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Enterococcus cecorum (formerly Streptococcus cecorum), originally isolated from poultry intestines, has rarely
been encountered in human diseases. A 60-year-old man with liver cirrhosis and hepatocellular carcinoma
developed peritonitis on the seventh day of his hospitalization. Cultures of one blood sample and one ascites
fluid sample obtained on that day both grew E. cecorum. The patient received intravenous cefoxitin therapy and
initially responded well. Unfortunately, another episode of peritonitis associated with septic shock developed
24 days after the start of treatment, and culture of one blood specimen yielded the same organism. The isolates
were identified by the conventional biochemical tests, the API Rapid ID 32 Strep system, and the API ZYM
system (both systems from bioMerieux, Marcy L’Etoile, France) and were further confirmed by cellular fatty
acid chromatography and 16S rRNA gene partial sequencing. The identical biotype, antibiotype, and random
amplified polymorphic DNA pattern of the three isolates documented the long-term persistence of this
organism in the patient. To the best of our knowledge, this is the first clinical description of recurrent
bacteremic peritonitis caused by E. cecorum.

CASE REPORT

A 60-year-old man was admitted to the hospital on 1 De-
cember 1998 because of black-colored stool, oliguria, jaundice,
and disorientation of 1 week’s duration. The patient had had
hepatitis B virus-related liver cirrhosis diagnosed 20 years ear-
lier. During his hospitalization, bleeding of esophageal and
gastric varices, decompensated liver cirrhosis with ascites, and
hepatic encephalopathy were diagnosed. He received support-
ive treatment, and his general condition improved. However,
fever and abdominal pain developed on 19 December 1998.
The patient was treated with intravenous cefoxitin (2 g every
8 h) under the suspicion of spontaneous bacterial peritonitis.
Examinations of the ascites fluid specimen revealed a white
blood cell count of 4,000/mm3 with 85% neutrophils. Bacterial
cultures of one blood sample in BACTEC 6A aerobic culture
bottles (Becton Dickinson, Sparks, Md.) and one ascites fluid
(turbid) specimen collected on 19 December both yielded En-
terococcus species (isolates A and B) after 2 days of incubation.
The fever subsided and the abdominal pain resolved 2 days
after the initiation of treatment. The two Enterococcus isolates
were susceptible to penicillin (MICs, 0.094 mg/ml) as deter-
mined by the Etest (AB BIODISK, Solna, Sweden). The pa-
tient received cefoxitin treatment for a total of 14 days.

Unfortunately, fever, abdominal pain with shifting dullness,
increasing abdominal girth, and tarry stool were noticed on 10
January 1999. One set of blood cultures (grown in BACTEC
6A aerobic bottles) revealed the same Enterococcus species;
however, an ascites fluid culture was negative for the organism.

The patient received intravenous ceftizoxime (2 g every 12 h)
therapy. The patient’s clinical condition deteriorated and was
complicated by acute renal failure, jaundice, and intractable
shock. Though the antibiotics were shifted to vancomycin (1 g per
day) and meropenem (500 mg per day) because of the intrac-
table septic shock, the patient died on the 53rd hospital day.

Microbiology. The three isolates grew well on Trypticase soy
agar supplemented with 5% sheep blood (BBL Microbiology
Systems, Cockeysville, Md.) in 5% CO2 and in ambient air at
35°C. They were catalase-negative and gram-positive cocci. The
isolates formed smooth, gray, and convex colonies with slight
a-hemolysis on Trypticase soy agar supplemented with 5%
sheep blood. These isolates did not grow on agar containing
5% NaCl and were unable to grow on bile esculin agar (BBL
Microbiology Systems) in ambient air or 5% CO2 within 2 days,
but scanty growth on both agar plates was identified after 3 to
5 days of incubation. Group D antigen reactions (Oxoid, Uni-
path Limited, Basingstoke, Hampshire, England) of the three
isolates were negative. They did not hydrolyze pyrrolidony-
b-naphthylamide but were able to hydrolyze leucine-b-naph-
thylamide. Further phenotypic identification of these three
isolates to the species level was done using the API Rapid ID
32 Strep system (bioMerieux, Marcy L’Etoile, France), and the
API ZYM (bioMerieux Vitek, Inc.). Enterococcus cecorum
ATCC 43198 was used as a control strain in this study.

The reaction profiles generated by the API Rapid ID 32
Strep system (27176707110) and the API ZYM system for the
three isolates and the control strain were identical. The fol-
lowing characteristics suggested our three isolates belonged to
group IV E. cecorum: they had positive reactions for sorbitol,
raffinose, sucrose, b-glucuronidase, and alkaline phosphatase
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and negative reactions for mannitol, sorbose, arginine, and
arabinose (7).

Cellular fatty acid analysis of the isolates was performed as
previously described (10). Six major cellular fatty acids were
found: octadecenoic acid (18:1), hexadecanoic acid (16:0), tet-
radecanoic acid (14:0), hexadecenoic acid (16:1), cis-9,12-oc-
tadecadienoic acid (18:2), and octadecanoic acid (18:0). The
four isolates had identical cellular fatty acid profiles (Fig. 1).

Further identification of the isolates to species level was
performed by 16S rRNA gene partial sequencing using a pair
of universal primers, DG74 and RW01, as described previously
(8). The amplification products were sequenced after being
cloned into plasmids using a TA cloning kit. Following thermal
cycling of the sequencing reactions with fluorescent dye-la-
beled primers or terminators, the nucleotide sequence was
determined by an autosequencer (Perkin-Elmer, Applied Bio-
system Division, Foster City, Calif.). A BLAST search was
performed to compare the sequence of the clinical isolate with
those in the GenBank and Ribosomal Database Project data-
bases. The closest match observed was with E. cecorum.

MICs of the 11 antimicrobial agents for the three isolates
(isolates A, B, and C) and the control strain (isolate D) of
E. cecorum were determined by the agar dilution method us-
ing unsupplemented Mueller-Hinton agar (BBL Microbiology
Systems) as described by the National Committee for Clinical
Laboratory Standards (11). Staphylococcus aureus ATCC 29213
and Enterococcus faecalis ATCC 29212 were used as control
strains in each set of the tests. The three isolates recovered
from the patient were susceptible to all the antimicrobial
agents tested and had identical antibiotypes, which were dif-
ferent from that of the control strain (Table 1). The b-lacta-
mase activities, determined by means of a chromogenic ceph-
alosporin assay (cefinase disk; BBL Microbiology Systems), of
the three isolates were negative.

Random amplified polymorphic DNA (RAPD) patterns
generated by arbitrarily primed PCR (APPCR) were obtained,
and the results were interpreted as previously described (10).
Two oligonucleotide primers, M13 (59-GAGGGTGGCGGTT
CT-39) and ERIC1 (59-GTGAATCCCCAGGAGCTTACAT-
39), were used. The three isolates recovered from the patient
had identical RAPD patterns, which were different from those
of the control strain (Fig. 2).

Enterococcus cecorum was first isolated from chicken intes-
tines and was formerly described as Streptococcus cecorum by

Devriese et al. in 1983 (6). Since then, this species has been
identified as part of the intestinal microflora of many animal
hosts, not limited to poultry (4–7). The first human infection
was reported in a malnourished adult patient with severe sep-
ticemia in 1997 (9). We describe a patient with liver cirrhosis
and hepatocellular carcinoma who had recurrent bacteremic
peritonitis due to this organism.

Three important points were demonstrated in the present
study. First, this is the first clinical description of primary peri-
tonitis and bacteremia due to E. cecorum. Second, the pheno-
typic and chemotaxonomic traits of our E. cecorum isolates
(delayed growth on both 5% NaCl agar and bile esculin agar,
negative pyrrolidony-b-naphthylamide reaction, devoid of de-
monstrable group D antigen, and absence of a cellular fatty
acid, C19:0cyc11,12) were unique to those displayed by more fre-
quently isolated enterococcal species (1, 7, 9). Third, using the
biotyping, antibiotyping, and molecular typing methods, we doc-
umented that this organism can persist over the long term in
the bloodstream or peritoneum and cause recurrent infection.

The portal of entry of this organism and the cause for re-
current infection in our patient were obscure. Greub et al.
suggested that E. cecorum could colonize in the cutaneous
lesions of a person who might have acquired the organism from
domestic animals and then reach the bloodstream, possibly via
placement of an intravenous catheter (9). Whether our patient
had previous exposure to any poultry or domestic animals
before admission was not known. This organism has never
been reported to inhabit the human gastrointestinal tract or
skin (7, 9). In our patient, the seeding of this organism into the
peritoneum might have been secondary to catheter-related
bacteremia or could have occurred via diseased intestinal mu-
cosa where the organism had already been existing. However,

FIG. 1. Gas chromatogram of cellular fatty acid methyl esters of E. cecorum.
The designations of the fatty acid peaks refer to the number of carbon atoms
(number before the colon) and the number of double bonds (number after the
colon) (Microbial Identification System; Microbial ID Inc., Newark, Del.).

TABLE 1. In vitro susceptibilities of E. cecorum isolates

Agent
MIC (mg/ml) for E. cecorum isolate(s)

A, B, and Ca ATCC 43198

Penicillin 0.12 0.12
Vancomycin 1 1
Teicoplanin 0.25 0.25
Gentamicin 4 4
Rifampin 0.03 0.03
Ciprofloxacin 4 1
Trovafloxacin 0.03 0.03
Moxifloxacin 0.06 0.06
Quinupristin-dalfopristin 1 1
Linezolid 1 0.5

a Clinical isolates.

FIG. 2. RAPD patterns of the four isolates of E. cecorum generated by
APPCR using two primers, ERIC1 and M13. Lanes: M, molecular size marker;
A to C, E. cecorum isolates from the patient; D, E. cecorum ATCC 43198.
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stool cultures for the recovery of E. cecorum were not per-
formed and cultures of the removed catheter could not yield
the organism. The use of cefoxitin, a well-known suboptimal
agent for treating severe enterococcal infection (11), during
the first bacteremic episode might partly have contributed to
the recurrence of the bacteremia.

Our E. cecorum isolates had biochemical reactions, includ-
ing those in the API Rapid ID 32 Strep and API ZYM systems,
identical with those of the isolate recovered by Greub et al. and
also identical with that of the control strain (9). In addition to
the biochemical identification test, sodium dodecyl sulfate-
polyacrylamide gel electrophoresis analysis of whole-cell pro-
teins and reverse transcriptase sequencing of 16S rRNA are
useful for accurate identification of E. cecorum (9, 12). The
commercially available enterococcal nucleic acid probe (Accu-
Probe; Gen-Probe, San Diego, Calif.) for culture confirmation
was reported to be 100% accurate in identifying Enterococcus
species, but a negative reaction of the assay was documented in
E. cecorum isolates (2, 7, 9). Although not valuable for species
identification, pulsed-field gel electrophoresis has been supe-
rior for the interpretation of interstrain relationships (3). How-
ever, as described in our previous study (10), RAPD patterns
generated by APPCR also appeared to be useful for strain
discrimination. The present report further demonstrates that
cellular fatty acid analysis is also a useful tool for the identifi-
cation of E. cecorum.

In conclusion, this report described a case of E. cecorum
peritonitis and bacteremia in a patient with liver cirrhosis and
emphasized the recurrent nature of this organism in human
diseases. To accurately recognize this organism, clinical micro-
biologists should be alert to the unusual phenotypic traits of
this enterococcal species.
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