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Abstract

A Gram-positive bacterium, SMC-A8265T, which was isolated from the blood of a patient with fever but could not be identified by a

conventional microbiologic method, was finally characterized by performing phenotypic and genotypic analyses. 16S rRNA gene sequence

analysis revealed that the strain SMC-A8265T belonged to the genus Microbacterium, but it did not correspond to any of the previously

described Microbacterium spp. Biochemical tests and cellular fatty acid composition analysis also confirmed that this bacterium is distinct

from other Microbacterium spp. Based on the phenotypic and genotypic characteristics, we propose that the strain SMC-A8265T should be

classified as a new species, namely, Microbacterium pyrexiae sp. nov.
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1. Introduction

The genus Microbacterium is generally classified as

corynebacterium Centers for Disease Control and Preven-

tion group A-5 or A-5 (Alonso-Echanove et al., 2001), and

account for the majority of yellow-pigmented coryneform

bacteria that have been isolated from diverse environments

(Funke et al., 1995; Funke and Bernard, 2003). To date,

about 40 Microbacterium spp. have been validated accord-

ing to the bList of Prokaryotic Names with Standing in

NomenclatureQ by J.P. Euzéby (http://www.bacterio.cict.fr/),

but only a few have been demonstrated to be of clinical

importance. Only a small number of species proved to be

the causative agent of the infection, not only for sporadic

infections, but also for nosocomial outbreaks of bacteremia

by the Microbacterium spp. (Alonso-Echanove et al., 2001).
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Outbreaks of Microbacterium sepsis among cancer patients

have indicated its potential for causing morbidity and

mortality in immunocompromised patients, and this sug-

gests the potential for nosocomial dissemination (Alonso-

Echanove et al., 2001). Catheter-related Microbacterium

bacteremias have also been recently reported (Laffineur

et al., 2003; Lau et al., 2002).

In this article, we report on a novel Microbacterium spp.

that was isolated from the blood of a patient with a fever. This

bacterium could not be identified by conventional methods.

Comparative 16S rRNA gene sequence analysis showed that

it belongs to the Microbacterium spp., but it did not

correspond to any of the previously characterized species.
2. Materials and methods

2.1. Case

A 33-year-old woman was admitted to the hospital

because of a fever she had experienced for the previous

3 weeks. The patient had been doing well until 3 weeks

before admission, when she began to have a fever and chills.

The results of the laboratory tests that had been performed in
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Fig. 1. Phylogenetic relationships of M. pyrexiae sp. nov. SMC-A8265T and other Microbacterium spp. inferred from 16S rRNA gene sequences. Leucobacter

komagatae NBRC 15245T was used as an outgroup. Numbers on branches are percentages of 1000 bootstrap replications. Only values of N50% are indicated.

Scale bar represents 1 substitution per 100 nucleotides.
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another hospital 2 weeks before admission were all within the

normal ranges. She had undergone a discectomy at L5-S1

6 years ago because of a herniated intervertebral disc. On

admission, the physical examination revealed a temperature

of 38.2 8C without any obvious evidence of infection. The

laboratory data, chest radiograph, and computed tomography

of the abdomen were all within normal ranges. All 3 sets of

blood cultures performed on admission were negative. On the

10th hospital day, she suddenly developed involuntary

movements of the left-sided face and both lower legs, which

were aggravated by the high fever, and this partially

responded to benzodiazepine. However, the results of the

neurologic examination, the cerebrospinal fluid study, the

magnetic resonance imaging of the brain, and the electroen-

cephalography were within the normal ranges. On the 55th

hospital day, intermittent high-grade fever still persisted, and

the patient’s condition became worse than ever.

One set of blood cultures performed at that time grew a

Gram-positive bacilli (SMC-A8265T) that turned out later as

Microbacterium sp. nov. On the 27th hospital day, 1 set of

repeated blood cultures also grew Gram-negative bacilli

(SMC-438-3), which were later identified as Arcobacter

butzleri. She was treated empirically with vancomycin
(2 g/day) and meropenem (3 g/day). Thereafter, the results

of the subsequent blood cultures were negative and the

patient became afebrile. On the 37th hospital day, when she

again developed fever, all the sets of repeated blood cultures

were negative. However, a subsequent course of antibiotic

therapy was interrupted because of the possibility of drug

fever. On the 45th hospital day, she left from the hospital

against medical advice despite persistent fever. After

discharge, defeverscence occurred spontaneously, and she

has been doing well without fever for the next 3 months.

2.2. Bacterial isolates

Two bacterial isolates (SMC-A8265T and SMC-438-3),

which were from the blood of the patient, could not be

identified by the conventional microbiologic methods such

as VITEK (bioMérieux, Hazelwood, MO) and Microscan

(Dade-Microscan, Sacramento, CA). To identify them, we

performed phenotypic characterization, 16S rRNA gene

sequencing, and cellular fatty acid (CFA) analysis.

2.3. 16S rRNA gene sequencing

For the 16S rRNA gene sequence analysis, genomic

DNA was extracted from bacterial colonies by a simple



Table 1

Phenotypic differentiation of SMC-A8265T from other closely related Microbacterium spp.a

Test M. pyrexiae

SMC-A8265T
M. maritypicum

NBRC 15779T
M. flavescens

NBRC 15039T
M. dextranolyticum

NBRC 14592T
M. hominis

NBRC 15708T

API ZYM

Esterase (C4) + � � + +

Esterase Lipase (C8) � � � + +

Acid phosphatase � F � + +

Naphthol-AS-BI-phosphohydrolase � � � � +

a-Galactosidase � � � � +

h-Galactosidase � � � � +

a-Glucosidase � + + + +

h-Glucosidase + + + � +

N-Acetyl-h-glucosaminidase + � + + +

a-Mannosidase � + � � �
API 50CH

Glycerol + + � � F
d-Arabinose � � + � �
l-Arabinose + � + + +

Ribose � F + F �
d-Xylose � � + + +

Rhamnose � � + � +

Sorbitol � F � F �
a-Methyl-d-glucoside � + � � +

N-Acetyl-glucosamine � � � � +

Amygdalin � F � � +

Lactose + � + � +

Inulin � � � + �
Melezitose � + + + +

Raffinose � F � + +

Starch + � F + +

Glycogen � � F � +

Gentiobiose + � F F +

l-Fucose � + � � �
2-Keto-gluconate � � � � +

a + = positive; � = negative; F = weak reaction. These data are obtained from the present study.
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boiling lysis method as described previously (Ko et al.,

2005a,b). The 16S rRNA gene amplification was performed

by using a set of primers, 16S-F0 (5V-GAT CCT GGC TCA

GGA CGA AC-3V) and 16S-R0 (5V-CTT GTT ACG ACT

TCA CCC CA-3V) (Zhu et al., 2002). The amplified

polymerase chain reaction (PCR) product was purified for

sequencing by using a PCR purification kit (CoreOne,

Seoul, Korea), and this was then directly sequenced with

using the same primers that were previously used for PCR

amplification, and also with using an internal primer. The

sequence of the 16S rRNA gene of the strain SMC-A8265T

has been deposited in the GenBank database under

accession number DQ673323. DNA–DNA hybridization

was also measured fluorometrically by using the microplate

hybridization method described by Ezaki et al. (1989).

2.4. Phenotypic characterization and CFA analysis

For the phenotypic characterization, the API 50CH and

API ZYM systems (bioMérieux) were used according to the

recommendations of the manufacturer. Motility and growth

condition were also evaluated. Analysis of the CFA

composition was accomplished for SMC-A8265T with using

a Hewlet Packard 6890A gas chromatograph and the MIDI
aerobe method (Chem Station ver. 4.02) at MicroID

(Daejeon, Korea).
3. Results

3.1. 16S rRNA gene sequence analysis and DNA–DNA

hybridization

The determined 16S rRNA gene sequences of the strains

SMC-A8265T (1320 bp) and SMC-438-3 (1390 bp) were

concatenated using the EditSeq program within DNASTAR

(Madison, WI), and then this sequence was subjected to a

BLAST search analysis (http://www.ncbi.nlm.nih.gov/

BLAST). As a result of the BLAST search, the 16S rRNA

gene sequence of SMC-438-3 showed 99.8% similarity with

a type of strain of A. butzleri ATCC 49616. Based on the

16S rRNA gene sequence similarity, we could conclude that

SMC-438-3 belonged to A. butzleri. However, SMC-

A8265T could not be identified at the species level, although

it showed the closest relation with the Microbacterium

spp. We then performed phylogenetic analysis using the

16S rRNA gene sequences of SMC-A8265T and the

sequences of the other Microbacterium spp., which were

retrieved from the public databases such as GenBank. The

http://www.ncbi.nlm.nih.gov/BLAST
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phylogenetic relationships of SMC-A8265T and the other

Microbacterium spp. were inferred using the neighbor-

joining method on the basis of multiple alignments,

which were accomplished by using the ClustalX program

(Thompson et al., 1997). The phylogenetic tree indicated

that SMC-A8265T clustered with Microbacterium dextra-

nolyticum, Microbacterium maritypicum, and Microbacte-

rium flavescens; this clustering was robustly supported

according to the bootstrap analysis (Fig. 1). Comparisons of

the 16S rRNA gene sequences indicated that SMC-A8265T

showed the least dissimilarity with M. maritypicum (1.1%),

followed by M. dextranolyticum (1.3%), and M. flavescens

(1.4%). According to Stackbrandt and Goebel (1994), the

strains sharing less than 97% 16S rRNA gene sequence

similarity are to be regarded as separate species. However,

several couples of the Microbacterium spp. showed less

than 3% 16S rRNA gene sequence dissimilarities. For

example, Microbacterium laevaniformans showed 0.3%

and 1.1% dissimilarities with Microbacterium kitamiense

and Microbacterium chocolatum, respectively. Microbacte-

rium oxydans showed less than 1.0% dissimilarities with

Microbacterium liquefaciens, Microbacterium saperdae,

Microbacterium luteolum, and Microbacterium paraoxy-

dans. Thus, 16S rRNA gene sequence analysis indicated

that SMC-A8265T should be identified as a novel Micro-

bacterium spp. In addition, the strain SMC-8265T showed

less than 30% DNA–DNA reassociation values with M.

maritypicum NBRC 15779T, M. dextranolyticum NBRC

14592T, Microbacterium flavescent NBRC 15039T, and

Microbacterium hominis NBRC 15708T.

3.2. Phenotypic characterization

Phenotypic characterization also supports that SMC-

A8265T belongs to a new species. The colony of SMC-

8265T was yellow and pinpoint. It was nonmotile and was

negative both to catalase and oxidase. It grew on blood agar

and chocolate agar plates at the temperature between 25 and

40 8C, but not on McConkey agar plate. The differentiated

characteristics of the strain SMC-A8265T and the other

closely related Microbacterium spp., M. maritypicum,

M. flavescens, M. dextranolyticum, and M. hominis, are

shown in Table. 1. When assayed with the API ZYM

system, esterase (C4), leucine arylamidase, h-glucosidase,
and N-acetyl-h-glucosaminidase were produced by the

strain SMC-8265T. When assayed with the API 50CH

system, the strain SMC-8265T was positive for the

assimilation of glycerol, l-arabinose, galactose, glucose,

fructose, mannose, mannitol, arbutin, esculin, salicin,

cellobiose, maltose, lactose, sucrose, and starch. There were

several phenotypic characteristics that differentiated the

strain SMC-A8265T from the other Microbacterium spp.

3.3. Cellular fatty acid compositions

Like the other Microbacterium spp., the major CFA

components of SMC-A8265T were anteiso-C15:0 (47.8%),

iso-C16:0 (24.6%), and anteiso-C17:0 (16.4%) (Takeuchi and
Hatano, 1998a, 1998b; Zlamala et al., 2002). Comparison

with the TSBA 40 database indicated that SMC-A8265T

was closely related to M. saperdae with a low confidence

level (0.467), but the 16S rRNA gene sequence dissimilarity

between SMC-A8265T and M. saperdae was more than 3%.

The G+C content of the strain SMC-A8265T was de-

termined by thermal denaturation. Its G+C content was

69.4 mol%, which corresponded to the range of the other

Microbacterium spp., 65 to 75 mol% (Brennan et al., 2001;

Takeuchi and Hatano, 1998b).

The complementary nature of all the results described

above, the molecular phylogenetic analysis, the biochemical

tests, and the CFA analysis, indicated that SMC-A8265T

belonged to a novel species of Microbacterium. Thus, we

propose a new species name, Microbacterium pyrexiae sp.

nov., for the strain SMC-A8265T.
4. Discussion

Microbacterium rarely causes human diseases, but

reports of Microbacterium infections are recently increasing

(Alonso-Echanove et al., 2001; Laffineur et al., 2003; Tang

et al., 2000). M. oxydans is the most frequently isolated

species from human, and M. paraoxydans, Microbacterium

aurum, Microbacterium lacticum, Microbacterium folio-

rum , Microbacterium schleiferi, and Microbacterium

testaceum have also been isolated from human (Alonso-

Echanove et al., 2001; Laffineur et al., 2003; Lau et al.,

2002; Tang et al., 2000). However, most of them have not

been included in the automated bacterial identification

systems because they are rarely found in clinical microbi-

ology laboratories. 16S rRNA gene sequence analysis

was recently performed to identify Microbacterium spp.

(Laffineur et al., 2003; Lau et al., 2002; Tang et al., 2000),

as was also done in this study. Our finding of a new

Microbacterium spp. with a human origin indicates that

there are many more Microbacterium spp. that may cause

human diseases. Laffineur et al. (2003) and Lau et al. (2002)

have reported that several strains of Microbacterium did not

fit any described species. Thus, the accurate and continuous

identification of human isolates with using molecular

methods warrants a better understanding of opportunistic

pathogens such as Microbacterium.

4.1. Description of M. pyrexiae sp. nov.

M. pyrexiae (L. gen. n. pyrexiae, of pyrexia, as his

bacterium was isolated from a patient suffering with fever)

is a Gram-positive coryneform bacterium and it grows well

on blood agar and chocolate agar at the temperature between

25 and 40 8C. The colony of SMC-8265T was yellow and

pinpoint. It was nonmotile and was negative both to catalase

and oxidase. On the API ZYM assay, it is positive for

esterase (C4), leucine arylamidase, h-glucosidase, and

N-acetyl-h-glucosaminidase, but it is negative for the others

such as alkaline and acid phosphatase, lipase, trypsin,

galactosidase, a-glucosidase, and a-mannosidase. On the
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API 50CH assay, it is positive for the assimilation of

glycerol, l-arabinose, galactose, glucose, fructose, man-

nose, mannitol, arbutin, esculin, salicin, cellobiose, maltose,

lactose, sucrose, trehalose, starch, gentiobiose, d-turanose,

glaciate, and 5-keto-gluconate, but it is negative for

erythritol, d-arabinose, ribose, d-xylose, l-xylose, adonitol,

h-methyl-d-xyloside, sorbose, rhamnose, dulcitol, inosi-

tol, sorbitol, a-methyl-d-mannoside, a-methyl-d-glucoside,

N-acetyl-glucosamine, amygdalin, melibiose, inulin, mele-

zitose, raffinose, glycogen, xylitol, d-lyxose, d-tagatose,

d-fucose, l-fucose, d-arabitol, l-arabitol, and 2-keto-

gluconase. It has the CFAs anteiso-C15:0, iso-C16:0, and

anteiso-C17:0 as its major fatty acids. It was isolated from

human blood and has a G+C content of 69.4 mol%. The

type strain of M. pyrexiae is strain SMC-A8265T.
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