
Introduction

Most Nocardia species can cause human infec-
tions that are difficult to diagnose because of their 
non-specific clinical and histological manifesta-
tions1－3）. Definitive diagnosis depends on the iso-
lation and identification of a causative Nocardia 
species3, 4）. Nocardiosis has been considered rare, 
however, recently the incidence of infection is 
increasing 5）.

Classification of Nocardia species using a com-
bination of genotypic and phenotypic methods 
has led to the establishment of more than 20 
new species6, 7）. Nocardia vinacea was also recently 
described by Kinoshita et al.8）. The type strain 
was isolated from soil. It was found to produce 
a 16-membered lactone group antibiotic: tubelato-
micin A8）.

During taxonomic studies of Nocardia asteroides-
like clinical isolated strains, we found that two 
clinical isolates, strains IFM 0344 and IFM 0323T, 
have phenotypic characteristics that are similar 
to N. vinacea. DNA-DNA hybridization showed 
that strain IFM 0344 belongs to N. vinacea. This 

report describes the first case of an infection 
caused by this species. DNA-DNA hybridization 
also showed that strain IFM 0323T can be 
delineated from N. vinacea. Hence, we propose 
strain IFM 0323T as a new species: Nocardia 
anaemiae sp. nov.

Materials and Methods

Bacterial strain and media 
Strains IFM 0323T, IFM 0344, and N. vinacea 

IFM 10175T were cultured at 27°C for seven 
days on a Muller Hinton II （MH II） agar slant 
supplemented with 1% glucose and 1% glycerol. 
Strain IFM 0323T was isolated in 1989 from a 
73-year-old Japanese male patient with a history 
of autoimmune hemolytic anemia （AIHA） and 
steroid therapy. Strain IFM 0344 was isolated in 
1990 from a Japanese patient without a detailed 
history. For extraction of DNA and its sequenc-
ing, the bacterial strains were cultured at 32°C 
for four days in brain heart infusion （BHI; 
Difco Laboratories） broth.

Biochemical and chemotaxonomic characteris-
tics 

Respective decompositions of adenine, casein, 
hypoxanthine, tyrosine, urea, and xanthine were 
examined as in Gordon et al.1）. Acid production 
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from carbohydrates, utilization of organic acids, 
and growth temperature were determined by the 
modified method of Poonwan et al. 9）.

Whole-cell hydrolysates were analyzed for the 
diaminopimelic acid （DAP） isomers10） and for 
cell wall reducing sugars11, 12） using thin layer 
chromatography （TLC）. Mycolic acids were ana-
lyzed in the manner reported in Minnikin et 
al.13）. Menaquinones were extracted from freeze-
dried biomass （500 mg） and analyzed as described 
by Chun and Goodfellow14）.

Preparation of genomic DNA samples 
A 1-ml volume of cultured broth was centri-

fuged at 12,000 rpm for 10 min. The pellet was 
resuspended in 200 μl of TE buffer, 250 μl of 
GPT reagent （6M guanidine thiocyanate dissolved 
in 50 mM Tris pH 8.3） and 450 μl Tris buffered 
phenol （pH 8.0）. The tube was placed in a 
boiling water bath for 15 min and extracted 
with 250 μl of chloroform-isoamyl alcohol （24 :1 
by volume）. After 10-min centrifugation at 12,000 
rpm, the aqueous phase （ca. 500 μl ） was trans-
ferred to a fresh tube. The aqueous phase was 
mixed with 500 μl of 100% isopropanol and 50
μl of 3M sodium acetate. Then it was micro-
centrifuged at 12,000 rpm for 15 min at 4°C 
before the supernatant was decanted. Traces of 
GPT reagent were removed by the addition of 
500 μl of ice-cold 70% ethanol to the nucleic 
acid pellet. That mixture was again centrifuged 
at 12,000 rpm for 5 min at 4°C. The ethanol was 
removed. The pellet was dried under a vacuum 
for 20 min and finally resuspended in 50 μl of 
TE buffer. 

16S rDNA sequencing
16S rDNA was amplified by polymerase chain 

reaction （PCR） and sequenced using six prokary-
otic 16S rDNA universal primers15, 16）. PCR was 
performed by a DNA thermal cycler （TaKaRa 
Shuzo Co., Ltd., Japan） using 35 cycles, each 
consisting of denaturation at 94°C for 60 s, 
primer annealing at 60°C for 60 s, and primer 
extension at 72°C for 120 s. The PCR products 
were purified using a Centri-Sep Column （Prince-
ton Separations, Inc.）. DNA sequences were 
determined by an automatic sequence analyzer 
（ABI PRISMTM 3100; PE Applied Biosystems, 
U.S.A.） using a dye terminator cycle sequencing 
kit （PE Applied Biosystems）.

Phylogenetic analysis
BLAST analysis was used to screen databases 

for sequences that were related to the isolates. 
16S rDNA sequences of both isolates were 

determined and used for phylogenetic analysis. 
Sequence data for comparison were obtained 
from the GenBank database. Nucleotide substitu-
tion rates （K NUC values） were calculated17） and 
phylogenetic trees were constructed using the 
neighbor-joining method18）. Tree topologies were 
evaluated by bootstrap analysis with CLUSTAL W 
software19）. The DNAML program in the PHYLIP 
3.5c package20） was used for maximum likelihood 
analysis with the default transition/transversion 
ratio of 2.000000. Sequence similarity values were 
determined through visual comparison and manual 
calculations.

DNA-DNA hybridization
DNA was isolated as described by Saito and 

Miura 21） with modification. DNA base composi-
tion was estimated using HPLC 22）. Levels of 
DNA-DNA relatedness were determined by the 
method of Ezaki et al. 23） with photobiotin and 
microplates.

Results and Discussion
N. vinacea is a recently proposed species 8）. 

Since it was first reported as a soil isolate in 
2001, no other isolation of this species has 
been reported. Our routine laboratory testing 
of pathogenic Nocardia has revealed that 2 of the 
more than 500 clinical isolates of Nocardia in 
Japan24－ 26） are very similar to N. vinacea. These 
observations prompted us to determine the 
phylogenetic position of the two strains.

Sequences of N. vinacea IFM 0344 and N. 
anaemiae IFM 0323T were deposited in the DDBJ 
database under accession numbers AB162802 and 
AB162801, respectively. A database search revealed 
that the two isolates belong to the family 
Nocardiaceae 27） in the suborder Corynebacterineae. 
Furthermore, the phylogenetic trees （Fig. 1, 2） 
clarify that IFM 0344 is closely associated with 
N. vinacea. The sequence similarity value between 
strain IFM 0344 and N. vinacea IFM 10175T was 
99.8%. On the other hand, IFM 0323T is only 
loosely associated with N. vinacea （Fig. 2）: the 
sequence similarity value between IFM 0323T 
and N. vinacea IFM 10175T is 98.3%. Figure 1 
shows that IFM 0323T is also loosely associated 
with Nocardia caishijiensis, but the sequence 
similarity value between IFM 0323T and N. 
caishijiensis is 98.0%, which is lower than that with 
N. vinacea.

Chemotaxonomic and morphological character-
istics of these two isolates are consistent with their 
assignment to the genus Nocardia 2, 27, 28）. Both 
strains contained galactose and arabinose as 
characteristic whole-cell sugars in addition to 
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meso-diaminopimelic acid as the wall DAP. They 
contained mycolic acids that co-migrate （Rf value 
of   about   0.47）   with   those   extracted   from

the  reference  Nocardia  strains.  A  predominant
menaquinone was MK-8（H 4ω-cycl）（>90%）.

Table 1 lists results of physiological and bio-
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Fig. 1. Phylogenetic tree derived from 16S rDNA sequences. The tree was created using the neighbor-joining 
method and K NUC values. The numbers indicate bootstrap values for branch points. Only those values above 
50% are shown.

Fig. 2.  Phylogenetic tree derived from 16S rDNA sequences. The tree was created using maximum likelihood analysis.



chemical tests. Strain IFM 0344 and N. vinacea 
IFM 10175T showed identical physiological char-
acteristics, but some differences exist between 
strain IFM 0323T and N. vinacea IFM 10175T. 
For that reason, we carried out a DNA-DNA 
hybridization experiment between the isolates 
and N. vinacea IFM 10175T. The DNA similarity 
between strains IFM 0344 and IFM 10175T was 
determined as 75-83%, suggesting that strain 
IFM 0344 belongs to N. vinacea. This is the first 
report of human infection attributable to the N. 
vinacea strain, but we propose that the bacterium 

should be categorized as an opportunistic in-
fectious group regardless of its original isolation 
from soil.

The DNA relatedness between strain IFM 
0323T and N. vinacea IFM 10175T was 56%, 
suggesting that the strain should be classified as 
a new species. Phenotypic and phylogenetic 
characteristics, coupled with the data of genomic 
DNA relatedness levels, encourage us to propose 
a new Nocardia species: Nocardia anaemiae sp. 
nov. （type strain IFM 0323T）. During our 
continuing taxonomic studies on 450 nocardial 
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Table 1.  Phenotypic properties tha distinguish Nocardia anaemia IFM 0323T, Nocardia vinacea JCM 10988T, and
Nocardia vinacea IFM 0334 from the type strains of Nocardia species

31302928272625242322212019181716151413121110987654 3* 2* 1*

Decomposition of

－－－－－－－+－－－－－－－－－－－－－－－－－－－Adenine

－－－－－－－－+－－－+－－－－－－－－－－－+－+－－－－Casein

－－++－－－－+－+－－－－－－－－－－－－－+－－－+++Hypoxanthine

－－+－－－+－+－－－－+－－－－－－－－－－+－－－－－－Tyrosine

++++－++++－－+－－－－++－++－++++Urea

－－+－－－－－－－+－－－－－－－－－－－－－－－－－－－－Xanthine

Utlization of

++－Adonitol

+－－－－－－－－－－－－－+++Arabinose

－+－－－－－－－－－－－－－－Erythritol

+++－－－+－－－－+－－+++Galactose

++++－++++－+++++++Glucose

－－－+－+－－－－－+－－++－Inositol

－+－－－－－++－+－+－－－Maltose

+－－－－－Mannose

++－++－－－－－－－－+－+－－+－+++－－－+－－－Rhamnose

－－+－－+++－+－－－－++－－+－－－－+++Sorbitol

－－－－－++++－－－－+－－－－－－－－+－++－++++Citrate

－+－Gluconate

+++－－－+++++++－+++++++++Growth at 37°C

+－－－－－－+－+－+－++－－－－－－－－－+－－－－Growth at 45°C

Susceptibility test*

3 +3 +3 +3 +3 +3 +－3 +3 +3 +3 +3 +3 +－3 +3 +1 +3 +3 +3 +Imipenema

－－3 +3 +3 +3 +1 +－－3 +3 +3 +3 +3 +3 +1 +3 +3 +3 +3 +Tobramycina

+－－－－－－+－－－－－－－+－－－－5-Fluorouracilb

+, positive; －, negative.
*a, 3+ （highly susceptible, growth inhibition at 2.5 μg per disc）, 1+ （slightly susceptible, growth inhibition at 10.0 μg per disc）, － （not 
susceptible, no growth inhibition at 10 μg per disc）; b, + （susceptible, growth inhibition at 30 μg per disc）, －（not susceptible, no 
growth inhibition at 30 μg per disc）.
1, IFM 0323T; 2, IFM 0344; 3, Nocardia vinacea JCM 10302T; 4, Nocardia abscessus DSM 44432T; 5, Nocardia africana DSM 44491T; 6, Nocardia 
asteroides ATCC 19247T; 7, Nocardia brasiliensis ATCC 19296T; 8, Nocardia brevicatena DSM 43024T; 9, Nocardia beijingensis JCM 10666T; 10, 
Nocardia caishijiensis JCM 11508T; 11, Nocardia  carnea DSM 43397T; 12, Nocardia cerradoensis DSM 44546T; 13, Nocardia crassostreae ATCC 
70418T; 14, Nocardia cummidelens DSM 44490T; 15, Nocardia cyriacigeorgica DSM 44484T; 16, Nocardia farcinica ATCC 3318T; 17, Nocardia 
flavorosea JCM 3332T; 18, Nocardia fluminea DSM 44488T; 19, Nocardia ignorata DSM 44496T; 20, Nocardia nova JCM 6044T; 21, Nocardia 
otitidiscaviarum NCTC 1934T; 22, Nocardia paucivorans DSM 44386T; 23, Nocardia pseudobrasiliensis ATCC 51512T; 24, Nocardia puris 
DSM44599T; 25, Nocardia salmonicida JCM 4826T; 26, Nocardia seriolae JCM 3360T; 27, Nocardia soli DSM 44488T; 28, Nocardia transvalensis 
DSM 43405T; 29, Nocardia uniformis JCM 3224T; 30, Nocardia vaccinii DSM 43285T; 31, Nocardia veterana DSM 44445T. Data were taken 
from Albuquerque et al.29）, Gurtler et al.29). Gurtler et al.30）, Hamid et al.7）, Kinoshita et al.8）, Maldonado et al.31）, Wang et al.32）, Yassin 
et al.33－36）, Zhang et al.37） and this study.



clinical isolates in Thailand and Japan, only one 
strain of N. anaemiae was isolated, suggesting a 
rare infectious case that is attributable to this 
bacterium. That case may also suggest low 
pathogenicity of this bacterium because it was 
isolated from a 73 - year-old AIHA patient who 
had been treated with an immunosuppressive 
agent.

Description of Nocardia anaemiae sp. nov.
Nocardia anaemiae （a.na.e.mi.a. N. L. fem. n. 

（from Gr. fem. n. anaimia）, anaemia; N. L. 
gen. fem. n. anaemiae, anaemia, referring to the 
disease of the patient with this condition）.

Aerobic, Gram-positive, acid-fast, non-motile. 
Forms branched pale orange colored substrate 
mycelia that fragment into irregular rod-shaped 
elements. Produces white aerial hyphae on BHI 
agar medium. Dimensions of colonies are 0.2- 
3.0 mm after seven days at 30°C on MHII 
medium supplemented with 0.2% glucose.

Arabinose, galactose, glucose, citrate, and 
sorbitol are utilized, but adonitol, erythritol, 
inositol, maltose, mannose, and rhamnose are 
not. Hypoxanthine and urea are decomposed, 
but adenine, casein, tyrosine, and xanthine are 
not. Growth occurs at 37°C, but not at 45°C. 
The G + C content of the DNA is 66.2 mol%. 
The type strain is strain IFM 0323T （=NBRC 
100462T, JCM 12396T, DSM 44821T）, a clinical 
isolate.
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