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Abstract

Background: Pseudomonas aeruginosa is the most commonly isolated bac-
terium from skin lesions of dogs with post-grooming furunculosis (PGF). It is
frequently found in human hair and skin care products, and may pose a health
risk to consumers. Information regarding the prevalence of P. aeruginosa con-
tamination of dog grooming products is lacking.

Objectives: To investigate the prevalence of P. aeruginosa contamination in
nonmedicated dog grooming products after either home or professional use
in pet grooming salons, and to identify risk factors that may be associated
with contamination.

Materials and methods: Of 117 bottles of grooming products sampled for
bacterial culture, 97 were used by pet grooming salons and 20 were used
by private individuals. The following suspected risk factors were recorded:
bottle size, relative remaining volume, content dilution, expiration date and
ingredient list.

Results: Pseudomonas aeruginosa was isolated from 14 of 117 samples
[11.97%, 95% confidence interval (Cl) 6.97-19.3%]. Diluted products were
contaminated significantly more often compared to undiluted products (odds
ratio = 156.5, 95%Cl 2.05-117.23; P < 0.01). None of the other variables was
significantly associated with P. aeruginosa contamination.

Conclusions and clinical relevance: Pseudomonas aeruginosa contamina-
tion of dog grooming shampoos and conditioners was significantly associ-
ated with product dilution. Contaminated grooming products may predispose
dogs to severe bacterial skin infections such as PGF.

Post-grooming furunculosis (PGF) is a distinctive
type of deep pyoderma described in dogs. Furunculosis

Pseudomonas aeruginosa is a pathogenic, Gram-
negative bacterium, ubiquitously found in the environ-
ment. It is frequently found in human hair and skin care
produc‘[s.1'2 These contaminated products may pose a
health risk to consumers.”® Skin infections caused by
P. aeruginosa also have been reported in humans ex-
posed to contaminated water.*

is believed to be a sequel to follicular trauma caused by
vigorous manipulation of the skin and coat (e.g. hand-
stripping or traumatic brushing), followed by bathing
with a contaminated product.® Pseudomonas aerugi-
nosais the most commonly isolated bacteria from skin
lesions of dogs affected with PGF.%” The source of
bacterial contamination often is unknown. Shampoos
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contaminated with P. aeruginosa are suspected to play
an important role in the pathogenesis of PGF in dogs,
although cultures from bottles of dog grooming prod-
ucts are rarely performed.6‘8 Bacterial culture from
skin lesions of a single dog diagnosed with PGF yielded
P. aeruginosa with an identical genetic fingerprint to the
P. aeruginosa isolated from the shampoo bottle used
before disease onset.®

The purpose of this study was to investigate the
prevalence of P. aeruginosa contamination in nonmedi-
cated dog grooming products, after either home or pro-
fessional use at pet grooming salons, and to examine
potential risk factors associated with contamination.

MATERIALS AND METHODS

Sixteen pet grooming salons and 18 pet owners (vet-
erinary students) were enrolled in the study. Samples
were collected by two investigators. Contact with the
pet grooming salon operator was made by the inves-
tigators 2-48 h before visiting the facility. Verbal con-
sent for participation in the study was obtained from
all grooming salon operators. All the shampoo and
conditioner bottles used on the day the investiga-
tor visited the facilities were sampled. In addition, 20
products used for home grooming by 18 veterinary stu-
dents were brought directly to the main investigators
for sampling. All of the home-use products were used
for a single dog at least once during the month before
sampling.

Samples were obtained using a sterile swab with
transport media for bacterial culture (invasive sterile
Eurotube collection swab with Stuart transport me-
dium; Deltalab). Immediately before sampling, a small
amount of the grooming product (approximately 0.5 ml)
was squeezed through the opening of the bottle and
discarded. A sterile swab then was placed at the open-
ing of the bottles, gently rotated, left for a few seconds
to moisten and then carefully withdrawn. All swabs
were inserted directly into transport tubes and the lids
were secured tightly. Within 2 h of collection the sam-
ples were stored at 4°C until processing the following
day.

The following information was recorded for each
bottle of grooming product sampled: (a) type of groom-
ing product (shampoo or conditioner); (b) type of use
(home use by dog owner or professional use at groom-
ing salon); (c) bottle size (more or less than 1 L); (d) rel-
ative remaining volume in the bottle (a quarter or less,
between a quarter and one half, between one half and
three quarters, three quarters or more); (e) whether the
contents were diluted with water or not; (f) expiration
date printed on the bottle; and (g) list of ingredients.

Culture and species
identification of samples

Samples were streaked onto MacConkey agar plates
and incubated aerobically at 37°C overnight. Plates
were examined for colonies resembling P. aeruginosa
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morphology, which then were isolated and identified
to species level by matrix-assisted laser desorption/
ionisation time-of-flight mass spectrometry with an
Autoflex system (Bruker) using the direct protocol ac-
cording to the manufacturer's instructions.

Statistical analysis

In order to test the association between categorical
variables and a positive culture of P. aeruginosa, chi-
square or Fisher's exact test was used, as appropriate.
A multivariable logistic regression included those asso-
ciations found to be significant on chi-square or Fisher's
exact test, as well as the grooming establishment in
order to adjust for clustering (more than one sample per
establishment). Confidence intervals (95%) of propor-
tions were calculated by Fisher's exact test (WINPEep),
DESCRIBE A, v3.18). Statistical significance was set at
p < 0.05. Calculations were carried out using SPSS v25
and 27 (IBM).

RESULTS

A total of 117 bottles of dog grooming products were
sampled from 34 establishments. Twenty samples were
obtained from 18 private owners (two owners provided
two samples each) and 97 samples were obtained
from 16 grooming salons (Table 1). Pseudomonas aer-
uginosa was isolated from 14 of 117 samples (11.97%,
95%Cl 6.97%-19.3%). Of the 14 positive samples, 12
were collected from grooming products used in seven
grooming salons and two samples were collected from
shampoo bottles used by two private owners (one
sample each; Table 2).

Contamination was significantly associated with di-
luted products compared to undiluted products [odds
ratio (OR) = 15.5, 95%Cl: 2.05-117.23; P < 0.01]. No
statistically significant association was found between
the isolation of P. aeruginosa and the type of grooming
product (i.e. shampoo versus conditioner), the type of
usage (i.e. private versus professional), the size of the
bottle, the relative amount remaining in the bottle, or
the expiration date.

Information regarding the ingredients was available
for 103 of the 117 products sampled (Table 3). No sig-
nificant association was found between any of the
ingredients and the isolation of P. aeruginosa. This or-
ganism was not isolated from any of the bottles lacking
an ingredient list.

DISCUSSION

Nearly 12% of pet grooming products tested were
contaminated with P. aeruginosa. This is consistent
with previous culture of this organism from both dog
and human shampoos.z’S'9 To the best of the authors'
knowledge, this is the first publication examining the
prevalence of P. aeruginosa contamination of grooming
products on a larger scale.
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Dilution of shampoo and conditioners with tap water
is a common practice in pet grooming salons. In our
study, all diluted products were diluted with tap water
according to the manufacturer's instruction. Previous
reports suggest that shampoos diluted with tap water
may be a risk factor for contamination.” The present
study supports this assumption. The source of con-
tamination may be the tap water itself, as outbreaks of
P. aeruginosa associated with contaminated tap water
have been reported.”

In previous publications reporting the isolation of
P. aeruginosa from grooming products, the expiration
date of the grooming products was not mentioned.®®
In our study, of the 35 grooming products for which
there was information regarding the expiration date,

TABLE 1 The number of samples from each pet grooming
salon and the number of positive samples by location

Commercial pet Number of Number of
grooming salon samples positive samples
1 8 0

2 3 0

3 3 1

4 5 1

5 4 0

6 12 1

7 3 0

8 4 0

9 9 0

10 7 1

11 8 0

12 8 0

13 9 2

14 8 0

15 5 2

16 11 4

six were expired, and P. aeruginosa was isolated from
two of those. Although not statistically significant, it is
important to further investigate this issue as the use
of expired grooming products is a potentially common
practice.

There was no association between individual in-
gredients and P. aeruginosa contamination. Aloe vera,
one of the most common ingredients in dog grooming
products, has been found to have in vitro antibacterial
activity against P. aeruginosa."" Although aloe vera was
present in over half of the products evaluated in this
study, large variation in ingredient combinations and
concentrations made it impossible to draw conclusions
regarding any association between ingredients and
P. aeruginosa contamination.

All pet grooming salons that participated in this study
reported using the same bottle of shampoo for several
dogs, while the private owners in this study used each
shampoo bottle for one dog. The fact that no signif-
icant differences were found in the contamination rate
between the products used in pet grooming salons and
those used by the dog owners, suggests that the number
of dogs for which the product was being used does not
pose a greater risk of contamination with P. aeruginosa.

One study limitation is the advanced notice given to
pet grooming salon operators before investigators ar-
rived. Even though pet grooming salon operators stated
they did not change the sampled bottles or take any disin-
fection measures before sampling, this possibility cannot
be entirely excluded. Another limitation is the relatively
small sample size that may contribute to the lack of sta-
tistical significance for some of the risk factors evaluated.

Overall, the prevalence of contamination of the
grooming products in this study was surprisingly
high. This contamination rate may expose dogs
being groomed to contaminated products that in-
crease the risk of developing bacterial skin infection.
Furthermore, dilution of grooming products can in-
crease the risk of contamination. Future studies

TABLE 2 Association between contamination of grooming products with Pseudomonas aeruginosa and suspected risk factors

Characteristics

Number of
samples n (%)

Positive samples for
P. aeruginosa n (%)

Type of grooming product Shampoo 97 (82.9%) 10 (10.3%)
Conditioner 20 (17.1%) 4 (20.0%)
Type of use Professional use by pet grooming salon 97 (82.9%) 12 (12.4%)
Private use by the dog owners 20 (17.1%) 2 (10.0%)
Size of grooming bottle product >T L 61 (47.9%) 5(8.2%)
<1L 56 (562.1%) 9(16.1%)
Relative amount remaining in the bottle <% 27 (23.1%) 3 (11.1%)
Ya—"Y5 31 (26.5%) 5 (16.1%)
Yo—% 27 (23.1%) 2 (7.4%)
>% 32 (27.3%) 4 (12.5%)
Dilution Diluted 18 (15.4%) 7 (38.9%)
Not diluted 99 (86.6%) 7 (7.1%)
Expiration date Expired 6 (5.1%) 2 (33.3%)
In date 29 (24.8%) 3(10.3%)
No data 82 (70.1%) 9 (11.0%)
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TABLE 3 Association between contamination with Pseudomonas aeruginosa and ingredients of grooming products

Number of samples containing the
ingredient (% of total sampled); n (%)

Ingredients

Aloe 9 (8.7%)
Aloe vera 38 (36.9%)
Aloe barbadenesis leaf juice 9 (8.7%)
Cocamide DEA 19 (18.4%)
Cocamidopropy! betaine 39 (37.9%)
Coconut 21 (20.4%)
Creatine 10 (9.7%)
DMDM hydantoin 25 (24.3%)
EDTA 15 (14.6%)
Fragrance 57 (55.3%)
Glycerin 23 (22.3%)
Jojoba 24 (23.3%)
Limonene 12 (11.7%)
Panthenol 41 (39.8%)
Phenoxyethanol 14 (13.6%)
Purified water/deionised water 35 (34.0%)
Sodium chloride 18 (17.5%)
Sodium laureth sulfate 24 (23.3%)
Tea tree oil 15 (14.6%)
Vitamin A 20 (19.4%)
Vitamin D 21 (20.4%)
Vitamin E 47 (45.6%)
Water 21 (20.4%)

are warranted to examine the prevalence of con-
tamination of grooming products with other bac-
teria isolated from skin of dogs with PGF such as
Staphylococcus pseudintermedius, Staphylococcus
epidermidis, Enterobacter cloacae, Serratia marc-
escens, Staphylococcus hominis, Klebsiella oxytoca
and Burkholderia cepac/a.e'8
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Résumé

Contexte - Pseudomonas aeruginosa est la bactérie la plus couramment isolée des Iésions cutanées des chiens
atteints de furonculose post-toilettage (PGF). On la trouve fréquemment dans les cheveux humains et les produits
de soin de la peau et peut présenter un risque pour la santé des consommateurs. Les informations concernant la
prévalence de la contamination par P. aeruginosa des produits de toilettage pour chiens font défaut.

Objectifs — Etudier la prévalence de la contamination par P. aeruginosa des produits de toilettage pour chiens non
meédicamenteux aprés un usage domestique ou professionnel dans les salons de toilettage pour animaux de com-
pagnie, et identifier les facteurs de risque pouvant étre associés a la contamination.

Matériels et méthodes — Sur 117 flacons de produits de toilettage prélevés pour culture bactérienne, 97 étaient
utilisés par des salons de toilettage et 20 par des particuliers. Les facteurs de risque suspectés suivants ont
été enregistrés : taille de la bouteille, volume restant relatif, dilution du contenu, date de péremption et liste des
ingrédients.

Résultats — Pseudomonas aeruginosa a été isolé dans 14 des 117 échantillons [11,97 %, intervalle de confiance (IC)
a 95 % 6,97-19,3 %]. Les produits dilués étaient significativement plus souvent contaminés que les produits non
dilués (odds ratio = 15,5, IC a 95 % 2,05-117,23 ; P <0,01). Aucune des autres variables n'était significativement
associée a la contamination par P. aeruginosa.

Conclusions et pertinence clinique — La contamination par Pseudomonas aeruginosa des shampoings et apres
shampoings pour chiens était significativement associée a la dilution du produit. Les produits de toilettage contami-
nés peuvent prédisposer les chiens a de graves infections cutanées bactériennes telles que la PGF.

Resumen

Introduccion- Pseudomonas aeruginosa es la bacteria mas comunmente aislada de las lesiones cutdneas de per-
ros con furunculosis posterior al aseado (PGF). Se encuentra con frecuencia en productos para el cuidado de la piel
y el cabello humano, y puede representar un riesgo para la salud de los consumidores. Falta informacion sobre la
prevalencia de la contaminacién por P. aeruginosa en los productos de aseo para perros.

Objetivos- investigar la prevalencia de la contaminacion por P. aeruginosa en productos de aseo canino no medica-
dos después del uso doméstico o profesional en salones de aseo de mascotas, e identificar los factores de riesgo
que pueden estar asociados con la contaminacion.

Materiales y métodos- de 117 botellas de productos de aseo muestreados para cultivo bacteriano, 97 fueron
utilizados por salones de aseo de mascotas y 20 fueron utilizados por particulares. Se registraron los siguientes
factores de riesgo sospechosos: tamano de la botella, volumen restante relativo, diluciéon del contenido, fecha de
caducidad y lista de ingredientes.

Resultados- se aislé Pseudomonas aeruginosa en 14 de 117 muestras [11,97 %, intervalo de confianza (IC) del 95
%: 6,97-19,3 %]. Los productos diluidos se contaminaron significativamente més a menudo en comparacion con
los productos sin diluir (odds ratio = 15,5, IC del 95 %: 2,05-117,23; P <0,01). Ninguna de las otras variables se
asocio significativamente con la contaminacion por P. aeruginosa.

Conclusiones y relevancia clinica- la contaminacion por Pseudomonas aeruginosa de los champus y acondi-
cionadores de aseo para perros se asoci6 significativamente con la dilucion del producto. Los productos de aseo
contaminados pueden predisponer a los perros a infecciones cutaneas bacterianas graves como la PGF.
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Zusammenfassung

Hintergrund — Pseudomonas aeruginosa ist das am haufigsten isolierte Bakterium aus Hautveranderungen bei
Hunden miteiner Furunkulose nach einer Schur (PGF). Es wird hdufigin menschlichen Haar-und Hautpflegeprodukten
gefunden, und kénnte ein Gesundheitsrisiko fur die Konsumentinnen darstellen. Es gibt keine Information beztglich
der Pravalenz einer P. aeruginosa Kontamination in Pflegeprodukten fir Hunde.

Ziele — Eine Untersuchung der Pravalenz einer Kontamination durch P. aeruginosa in nicht medizinischen Hunde
Pflegeprodukten nach ihrer Verwendung zu Hause oder nach ihrer professionellen Verwendung in Kosmetiksalons
fir Hunde, sowie eine Identifizierung von Risikofaktoren, die mit einer derartigen Kontaminierung einhergehen
kdnnten.

Materialien und Methoden — Von den 117 Flaschen mit Waschprodukten, von denen Proben zur bakteriellen
Kultur entnommen wurden, waren 97 in Kosmetiksalons flr Tiere im Einsatz und 20 wurden privat benUtzt. Es
wurden die folgenden Risikofaktoren festgehalten: Flaschengrdfie, relativer Volumensrest, Verdinnung des Inhalts,
Ablaufdatum und Zusammensetzung.

Ergebnisse - Pseudomonas aeruginosa wurde in 14 von 117 Proben isoliert [11,97%; 95% Konfidenzintervall
(Cl) 6,97-19,3%]. Verdinnte Produkte waren signifikant haufiger kontaminiert im Vergleich zu unverdinnten
Produkten (Chancenverhaltnis = 15,5; 95% CIl 2,05-117,23; P <0,01). Keine der anderen Variablen stand mit einer
Kontaminierung durch P. aeruginosa signifikant im Zusammenhang.

Schlussfolgerungen und klinische Bedeutung — Eine Kontamination von Hundeshampoos und Pflegeprodukten
durch Pseudomonas aeruginosa stand in einem signifikanten Zusammenhang mit der Verdliinnung der Produkte.
Kontaminierte Pflegeprodukte konnten Hunde zu schweren bakteriellen Hautinfektionen wie eine PGF
pradisponieren.

M=

ER - BREGIN—ZIDIREEEPGF)ORDEBREN SHEELL DBECNIMETH B, T, ENAOATT
THEBRCAF T T7HRRANSEHEEICKREEO, HEEICRREVAVZEZAZTEMEN 5, RATIL—IVTHEA
ORBEBROARRICEIZBEREIFTRELTVS,

BE-AHROBENE. REAFRCERY NI -2 JHO 0 TOEKRBEREOIEERRIIN—ZIVIRRBICHITS
RBRSZROEREEZREL. TREBEELS>ZBREFERETZETH D,

MEBROEZE - HEEEOLESICHTU TENIN—ZDTRE 17 KOS5, 97 AFRYKNIIN—Z2T
HOVTHEATAEED, 20 AHFBEATERAESNZEOTH> 2. RENLYA X NN ERE. ARYNOFERE, BRE
PR, RAKRBE, VAVEREBDONDENETHRLL,

BR- 17 Y27 14 O TI)h SERBEN DBEE N [11.97%, 95% EFEXME (Cl) 6.97-19.3%] - ZIRUEEFR
F, FRUTWEVWRREENTEERICZLBRENTVE(F Y XL =15.5, 95%Cl 2.05-117.23; P <0.01), D ENZE
BERBEOFREBEREER BN I,

RRBLVBEARNER - RAIVIL—ZI 024 7—BLV OV T2 37— 0ORBEFRE. RROFRELEEIC
BELTWE, BRENEITIL—ZTHRBIE, R%E PGF QXS LEEFMBEMEERAEICES DTN BB,

BE

ER2-NERETHRPCGHERNEKRFREPREIELENARRAEZBERE. CELTANLENFKREP, ATEE4A
SHBRETRBENK, RZXTRESTRPESBERESRRITENER,
BN-IRERETPRENERENRULFERE, FHAREBTRPHAEZBRERBSEORTE, ABETESSHME
KRR E,

MRMFE-NTHEE=RATHARES, HPEYERIEEANI7H , FARAK20M, iIBRTUT X R R K
N HEXNFRER, ARMRRE. ANBHMH 25K,

SR NM7TORERTPE14 D EHAZBRERE[11.97% , 95%BEXE(C1)6.97-19.3%]. SARBRE=@mAEL , =m0
SR EEWM(LEL = 15.5,95%Cl 2.05-117.23 ; P <0.01), Ett X EHESHMSZBERE TR T EEMX M,

S MIGRERE-REBE RN EZNAEZBERE SRS~ RHRBREZEER, SRV AEATRTHEERBZEEE
MEM R, IPGF,



e73 i PERRY ET AL.
Veterinary Dermatology

Resumo

Contexto - Pseudomonas aeruginosa é a bactéria mais frequentemente isolada de lesdes cutaneas de caes com
furunculose pés-banho (FPB). E frequentemente encontrada em cabelos humanos e cosméticos e pode causar
maleficios a saude dos consumidores. Informacdes sobre a prevaléncia de contaminacao de produtos de banho
caninos por P. aeruginosa sao escassas.

Objetivos - Investigar a prevaléncia de contaminagcao de cosméticos de banho ndo medicamentosos para caes
por P. aeruginosa apds uso caseiro ou profissional em pet shops, e identificar os fatores de risco que podem estar
associados a contaminacao.

Materiais e métodos — Dos 117 frascos de cosméticos testados por cultura bacteriana, 97 foram utilizados por pet
shops e 20 foram de uso doméstico individual. Os seguintes fatores de risco foram registrados: tamanho do frasco,
volume remanescente relativo, diluicao do conteldo, data de validade e lista de ingredientes.

Resultados - Pseudomonas aeruginosa foi isolada de 14 das 117 amostras [11,97%, 95% intervalo de confianga (IC) 6,97-
19,3%]. Produtos diluidos apresentaram contaminagao significativamente mais frequentemente, comparado a produtos
nao diluidos (odds ratio = 15,5; 95% IC 2,05-117,23; P <0,01). Nenhuma das outras variaveis foi significativamente
associada a contaminacao por P.aeruginosa.

Conclusoes e relevancia clinica - A contaminacao de shampoos e condicionadores caninos por Pseudomonas
aeruginosa foi significativamente associada a diluicdo do produto. Cosméticos veterinarios contaminados podem
predispor caes a infecgdes cutaneas bacterianas como a FPB.
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