
















cats (ciprofloxacin) was somewhat surprising (11, 52). None of
the kittens had a history of treatment with fluoroquinolones.
Compared to isolates of E. faecalis, isolates of E. hirae obtained
from apparently healthy or sick kittens were significantly less often
resistant to multiple (�3) antimicrobial drugs. Less frequent an-
timicrobial resistance among E. hirae than E. faecalis and E. fae-
cium of fecal origin in cats has been previously documented (11).

Whether or not the virulent, antimicrobial-resistant isolates of
E. faecalis colonizing the ileum mucosa of sick kittens in this study
originated from commensal E. faecalis or were acquired from the
environment is not known. Based on the PFGE genotypes of rep-
resentative E. faecalis isolates from each kitten, multidrug-resis-
tant strains did not share colonization of the ileum mucosa with
other strains. Sick kittens possibly had a greater susceptibility and
opportunity for colonization by resistant strains of E. faecalis, as
they spent time in a foster care or hospital environment in contrast
to the apparently healthy kittens that were frequently euthanized
shortly after their receipt to the animal control facility. An oppor-
tunistic infection of the sick kittens by virulent E. faecalis is sup-
ported by studies demonstrating frequent antibiotic resistance in
fecal enterococci in cats from catteries, hospitalized cats, and res-
ident cats in veterinary clinics (11, 53, 54). However, whether the

colonization of ileum mucosa-associated microbiota by E. faecalis
was a contributing cause or consequence of gastrointestinal dis-
ease and terminal illness in the sick kittens reported here is un-
known. What appears more certain is that the intestinal entero-
cocci of sick kittens may serve as a reservoir for potential
transmission of antimicrobial resistance genes to the environment
and/or to other hosts.

Apart from being identified as the dominant cultivable species
of enterococci in the ileum mucosa-associated microbiota in ap-
parently healthy young kittens, overt and extensive adhesion of E.
hirae to the small intestinal epithelium was observed in 16% of the
kittens in this population. Given that detection of this event re-
quires light microscopy and only two biopsy specimens of the
small intestine from each kitten were examined, it is likely that the
prevalence of this phenomenon was grossly underestimated.
While adherent enterococci were also detected in the sick kittens,
considerably fewer bacteria were observed and they were infre-
quently identified to the species level by means of PCR. We attri-
bute our inability to identify the adherent enterococci in sick kit-
tens as due to the presence of fewer bacteria (and less enterococcal
DNA) and as less likely due to adhesion by non-E. hirae entero-
cocci. Our finding that enteroadherent E. hirae is common and

FIG 6 Pulsed-field gel electrophoresis of 48 E. hirae isolates cultured from the ileum mucosa of apparently healthy kittens (group A; n � 15) and kittens that died
or were euthanized due to severe illness (group B; n � 12). Bar denotes light microscopic findings in the kitten from which the isolate was obtained (white, no
enteroadherent enterococci or EPEC observed; black, enteroadherent enterococci present; gray, EPEC present). Numerical values indicate the identities of the
kittens and isolates. The type strain is E. hirae ATCC 8043.
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extensive in apparently healthy kittens provides a contrast to the
numerous uncontrolled case reports describing enteroadherent
enterococci in association with diarrhea in young animals (17–
25). Although the identity and virulence attributes of the en-
teroadherent enterococci in most of these reports was not deter-
mined, it should be considered that the adherent enterococci may
not have been the primary cause of diarrhea in these animals.

The mechanism(s) by which E. hirae adhere to the intestinal
epithelium in these young kittens is not clear. Based on a compar-
ative lack of virulence among the E. hirae isolates tested from the
kittens, it is evident that the genotypic (gelE and asa1) and pheno-
typic (gelatinase activity) attributes generally regarded as essential
for biofilm formation in vitro are not required for enteroadhesion
in vivo. PFGE revealed that the E. hirae population is genotypically
very diverse and clustering did not correlate with enteroadherence
in vivo. A notable feature of enteroadherent E. hirae is a light
microscopic appearance indistinguishable from that of EPEC that
requires a Gram stain for their differentiation (25). It is likewise
intriguing that adherence of E. coli was documented commonly
and exclusively in sick kittens in this study but was not observed in
any sick kitten with enteroadherent enterococci. This not only
identifies enteroadherent E. coli as a potentially important intes-
tinal pathogen in young kittens but also suggests that enteroad-
herence of E. hirae might competitively inhibit or otherwise deter
the attachment of E. coli.

Results of this study identify E. hirae as the most common
mucosa-associated species of enterococci to inhabit the small in-
testine in apparently healthy young kittens. Furthermore, adher-
ence of E. hirae to the small intestinal epithelium was common
and extensive in this population. Isolates of E. hirae generally
lacked phenotypic and genotypic determinants of virulence. In
contrast, kittens that died or were euthanized due to severe illness
were significantly more often identified as colonized by E. faecalis.
This population of E. faecalis was characterized by a high level of
gelatinase activity, strong biofilm formation on polystyrene, the
presence of virulence determinants, and multiple antimicrobial
resistances. Moreover, attachment of E. coli to the intestinal epi-
thelium was exclusively and significantly associated with terminal
illness and was not documented in any kitten for which enteroad-
herent E. hirae was observed. These findings identify a significant
difference in the species of enterococci colonizing the ileum mu-
cosa of healthy versus terminally ill young kittens and suggest that
E. hirae represents an important commensal in this population.
Given the significance of small intestinal disease as a cause of mor-
tality in young kittens, these findings have important implications
toward identifying species of enterococci for their potential to
significantly impact the survival of very young kittens.
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