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Methicillin-resistant Staphylococcus aureus (MRSA)
was isolated from nares of 27/417 (6.5%) attendees at an
international veterinary conference: 23/345 (7.0%) veterinarians, 4/34 (12.0%) technicians, and 0/38 others.
Colonization was more common for large-animal (15/96,
15.6%) than small-animal personnel (12/271, 4.4%) or
those with no animal patient contact (0/50) (p<0.001).
Large-animal practice was the only variable significantly
associated with colonization (odds ratio 2.9; 95% confidence interval 1.2–6.6). Pulsed-field gel electrophoresis
identified 2 predominant clones with similar distribution
among veterinarians as previously reported for horses and
companion animals. Canadian epidemic MRSA-2
(CMRSA) was isolated from 11 small-animal and 2 largeanimal personnel from the United States (n = 12) and
Germany (n = 1). In contrast, CMRSA-5 was isolated exclusively from large-animal personnel (p<0.001) in the United
States (n = 10), United Kingdom (n = 2), and Denmark (n =
1). MRSA colonization may be an occupational risk for veterinary professionals.

ethicillin-resistant Staphylococcus aureus (MRSA)
is a problematic pathogen in human medicine and
appears to be an emerging problem in veterinary medicine.
Historically, hospital-associated MRSA infections have
predominated in humans and contributed to significant illness and death (1–4). Recently, a shift in the epidemiology
of MRSA infection has been documented, whereby community-associated (CA)-MRSA infections have become
more common (5–9). CA-MRSA may arise from hospitalorigin clones that are carried into the community and then
transmitted between persons or from de novo development
of resistance through acquisition of resistance factors
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(mecA) by methicillin-sensitive strains of S. aureus (10).
Asymptomatic colonization with MRSA represents a
major risk factor for infection or for transmission among
persons within hospitals or the community (11).
While CA-MRSA infections are becoming more widely reported, the prevalence of MRSA carriage overall
remains low in healthy persons in the community
(6,12–14). Reported prevalence of MRSA colonization in
the community has been variable; the study population has
a major effect on MRSA carriage rates. In the absence of
recognized risk factors, the prevalence of colonization
tends to be low. In a 2003 study, Salgado et al. identified
MRSA colonization in 1.3% of persons overall but in only
0.2% of persons with no identified healthcare-associated
risk factors (12). A study from Switzerland reported
MRSA colonization in 0.09% of persons at the time of hospital admission (6). The prevalence of MRSA carriage was
0.3% in a 2005 study that Nulens et al. conducted at a
European conference for physicians and others involved in
clinical microbiology and infectious disease (15).
MRSA infection and colonization have been reported in
horses, dogs, cats, birds, and cattle (16–19). Transmission
of MRSA between animals and humans has been reported
(20–23) as have human MRSA infections from animal
contact (16,21,24). Recent studies have identified high colonization rates in humans who have close contact with animals. MRSA colonization of persons who work with
horses in Canada and the United States was 13% (14/107);
on every farm where MRSA was identified in a horse, at
least 1 person was colonized (25). In another study, 10
(9.7%) of 103 tested veterinary hospital personnel in a
large-animal clinic were colonized with MRSA, and clinical skin infections were reported in 3 (26). Isolates from
horses and humans in each of these studies were indistinguishable by pulsed-field gel electrophoresis (PFGE) and
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were typed as Canadian epidemic MRSA (CMRSA)-5
(ST8:MRSA:SCCmecIV, also known as USA500), which
suggests transmission between horses and humans (27). A
study at a small-animal referral hospital in the United
Kingdom reported MRSA colonization in 17.9% of veterinary personnel. Investigation of clinical infection in 5 dogs
and 3 cats found colonization in 14 (16%) of 88 household
contacts or veterinary personnel (28). In all of the above
reports, a screening bias for MRSA colonization may have
been present if an outbreak had been ongoing in the population. Whether these results would accurately reflect the
prevalence of MRSA in the general veterinary population,
and therefore the occupational risk of MRSA exposure for
veterinarians, is unclear. Our objective was to determine
the prevalence of MRSA colonization in veterinary personnel attending an international veterinary conference
and to characterize recovered MRSA isolates.
Materials and Methods
Study Population

This study was performed at the annual American
College of Veterinary Internal Medicine Forum held in
Baltimore, Maryland, USA, June 3–5, 2005. The conference was attended by 3,240 persons: 2,744 practicing veterinarians, 354 technicians, and 142 other veterinary
personnel involved in industry or research. Most (86%)
attendees were from the United States; however, 43 other
countries were represented. An information and sampling
booth attended by the investigators was used to enroll adult
volunteers; all attendees were eligible. This study was
approved by the University of Guelph Research Ethics
Board.
Sample Collection

Participants provided a single nasal swab sample each,
which they collected themselves according to instructions
to insert a cotton-tipped swab ≈1 cm into each nostril. The
swabs were placed in liquid Stuart medium and maintained
at 4°C until processing.
Participants completed a brief questionnaire designed
to identify potential risk factors for MRSA colonization:
nationality, occupational position, type of clinical practice,
veterinary patient contact, known exposure to MRSA in
veterinary practice, previous hospitalization (within 30
days), previous MRSA infection, and residence with a
healthcare worker. Practice types were small-animal (primarily dogs and cats), large-animal (primarily horses but
also ruminants), and mixed (combination of large and
small animals). We defined CA-MRSA colonization as
MRSA isolation from a person with no history of healthcare-associated risk factors.
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MRSA Identification, Characterization, and Typing

Swabs were placed into 2 mL of enrichment broth consisting of 10 g/L Tryptone T (Oxoid Inc., Nepean, Ontario,
Canada), 75 g/L sodium chloride, 10 g/L mannitol, and 2.5
g/L yeast extract and incubated for 24 h at 35°C.
Approximately 100 µL of broth was spread onto mannitolsalt agar with 10 g/L cefoxitin and incubated at 35°C for
48 h. Isolates were identified as S. aureus on the basis of
colony morphologic features, gram-positive stain, catalase-positive reaction, positive tube coagulase test result,
and positive latex agglutination test result (Pastorex Staph
Plus, Bio-Rad Laboratories Ltd, Mississauga, Ontario,
Canada). Methicillin-resistance was confirmed by demonstration of penicillin binding protein 2a with a latex agglutination antibody screening kit (Denka Seinken Co. Ltd,
Tokyo, Japan). Antimicrobial susceptibility was performed
by Kirby-Bauer disk diffusion according to the Clinical
Laboratory Standards Institute (CLSI) guidelines (29);
mupirocin MIC was determined by using E-Test gradient
strips (AB Biodisk, Solna, Sweden). MRSA isolates were
typed by SmaI PFGE and categorized as different
CMRSA types as described previously (8). Real-time PCR
was used to detect the lukF and lukS components of the
Panton-Valentine leukocidin (PVL) gene previously
described (30).
Statistical Analysis

Categorical comparisons were performed using χ2
analysis or Fisher exact test. A p value <0.05 was considered significant for all comparisons. Risk factors for
MRSA colonization were evaluated by using stepwise forward logistic regression. Variables achieving a liberal significance level of p<0.20 in the univariate analyses were
considered for inclusion in the multivariate model. The
presence of confounding was evaluated by noting the
effect of elimination on the coefficients of the remaining
variables. Variables achieving p<0.05 in the final model
were considered significant, and odds ratios (ORs) with
95% confidence intervals (CIs) were calculated.
Results
Nasal swabs were provided by 417 attendees from 19
countries. MRSA was isolated from the nasal cavities of 27
(6.5%) of 417 persons: 15 (15.6%) of 96 in large-animal
practice, 12 (4.4%) of 271 in small-animal practice, and 0
of 50 in industry or research (p<0.001) (Table 1). The
prevalence of colonization was higher in men (13/139,
9.4%) than in women (14/265, 5.3%); however, this difference was not statistically significant (p = 0.09).
Colonized persons were from the United States (n =
23), United Kingdom (n = 2), Denmark (n = 1), and
Germany (n = 1). Difference in the prevalence of colonization between countries was not significant (p = 0.18).
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Colonization rates in persons from the United States,
Canada, and the United Kingdom—the 3 countries with
the highest representation—were 6.0%, 0%, and 17%,
respectively (p = 0.11). According to stepwise forward
logistic regression, employment in a large-animal practice
was the only variable independently associated with
MRSA colonization (OR 2.9; 95% CI 1.2–6.6).
Characterization of MRSA isolates, using PFGE, identified 2 predominant clones: CMRSA-5 (ST8-MRSA-IV,
similar to USA500) and CMRSA-2 (ST5-MRSA-II, similar to USA100) (8,31). CMRSA-5 was isolated from 13
(48%) of 27 colonized persons, all of whom were in largeanimal practice. These persons were from the United
States (n = 10), United Kingdom (n = 2), and Denmark (n
= 1). CMRSA-2 was isolated from 13 (48%) of 27 colonized persons: 11 in small-animal practice and 2 in largeanimal practice from the United States (n = 12) and
Germany (n = 1). One other isolate, possibly related to
CMRSA-2, was recovered from a US veterinarian in
small-animal practice. Overall, CMRSA-5 was more commonly isolated from persons in large- than in small-animal
practice (p<0.001). A cluster of 5 colonized persons was
identified from a US school of veterinary medicine, where

4 persons who worked with large animals were colonized
with CMRSA-5, and 1 veterinarian who worked with
small animals was colonized with CMRSA-2. No isolates
were identified as carrying the lukF or lukS genes. All isolates were susceptible to vancomycin; other antimicrobial
drug susceptibility results are shown in Table 2.
Discussion
This study represents the most comprehensive evaluation to date of MRSA colonization in veterinary personnel.
Although a control group was not included, the prevalence
in veterinary personnel (6.5%) was higher than previously
reported rates for community-based colonization
(6,12–14,32). When compared with results from a similar
study in which only 0.3% of medical professionals at a
conference were colonized (15), our results suggest an
increased risk for veterinary professionals. However, geographic location and culture methods may have affected
the differences in study results, and further investigation is
required to more accurately define the occupational risk.
The PFGE type distribution provides support that
MRSA is being transmitted between animals and humans.
A significant difference was identified between clones
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recovered from those who worked with large animals
(CMRSA-5) and those who worked with small animals
(CMRSA-2). If these results merely represented the background level of CA-MRSA colonization in the general
population, this difference would not be expected. In addition, CMRSA-5 has not been commonly identified in persons in the community, at least not in Canada (8,33),
although it has accounted for most of the reported cases of
MRSA infection or colonization in horses (16,24,27).
These findings, along with the identification of CMRSA-5
in large-animal veterinarians from the United States,
United Kingdom, and Denmark, provide further evidence
that CMRSA-5 is widely disseminated in the horse population and may be transmitted between horses and humans.
The CMRSA-5 isolate from the Danish veterinarian was
further classified as sequence type 8 and Ridom spa type
t064, which has been identified in humans in Denmark,
Norway, Germany, Belgium, and Sweden (R. Skov, pers.
comm.). CMRSA-5 predominance in large-animal veterinarians may infer an occupational health concern for veterinary professionals who have contact with equine
patients. Furthermore, this study’s finding of large-animal
practice as the only variable associated with colonization
and the striking prevalence of MRSA colonization in persons who work with large animals (15.6%) also support an
occupational risk for MRSA exposure in large-animal
practice. Because zoonotic infections have been associated
with exposure to CMRSA-5 (26), further evaluation of
interspecies transmission within large-animal veterinary
practices by routine screening of patients and personnel,
along with implementation of infection control practices,
may be warranted.
Identification of CMRSA-2 primarily in small-animal
veterinarians was consistent with previous reports that
MRSA isolates from dogs and cats reflect the predominant
human strains in the community (17,22). In Canada,
CMRSA-2 is a hospital-origin clone that has emerged in the
community as a major cause of CA-MRSA infections in
people (33,34). The lower prevalence of colonization in
persons who work with small animals and the predominance of a common community clone make it more difficult to implicate animal contact as the source of MRSA.
However, because colonization in persons who work with
small animals was higher than community prevalence rates
1936

and because MRSA transmission from household pets to
humans has been reported (20,21), dogs and cats must be
considered as possible sources of MRSA. A comprehensive
evaluation of MRSA colonization in small animals and risk
factors for interspecies transmission are required to determine the true occupational risk for MRSA colonization and
infection in small-animal veterinary personnel (17,18).
Although CA-MRSA isolates that express the PVL
genes are frequently a cause of severe skin and soft tissue
infections in the community (8,9,35–37), this virulence
factor was not identified in isolates from veterinary personnel. These results are similar to those of previous studies in which MRSA isolates from veterinary species or
personnel have been negative for PVL genes
(24,26,28,38). However, considering the recent dissemination of the PVL-positive USA300 clone throughout North
America and that MRSA isolates in dogs and cats often
reflect the predominant community clones, PVL-positive
clones may emerge in small animals (36). Further monitoring of the dynamic epidemiology of CA-MRSA is required
to determine whether animals will have any role in dissemination of this clone.
Previous contact with MRSA in a colonized or infected
animal was reported by 6.9% of colonized persons but was
not significantly associated with MRSA colonization in
veterinary personnel. The number of personnel reporting
previous contact with an infected animal was low, thereby
limiting the ability of this study to identify an association.
Intuitively, one would assume that contact with MRSAinfected animals in veterinary practice would represent a
high-risk situation; further investigation is required to
more accurately determine this risk.
This study has several limitations. First, the sample
used was a convenience sample of attendees at the Forum,
which allows potential sample bias. Second, a greater proportion of veterinary personnel sampled were in specialty
practice, leading to results that, because of different patient
populations, may not apply to general practitioners. Third,
because this was a cross-sectional study, causality between
risk factors and colonization could not be determined; only
an association between variables and colonization could be
implied. The small sample size from several countries also
limited the statistical power to identify an association in
these populations. Lastly, because attendees collected their

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 12, No. 12, December 2006

MRSA Colonization, Veterinarians

own nasal swabs, sampling variation may have led to
underestimation of the prevalence of colonization. The
variable sensitivity (75%–93%) of using nasal swab
screening alone (39) could also have led to false-negative
results. Ideally, a randomized sample of general and specialty practitioners would be performed using >1 sampling
site to further characterize the prevalence of MRSA colonization in veterinary personnel.
As MRSA expands into the community, changes in its
epidemiology are inevitable. The lives of humans and animals, and their microflora, are closely intertwined. MRSA
is now a pathogen of domestic animals that can be transmitted between animals and humans. Accordingly, further
scrutiny of the roles of animals in MRSA infection and colonization is required. While occupational and recreational
exposure to horses may be a risk factor for MRSA colonization, the effect of routine contact with household pets
on the global epidemiology of MRSA is still unknown.
Acknowledgments
Gabrielle Monteith assisted with statistical analysis. We are
grateful for assistance and facilities provided by the American
College of Veterinary Internal Medicine for enrollment of attendees at their 2005 Forum.
This project was funded by the Ontario Veterinary College
Pet Trust Fund.
Dr Hanselman is a small-animal internal medicine resident
and doctor of veterinary science graduate student at the Ontario
Veterinary College, University of Guelph. Her research interest is
methicillin-resistant Staphylococcus aureus in small-animal
medicine.
References
1. Kuehnert MJ, Hill HA, Kupronis BA, Tokars JI, Solomon SL,
Jernigan DB. Methicillin-resistant Staphylococcus aureus hospitalizations, United States. Emerg Infect Dis. 2005;11:868–72.
2. Osawa K, Baba C, Ishimoto T, Chida T, Okamura N, Miyake S, et al.
Significance of methicillin-resistant Staphylococcus aureus (MRSA)
survey in a university teaching hospital. J Infect Chemother.
2003;9:172–7.
3. Marshall C, Kossmann T, Wesselingh S, Spelman D. Methicillinresistant Staphylococcus aureus and beyond: what’s new in the world
of the golden staph? ANZ J Surg. 2004;74:465–9.
4. Tiemersma EW, Bronzwaer SL, Lyytikainen O, Degener JE,
Schrijnemakers P, Bruinsma N, et al. Methicillin-resistant
Staphylococcus aureus in Europe, 1999–2002. Emerg Infect Dis.
2004;10:1627–34.
5. Faria NA, Oliveira DC, Westh H, Monnet DL, Larsen AR, Skov R, et
al. Epidemiology of emerging methicillin-resistant Staphylococcus
aureus (MRSA) in Denmark: a nationwide study in a country with
low prevalence of MRSA infection. J Clin Microbiol.
2005;43:1836–42.
6. Harbarth S, Francois P, Shrenzel J, Fankhauser-Rodriguez C,
Hugonnet S, Koessler T, et al. Community-associated methicillinresistant Staphylococcus aureus, Switzerland. Emerg Infect Dis.
2005;11:962–5.

7. Ochoa TJ, Mohr J, Wanger A, Murphy JR, Heresi GP. Communityassociated methicillin-resistant Staphylococcus aureus in pediatric
patients. Emerg Infect Dis. 2005;11:966–8.
8. Mulvey MR, MacDougall L, Cholin B, Horsman G, Fidyk M, Woods
S. Community-associated methicillin-resistant Staphylococcus
aureus, Canada. Emerg Infect Dis. 2005;11:844–50.
9. Zetola N, Francis JS, Nuermberger EL, Bishai WR. Communityacquired methicillin-resistant Staphylococcus aureus: an emerging
threat. Lancet Infect Dis. 2005;5:275–86.
10. Styers D, Sheehan DJ, Hogan P, Sahm DF. Laboratory-based surveillance of current antimicrobial resistance patterns and trends among
Staphylococcus aureus: 2005 status in the United States. Ann Clin
Microbiol Antimicrob. 2006;5:2.
11. Marshall C, Wesselingh S, McDonald M, Spelman D. Control of
endemic MRSA-what is the evidence? A personal view. J Hosp
Infect. 2004;56:253–68.
12. Salgado CD, Farr BM, Calfee DP. Community-acquired methicillinresistant Staphylococcus aureus: a meta-analysis of prevalence and
risk factors. Clin Infect Dis. 2003;36:131–9.
13. Sa-Leao R, Sanches IS, Couto I, Alves CR, de Lencastre H. Low
prevalence of methicillin-resistant strains among Staphylococcus
aureus colonizing young and healthy members of the community in
Portugal. Microb Drug Resist. 2001;7:237–45.
14. Abudu L, Blair I, Fraise A, Cheng KK. Methicillin-resistant
Staphylococcus aureus (MRSA): a community-based prevalence survey. Epidemiol Infect. 2001;126:351–6.
15. Nulens E, Gould I, MacKenzie F, Deplano A, Cookson B, Alp E, et
al. Staphylococcus aureus carriage among participants at the 13th
European Congress of Clinical Microbiology and Infectious
Diseases. Eur J Clin Microbiol Infect Dis. 2005;24:145–8.
16. Weese JS. Methicillin-resistant Staphylococcus aureus in horses and
horse personnel. Vet Clin North Am Equine Pract. 2004;20:601–13.
17. Duquette RA, Nuttall TJ. Methicillin-resistant Staphylococcus aureus
in dogs and cats: an emerging problem? J Small Anim Pract.
2004;45:591–7.
18. Weese JS. Methicillin-resistant Staphylococcus aureus: an emerging
pathogen in small animals. J Am Anim Hosp Assoc. 2005;41:150–7.
19. Lee JH. Methicillin (oxacillin)-resistant Staphylococcus aureus
strains isolated from major food animals and their potential transmission to humans. Appl Environ Microbiol. 2003;69:6489–94.
20. Simoons-Smit AM, Savelkoul PH, Stoof J, Starink TM,
Vandenbroucke-Grauls CM. Transmission of Staphylococcus aureus
between humans and domestic animals in a household. Eur J Clin
Microbiol Infect Dis. 2000;19:150–2.
21. Manian FA. 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. 2003;36:e26–8.
22. O’Mahony R, Abbott Y, Leonard FC, Markey BK, Quinn PJ, Pollock
PJ, et al. Methicillin-resistant Staphylococcus aureus (MRSA) isolated from animals and veterinary personnel in Ireland. Vet Microbiol.
2005;109:285–96.
23. van Duijkeren E, Wolfhagen MJ, Box AT, Heck ME, Wannet WJ,
Fluit AC. Human-to-dog transmission of methicillin-resistant
Staphylococcus aureus. Emerg Infect Dis. 2004;10:2235–7.
24. Weese JS, Archambault M, Willey BM, Hearn P, Kreiswirth BN,
Said-Salim B, et al. Methicillin-resistant Staphylococcus aureus in
horses and horse personnel, 2000–2002. Emerg Infect Dis.
2005;11:430–5.
25. Weese JS, Rousseau J, Willey BM, Archambault M, McGeer A, Low
DE. Methicillin-resistant Staphylococcus aureus in horses at a veterinary teaching hospital: frequency, characterization, and association
with clinical disease. J Vet Intern Med. 2006;20:182–6.

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 12, No. 12, December 2006

1937

RESEARCH

26. Weese JS, Caldwell F, Willey BM, Kreiswirth BN, McGeer A,
Rousseau J, et al. An outbreak of methicillin-resistant Staphylococcus
aureus skin infections resulting from horse to human transmission in
a veterinary hospital. Vet Microbiol. 2006;114:160–4.
27. Weese JS, Rousseau J, Traub-Dargatz JL, Willey BM, McGeer AJ,
Low DE. Community-associated methicillin-resistant Staphylococcus
aureus in horses and humans who work with horses. J Am Vet Med
Assoc. 2005;226:580–3.
28. Weese JS, Dick H, Willey BM, McGeer A, Kreiswirth BN, Innis B,
et al. Suspected transmission of methicillin-resistant Staphylococcus
aureus between domestic pets and humans in veterinary clinics and in
the household. Vet Microbiol. 2006;115:148–55.
29. National Committee for Clinical Laboratory Standards. Methods for
dilution antimicrobial susceptibility tests for bacteria that grow aerobically. Wayne (PA): The Committee; 2000.
30. Rankin S, Roberts S, O’Shea K, Maloney D, Lorenzo M, Benson CE.
Panton-Valentine leukocidin (PVL) toxin positive MRSA strains isolated from companion animals. Vet Microbiol. 2005;108:145–8.
31. Simor AE, Ofner-Agostini M, Gravel D, Varia M, Paton S, McGeer
A. Surveillance for methicillin-resistant Staphylococcus aureus in
Canadian hospitals–a report update from the Canadian Nosocomial
Infection Surveillance Program. Can Commun Dis Rep.
2005;31:33–40.
32. Leman R, Alvarado-Ramy F, Pocock S, Barg N, Kellum M,
McAllister S, et al. Nasal carriage of methicillin-resistant
Staphylococcus aureus in an American Indian population. Infect
Control Hosp Epidemiol. 2004;25:121–5.
33. Simor AE, Ofner-Agostini M, Bryce E, McGeer A, Paton S, Mulvey
MR. Laboratory characterization of methicillin-resistant
Staphylococcus aureus in Canadian hospitals: results of 5 years of

national surveillance, 1995–1999. J Infect Dis. 2002;186:652–60.
34. Simor AE, Ofner-Agostini M, Paton S, McGeer A, Loeb M, Bryce E,
et al. Clinical and epidemiologic features of methicillin-resistant
Staphylococcus aureus in elderly hospitalized patients. Infect Control
Hosp Epidemiol. 2005;26:838–41.
35. Kourbatova EV, Halvosa JS, King MD, Ray SM, White N, Blumberg
HM. Emergence of community-associated methicillin-resistant
Staphylococcus aureus USA 300 clone as a cause of health care-associated infections among patients with prosthetic joint infections. Am
J Infect Control. 2005;33:385–91.
36. King MD, Humphrey BJ, Wang YF, Kourbatova EV, Ray SM,
Blumberg HM. Emergence of community-acquired methicillin-resistant Staphylococcus aureus USA 300 clone as the predominant cause
of skin and soft-tissue infections. Ann Intern Med. 2006;144:309–17.
37. Johnson LB, Saeed S, Pawlak J, Manzor O, Saravolatz LD. Clinical
and laboratory features of community-associated methicillin-resistant
Staphylococcus aureus: is it really new? Infect Control Hosp
Epidemiol. 2006;27:133–8.
38. Baptiste KE, Williams K, Willams NJ, Wattret A, Clegg PD, Dawson
S, et al. Methicillin-resistant staphylococci in companion animals.
Emerg Infect Dis. 2005;11:1942–4.
39. Eveillard M, Martin Y, Hidri N, Boussougant Y, Joly-Guillou ML.
Carriage of methicillin-resistant Staphylococcus aureus among hospital employees: prevalence, duration, and transmission to households.
Infect Control Hosp Epidemiol. 2004;25:114–20.
Address for correspondence: Beth A. Hanselman, Department of Clinical
Studies, Ontario Veterinary College, University of Guelph, Guelph,
Ontario N1G 2W1, Canada; email: bhansel@uoguelph.ca

Search
past issues

1938

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 12, No. 12, December 2006

