion in the staphylococcal count on day 14 compared to baseline in the
treatment group was also present. Furthermore, analyzing the bacterial
data as a percentage of Staphylococcus spp. in the total bacterial po-
pulation in BAP, although not significant, a marked decrease in

Table 1
Summary of the correlations among the variables analyzed.

Staphylococcus spp. was seen in the treatment group on day 14 (from
37% to 11%) and 28 (from 37% to 15%) (Dunn's multiple comparisons
—p = 0.07 on day 14 and p = 0.1 on day 28). These data suggest that
Staphylococcus spp. may be more susceptible to the treatment than other
bacteria. Interestingly, a significant difference was not seen between
baseline and day28. This could be due to many reasons; one of those
could be decrease owner compliance and/or the mandatory lack of
shampooing. The effect of the lack of shampooing could have de-
termined an increase of bacterial load due to accumulation of cellular
debris and skin secretions that may have facilitated the bacterial growth
in both groups. In addition, further studies are needed to confirm the
positive antimicrobial effects shown in this preliminary study. A long-
term study in atopic dogs with recurrent skin infections would be useful
to show the potential preventative effect of this compound.

It is also worth noting that although a decrease in bacterial load was
present during the study, a direct antibacterial action by the suspension
was not evident in the in vitro experiment of this study for any of the
ATCC strain tested. These results suggest an indirect activity of the
tested product on the bacterial load possibly increasing the natural
defenses as suggested in a previous in vitro study (Santoro et al., 2017).
To test this hypothesis, skin wash was collected at each time point and

Parameter A Parameter B r value p value
Control group day 0 CADESI-03 CADESI-03 regional 0.67 0.04
Bacterial counts* BAP Bacterial counts* CNA 0.95 0.0001
Control group day 14 CADESI-03 CADESI-03 regional 0.66 0.04
Bacterial counts* BAP Bacterial counts* CNA 0.97 0.00002
Control group day 28 Bacterial counts* BAP Bacterial counts* CNA 0.84 0.004
Treatment group day O CADESI-03 Staphylococcus count BAP 0.7 0.03
CADESI-03 Staphylococcus count CNA 0.71 0.02
CADESI-03 regional Total bacteria count BAP 0.73 0.02
CADESI-03 regional Total bacteria count CNA 0.79 0.01
CADESI-03 regional Staphylococcus count BAP 0.75 0.02
CADESI-03 regional Staphylococcus count CNA 0.77 0.01
Staphylococcus count BAP Staphylococcus count CNA 0.98 0.000008
Staphylococcus count BAP Total bacteria count CNA 0.87 0.002
Total bacteria count BAP Total bacteria count CNA 0.73 0.02
Staphylococcus count CNA Total bacteria count CNA 0.87 0.002
Total bacteria count CNA cBD3-like 0.74 0.02
Treatment group day 14 CADESI-03 regional Staphylococcus count BAP —0.66 0.03
Staphylococcus count BAP Staphylococcus count CNA 0.7 0.03
Total bacteria count BAP Total bacteria count CNA 0.81 0.006
Staphylococcus count CNA Total bacteria count CNA 0.7 0.03
Treatment group day 28 CADESI-03 regional cCath -0.75 0.007
Total bacteria count BAP Staphylococcus count CNA 0.69 0.03
Total bacteria count BAP Total bacteria count CNA 0.83 0.004
Staphylococcus count CNA Total bacteria count CNA 0.85 0.003

CADESI-03: Canine Atopic Dermatitis Extent and Severity Index; *(total and Staphylococci); cBD3-like: canine B-defensin 3-like; cCath: Canine cathelicidin.
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analyzed for AMP concentration. Unfortunately, due to the lack of re-
agents available, only ¢cBD3-like and cCath were tested, which showed a
lack of difference in AMP secretion in either group at any time point.
Possible explanations for this discordance between the lack of differ-
ence in AMP secretion and a reduction of bacterial load could be due to
the high variability of the data associated with a low number of dogs
enrolled (low statistical power) as well as the possibility of the stimu-
lation on AMP not tested in this study (e.g. ¢cBD103). In fact, it is im-
portant to highlight that the AMPs tested in this study only represent a
minimal component of the complex AMP diversity present on the ca-
nine skin. Thus, the lack of increased secretion of ¢cBD3-like and cCath
may not completely reflect the activity of the compound tested on AMPs
in dogs. Another explanation is that although the gene expression is
increased (Santoro et al., 2017); this is not followed by an increase in
protein secretion. This theory is in agreement with a recent study in
people with AD showing a lack of increased secretion of AMPs (BD3/
103) due to a defect in the lamellar bodies' secretion system (Kisich
et al., 2008). If this defect is also true in dogs, which is presently un-
known, it may explain the lack of effect of the plant extract compound
on AMPs in this study. It would have been extremely interesting to test
the secretion of cBD103 in the present study; however, this was not
possible due to the lack of specific ELISAs available. Finally, another
possibility would be a potential interaction between inactive com-
pounds in the plant extracts and keratinocytes or cutaneous microflora.
This interaction may lead to the activation, by keratinocytes or the
cutaneous microflora, of inactive compounds in the plant extracts
leading to a decrease in bacterial burden.

Although a reduction in the CADESI-03 score was present in both
groups, this was only significantly different from day 0 in the control
group. The lack of reduction in total and regional CADESI-03 score in
the treatment group, although unexpected, is explainable. One reasons
could simply be a higher variability in the treatment group compared to
the control group associated with the mild severity of the lesions and
the low number of dogs enrolled (low statistical power). Another reason
could be the lack of any pro- or anti-inflammatory properties of this
compound on canine atopic keratinocytes (Santoro et al., 2017). Since
the CADESI-03 is a measurement of the cutaneous inflammation, a lack
of anti-inflammatory properties could result in a lack of CADESI-03
modification. Thus, the addition of an anti-inflammatory component to
the mixture tested could induce a more clinically evident reduction in
the CADESI-03 score. Dogs in this study were selected based on the
initial bacterial load independently from the CADESI-03 score, although
only mild to moderate cases were enrolled. These criteria were based on
the necessity to recover a high number of bacteria and Staphylococci to
have a more conclusive statistical analysis (Markey et al., 2013). The
decision to enroll only mild to moderate cases was based on the ne-
cessity to avoid other topical and/or systemic medications during the
trial. Thus, it is possible that with different inclusion criteria (e.g. more
severe cases or a longer trial) a potential beneficial clinical effect of this
compound could be evident.

Finally, a correlation matrix analysis was performed comparing
clinical score with bacterial load and AMP secretions at each time point.
Interestingly, a shift in the correlation panel was evident between the
two groups. In particular, in the treatment group there was a strong
negative correlation between regional CADESI-03 and cCath at the end
of the study. The reason for this correlation is unclear. It is possible that
the reduction in regional CADESI-03 would be a consequence of in-
crease in cCath production and decrease in bacterial load. Similarly
interesting was the strong positive correlation between total bacteria
and cBD3-like secretion on day 0. As for cCath a complete explanation
for this is not known, however, it could indicate a baseline response of
the skin to bacteria present on the skin. Why more correlations between
AMPs and bacteria were not evident at the end of this study, in either
group, is not clear at the moment and more studies are needed to ex-
plain such correlations.
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5. Conclusions

In conclusion, the clinical and bacteriological results of this pre-
liminary study show a positive effect of the 0.1% Boldo and
Meadowsweet plant extract combination on the bacterial burden, in
particular against Staphylococcus spp. bacteria within the first 14 days
of treatment. The clinical score was invariant and this could be due to
the lack of anti-inflammatory property of the tested product. The
amount of AMPs (cBD3-like and cCath) was invariant between the two
groups and over-time, showing a lack of direct effect of the tested
compound on the secretion of such AMPs. However, due to the lack of
direct antimicrobial activity of the compound on standard bacterial
strains, the data of this study suggest a potential effect of this compound
on other immune defense mechanisms. Thus, more studies are needed
to better clarify the effect of this compound on natural immune de-
fenses in dogs. In addition, due to the potential transporting system for
AMPs, it would be interesting to test the same combination in a product
that rebalanced the skin lipid secretion to see if that would be asso-
ciated with a higher secretion of AMPs in dogs.

Source of funding
This study was funded by Virbac.
Conflict of interest

C. Navarro received reimbursements, fees, funding or salary from:
Virbac, H. Gatto received reimbursements, fees, funding or salary from:
Virbac.

Acknowledgements

The authors would like to thank the Clinical Microbiology
Laboratory of the authors' institution University of Florida - College of
Veterinary Medicine for helping with the colony counting for the bac-
teriological load evaluation.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.rvsc.2018.02.006.

References

Churin, A.A., Masnaia, N.V., Sherstoboev, E., Shilova, 1.V., 2008. Effect of Filipendula
ulmaria extract on immune system of CBA/CaLac and C57Bl/6 mice. Eksp. Klin.
Farmakol. 71, 32-36.

DeBoer, D.J., Marsella, R., 2001. The ACVD task force on canine atopic dermatitis (XII):
the relationship of cutaneous infections to the pathogenesis and clinical course of
canine atopic dermatitis. Vet. Inmunol. Immunopathol. 81, 239-249.

Drummond, E.M., Harbourne, N., Marete, E., Jacquier, J.C., O'Riordan, D., Gibney, E.R.,
2013. An in vivo study examining the antiinflammatory effects of chamomile, mea-
dowsweet, and willow bark in a novel functional beverage. J. Diet. Suppl. 10,
370-380.

Favrot, C., Steffan, J., Seewald, W., Picco, F., 2010. A prospective study on the clinical
features of chronic canine atopic dermatitis and its diagnosis. Vet. Dermatol. 21,
23-31.

Gloor, M., Reichling, J., Wasik, B., Holzgang, H.E., 2002. Antiseptic effect of a topical
dermatological formulation that contains Hamamelis distillate and urea. Forsch.
Komplementarmed. Klass. Naturheilkd. 9, 153-159.

Harder, J., Dressel, S., Wittersheim, M., Cordes, J., Meyer-Hoffert, U., Mrowietz, U.,
Folster-Holst, R., Proksch, E., Schroder, J.M., Schwarz, T., Glaser, R., 2010. Enhanced
expression and secretion of antimicrobial peptides in atopic dermatitis and after
superficial skin injury. J. Invest. Dermatol. 130, 1355-1364.

Hensel, P., Santoro, D., Favrot, C., Hill, P., Griffin, C., 2015. Canine atopic dermatitis:
detailed guidelines for diagnosis and allergen identification. BMC Vet. Res. 11, 196.

Higaki, S., Morimatsu, S., Morohashi, M., Yamagishi, T., Hasegawa, Y., 1997.
Susceptibility of Propionibacterium acnes, Staphylococcus aureus and Staphylococcus
epidermidis to 10 Kampo formulations. J. Int. Med. Res. 25, 318-324.

Higaki, S., Kitagawa, T., Morohashi, M., Yamagishi, T., 1999. Efficacy of Shiunko for the
treatment of atopic dermatitis. J. Int. Med. Res. 27, 143-147.

Kedzierska, A., Kapiriska-Mrowiecka, M., Czubak-Macugowska, M., Wdjcik, K.,


https://doi.org/10.1016/j.rvsc.2018.02.006
https://doi.org/10.1016/j.rvsc.2018.02.006
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0005
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0005
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0005
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0010
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0010
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0010
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0015
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0015
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0015
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0015
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0020
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0020
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0020
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0025
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0025
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0025
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0030
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0030
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0030
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0030
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0035
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0035
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0040
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0040
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0040
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0045
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0045
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0050

D. Santoro et al.

Kedzierska, J., 2008. Susceptibility testing and resistance phenotype detection in
Staphylococcus aureus strains isolated from patients with atopic dermatitis, with ap-
parent and recurrent skin colonization. Br. J. Dermatol. 159, 1290-1299.

Kisich, K.O., Carspecken, C.W., Fiéve, S., Boguniewicz, M., Leung, D.Y., 2008. Defective
killing of Staphylococcus aureus in atopic dermatitis is associated with reduced mo-
bilization of human beta-defensin-3. J. Allergy Clin. Immunol. 122, 62-68.

Lanhers, M.C., Joyeux, M., Soulimani, R., Fleurentin, J., Sayag, M., Mortier, F., Younos,
C., Pelt, J.M., 1991. Hepatoprotective and anti-inflammatory effects of a traditional
medicinal plant of Chile, Peumus boldus. Planta Med. 57, 110-115.

Lemire, J.A., Harrison, J.J., Turner, R.J., 2013. Antimicrobial activity of metals: me-
chanisms, molecular targets and applications. Nat. Rev. Microbiol. 11, 371-384.

Markey, B., Leonard, F., Archambault, M., Maguire, D., 2013. Bacterial pathogens: mi-
croscopy, culture and identification. In: Markey, B., Leonard, F., Archambault, M.,
Maguire, D. (Eds.), Clinical Veterinary Microbiology, 2nd Edition. Mosby Elsevier
Ltd., pp. 9-47.

Marsella, R., Messinger, L., Zabel, S., Rosychuck, R., Griffin, C., Cronin, P.O., Belofsky, G.,
Lindemann, J., Stull, D., 2010. A randomized, double-blind, placebo-controlled study
to evaluate the effect of EFF1001, an Actinidia arguta (hardy kiwi) preparation, on
CADESI score and pruritus in dogs with mild to moderate atopic dermatitis. Vet.
Dermatol. 21, 50-57.

Oktar, F.N., Yetmez, M., Ficai, D., Ficai, A., Dumitru, F., Pica, A., 2015. Molecular me-
chanisms and targets of the antimicrobial activity of metal nanoparticles. Curr. Top.
Med. Chem. 15, 1583-1588.

Olivry, T., Marsella, R., Iwasaki, T., Mueller, R., International Task Force On Canine
Atopic Dermatitis, 2007. Validation of CADESI-03, a severity scale for clinical trials
enrolling dogs with atopic dermatitis. Vet. Dermatol. 18, 78-86.

Olivry, T., Mueller, R., Nuttall, T., Favrot, C., Prélaud, P., International Task Force on
Canine Atopic Dermatitis, 2008. Determination of CADESI-03 thresholds for

Research in Veterinary Science 118 (2018) 164-170

increasing severity levels of canine atopic dermatitis. Vet. Dermatol. 19, 115-119.

Olivry, T., DeBoer, D.J., Favrot, C., Jackson, H.A., Mueller, R.S., Nuttall, T., Prélaud, P.,
International Task Force on Canine Atopic Dermatitis, 2010. Treatment of canine
atopic dermatitis: 2010 clinical practice guidelines from the International Task Force
on Canine Atopic Dermatitis. Vet. Dermatol. 21, 233-248.

Olivry, T., DeBoer, D.J., Favrot, C., Jackson, H.A., Mueller, R.S., Nuttall, T., Prélaud, P.,
International Committee on Allergic Diseases of Animals, 2015. Treatment of canine
atopic dermatitis: 2015 updated guidelines from the International Committee on
Allergic Diseases of Animals (ICADA). BMC Vet. Res. 16 (11), 210.

Pitiriga, V., Vrioni, G., Saroglou, G., Tsakris, A., 2017. The impact of antibiotic stew-
ardship programs in combating quinolone resistance: a systematic review and re-
commendations for more efficient interventions. Adv. Ther. 34, 854-865.

Santoro, D., Bunick, D., Graves, T.K., Segre, M., 2013. Evaluation of canine antimicrobial
peptides in infected and noninfected chronic atopic skin. Vet. Dermatol. 24,
39-47.e10.

Santoro, D., Marsella, R., Pucheu-Haston, C.M., Eisenschenk, M.N., Nuttall, T., Bizikova,
P., 2015a. Review: pathogenesis of canine atopic dermatitis: skin barrier and host-
micro-organism interaction. Vet. Dermatol. 26 84-e25.

Santoro, D., Ahrens, K., Marsella, R., Segre, M., 2015b. Evaluation of antimicrobial
peptides and cytokine production in primary keratinocyte cell culture from healthy
and atopic beagles. Exp. Dermatol. 24, 317-319.

Santoro, D., Ahrens, K., Vesny, R., Navarro, C., Gatto, H., Marsella, R., 2017. Evaluation
of the in vitro effect of Boldo and Meadowsweet plant extracts on the expression of
antimicrobial peptides and inflammatory markers in canine keratinocytes. Res. Vet.
Sci. 115, 255-262.

Weese, J.S., Giguere, S., Guardabassi, L., Morley, P.S., Papich, M., Ricciuto, D.R., Sykes,
J.E., 2015. ACVIM consensus statement on therapeutic antimicrobial use in animals
and antimicrobial resistance. J. Vet. Intern. Med. 29, 487-498.


http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0050
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0050
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0050
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0055
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0055
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0055
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0060
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0060
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0060
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0065
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0065
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0070
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0070
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0070
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0070
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0075
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0075
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0075
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0075
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0075
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0080
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0080
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0080
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0085
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0085
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0085
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0090
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0090
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0090
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0095
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0095
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0095
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0095
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0100
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0100
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0100
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0100
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0105
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0105
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0105
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0110
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0110
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0110
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0115
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0115
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0115
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0120
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0120
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0120
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0125
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0125
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0125
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0125
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0130
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0130
http://refhub.elsevier.com/S0034-5288(17)31180-3/rf0130

	Evaluation on the effects of 0.1% Peumus boldus leaf and Spiraea ulmaria plant extract combination on bacterial colonization in canine atopic dermatitis: A preliminary randomized, placebo controlled, double-blinded study
	Introduction
	Materials and methods
	Dogs
	Inclusion criteria
	Exclusion criteria
	Intervention, randomization and masking
	Treatment

	Outcome measurements
	Bacterial load evaluation
	Skin washes
	ELISAs
	Clinical evaluation
	Statistical analysis


	Results
	Dogs
	Primary outcome
	Direct antimicrobial activity of the control and the plant extract solution
	Bacterial load evaluation
	Antimicrobial peptides (cBD3-like and cCath ELISAs)

	Secondary outcome
	Clinical evaluation
	Correlation among variables
	Control group (Table 1)
	Treatment group (Table 1)


	Discussion
	Conclusions
	Source of funding
	Conflict of interest
	Acknowledgements
	Supplementary data
	References




