
Introduction

　Most Nocardia species are associated with 

human and animal infections that are difficult to 

diagnose because of their nonspecific clinical mani-

festation and histological evidence 1－3）. Nocardiosis 

is caused by several species of the genus Nocardia. 

Systemic disease is mostly caused by the Nocardia 

asteroides group, which contains N. asteroides sensu 

stricto, N. farcinica and N. nova 4－6）. The type 

species N. asteroides is the major cause of nocar-

diosis, but clinical isolates are taxonomically 

heterogeneous 7, 8）.

　N. abscessus was recently described by Yassin 

et al. 9）. During taxonomic studies, we found 

that five clinical isolates belong to N. asteroides 

by phenotypic characteristics, but could be 

differentiated from N. asteroides by molecular 

methods. Recently we also isolated from soil in 

Japan a Nocardia strain which is very similar to 

the five clinical isolates. Further detailed taxo-

nomic studies indicated that these six isolates 

belong to N. abscessus. This is the first case report 

on the infection due to this bacterium in Japan. 

This paper details the taxonomical studies on 

these strains. 

Materials and Methods

Bacterial strain and media

　The strains IFM 0367, IFM 0663, IFM 0897, 

IFM 10013, IFM 10222, KNJ59 （＝IFM 10308＝
JCM 12179）, N. abscessus IFM 10011 （＝JCM 

6043, ATCC 23824）, and N. abscessus IFM 

10029T （＝DSM 44432T）, were cultured on a 

Muller Hinton II agar slant with 1% glucose 

and 1% glycerol for 1 week at 27 C゚. Sources of 

these strains are listed in Table 1. For 

extraction of DNA and sequencing, bacterial 

strains were cultured on brain heart infusion 

（BHI, Difco） broth for 4 days at 32 C゚.

Biochemical characteristics

　Decomposition of adenine, casein, hypoxanthine, 

tyrosine, urea, and xanthine were examined by 

the methods of Gordon et al. 1）. Acid production 

from carbohydrates, utilization of organic acids, 

and growth temperature were determined by 

the modified method of Poonwan et al. 4）.

　Whole cell hydrolysates were analyzed for 

diaminopimelic （DAP）  acid isomers 10） and for 
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cell wall sugars 11, 12） using thin layer chromato-

graphy （TLC）. Mycolic acids were analyzed as 

reported 13）. Menaquinones were extracted from 

freeze-dried biomass （500 mg） and analyzed as 

described by Chun & Goodfellow 14）.

Preparation of genomic DNA samples

　Samples were prepared using the guanidine 

thiocyanate method 15）.

16S rDNA sequencing

　16S rDNA was amplified by PCR and 

sequenced, using six prokaryotic 16S rDNA 

universal primers 15）. PCR was performed with a 

DNA thermal cycler （TaKaRa, Japan） using 35 

cycles each consisting of denaturation at 94 C゚ 

真菌誌　第45巻　第 1 号　平成16年18

Table 1.  Isolated strains.

  Strain Year 　　Source

IFM 0367 1992 lung biopsy of a 56-year-old man

  with systemic lupus erythematosus （SLE）

IFM 0663 1996 brain abscess of a 62-year-old man

IFM 0897 1999 bronchial lavage of a 69-year-old man

  with rheumatoid arthritis

IFM 10013 2000 septum of a 42-year-old man

  positive for HIV

IFM 10222 2002 septum of a 84-year-old man 

  with lung cancer

KNJ 59 2000 soil

  from the Institute of Physical and Chemical 

  Research Wako, Saitama, Japan

IFM 10011  Tsukamura, 1969 24）

IFM 10029T  joint abscess of a 56-year-old man

  with a complete endoprosthesis in one of his knees

Fig. 1.  Phylogenetic tree derived from 16S rDNA sequences. The tree was created using the neighbor-joining method and KNUC values. 

The numbers indicate bootstrap values for branch points. Only values above 50% are shown.

 

 

 



for 60 s, primer annealing at 60 C゚ for 60 s, and 

primer extension at 72 C゚ for 120 s. The PCR 

products were purified with a CENTRI-SEP 

COLUMN （PRINCETON SEPARATIONS）. 
DNA sequences were determined with an auto-

matic 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 sequence 

databases for strains related to the isolate. 16S 

rDNA sequence of all isolated strains, IFM 0367 

（1432 bp）, IFM 0663 （1517 bp）, IFM 0897 

（1508 bp）, IFM 10013 （1508 bp）, IFM 10222 

（1481 bp）, KNJ59 （1441 bp）, was determined 

and these data were used for phylogenetic analysis. 

Sequence data was retrieved from the GenBank. 

Nucleotide substitution rates （KNUC values） were 

calculated 16） and phylogenetic trees were con-

structed by the neighbor-joining method 17）. The 

topologies of the trees were evaluated by a 

bootstrap analysis using CLUSTAL W software 
18）.

Results and Discussion

　N. abscessus is a recently characterized species 9 ）, 

and since its first description in 2000, only two 

cases of human infection have been reported. 

During our routine laboratory testing of 121 

pathogenic Nocardia strains, there were five 

isolated strains that were candidates of N. 

abscessus, the soil isolate KNJ59 was also found 

to be a candidate. These observations led us to 

analyze the phylogenetic position of the 6 

strains. A study using more than 1300 bp of 

16S rDNA region sequence analyses showed that 

they formed a distinctive cluster and probably 

belonged to N. abscessus （Fig. 1 ）. 
　Sequence similarity values among six isolated 

strains and the type strain of N. abscessus were 

99.7～100%. The phenotypic characters of the 

six isolated strains, type strain, and reference 

strain of N. abscessus were determined and these 

results were the same as that of N. abscessus. 

These studies confirmed that the six strains 

belong to N. abscessus and this is the first report 

of N. abscessus in Japan.

　Since three infectious cases 9, 19, 20） due to N. 

abscessus were reported from Germany, the 

geographical distribution of this bacterium was 

previously believed to be restricted. However, 

our present study demonstrated that this bacte-

rium also occurs in Japan.

　During routine laboratory identification of 

pathogenic Nocardia by phenotypical and chemo-

taxonomical methods, the five clinical isolates 

were found to have a novel mycolic acid （Rf 

value of 0.91）, which migrates with the 

commonly produced mycolic acid characteristic 

to all Nocardia species （Rf value of 0.47）. Our 

survey for the presence of this novel mycolic 

acid （Rf value of 0.91） among reference Nocardia 

species showed that N. abscessus and N. beijingensis 

belong to this group （Fig. 2）. Presence of this 

type of mycolic acid in N. abscessus was not 

reported in the original description, but this 

character could help to identify N. abscessus. We 

also recently reported a new species, N. asiatica 21 ）, 

and confirmed the presence of the new mycolic 

acid. These three species are easily differentiated 

based on biochemical characteristics. Therefore, 

the combination of biochemical characters and 

detection of mycolic acid with a high Rf value 

is a useful characteristic to identify N. abscessus 

from other established reference Nocardia species, 

because TLC analysis is very easy and simple, 

compared with analysis of other chemo-taxonomi-

cal characteristics such as menaquinone. 

　Many new species of the genus Nocardia have 

recently been proposed, and the range of species 

isolated in clinical laboratories has varied over 

time. Until now, N. asteroides sensu stricto, N. 
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Fig. 2.  Mycolic acids. 1, Mycobacterium; 2, typical Nocardia; 3, N. 

beijingensis; 4, IFM 0367; 5, IFM 0663; 6, IFM 0897; 7, IFM 

10011; 8, IFM 10013; 9, IFM 10029; 10, IFM 10222; 11, 

KNJ59.



farcinica, N. nova, N. brasiliensis, and N. otitidi-

scaviarum had been considered to be the pre-

dominant species.

　A new species, N. beijingensis 22） was proposed 

in 2001. Originally N. beijingensis was isolated 

from soil in China, but we also isolated 18 

strains from patients in Japan and demonstrated 

that the species is pathogenic 23）. Now N. abscessus 

must also be considered a constant constituent 

of pathogenic Nocardia in Japan. 

　We also recently reported the first infectious 

case of N. pseudobrasiliensis in Japan 15）, and we 

also confirmed the presence of infections by 

Nocardia transvalensis and Nocardia cyriacigeorgica in 

Japan （unpublished data）. Therefore, these experi-

ments may show that other Nocardia species, 

which believed never to have been isolated in 

this country, do also exist in Japan.
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