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Robinsoniella peoriensis has recently been identified as a Gram-positive, spore-forming,
anaerobic rod originally recovered from swine manure storage pits. To date, 6 cases of
R. peoriensis infection have been reported, including 2 cases of bacteremia, 1 of abdominal
fluid collection, and 3 of wound infection. In the present study, we report a 76-yr-old man
with R. peoriensis bacteremia who developed aspiration pneumonia. Gram staining of a
purified colony revealed Gram-positive, rod-shaped bacteria. Biochemical identification
using API 20 A (bioMérieux, France) indicated presence of Clostridium spp. We performed
both 500-bp and full-gene sequencing of 16S rRNA of the isolate. The sequence was ana-
lyzed with MicroSeq ID 16S rRNA Library v2.0 (Applied Biosystems, USA), GenBank Basic
Local Alignment Search Tool (BLAST) (http://www.ncbi.nim.nih.gov/genbank), and EzTaxon
database v2.1 (http://www.eztaxon.org). The 500-bp 16S rRNA sequence of the blood cul-
ture isolate showed 99.16-99.79% similarity with R. peoriensis and the full-gene 16S rRNA
sequence showed 98.87-99.50% similarity with R. peoriensis. The organism was confirmed
as R. peoriensis by using all of the mentioned databases except for MicroSeq, which did
not include the RNA sequence of this bacterium. This case suggests that identification of
R. peoriensis might be challenging in clinical laboratories with no access to molecular
methods, as certain commercial identification systems may not identify, or may misidenti-
fy, this organism. To the best of our knowledge, this is the first report of the isolation of R.
peoriensis in Korea.
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INTRODUCTION

In 2009, Robinsoniella peoriensis was identified as a Gram-posi-
tive, spore-forming, anaerobic rod originally recovered from
swine manure storage pits. Although anaerobic bacteria have
been shown to play a role in all types of infection in humans,
certain infections are notable for the prominent role played by
anaerobes. These include brain abscesses, chronic sinusitis and
otitis media, oral and dental infections, neck space infections,
bite infections, lung abscesses, aspiration pneumonia, empy-
ema, intra-abdominal infections of all types, abdominal surgical
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wound infections, female genital tract infections of all types, vari-
ous superficial and deep soft tissue infections, and osteomyelitis
[1]. Laboratory diagnosis of anaerobic infections is dependent on
the recovery of etiological agents from clinical samples. Pepto-
streptococcus, Fusobacterium, Prevotella, and Bacteroides spp.
are the most common anaerobes [2]. To date, 6 cases of R.
peoriensis infection have been reported in Europe, United States,
and China, including 2 cases of bacteremia, 1 of abdominal fluid
collection, and 3 of wound infection [3-5]. R. peoriensis has not
previously been reported in Korea. We describe here a case of R.
peoriensis bacteremia in a 76-yr-old man with aspiration pneu-
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monia. The identification was confirmed by both partial 500-bp
and nearly complete 16S rRNA sequence.

CASE REPORT

A 76-yr-old man was admitted for the chief complaint of general
weakness, cough, and sputum. He had a 7-yr history of middle
cerebral artery infarct, which was first diagnosed in 2003. Initial
vital signs were as follows: blood pressure, 111/69 mmHg; pulse
rate, 87/min; respiratory rate, 21/min; and body temperature,
37.2°C. Initial laboratory test results were as follows: Hb, 15.0 g/
dL; white blood cell count, 9.9% 10%/L (neutrophils, 79.1%; lym-
phocytes, 13.2%; monocytes, 4.5%; eosinophils, 2.9%; and ba-
sophils, 0.3%); and platelets, 180x 10%L. Liver function test re-
sults and creatinine and glucose levels were within reference in-
terval. His C-reactive protein level was elevated to 17.0 mg/dL;
the culture of respiratory specimen indicated Klebsiella pneu-
moniae. No aerobic or anaerobic bacteria were isolated at initial
blood culture. It was suspected the patient had aspiration pneu-
monia. Treatment with tazocin and levofloxacin was empirically
initiated.

Two weeks later, bronchoscopic examination was performed
and methicillin-resistant Staphylococcus aureus was isolated.
The patient developed a fever and the previously administered
antibiotics were replaced with vancomycin, meropenem, and
sulfamethoxazole/trimethoprim. Three weeks after admission,
blood culture yielded growth of Gram-positive and rod-shaped
bacteria, without obvious spore formation, grown in an anaero-
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bic bottle. The isolate was subcultured on a blood plate anaero-
bically and aerobically. Two days later, gray-white, smooth, and
non-hemolytic colonies of unequal sizes were observed only on
the anaerobic blood plate (Fig. 1). Gram staining of a purified
colony indicated the presence of Gram-positive and rod-shaped
bacteria with ovoid-shaped spores located sub-terminally (Fig.
1). Using API 20 A (bioMérieux, Marcy I’Etoile, France), the iso-
late was found to be positive for catalase and for acid produc-
tion from glucose, lactose, saccharose, maltose, xylose, arabi-
nose, and mannitol. It was negative for urease and indole for-
mation, and for acid production from sorbitol. The isolate was
identified as Clostridium beijerinckii/butyricum (91.6%). An anti-
microbial susceptibility test of the isolate was not performed. Al-
though the patient was treated with several antibiotics and no
organisms were grown from follow-up blood culture, fever and
respiratory failure developed. The patient died 2 months after
admission.

We performed 16S rRNA sequencing. Bacterial suspension
was centrifuged at 13,000 rpm for 5 min and added to 200 pL of
InstaGene Matrix (Bio-Rad laboratories, Hercules, CA, USA),
followed by incubation at 100°C for 15 min. After centrifugation,
the supernatant was utilized for PCR. The ampilification reaction
mixture consisted of 2.5 pL of 10x buffer, 2 pL of 2.5 mM dNTP,
0.6 units of Tag polymerase (Takara Bio, Shiga, Japan), 10 pmol
of each primer, and 2.5 pL of template. Cycling parameters were
as follows: 10 min of initial denaturation at 95°C; 35 cycles of 30
sec at 95°C (denaturation), 30 sec at 60°C (annealing), 45 sec at
72°C (extension); and a final 10 min extension at 72°C. The PCR
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Fig. 1. Colonial and microscopic morphology of Robinsoniella peoriensis. (A) Dull white and flat colonies with mixed sizes and smooth edg-
es on an anaerobic blood plate. (B) Gram-positive and rod-shaped bacteria with ovoid-shaped spores located sub-terminally (Gram stain-

ing; x1,000).
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product was treated with ExoSAP-IT reagent (USB Corporation,
Cleveland, OH, USA) according to the manufacturer’s instruc-
tions. Sequencing reaction was performed using BigDye Termi-
nator v3.1 Cycle Sequencing kit (Applied Biosystems, Foster
City, CA, USA). The sequence was analyzed using MicroSeq 1D
16S rRNA Library v2.0 (Applied Biosystems), GenBank Basic
Local Alignment Search Tool (BLAST) (http://www.ncbi.nim.nih.
gov/genbank), and EzTaxon database v2.1 (http://www.eztaxon.
org) [6-8].

We obtained a consensus sequence of 475 bp. Using Micro-
Seq ID 16S rRNA Library v2.0 (Applied Biosystems) the isolate
was assigned to Clostridium coccoides (95.38%), Ruminococ-
cusproductus (95.27%), Eubacteriumcontortum (94.89%), Clos-
tridium saccharolyticum (93.15%), and Clostridium symbiosum
(92.50%). The 16S rRNA sequence of R. peoriensis was not in-
cluded in the MicroSeq ID 16S rRNA Library v2.0 (Applied Bio-
systems). With GenBank BLAST, the isolate showed 99.79%
similarity with R. peoriensis strain 0910-06083 and 99.58% simi-
larity with R. peoriensis strain HGUE-09/9434. Blautia producta,
Eubacterium contortum, and Eubacterium fissicatena were the
next closest matches with similarities of 95.20%, 94.78%, and
94.78%, respectively. When the sequence was submitted to Ez-
Taxon database v2.1, we found the highest similarity with R.
peoriensis (99.16%). Clostridium nexile, Eubacterium contor-
tum, Blautia luti, and Clostridium oroticum were the next closest
matches, with similarities of 95.72%, 95.48%, 95.39%, and
95.15%, respectively.

A phylogenetic tree based on the 16S rRNA sequences of the
isolate and 31 organisms with similarity to the isolate was con-
structed using the neighbor-joining method (Fig. 2). Phyloge-
netic and molecular evolutionary analyses were conducted us-
ing Molecular Evolutionary Genetics Analysis (MEGA) software
version 4.0 (http://www.megasoftware.net) [9]. It showed a sub-
line closely related to Clostridium and Eubacterium spp.

We further amplified the nearly full 16S rRNA sequence with
3 different primer sets and obtained a consensus sequence of
1,415 bp. The 3 different primer sets used for full 16S rRNA
gene sequencing were as follows: MSQ-1 (F: 5-GAAGAGTTT-
GATCATGGCTCAG-3'; R: 5-ACCGCGGCTGCTGGCAC-3); MSQ-2
(F: 5-GGGGAATATTGCACAATGG-3'; R: 5-TCGCGTTGCATC-
GAATTAAA-3); and MSQ-3 (F: 5-GTAGTCCACGCCGTAAA-3; R:
5-TGTGTGAGCACTGCAAAGTA-3"). Using MicroSeq ID 16S
rRNA Library v2.0 (Applied Biosystems) the isolate was assigned
to Ruminococcus productus (94.17%) and Clostridium saccha-
rolyticum (94.06%). The 16S rRNA sequence of R. peoriensis
was not included in the MicroSeq ID 16S rRNA Library v2.0 (Ap-
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Fig. 2. Unrooted neighbor-joining phylogenetic tree based on 16S
rRNA sequences of Robinsoniella peoriensis and 31 similar organ-
isms. Bootstrap values are provided at branching points. The scale
bar represents 1 nucleotide substitution per 100 nucleotides.

plied Biosystems). With GenBank BLAST, the isolate showed
99.50% similarity with R. peoriensis and Clostridium oroticum
(94.38%) was the next closest match. When the sequence was
submitted to EzTaxon database v2.1, we found the highest simi-
larity with R.peoriensis (98.87%), whilst Clostridium nexile was
the next closest match with a similarity of 94.70%.

DISCUSSION

As part of a microbiological survey of swine manure, 5 unknown
isolates of anaerobic, spore-forming, and Gram-positive bacilli
were recovered [10]. Six years after the isolation of these un-
known Gram-positive anaerobes, a representative strain was
phenotypically and phylogenetically characterized [3]. Phyloge-
netic analysis showed that this organism was most closely re-
lated to Clostridium and Eubacterium spp. R. peoriensis was
described as an oval-to-rod-shaped bacterium with sub-terminal
spores that grew in 5% CO or under anaerobic conditions at
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37°C, although the aero tolerance test was negative with our iso-
late. It produced small and non-hemolytic colonies 0.5-1.5 mm
in diameter, and fermented glucose, lactose, and maltose. It did
not reduce nitrate or produce indole [3].

The first report of an isolate of R. peoriensis was in 2009 from
the deep heel wound of a 79-yr-old woman [3]. More recently, in
2010, R. peoriensis was isolated from a blood culture of a pa-
tient with pancreatic cancer [4]. By 2011, 4 more cases of R.
peoriensis isolates in human samples had been reported [5]. To
date, a total of 6 cases of R. peoriensis infection have been re-
ported in the literature (Table 1). The underlying conditions and
causes included bone fracture, cerebrovascular accident, diver-
ticulitis, and pancreatic cancer. R. peoriensis bacteremia has
been previously reported in 2 cases. To our knowledge, this is
the first case of infection caused by R. peoriensis in Korea, and
the third case of R. peoriensis bacteremia worldwide.

The most common source of anaerobic infections is endoge-
nous normal flora or environmental contamination of wound in-
juries [11, 12]. R. peoriensis usually colonizes in pig feces and
produces a variety of odorous chemicals, which can contami-

Table 1. Summary of all reported cases of Robinsoniella peoriensis

Age/Sex Diagnosis Specimen L Country Reference
79/female  Not reported Deep heel wound 2009  Sweden [3]
42/male  Pancreatic cancer Blood 2010  China [4]

Abdominal

fluid collection 2011 USA o]

61/female Diverticulitis

Open pelvic and ~ Surgical wound

Hhsiaicle femur fractures  debridement AL i (5]

45/male Tibial and fibular Wound drainage 2011 USA [5]
fractures

Toffemale CErebrovascular g g 011 USA  [5]
accident

T6/male  Aopiration Blood 2012 Korea This report
pneumonia
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nate local water supplies, resulting in health problems for both
animals and humans [3, 10]. In the present case, our patient
did not have an obvious history of exposure to pigs or pig ma-
nure. R. peoriensis was isolated from 1 anaerobic bottle of 4
blood culture bottles. The pathogenic role of this organism in
this patient was unclear. No information about risk factors, in-
fection sites, or organ tropism is currently available for this or-
ganism in relation to human infections.

In a clinical setting, this microorganism should be distinguished
from closely related ovoid spore-forming organisms such as
Clostridium, Ruminococcus, and Eubacterium species. We
compared the biochemical characteristics of this isolate with
those of the previously reported R. peoriensis (Table 2). This
case showed a consistent biochemical profile with the 6 previ-
ously reported R. peoriensis organisms for urease; acid produc-
tion from glucose, lactose, maltose, xylose, and arabinose; and
indole formation. Among the 4 previously reported cases with
an available biochemical profile for catalase, mannitol, and sor-
bitol, 1 was positive for catalase, whereas the other 3 were nega-
tive. The 4 cases were negative for mannitol. With regard to sor-
bitol, one report was negative whereas another indicated 2 out
of 3 isolates were positive. Current phenotypic identification sys-
tems, including APl 20 A (bioMérieux), are unable to identify R.
peoriensis and may confuse it with other organisms such as
Clostridium species. Clostridium beijerinckii/butyricum, the or-
ganisms which R. peoriensis was misidentified for using API 20
A (bioMérieux), has biochemical characteristics positive for glu-
cose, lactose, maltose, xylose, and arabinose; negative for cata-
lase and indole formation; and shows negative to weakly positive
reaction to mannitol [13]. Our case was biochemically consis-
tent with Clostridium beijerinckii/butyricum, with the exception
of positive results for catalase and mannitol, which was not con-
sistent with Clostridium beijerinckii/butyricum. Several unique
phenotypic reactions should be included in the API 20 A (bio-
Mérieux) and other commercial systems to enhance identifica-

Table 2. Comparison of biochemical characteristics of this isolate with those of previously reported Robinsoniella peoriensis

Reference .0 Urease  Glucose Lactose Saccharose Maltose ~ Xylose  Arabinose Indolg Catalase  Mannitol Sorbitol
cases formation
(3] 1 - + + NR - NR NR NR
(4] 1 - + + NR - + - -
+in 2 cases,
[5] 4 - + + NR + NR - - - -in1case,
NRin 1 case
This report 1 - + + + + + - + + -
Abbreviation: NR, not reported.
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tion accuracy. Our study shows that sequencing of 16S rRNA
and analysis with various databases are useful tool for the iden-
tification of unknown isolates. For R. peoriensis, EzTaxon data-
base v2.1 and GenBank BLAST were superior to MicroSeq 1D
16S rRNA Library v2.0 (Applied Biosystems) as they contained
the most up-to-date sequences. Although the MicroSeq ID 16S
rRNA Library v2.0 (Applied Biosystems) has been experimen-
tally verified and been proven to be useful for routine identifica-
tion in clinical laboratories [14, 15], it might be unsuitable for
identification of novel sequences [16].

In summary, we report one case in which R. peoriensis was
isolated from human blood. Identification of R. peoriensis might
be challenging in clinical laboratories with no access to molecu-
lar methods.
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