
Molecular confirmation of shampoo as the putative
source of Pseudomonas aeruginosa-induced
postgrooming furunculosis in a dog

Heng L. Tham*, Megan E. Jacob† and Petra Bizikova*‡

*Departments of Clinical Sciences, †Population Health and Pathobiology, College of Veterinary Medicine, ‡Comparative Medicine Institute, North

Carolina State University, 1060 William Moore Drive, Raleigh, NC 27607, USA.

Correspondence: Petra Bizikova, Department of Clinical Sciences, College of Veterinary Medicine, North Carolina State University, 1060 William

Moore Drive, Raleigh, NC 27607, USA. E-mail: pbiziko@ncsu.edu

Background – An acute onset furunculosis due to Pseudomonas aeruginosa following grooming is a well recog-

nized entity. Although contaminated shampoos have been suspected to be the source of the infection, a molecu-

lar confirmation of this association has been missing.

Objective – This case report describes a dog with postgrooming furunculosis in which Pseudomonas aeruginosa

with an identical genetic fingerprint was isolated from the skin lesions as well as from the shampoo used prior to

the disease onset.

Results – The dog presented for lethargy, anorexia, pain and rapidly progressing skin lesions consistent with

haemorrhagic papules, pustules, coalescing ulcers and crusts localized to the dorsal and lateral aspects of the

thorax and gluteal region, which developed within 24 h after a bath. Cytology demonstrated suppurative inflam-

mation with occasional intracellular rod-shaped bacteria. Bacterial culture from skin lesions and the shampoo bot-

tle yielded Pseudomonas aeruginosa with an identical pulsed-field gel electrophoresis pattern. Treatment with

oral ciprofloxacin and topical antimicrobial shampoo resulted in a complete resolution of skin lesions within eight

weeks.

Conclusion and clinical importance – Our clinical investigation suggests a link between Pseudomonas-con-

taminated shampoo and development of postgrooming furunculosis, and underscores the need for hygienic man-

agement of shampoos to help limit this disease.

Introduction

Outbreaks of Pseudomonas folliculitis associated with

the use of whirlpools and hot tubs have been recognized

in people for more than four decades.1 A similar clinical

entity characterized by an acute onset furunculosis

shortly after grooming or water immersion has been

described in dogs, with Pseudomonas aeruginosa being

the most commonly identified organism.2–5 Other bacte-

ria such as Staphylococcus pseudintermedius, Staphylo-

coccus epidermidis, Enterobacter cloacae, Serratia

marcescens, Klebsiella oxytoca and Burkholderia cepacia

also have been isolated from similar lesions.2–5 Although

P. aeruginosa is ubiquitous in the environment, contami-

nated antibacterial soaps and cosmetics represent addi-

tional risks for infection in people.6,7 Not surprisingly,

Pseudomonas-contaminated shampoos have been sus-

pected as a key component in the pathogenesis of a

Pseudomonas-associated postgrooming furunculosis in

dogs, but a positive shampoo culture has been reported

only in an abstract form.4 This case report describes a

dog with a postgrooming furunculosis in which P. aerugi-

nosa with an identical genetic fingerprint was isolated

from both the skin lesions and the shampoo used prior to

the disease onset.

Case report

A two-year-old female, spayed, German shepherd mixed

breed dog was presented for lethargy, anorexia, pain and

rapidly progressing skin lesions localized predominantly

on the dorsal and lateral aspects of her thorax and gluteal

region. Multifocal haemorrhagic papules, pustules, coa-

lescing ulcers and crusts surrounded by prominent ery-

thema were found on physical examination (Figure 1a–c).
The affected skin was painful to the touch, but no other

abnormalities were noted. The owner reported that the

lethargy, anorexia and pain developed within 24 h after a

bath, and the skin lesions were first noticed one day after

the onset of systemic signs. The dog was bathed at home

using a nonmedicated, over-the-counter shampoo. The

owner used the last remaining shampoo from an old bot-

tle purchased seven months previously, as well as a small

amount from a recently purchased, newly opened bottle

of the same brand. The dog was scrubbed manually, but

not vigorously. There was no history of pre- or post-

grooming brushing. The owner performing the bath did

not exhibit any skin lesions. A complete blood count and

chemistry panel did not reveal any abnormalities. Cytol-

ogy from an intact pustule showed degenerative
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neutrophils and macrophages with occasional rod-shaped

bacteria. Based on the history, type and distribution of the

skin lesions and the cytology findings, a diagnosis of post-

grooming furunculosis was suspected.

Bacterial culture and susceptibility and
genetic fingerprinting by pulsed-field gel
electrophoresis (PFGE)

A swab from an intact pustule was submitted in a Port-A-

Cul tube (BD; Franklin Lakes, NJ, USA) to the NCSU Clini-

cal Microbiology Laboratory for aerobic culture and sus-

ceptibility. The sample was handled following laboratory

standard operating procedures, which included incubation

at 36°C on 5% Columbia sheep blood agar (Remel;

Lenexa, KS, USA) and MacConkey agar (Remel) for up to

48 h under 5% CO2 and transient air conditions, respec-

tively. The isolate was confirmed by Gram stain and bio-

chemical properties (Sensititre, Thermo Fisher Scientific;

Cleveland, OH, USA). The susceptibility of the recovered

isolates was evaluated using broth microdilution (Sensi-

titre) and CLSI guidelines.8 Both the previously used and

the newly opened shampoo bottles provided by the

owner also were submitted for aerobic bacterial culture.

A swab from the inside wall of each bottle was collected

aseptically and cultured as described above.

Pseudomonas aeruginosa was isolated from the skin

sample and from the old shampoo bottle, but not from

the newly opened shampoo bottle. The individual

P. aeruginosa isolates from the skin and the old bottle

were then grown on blood agar plates for 24 h at 36°C for

a genetic fingerprinting by PFGE analysis with XbaI

restriction enzyme digestion.9 Gel images were obtained

using the Gel Doc XR+ Imager (Bio-Rad; Hercules, CA,

USA). The PFGE banding patterns were normalized and

compared using BioNumerics software (Applied Maths,

Inc.; Austin, TX, USA). The PFGE banding pattern analysis

confirmed that the strains isolated from the skin lesions

and from the old shampoo bottle had identical pulse-field

patterns (Figure 1d). The antimicrobial susceptibility pro-

file was also identical between the two isolates, showing

susceptibility to enrofloxacin, amikacin, gentamicin and

imipenem, intermediate susceptibility to chlorampheni-

col, ticarcillin and ticarcillin/clavulonic acid, and resistance

to cephalothin, doxycycline, erythromycin and trimetho-

prim-sulfamethoxazole.

Treatment and outcome

The dog was treated once daily with oral ciprofloxacin

(29 mg/kg; ciprofloxacin tablets, USP, Aurobindo Pharma

USA, Inc.; North Dayton, NJ, USA) for eight weeks

and bathed once weekly with a 3% chlorhexidine glu-

conate-containing shampoo (Hexadene, Virbac; Fort

Worth, TX, USA) for eight weeks. The dog was

rechecked three and eight weeks after the initial visit. A

complete resolution of skin lesions was recorded at both

time points.

a

b c

d

Figure 1. Postgrooming furunculosis in a dog due to Pseudomonas infection. A composite figure depicting (a) the lateral thorax with numerous

papules, pinpoint ulcers and haemorrhagic crusts; (b) a closer view of the thorax with erythematous macules, papules, ulcers and crusts; (c) a view

of a lumbar region with coalescing ulcers and crusts; (d) an image of the pulsed-field gel electrophoresis products showing identical banding pat-

terns between the P. aeruginosa isolated from the skin lesions (gel line 1) and from the old shampoo bottle (gel line 2).
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Discussion

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

case report of a postgrooming furunculosis in a dog in

which a genetic fingerprint suggested a contaminated

shampoo to be the source of its infection. Pseudomonas-

contaminated shampoos have been suspected to be

involved in the pathogenesis of this disease in dogs; how-

ever, because of the ubiquitous nature of this microorgan-

ism and limited evidence supporting this theory, other

sources of bacterial exposure such as grooming brushes,

sinks, tubs, faucets, contaminated water sources and soil

have been proposed.4,5 This pervasive distribution of

P. aeruginosa in different environments is linked to the

large number of regulatory genes in its genome. The

P. aeruginosa genome is markedly larger when compared

to other opportunistic pathogens such as Escherichia coli

or Staphylococcus spp., and the proportion of regulatory

genes is greater than in all other sequenced bacterial gen-

omes.10 As a result, P. aeruginosa exhibits a wide range

of environmental adaptability such as growth on a variety

of growth substrates, minimal nutrient requirements, sur-

vival in temperatures as high as 50°C and growth in both

aerobic and anaerobic conditions.10 This could explain the

ability of this bacteria to survive in shampoo bottles or in

staining solutions used for routine cytology staining.11

Additionally, the large genome of P. aeruginosa encodes

for numerous virulence factors responsible for the severe

inflammation (e.g. lipopolysaccharides, flagella) and tis-

sue damage (e.g. proteases, elastases, exotoxin A, cyto-

toxin ExoU, reactive oxygen species) observed in patients

with postgrooming furunculosis.10

The high genetic relatedness of the P. aeruginosa

isolates from the skin lesions and the old shampoo

bottle was determined using PFGE. Although other

molecular techniques such as whole genome sequenc-

ing might have provided better discriminatory power,

PFGE previously has shown high discriminatory power

for P. aeruginosa.12,13 Additionally, the identical antimi-

crobial susceptibility profile of both isolates further sup-

ports their likely identity.

Serotyping, which is based on serological reactivity of

the O-antigen (one of the lipopolysaccharide domains)

expressed by P. aeruginosa, was not performed in this

study due to the lack of commercially available testing

laboratories. In people, of the 20 different P. aeruginosa

serotypes, O:11 is most commonly isolated from out-

breaks of Pseudomonas folliculitis traced to swimming

pools and whirlpools.10,14 It remains unknown whether

its increased prevalence reflects the abundance of this

serotype in the environment or higher virulence.14 Experi-

mental studies on the pathogenesis of Pseudomonas fol-

liculitis in humans suggest that bacterial concentration,

the duration of exposure, overhydration of the skin and

mechanical injury play important roles in the pathogenesis

of the disease (see review).14 Similar factors are believed

to be involved in canine postgrooming furunculosis.2,5

Although vigorous brushing or scrubbing during the bath

was not reported in our case, the thick hair coat in this

dog remained wet for an extended period of time, which

could have caused overhydration of the skin and allowed

the bacteria from the contaminated shampoo to adhere.

In conclusion, our clinical investigation suggests a link

between Pseudomonas-contaminated shampoo and

development of postgrooming furunculosis, and under-

scores the need for hygienic management of shampoos

(i.e. discarding expired shampoo, ensuring the shampoo

bottle is always capped, avoiding storage of diluted sham-

poo in bulk) to help limit this disease.
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R�esum�e

Contexte – Une furonculose aigu€e �a Pseudomonas aeruginosa �a la suite d’un toilettage est une entit�e bien

reconnue. Bien que les shampoings contamin�es aient �et�e suspect�es d’être la source de l’infection, une

confirmation mol�eculaire de cette association n’a jamais �et�e faite.
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Objectifs – Ce cas clinique d�ecrit un chien avec furonculose post-toilettage pour lequel Pseudomonas aeru-

ginosa, avec une empreinte g�en�etique identique, a �et�e isol�ee des l�esions cutan�ees ainsi que du shampoing

utilis�e avant le d�eveloppement de la maladie.

R�esultats – Le chien a pr�esent�e l�ethargie, anorexie, douleur et progression rapide des l�esions cutan�ees

consistant en des papules h�emorragiques, des pustules, des ulc�eres coalescents et des croûtes localis�ees

sur les face dorsales et lat�erales du thorax et sur les fessiers qui se sont d�evelopp�ees en 24h apr�es un bain.

La cytologie a r�ev�el�e une inflammation suppur�ee avec des bact�eries de type bacille intracellulaires. La cul-

ture bact�eriologique des l�esions cutan�ees et de la bouteille de shampoing a r�ev�el�e Pseudomonas aerugi-

nosa avec un patron identique d’�electrophor�ese en gel en champ puls�e. Le traitement avec la

ciprofloxacine orale et des shampooings antimicrobiens ont permis une compl�ete r�esolution des l�esions

cutan�ees en huit semaines.

Conclusions et importance clinique – Nos donn�ees cliniques confirment le lien entre les shampoings

contamin�es par Pseudomonas et le d�eveloppement d’une furonculose post-toilettage et souligne le besoin

d’une gestion hygi�enique des shampooings afin de limiter cette atteinte.

Resumen

Introducci�on – el desarrollo de la forunculosis aguda debido a la infecci�on con Pseudomonas aeruginosa

tras el aseado del pelo es una entidad bien reconocida. Aunque se sospecha que la contaminaci�on

champ�us es el foco de infecci�on, a�un falta la confirmaci�on molecular de esta asociaci�on.

Objetivo – este caso cl�ınico describe un perro con forunculosis tras el aseado del pelo en el cual se aisl�o

Pseudomonas aeruginosa con id�entico patr�on gen�etico de las lesiones de la piel y del champ�u utilizado

antes de desarrollar la enfermedad.

Resultados – el perro se present�o con letargia, anorexia, dolor, y lesiones de r�apida progresi�on en la piel

consistentes con p�apulas hemorr�agicas, p�ustulas, �ulceras confluentes y costras localizadas en las zonas

laterales y dorsales del t�orax y de la regi�on gl�utea que se desarrollaron a las 24 horas tras un ba~no. La cito-

log�ıa demostr�o inflamaci�on supurativa con algunas bacterias ocasionales de morfolog�ıa bacilar intracelula-

res. El cultivo bacteriano de las lesiones de la piel y del champ�u desarroll�o Pseudomonas aeruginosa con

un patr�on id�entico en gel de electroforesis de campo puls�atil. El tratamiento con el ciprofloxacina oral y

champ�u t�opico antimicrobiano result�o en resoluci�on completa de las lesiones de la piel en ocho semanas.

Conclusi�on e importancia cl�ınica – nuestra investigaci�on cl�ınica sugiere una asociaci�on entre el champ�u

contaminado con Pseudomonas y el desarrollo de forunculosis tras el aseado y resalta la necesidad de un

manejo higi�enico de los champ�us para limitar la incidencia de esta enfermedad.

Zusammenfassung

Hintergrund – Eine akute Furunkulose durch Pseudomonas aeruginosa nach der Schur ist eine gut

bekannte Erkrankung. Obwohl verunreinigte Shampoos als Ursache f€ur die Infektion verd€achtigt worden

sind, ist bisher eine molekulare Best€atigung dieses Zusammenhangs noch nicht erbracht worden.

Ziel – Dieser Fallbericht beschreibt einen Hund mit einer Furunkulose nach der Schur, bei der Pseudomo-

nas aeruginosa mit einem identischen genetischen Fingerabdruck aus den Hautver€anderungen sowie aus

dem Shampoo isoliert werden konnte, welches vor der Erkrankung verwendet worden war.

Ergebnisse – Der Hund wurde mit Lethargie, Anorexie, Schmerz und sich rasch ausbreitenden Haut-

ver€anderungen, die aus h€amorrhagischen Papeln, Pusteln, koaleszierenden Ulzera und Krusten am dorsa-

len und lateralen Thorax und der Glutealregion bestanden und sich innerhalb von 24h nach dem Bad

entwickelt hatten, vorgestellt. Zytologisch wurde eine suppurative Entz€undung mit gelegentlichen intrazel-

lul€aren St€abchen-f€ormigen Bakterien gefunden. Die Bakterienkultur aus den Hautver€anderungen und der

Shampooflasche wiesen beide Pseudomonas aeruginosa mit einem identischen Puls-Feld-Gelelektrophor-

ese Muster auf. Eine Behandlung mit Ciprofloxacin per os und topische antimikrobielle Shampoos resultier-

ten innerhalb von acht Wochen in einer kompletten Remission der Hautver€anderungen.

Schlussfolgerung und klinische Bedeutung – Unsere klinische Untersuchung zeigt einen Zusammen-

hang zwischen Pseudomonas-verunreinigten Shampoos und der Entstehung einer Furunkulose nach der

Schur und unterstreicht die Notwendigkeit eines entsprechenden Hygienemanagements der Shampoos,

um die Erkrankung zu limitieren.

要約

背景 – トリミング後の緑膿菌に起因する急性発症のフルンケローシスはよく認められる事象である。汚染したシャンプー
が感染の原因と疑われているが、この関係性の分子的な裏付けはなされていない。
目的 – この症例報告は、発症前に使用したシャンプーからだけでなく、皮膚病変からも同一の遺伝子パターンを示す
緑膿菌が分離された、トリミング後フルンケローシスのイヌについて記述する。
結果 – イヌは元気消失、食欲不振、疼痛および胸部背側と体側および臀部領域に出血性丘疹、膿疱、癒合性

潰瘍ならびに痂皮から成る急速に進行する皮膚病変を呈し、それらは洗浄後24時間以内に発生した。細胞診では
時折、細胞内桿菌を伴った化膿性炎症が明らかとなった。皮膚病変およびシャンプーボトルからの細菌培養によりパル
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スフィールドゲル電気泳動パターンが一致する緑膿菌が検出された。経口シプロフロキサシンおよび外用抗菌シャンプー
を用いた治療の結果、8週間以内に皮膚病変は完全に治癒した。
結論および臨床的な重要性 – 筆者らの臨床的な調査は緑膿菌汚染シャンプーとトリミング後フルンケローシスの発生

の関連を示唆しており、この疾患を防ぐためにシャンプーの衛生的な管理の必要性を強調する。

摘要

背景 – 急性疖病由剃毛后假单胞菌感染导致,已是公认的病因。尽管被污染的香波是可疑的感染来源,但却

没有进行分子学认证。
目的 – 该病例报告描述了一只患有假单胞菌感染的剃毛后疖病,其皮肤病变处分离的假单胞菌,与其发病前

使用的香波中细菌的基因一致。
结果 – 该犬在洗澡后24h内表现出精神沉郁、厌食、疼痛和快速发展的皮肤病变,出血性丘疹、脓疱、聚结

性溃疡和结痂。细胞学显示化脓性炎症,偶见细胞内杆菌。皮肤病变处和香波中假单胞菌脉冲场凝胶电泳模

式一致。口服环丙沙星和使用抗菌香波八周后皮肤病变消失。
总结与临床意义 – 临床研究支持受假单胞菌污染香波和剃毛后疖病存在关联,需要对香波进行卫生管理来帮

助控制该疾病。
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