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Abstract

Methicillin-resistant Staphylococcus aureus (MRSA) is a significant pathogen in both human and veterinary medicine. The
importance of companion animals as reservoirs of human infections is currently unknown. The companion animals of 49
MRSA-infected outpatients (cases) were screened for MRSA carriage, and their bacterial isolates were compared with those
of the infected patients using Pulsed-Field Gel Electrophoresis (PFGE). Rates of MRSA among the companion animals of
MRSA-infected patients were compared to rates of MRSA among companion animals of pet guardians attending a
‘‘veterinary wellness clinic’’ (controls). MRSA was isolated from at least one companion animal in 4/49 (8.2%) households of
MRSA-infected outpatients vs. none of the pets of the 50 uninfected human controls. Using PFGE, patient-pets MRSA
isolates were identical for three pairs and discordant for one pair (suggested MRSA inter-specie transmission p-
value = 0.1175). These results suggest that companion animals of MRSA-infected patients can be culture-positive for MRSA,
representing a potential source of infection or re-infection for humans. Further studies are required to better understand
the epidemiology of MRSA human-animal inter-specie transmission.
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Introduction

The epidemiology of methicillin-resistant Staphylococcus aureus

(MRSA) is dynamic [1,2]. First identified in the 1960s, MRSA was

initially considered a nosocomial pathogen. Beginning in the late 20th

century, a specific clone of MRSA, known as USA300, emerged as a

leading cause of community-acquired infection [3–5]. Recently,

another strain of MRSA, Sequence Type 398 (ST-398), has been

shown to be strongly associated with livestock [6], accounting for up

to 20% of all human cases of MRSA infection in the Netherlands [7].

During this time, a growing number of reports have described

probable transmission of S. aureus and MRSA, in particular,

between humans and companion animals [8–13]. Little is known,

however, about the potential role of companion animals in the

transmission of MRSA to humans. For example our understand-

ing regarding direction of transmission, persistence of colonization,

rate of animal-human transmission, inter-specie transmission risk

factors, animal population or breeds with increased risk to be

carriers of MRSA and the significance of companion animals as

reservoirs for human MRSA infections are all incomplete.

In the current study, we sought to investigate the significance of

pets/companion animals as sources of MRSA infection or re-

infection for human outpatients by evaluating MRSA transmission

between MRSA-infected outpatients and their companion ani-

mals. Our results suggest that this reservoir might be more

significant than currently considered.

Materials and Methods

Ethics Statement
This cross-sectional study was a collaboration between Duke

University School of Medicine and North Carolina State

University College of Veterinary Medicine and was approved by

Institutional Review Boards (CR1_Pro00018484; 1417-10) and

Animal Care and Use Committees ( A-329-09-11; 10-054-B) at

both participating institutions.

Ascertainment of Cases and Control Groups
Between January and May 2010, MRSA-positive patients seen

as outpatients at a large southeastern United States hospital were
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identified. Other inclusion criteria were an age of 18 years or

older, ability to speak in English and residence within a 50 miles

radius from the hospital. The health care providers of the patients

meeting these criteria were contacted by study personnel to obtain

permission to contact the individuals. If the health care provider

consented, patients were contacted by phone to determine if they

had companion animals. If patients lived with companion animals

and consented (in written form) to participate in the study, a

household visit was scheduled to obtain nasal swabs from the

animals to determine their MRSA status. A short questionnaire

was given to the animal guardians on the day of the visit. The goal

of this questionnaire was to identify inter-specie transmission risk

factors. Forty nine patients, 76 dogs, 25 cats and3 hamsters were

included in the study population. Thirteen adult (older than

eighteen) family members (of the 49 human cases) voluntarily

participated in this study, answering the questionnaire and self-

collecting nasal swabs to determine their MRSA status.

Companion animals presenting to a veterinary institution

wellness clinic and their guardians served as a control population.

Animals were voluntarily taken to this clinic mainly for prophylactic

vaccinations, being otherwise generally healthy. The control

population included 50 people and 45 dogs and 30 cats.

We used contingency tables to assess the associations between

case/control status and the exposure/demographic variables.

Counts, percentages and odds ratios were calculated to quantitate

the strengths of these associations and the statistical significance

was determined with Fisher’s exact test. Statistical analysis was

performed with SAS 9.2 (SAS Institute, Cary, NC, USA).

Microbiological identification of MRSA isolates
The clinical human MRSA isolates from the patients were

collected from the Clinical Microbiology Laboratory of the

medical school integrated in this project and stored (280uC) until

required for additional use.

Staphylococcus spp. identification was performed in accordance with

routine laboratory techniques, including typical colony morphology,

gram stain, catalase and coagulase tests. S. aureus and S. pseudintermedius

diagnosis was confirmed by multiplex PCR [14]. Resistance to

oxacillin and cefoxitin was determined using standard disk diffusion

[15]. S. aureus isolates were classified as MRSA if the inhibition zone

was less than or equal to 21 mm for cefoxitin or less than or equal to

10 mm for oxacillin [15]. Oxacillin was used to determine

susceptibility of the S. pseudintermedius isolates. When the inhibition

zone was less than or equal to 17 mm, they were considered resistant.

mecA PCR was performed on the human and animal MRSA

isolates [16].

Genetic relatedness was evaluated by use of pulsed field gel

electrophoresis (PFGE) and spa typing, as previously described [17,18].

Results

A total of 49 MRSA-infected outpatients (cases) and 50

uninfected (human) controls participated in the study. The animal

case population was larger than the control population (total of

107 vs 75 animals) and included more dogs than the animal

control population (76 vs. 45).

Four out of the 49 (8.2%) human cases with culture-confirmed

MRSA infections lived with a companion animal (2 dogs, 1 cat, 1

hamster) from which MRSA was isolated. One of the patients

diagnosed with MRSA lived with a methicillin-resistant Staphylo-

coccus pseudintermedius (MRSP) positive dog.

No MRSA or MRSP was found in the 13 family members of the

MRSA-infected patients that voluntarily participated in this study,

or in the 50 humans or 75 animals of the control population.

Using PFGE, three of the human-animal MRSA pairs were

identical and one was discordant (figure 1). Three of the four

human-animal MRSA isolates pairs were classified as spa type 2

and clonal complex 5 (table 1).

Table 2 presents the results of the univariable analysis (based on

the questionnaire answers) of the variables potentially associated

with MRSA carriage and human-animal transmission. The ones

that were significantly different between cases and controls are

highlighted.

Discussion

Our results provide further evidence into the potential

significance of companion animals as a source of infection and/

or re-infection of humans/outpatients. These findings are

particularly important, as MRSA is the most common identifiable

cause of soft tissue infection in the US [3] and it is estimated that

about 75 million dogs and 88 million cats are owned in the US

[19]. Because companion animals are increasingly seen and

treated as family members by their guardians [20], the opportunity

for transmission between humans and pets is only likely to

increase. Our results are consistent with previous reports. Weese

et al. (2006) studied the transmission of MRSA in veterinary clinics

and in the households, after the identification of a MRSA positive

animal. These authors described 6 cases. MRSA was isolated from

16% (14/88) of household contacts or veterinary personnel and in

all of the 6 cases it was possible to find at least one human isolate

identical to the animal (initial) one [21]. More recently, Faires et al.

evaluated both the rate of MRSA transmission from infected

animals to humans and vice-versa. When the MRSA-infected

animal was initially identified, at least one MRSA-colonized

person was identified in over one-quarter (6/22; 27.3%) of the

study households. By contrast, only one of the 8 (12.5%) study

households of MRSA-infected humans contained a MRSA-

colonized pet [22]. By evaluating about 5 times the number of

MRSA-infected humans as Faires et al. and finding a similar

companion animal MRSA colonization rate (,8%), the current

study externally validates the findings of the previous study. Our

results clearly demonstrate that MRSA transmission between

infected patients and companion animals occurs. Such transmis-

sion between humans and animals has been previously implicated

as potential cause of recurrent MRSA infections [8–13]. Previous

publications have described cases where human MRSA could not

be linked with traditional MRSA sources in the community or

health care facilities [23]. This challenges the accepted epidemi-

ology of MRSA and suggests that there are currently unrecog-

nized/unknown sources of MRSA. Finding 5 out of 8 (62.5%)

MRSA isolates that were not identical to any of the most common

(and previously described by the Centers for Disease Control

(CDC)) Hospital Acquired (HA) or Community Acquired (CA)

MRSA clones seems to reinforce this idea.

Not finding MRSA in any of the humans or animals of the

control population was surprising. Veterinarians have been

described as a professional group with increased risk of carrying

MRSA [7,24]. Different prevalence studies have found very

diverse prevalence values in small/companion animals [25–28].

To our knowledge, prevalence in companion animals has never

been determined in North Carolina, which makes it hard to

evaluate the absence of MRSA in the animal control population.

Our study has limitations. Finding MRSA in both outpatients

and their companion animals is suggestive of inter species

transmission of this agent. However, we can only speculate about

transmission and there is the possibility that both parts became

infected from different sources. Direction of transmission also

MRSA Transmission between Animals and Outpatients
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cannot be determined. Finding 3 concordant human-animal

MRSA pairs is not statistically significant (p = 0.1175) consid-

ering a reasonable significance level and therefore a larger

sample size should be considered in future studies. The most

ideal control population would have been the one formed by

outpatients diagnosed with methicillin sensitive Staphylococcus

aureus (MSSA) living with companion animals, with the same

number of both humans and animals in the study and control

populations (a 1:1 ratio). Using the population of animals and

their guardians that attended a wellness clinic was, therefore, a

convenient, involving less costs and more readily available

choice. We still believe, however, that this gave us an estimate of

the prevalence of MRSA co-existence at the household level in

healthy humans and animals in the general population. The

average time between a MRSA outpatient identification

(control) and sampling/swabbing of its companion animals

was approximately one month, so there is a possibility that some

colonized animals were missed [22].

Other Staphylococcus spp. trans-infection
The primary goal of this project was to study human-animal

MRSA transmission. Increased attention has, at the same time,

been given by the scientific community to other Staphylococcus

species (spp.) inter-specie transmission [29–32]. More recently, a

novel staphylococcus has been identified: Staphylococcus pseudinter-

medius [33]. Since S. pseudintermedius is coagulase positive, the

possibility of misdiagnosis in clinical microbiology laboratories is

possible and has to be taken into consideration [31,34]. Our

finding of a human infected with MRSA living with an MRSP

animal should be investigated in future projects. The exchange of

genetic material between different species of staphylococci has

been repeatedly reported and emphasized [32,35,36] and its

significance for human infections is currently unknown.

Challenges and future research
One of the most challenging aspects of this project was the

enrollment of patients. Of the 557 patients diagnosed with MRSA

during our study at the medical school hospital integrated in this

project, 231 would match our inclusion criteria and only 49 were

enrolled (response rate of approximately 21% (49/231)).Reasons

for this included: difficulty in reaching the health care providers

and patients, the non-existence of companion animals in the

household, residences being outside the 50 mile radius, the

inexistence of financial compensation to the participants, and

patient or medical team declining participation.

Future research should focus on the dynamics of transmission.

Longitudinal studies with multiple samplings of animals and

humans will be critical in addressing questions regarding direction

of transmission and duration of colonization. Obtaining an IRB

permission for the enrollment and sampling of children would be

important, as MRSA is known to be more prevalent in younger

kids [37]. Environmental samples should also be taken at the

household level to identify other potential sources of reinfection.

Staphylococcus diagnostic protocols should be carefully reviewed

to make sure that the recently discovered coagulase positive

staphylococci are included in the differential diagnosis list.

Staphylococci should be characterized at the molecular level with

different techniques (PFGE, multiplex PCR, multi locus sequence

typing, spa typing) to allow a better comparison with different

studies and traceability of the isolates origin.

Figure 1. PFGE comparison of human and animal MRSA pairs.
doi:10.1371/journal.pone.0026978.g001

Table 1. Summary of the classification of the MRSA isolates, using spa typing.

patient : animal pair CDC classification spa typing clonal complex Pair similarity Specific risk factor(s)

patient 533
cat 533

USA 100
USA 100

type 2
type 2

cc 5
cc 5

identical patient was cancer survivor and had been
hospitalized in the previous year; animal was
allowed to move freely in house

patient 547
dog 547

USA 300
not a common CDC-designated
isolate

type 1
type176

cc 8
cc 5

Non identical patient had been hospitalized in the
previous year and animal was allowed to
move freely in the house

patient 598
hamster 598

not a common
CDC-designated isolate
not a common
CDC-designated isolate

type 2
type 2

cc 5
cc 5

identical patient with diabetes, organ transplant, renal
insufficiency and depression that had been
hospitalized in the previous year; animal with
open sores

patient 609
dog 609

not a common
CDC-designated isolate
not a common
CDC-designated isolate

type 2
type 2

cc 5
cc 5

identical patient was a healthcare worker and animal
was allowed to move freely in the house

doi:10.1371/journal.pone.0026978.t001
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Table 2. Univariable analysis (based on the questionnaire answers) of the variables potentially associated with MRSA carriage and
human-animal transmission.

Variable
Cases
(n ; %)

Controls
(n ; %) OR 95% CI

Do you have a FM who is HCW?

Yes 7 (14.28%) 17 (34%)

No 42 (85.71%) 33 (66%) 0.32 [0.12, 0.87]

Do you have a FM who is a veterinarian?

Yes 1 (2.27%) 9 (18%)

No 43 (97.72%) 41 (82%) 0.11 [0.01, 0.87]

Are there children in the household?

Yes 22 (44.9%) 8 (16%)

No 27 (55.1%) 42 (84%) 4.28 [1.67, 10.98]

Has a FM been treated with AB in the past year?

Yes 22 (44.9%) 14 (29.79%)

No 27 (55.1%) 33 (70.21%) 1.92 [0.83, 4.45]

Has a FM been diagnosed with MRSA in the past year?

Yes 8 (16.33%) 1(2.04%)

No 41 (83.67%) 48 (97.96%) 9.37 [1.12, 78.05]

Were you hospitalized in the past year?

Yes 15 (31.25%) 4 (8%)

No 33 (68.75%) 46 (92%) 5.23 [1.59, 17.18]

Have you been diagnosed with a disease or take
medication that affects your immune condition?

Yes 28 (57.14%) 3 (6%)

No 21 (42.86%) 47 (94%) 20.89 [5.71, 76.42]

Are you a HCW?

Yes 8 (16.33%) 3 (6%)

No 41 (83.67%) 47 (94%) 3.06 [0.76, 12.29]

Aware of recent (past month) contact with person or animals MRSA
positive?

Yes 7 (14.29%) 5 (10%)

No 42 (85.71%) 45 (90%) 1.5 [0.44, 5.09]

Were you treated with any AB in the past year?

Yes 38 (77.55%) 18 (36%)

No 11 (22.45%) 32 (64%) 6.14 [2.53, 14.89]

Do any of your animals have current sores?

Yes 7 (14.28%) 6 (12%)

No 42 (85.71%) 44 (88%) 1.22 [0.34, 3.51]

Were any of your animals hospitalized in the past year?

Yes 5 (10.20%) 6 (12%)

No 44 (89.80%) 44 (88%) 0.83 [0.26, 3.25]

Are any of your animals allowed to go outdoors?

Yes 24 (48.98%) 11 (22%)

No 25 (51.02%) 39 (78%) 3.4 [0.71, 4.07]

Are any of your animals allowed to move freely in the house?

Yes 36 (74%) 46 (92%)

No 13 (26%) 4 (8%) 0.24 [0.16, 1.79]

Are any of the animals allowed to lick human faces?

Yes 21 (42.86%) 37 (74%)

No 28 (57.14%) 13 (26%) 0.26 [0.24, 1.31]

Are any of the animals allowed to sleep where humans sleep?

MRSA Transmission between Animals and Outpatients
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Conclusions
Nearly 8% of MRSA outpatients lived with a MRSA pet. When

faced with chronic and or recurrent MRSA cases, physicians

should consider the possibility of household pets as MRSA source.

Patients should be informed of this possibility. Unnecessary close

contact should be avoided and heightened hygiene practices

should be instituted. Sampling/swabbing of all the human and

animals in a household seems appropriate to identify unrecognized

sources and break potential cycles of reinfection especially in cases

involving immunocompromised patients. It is critical that medical

and veterinary institutions partner and collaborate in researching

this topic. The legal/institutional approval that regulates this type

of partnerships should be expedited to encourage them. MRSA

epidemiology is a perfect example of an infectious disease agent

whose control requires a ‘‘One Health’’ approach.

Acknowledgments

The authors would like to acknowledge the Clinical Microbiology

Laboratory staff of Duke medical school that partnered in this project

for their help with the recovery of the human MRSA isolates and

continuous support, availability and collaboration in this project; Lawrence

Park, for his assistance with statistical analysis and Thomas Rude for his

assistance with laboratory analysis involving the human samples.

Author Contributions

Conceived and designed the experiments: JPF KLA MTC LBR VGF.

Performed the experiments: JPF RL. Analyzed the data: JPF KLA MTC

VGF. Contributed reagents/materials/analysis tools: KLA LBR VGF.

Wrote the paper: JPF KLA MTC RL FR LBR VGF.

References

1. Karchmer AW, Bayer AS (2008) Methicillin-resistant Staphylococcus aureus: An
evolving clinical challenge. Clin Infect Dis Jun 1;46 Suppl 5: S342–3.

2. Blanc DS, Petignat C, Wenger A, Kuhn G, Vallet Y, et al. (2007) Changing

molecular epidemiology of methicillin-resistant Staphylococcus aureus in a small
geographic area over an eight-year period. Journal of Clinical Microbiology

45(11): 3729–36.

3. Moran GJ, Krishnadasan A, Gorwitz RJ, Fosheim GE, McDougal LK, et al.

(2006) Methicillin-resistant S. aureus infections among patients in the emergency
department. N Engl J Med Aug 17;355(7): 666–74.

4. King MD, Humphrey BJ, Wang YF, Kourbatova EV, Ray SM (2006)

Emergence of community-acquired methicillin-resistant Staphylococcus aureus

USA 300 clone as the predominant cause of skin and soft-tissue infections.

Ann Intern Med Mar 7;144(5): 309–17.

5. Daum RS (2007) Clinical practice. Skin and soft-tissue infections caused by

methicillin-resistant Staphylococcus aureus. N Engl J Med Jul 26;357(4): 380–90.

6. Smith TC, Pearson N (2011) The emergence of Staphylococcus aureus ST398.
Vector Borne Zoonotic Dis 11(4): 327–39. Epub 2010 Oct 6.

7. van Loo I, Huijsdens X, Tiemersma E, de Neeling A, van de Sande-Bruinsma N

(2007) Emergence of methicillin-resistant Staphylococcus aureus of animal origin in

humans. Emerg Infect Dis Dec;13(12): 1834–9.

8. Scott GM, Thomson R, Malone-Lee J, Ridgway GL (1988) Cross-infection
between animals and man: Possible feline transmission of Staphylococcus aureus

infection in humans? J Hosp Infect Jul;12(1): 29–34.

9. Cefai C, Ashurst S, Owens C (1994) Human carriage of methicillin-resistant
Staphylococcus aureus linked with pet dog. Lancet Aug 20;344(8921): 539–40.

10. Manian FA (2003) Asymptomatic nasal carriage of mupirocin-resistant,

methicillin-resistant Staphylococcus aureus (MRSA) in a pet dog associated with

MRSA infection in household contacts. Clin Infect Dis Jan 15;36(2): e26–8.

11. van Duijkeren E, Wolfhagen MJ, Box AT, Heck ME, Wannet WJ, et al. (2004)
Human-to-dog transmission of methicillin-resistant Staphylococcus aureus. Emerg

Infect Dis Dec;10(12): 2235–7.

12. van Duijkeren E, Wolfhagen MJ, Heck ME, Wannet WJ (2005) Transmission of
a panton-valentine leucocidin-positive, methicillin-resistant Staphylococcus aureus

strain between humans and a dog. J Clin Microbiol Dec;43(12): 6209–11.

13. Baptiste KE, Williams K, Willams NJ, Wattret A, Clegg PD (2005) Methicillin-

resistant staphylococci in companion animals. Emerg Infect Dis Dec;11(12):
1942–4.

14. Sasaki T, Tsubakishita S, Tanaka Y, Sakusabe A, Ohtsuka M (2010) Multiplex-

PCR method for species identification of coagulase-positive staphylococci. J Clin

Microbiol 48(3): 765–9.

15. Wayne PA (2008) Clinical and Laboratory Standards Institute. Performance

standards for antimicrobial susceptibility testing: Twentieth informational

supplement.

16. Lee JH (2006) Occurrence of methicillin-resistant Staphylococcus aureus strains

from cattle and chicken, and analyses of their mecA, mecR1 and mecI genes. Vet

Microbiol Apr 16;114(1–2): 155–9.

17. Centers for Disease Control and Prevention (C.D.C.), Department of Health

and Human Services, Washington, DC (2001) Oxacillin-resistant Staphylococcus

aureus on PulseNet (OPN): Laboratory protocol for molecular typing of S. aureus

by pulsed field gel electrophoresis (PFGE).

18. Mathema B, Mediavilla J, Kreiswirth BN (2008) Sequence analysis of the

variable number tandem repeat in Staphylococcus aureus protein A gene: Spa

typing. Methods Mol Biol 431: 285–305.

19. Oehler R, Velez A, Mizrachi M, Lamarche J, Gompf S (2009) Bite-related and

septic syndromes caused by cats and dogs. The Lancet Infectious Diseases 9(7):

439.

20. Guardabassi L, Schwarz S, Lloyd DH (2004) Pet animals as reservoirs of

antimicrobial-resistant bacteria. J Antimicrob Chemother Aug 54(2): 321–32.

21. Weese JS, Dick H, Willey BM, McGeer A, Kreiswirth BN, et al. (2006)

Suspected transmission of methicillin-resistant Staphylococcus aureus between

domestic pets and humans in veterinary clinics and in the household. Vet

Microbiol Jun 15;115(1–3): 148–55.

22. Faires M, Tater K, Weese JS (2009) An investigation of methicillin-resistant

Staphylococcus aureus colonization in people and pets in the same household with

an infected person or infected pet. J Am Vet Med Assoc 235(5): 540.

23. Silbergeld EK, Davis M, Leibler JH, Peterson AE (2008) One reservoir:

Redefining the community origins of antimicrobial-resistant infections. Med

Clin North Am Nov;92(6): 1391,40.

24. Hanselman BA, Kruth SA, Rousseau J, Low DE, Willey BM (2006) Methicillin-

resistant Staphylococcus aureus colonization in veterinary personnel. Emerg Infect

Dis Dec;12(12): 1933–8.

25. Loeffler A, Pfeiffer DU, Lindsay JA, Magalhaes RJ, Lloyd DH (2010) Prevalence

of and risk factors for MRSA carriage in companion animals: A survey of dogs,

cats and horses. Epidemiol Infect Oct 14: 1–10.

26. Boost MV, O’Donoghue MM, James A (2008) Prevalence of Staphylococcus aureus

carriage among dogs and their owners. Epidemiol Infect Jul;136(7): 953–64.

27. Loeffler A, Boag AK, Sung J, Lindsay JA, Guardabassi L (2005) Prevalence of

methicillin-resistant Staphylococcus aureus among staff and pets in a small animal

referral hospital in the UK. J Antimicrob Chemother Oct;56(4): 692–7.

Variable
Cases
(n ; %)

Controls
(n ; %) OR 95% CI

Yes 31 (63.27%) 37 (74%)

No 18 (36.73%) 13 (26%) 0.61 [0.34, 1.90]

Do you have contact with your animals everyday?

Yes 42 (85.71%) 45 (88.89%)

No 7 (14.29%) 5 (11.11%) 1.5 [0.35, 4.05]

The ones that were significantly different between cases and controls are highlighted. ‘‘Don’t know’’ or ‘‘missing’’ answers were excluded from the analysis. Legend:
FM = family member; HCW = health care worker; AB = antibiotic.
doi:10.1371/journal.pone.0026978.t002

Table 2. Cont.

MRSA Transmission between Animals and Outpatients

PLoS ONE | www.plosone.org 5 November 2011 | Volume 6 | Issue 11 | e26978



28. Lilenbaum W, Nunes EL, Azeredo MA (1998) Prevalence and antimicrobial

susceptibility of staphylococci isolated from the skin surface of clinically normal

cats. Lett Appl Microbiol Oct;27(4): 224–8.

29. van Duijkeren E, Kamphuis M, van der Mije IC, Laarhoven LM, Duim B

(2011) Transmission of methicillin-resistant Staphylococcus pseudintermedius between

infected dogs and cats and contact pets, humans and the environment in

households and veterinary clinics. Vet Microbiol 150(3–4): 338–43.

30. Van Hoovels L, Vankeerberghen A, Boel A, Van Vaerenbergh K, De

Beenhouwer H (2006) First case of Staphylococcus pseudintermedius infection in a

human. J Clin Microbiol 44(12): 4609–12.

31. Chuang C, Yang Y, Hsueh P, Lee P (2010) Catheter-related bacteremia caused

by Staphylococcus pseudintermedius refractory to antibiotic-lock therapy in a

hemophilic child with dog exposure. J Clin Microbiol 48(4): 1497–8.

32. Frank L, Kania S, Kirzeder E, Eberlein L, Bemis D (2009) Risk of colonization

or gene transfer to owners of dogs with meticillin-resistant Staphylococcus

pseudintermedius. Vet Dermatol 20(5–6): 496.

33. Devriese LA, Vancanneyt M, Baele M, Vaneechoutte M, De Graef E (2005)

Staphylococcus pseudintermedius sp. nov., a coagulase-positive species from animals.
Int J Syst Evol Microbiol Jul;55(Pt 4): 1569–73.

34. van Duijkeren E, Houwers DJ, Schoormans A, Broekhuizen-Stins MJ, Ikawaty R
(2008) Transmission of methicillin-resistant Staphylococcus intermedius between

humans and animals. Vet Microbiol Apr 1;128(1–2): 213–5.

35. Leonard FC, Markey BK (2008) Methicillin-resistant Staphylococcus aureus in
animals: A review. Vet J Jan;175(1): 27–36.

36. Lloyd DH (2007) Reservoirs of antimicrobial resistance in pet animals. Clin
Infect Dis Sep 1;45 Suppl 2: S148–52.

37. Sanders RC, Jr., Diokno RM, Romero J (2011) MRSA infections in children.
J Ark Med Soc 107(13): 288–90.

MRSA Transmission between Animals and Outpatients

PLoS ONE | www.plosone.org 6 November 2011 | Volume 6 | Issue 11 | e26978


