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Outbreak of Clostridium difficile–Associated Disease in a Small
Animal Veterinary Teaching Hospital

J.S. Weese and J. Armstrong

An apparent outbreak of enteric disease occurred in dogs and cats at a veterinary teaching hospital. Clostridium difficile Toxin A
or B or both were identified in 1 or more fecal samples from 48 of 93 (52%) dogs over a 5-month period, 30 of which were
identified in the 1st 26 days, after which strict infection control measures, including closure to elective cases, were implemented.
Affected animals included in-patients, out-patients that were housed temporarily in the wards, and resident blood donor dogs.
Infection control measures, including partial depopulation, isolation, hospital and yard cleaning, and barrier precautions, were
instituted, after which, the incidence of nosocomial diarrhea decreased from 19 cases per 1,000 admissions to 2.5 cases per 1,000
admissions (P , 0.001).
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Clostridium difficile is a gram-positive anaerobic bacte-
rium that has been implicated as a cause of enteric

disease in humans and animals, including horses, dogs, cats,
and laboratory animals.4,6,9,16–18,21 C difficile–associated dis-
ease (CDAD) occurs as a result of intestinal colonization
and toxin production by toxigenic strains of C difficile.
Strains of C difficile can produce a number of toxins, but
the enterotoxin designated Toxin A and the cytotoxin des-
ignated Toxin B are the best understood. CDAD is diag-
nosed on detection of these 2 toxins in feces.10 Not all
strains of C difficile produce toxins, and a small percentage
of normal humans and animals can carry toxigenic strains
without production of toxins and development of dis-
ease.10,16 Therefore, bacterial culture is not adequate for the
diagnosis of CDAD, but it can be useful for epidemiologic
purposes.

Outbreaks of CDAD are of concern in human hospitals
and chronic care facilities.3,20,21 The role of C difficile in
nosocomial disease in veterinary hospitals is less well un-
derstood. An outbreak of CDAD involving 9 horses at a
veterinary teaching hospital has been reported,11 but out-
breaks of CDAD in dogs have not. This study describes
investigation of an outbreak of enteric disease in the On-
tario Veterinary College Small Animal Clinic (OVC-SAC).

Materials and Methods
Veterinary Hospital

The OVC-SAC is a tertiary care referral center with approximately
9,000 canine admissions annually. Dogs are housed in 6 wards and an
intensive care unit. Additionally, a colony of approximately 12 blood
donor dogs is kept in a separate ward within the hospital. Ambulatory
dogs are walked in an outdoor, fenced, grass-covered area that is con-
nected to the hospital. Resident blood donor dogs are walked in an
adjacent area. There is a common, gravel-covered entrance to these 2
areas.
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Occasionally, diarrhea develops in hospitalized animals and resident
dogs. An anecdotal increase in the frequency of diarrhea in resident
dogs, followed by hospitalized dogs, was identified in April 2002,
prompting an investigation.

Case Definition

Diarrhea was identified in client dogs and resident dogs by clini-
cians, technicians, kennel staff, or, in the case of animals that had been
discharged, by owners or referring veterinarians. Cases were consid-
ered potentially nosocomial if they developed diarrhea between 48
hours after admission to the hospital and 14 days after discharge.

Diagnostic Testing

All fecal samples were tested for the presence of C difficile Toxin
A and B with a commercial enzyme-linked immunosorbent assay
(ELISA).a Selective culture for C difficile was performed with both
cycloserine-cefoxitin fructose agar (CCFA) and CCFA with 0.1% tau-
rocholate. Other testing was performed at the discretion of the attend-
ing clinician and included CBC, serum biochemistry, abdominal ra-
diography, abdominal ultrasonography, fecal flotation and saline wet
mount, Giardia antigen ELISA,b C perfringens enterotoxin (CPE) de-
tection,c and selective culture for Salmonella, Yersinia, and Campylo-
bacter spp. A random selection of fecal samples also was submitted
for electron microscopy and virus isolation.

Case Management

The attending clinician directed management of individual cases.
Metronidazole (15–20 mg/kg PO q12h) was administered to all C dif-
ficile toxin–positive dogs. Treatment was prescribed for 7 days ini-
tially, but if C difficile toxins were still present in the feces at the end
of the initial treatment course or diarrhea had not resolved, metroni-
dazole administration was continued for 10 more days. Resident dogs
also were treated with di-tri-octahedral smectited (30 g PO q24h) and
Lactobacillus rhamnosus strain GGe (40 billion colony-forming units
PO q24h) and were provided with a high-fiber diet.

Statistical Analysis

Fisher’s exact test was used for all comparisons. P , 0.05 was
considered significant.

Results

Fecal samples (181) were collected from 93 diarrheic
dogs between April 3 and September 3, 2002. Fifteen dogs
were resident animals, 7 were research animals, and 71
were privately owned. Samples (1–8; mean 1.85, median
1) from each animal were evaluated. The age of affected
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Table 1. Laboratory information from Clostridium diffi-
cile toxin–positive and C difficile toxin–negative diarrheic
dogs (n 5 93) during an apparent outbreak of enteric dis-
ease in a veterinary teaching hospital.

C difficile

Toxin–positive Toxin–negative P value

C difficile isolation 5/39 (13%) 4/38 (11%) 1.00
C perfringens entero-

toxin detection 2/29 (7%) 2/17 (12%) 0.62
Giardia antigen 1/9 (11%) 0/3 1.00
Other gastrointestinal

parasitesa 1/17 (6%) 0/15 1.00
Salmonella, Yersinia,

or Shigella spp iso-
lation 0/6 0/11 N/A

Camplylobacter spp
isolation 1/6 (17%) 0/11 0.35

a As detected by fecal smear and flotation.

Fig 1. Temporal distribution of cases of Clostridium difficile–asso-
ciated diarrhea in an apparent outbreak of disease at a veterinary teach-
ing hospital (n 5 48).

animals ranged from 1 to 18 years (5.7 6 3.7, mean 6
SD). Overall, C difficile toxins were detected in 1 or more
fecal samples from 48 of 93 (52%) dogs. Seven of the 48
(15%) dogs developed CDAD after discharge from the hos-
pital. Co-infection with other enteropathogens was identi-
fied uncommonly in C difficile toxin–positive dogs (Table
1). Electron microscopy and virus isolation were performed
on fecal samples from 21 randomly selected dogs (11 from
CDAD dogs and 10 from non-CDAD dogs). Potentially
clinically relevant findings were present in 2 dogs. A sus-
pected enterovirus of unknown consequence was identified
in a dog with CDAD and a possible coronavirus was iden-
tified in the feces of a dog without CDAD.

No significant differences (P , 0.05) in the proportion
of dogs undergoing surgery or receiving antimicrobial
drugs or chemotherapy were found between dogs with a
diagnosis of CDAD and those without. On the basis of the
timing of hospitalization and clinical signs, nosocomial in-
fection was suspected in 38 of 48 (79%) CDAD and 31 of
45 (69%) non-CDAD dogs. Only 9 CDAD dogs and 8 non-
CDAD dogs had been treated with antimicrobials before
the onset of diarrhea. Small sample size precluded analysis
of risks associated with different antimicrobials. Only 2
dogs died or were euthanized. Both had CDAD, but death
was from unrelated causes in 1 dog. In the 2nd dog, eutha-
nasia was performed because of severe hemorrhagic gas-
troenteritis and septicemia. Hemorrhagic gastroenteritis was
diagnosed in 1 other dog. This dog also tested positive for
C difficile but responded to treatment. No other pathogens
were identified in either dog with hemorrhagic gastroenter-
itis.

Metronidazole was administered for .7 days in 9 dogs
(2 client dogs and 7 resident dogs) because feces were still
C difficile toxin–positive or diarrhea was still present after
the initial treatment period. Fecal samples were collected
from 20 dogs after treatment. The time from initiation of
treatment to resolution of clinical signs and negative fecal
toxin ELISA was variable, ranging from 1 to 15 days (mean
7.6, median 6, SD 4.7). However, follow-up information
was most readily obtained from resident dogs, which an-

ecdotally appeared to take longer to respond to treatment
than client-owned dogs. Additionally, fecal samples were
not necessarily collected on the 1st day after resolution of
clinical signs. Many clients reported that their dogs were
clinically normal within 48 hours of initiation of treatment,
and compliance with requests for further fecal samples was
poor.

After recognition of an increased number of cases of di-
arrhea in hospitalized and resident dogs, additional infec-
tion control measures were instituted, including quarantine
of resident animals, implementation of full barrier precau-
tions (eg, gowns, gloves, disposable overboots) when han-
dling resident dogs or entering their housing area, emphasis
on personal hygiene, frequent cleaning of floor surfaces
with 10% bleach solution, and placement of disinfectant
footbaths at the entrance to the intensive care unit and
teaching animal ward. A scheduled emergency-only period,
set to coincide with the transition between university se-
mesters, was expanded so that elective cases were not ad-
mitted for 14 days. Additionally, less critical emergencies
were directed to other facilities whenever possible. The dog
walking yard was thought to be a potential source of in-
fection because it was a common area that most infected
animals had visited, because there was a high likelihood of
fecal contamination of the grass and soil, and because
teaching dogs also were turned out in an adjacent area.
Approximately 20 cm of topsoil was removed and replaced
with clean topsoil and sod. A significant decrease (P ,
0.0001) in cases of CDAD occurred after implementation
of these measures. During the 26-day period from recog-
nition of the 1st case until partial hospital closure, 30 cases
of CDAD were identified, whereas 18 cases were identified
in the next 136 days (Fig 1). A similar decrease in sus-
pected nosocomial cases of CDAD also occurred. Seven-
teen cases of suspected nosocomial CDAD in client animals
out of 893 total canine and feline admissions were identi-
fied during the initial period, corresponding to a nosocomial
CDAD rate of 19 cases in 1,000 admissions. In the period
after the clinic was reopened, 10 cases of nosocomial
CDAD were reported out of 3,930 total admissions, with a
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nosocomial CDAD rate of 2.5 in 1,000 admissions (P ,
0.001).

Discussion

This study identified a cluster of cases of enteric disease
in a small animal referral hospital, many of which were
associated with C difficile. An outbreak of CDAD of this
scale has not been reported previously in dogs. The possi-
bility that C difficile was not the primary cause of disease
was considered. Co-infection with another enteropathogen
was uncommonly identified, but only a limited number of
samples were tested for the presence of other enteropatho-
gens. Although it is impossible to differentiate hospital-ac-
quired infections from hospital-expressed, community-ac-
quired infections or from infections acquired at referring
veterinary clinics, the cluster of cases was suggestive of an
outbreak of nosocomial CDAD. A number of possible
sources of nosocomial C difficile must be considered. C
difficile can be present in the gastrointestinal tract of a small
percentage of normal dogs, cats, and people.2,7,8,12,13,16 One
or more animals might have been actively shedding C dif-
ficile, but direct animal-to-animal transmission is unlikely
because no direct contact occurred among hospitalized an-
imals. Hospital personnel could have acted as fomites, pass-
ing C difficile among patients or from the environment to
patients.

It is suspected that infection was acquired from the hos-
pital environment in this situation. Despite being poorly
aerotolerant in its vegetative form, C difficile can form
spores that are highly resistant to disinfectants,19 and C dif-
ficile spores have been detected in the environment of our
veterinary hospital and others.1,14 Bleach is the most effec-
tive environmental disinfectant for C difficile, but it is un-
commonly used as a routine disinfectant in veterinary hos-
pitals, in part because it is noxious and caustic. Numbers
of C difficile organisms might have increased over time as
resistant spores accumulated after being shed by symptom-
atically and asymptomatically infected animals. These
spores then could infect susceptible animals, particularly
those receiving antimicrobials or chemotherapeutic agents.
It is curious, therefore, that this outbreak started in the
group of resident dogs and that intermittent cases of CDAD
have continued to occur in these dogs. These dogs are
housed in the teaching hospital but have no direct contact
with patient animals. A potential source of infection, how-
ever, is possible because these dogs walk through parts of
the hospital that house clinical patients. They are walked in
an area directly adjacent to where clinical patients are
walked, and these areas share a common entrance. Previ-
ously, we demonstrated that this entrance was heavily con-
taminated with C difficile spores.14 On the basis of our un-
derstanding of nosocomial C difficile in humans, the resi-
dent dogs could have been considered at somewhat lower
risk because they had not received antimicrobials, had no
history of diet changes or dietary indiscretion, and lived in
a stable environment. The reason the resident dogs were
affected is not clear, but their lifestyle could be more stress-
ful than is recognized, and they might be exposed contin-
ually to C difficile in the environment, creating a possible
cumulative effect. One resident dog continued to experience

recurrent episodes of CDAD for approximately 6 months
and was adopted by a private party. No additional episodes
of diarrhea were reported in this dog. It was also unex-
pected and alarming that some client dogs developed
CDAD after discharge and after spending only a few hours
in the hospital. The significant decrease in nosocomial
CDAD after institution of aggressive infection control pro-
cedures suggests that these measures were effective in con-
trolling this apparent outbreak; however, this suggestion is
impossible to prove. Such infection control measures are
logical on the basis of current understanding of C difficile
in veterinary and human medicine and should be considered
if further outbreaks of CDAD are encountered in veterinary
hospitals.

C difficile was isolated from only a small number of an-
imals with or without diarrhea. This finding was not sur-
prising because C difficile is a strict anaerobe that does not
survive well in fecal samples, whereas the toxins are quite
stable.15 Bacterial culture was not performed immediately
in all cases because toxin detection is the clinical standard
for diagnosis of CDAD. Additionally, once it was recog-
nized that CDAD was the cause of a number of cases of
diarrhea, metronidazole often was administered at the 1st
sign of clinical disease, sometimes before obtaining a fecal
sample. These factors likely contributed to the low isolation
rate. Unfortunately, the low isolation rate precluded molec-
ular epidemiologic studies.

Hemorrhagic gastroenteritis (HGE) was present in 2 dogs
from which C difficile toxins were isolated. It is unclear
whether C difficile was the primary cause or whether iso-
lation represented secondary overgrowth. Severe hemor-
rhagic enteritis caused by C difficile has been reported in
other species, and Cave et al5 reported a significant asso-
ciation between detection of C difficile toxins and acute
hemorrhagic diarrheal syndrome in dogs.

Interestingly, despite the large number of cases of CDAD
in the hospital wards and what would be considered a high-
ly susceptible population in the intensive care unit (ICU),
no cases of nosocomial CDAD were identified in the ICU.
The reason for this finding is unclear, but it might relate to
standard infection control measures in the ICU that are
more stringent and uniformly enforced compared with the
general wards. Additional infection control measures for the
ICU were instituted, including restrictions on the personnel
entrance into the ICU, walking ICU dogs in a separate area,
collecting feces on paper plates so that no environmental
contamination occurred, and placing a footbath containing
10% bleach solution at the entrance to the unit.

C difficile might be an overlooked pathogen in small an-
imal veterinary practice. Commercial ELISA testing for C
difficile toxins is becoming more widely available, and con-
sidering that C difficile has been implicated as an important
cause of diarrhea in dogs presented to primary care veter-
inary clinics,17 as well as a cause of nosocomial diarrhea,
it would be prudent to incorporate C difficile toxin testing
into standard testing protocols.

Footnotes
a Clostridium difficile TOX A/B Test II, TechLab Inc, Blacksburg, VA
b ProSpecT Giardia Microplate Assay, Alexon-Trend, Ramsey, MN
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c Clostridium perfringens enterotoxin test, TechLab Inc, Blacksburg,
VA

d BioSponge, Platinum Performance, Buelton, CA
e Culturelle, CAG Functional Foods, Omaha, NE
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