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Over nearly two decades, 13 yellow- or orange-pigmented, fermentative gram-positive rods belonging to the
genus Microbacterium were encountered in clinical specimens. All 13 strains, 10 of which came from blood
cultures, were initially identified as CDC coryneform group A-4 and A-5 bacteria according to the scheme of
Hollis and Weaver for the identification of gram-positive rods. The clinical isolates were compared with the
type strains of the six species constituting the genus Microbacterium as well as with three Microbacterium strains
isolated from hospital environments. By biochemical methods only 5 of 13 clinical isolates could be identified
to species level. Peptidoglycan analysis proved to be a valuable tool for differentiation between Microbacterium
spp. and related genera, whereas cellular fatty acid analysis did not allow species identification within the
genus Microbacterium. The 22 Microbacterium strains studied were, in general, susceptible to antimicrobial
agents used in the treatment of infections caused by gram-positive rods. This report is the first one concerning
the isolation of Microbacterium strains from clinical specimens. The sources as well as the mode of trans-

mission remain to be established.

In 1919 Orla-Jensen proposed the genus Microbacterium,
but this genus underwent several changes within subsequent
decades (3). These changes continued until 1983, when Collins
et al. redefined the genus Microbacterium and reclassified
Brevibacterium imperiale as Microbacterium imperiale and
“Corynebacterium laevaniformans” as M. laevaniformans (4). In
addition, M. lacticum was proposed as the type species of the
redefined genus Microbacterium (4). The fourth species within
the genus Microbacterium, M. arborescens, was reclassified
from Flavobacterium arborescens by Imai et al. in 1984 (13).
Most recently, Yokota et al. proposed M. dextranolyticum and
M. aurum (24).

All Microbacterium strains described in the literature so far
have been isolated from environmental sources. However, over
nearly two decades the three laboratories involved in this study
have isolated or received Microbacterium strains from clinical
specimens. Initially, these yellow- or orange-pigmented, fer-
mentative gram-positive rods (GPRs) were identified as CDC
coryneform group A-4 and A-5 bacteria (12), but further
investigations revealed that they belong to the genus Microbac-
terium. This report stresses again the value of chemotaxonomic
methods for the identification of GPRs. To the best of our
knowledge, this is the first report concerning the appearance of
Microbacterium spp. in clinical specimens.

MATERIALS AND METHODS

Strains. The strains studied were isolated or received as reference strains
between 1975 and 1993 by the three laboratories contributing to this study. Strain
15 was isolated from clinical material as described in detail earlier (8), and strains
16 to 18 were isolated from Septi-Chek blood culture bottles (Hoffmann-La
Roche, Basel, Switzerland). For comparative biochemical and chemotaxonomic
investigations we used the following type strains: M. lacticum CIP 69.3"7 (ATCC
8180™), M. laevaniformans CIP 100934 (ATCC 15953T), M. dextranolyticum IFO
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14592" (DSM 8607"), M. aurum IFO 15204" (DSM 8600"), M. imperiale CIP
82.108" (ATCC 8365"), and M. arborescens CIP 55.817 (ATCC 4358™).

Biochemical profiles. Media (all from Becton Dickinson Microbiology Sys-
tems, Cockeysville, Md., unless stated otherwise) were prepared according to the
methods of Nash and Krenz (16). All tests were performed at 37°C. The CAMP
reaction was performed on Columbia agar with 5% sheep blood by using
Staphylococcus aureus ATCC 25923. The commercial API SOCH and API ZYM
systems (both from API bioMérieux, Marcy I'Etoile, France) were used accord-
ing to the guidelines provided by the manufacturer.

Susceptibility studies. Eight antimicrobial agents (ciprofloxacin, clindamycin,
erythromycin, gentamicin, penicillin G, rifampin, tetracycline, and vancomycin)
used in the treatment of infections caused by GPRs were selected for determi-
nation of MICs by the agar dilution method according to the guidelines of the
National Committee for Clinical Laboratory Standards (17, 18).

CFA profiles. Cells were grown for 48 h at 37°C with 5% CO, on Trypticase
soy agar with 5% sheep blood, and cellular fatty acid (CFA) patterns were
analyzed with the Microbial Identification System (Microbial ID, Inc., Newark,
Del.) as described previously (23).

Peptidoglycan analysis. The methods used have already been outlined in detail
by Barreau et al. (1) and Schleifer and Kandler (20). Briefly, cell wall hydroly-
sates as well as partial cell wall hydrolysates were separated by one- or
two-dimensional thin-layer chromatography and then visualized with ninhydrin.

RESULTS

Of the 22 strains examined, 13 came from clinical materials
and 10 of these were isolated from blood cultures (Table 1).
All clinical strains except strain 6 grew in pure culture. Direct
Gram stains of the clinical materials had not been performed.
The clinical strains were compared with six reference strains
and three strains isolated from hospital environments.

Table 2 lists the biochemical characteristics of all 22 strains
tested. All strains were yellow or orange pigmented, the latter
ones being identified as M. imperiale or M. arborescens. Only M.
imperiale and M. arborescens strains were found to be motile.
Nitrate reduction was positive in M. lacticum and in four of the
clinical strains only. All strains were able to hydrolyze esculin
(except M. laevaniformans), but this reaction was delayed in M.
lacticum and M. aurum. Carbohydrate metabolism was fermen-
tative in all strains. Fermentation reactions of five carbohy-
drates (glucose, maltose, sucrose, mannitol, and xylose)—
applied in the routine testing of GPRs (12)—were positive for
all M. imperiale and M. arborescens strains. The other Mi-
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TABLE 1. Origins of the strains studied e § § § § § g § § TXRTRER
. »|[3I3SS33SS s N
Stnr(z:.m Reference no.” Species Source §:§ g ;@ ;"‘ g“ ;‘: ;‘; % ;"‘ ;" ;‘;é § § g % z o
1 CIP 69.3 M. lacticum NK (environmental) 225 |§E§EEEEEEE ~g 3in 5 2
2 CIP 1009347 M. laevaniformans  Activated sludge EEF|SSi335352% FET 23
3 IFO 145927 M. dextranolyticum  Soil LEL|BPREBRET 2o 3z :
4 TFO15204" M. aurum Corn steep liquor o |RBBERE2E5E B
5 CIP 82.108" M. imperiale Eacles imperialis §, g El g
6 CIP 101583 M. imperiale Vaginal swab 228 | UKL d OO K<
7 CIP 100644 M. imperiale Blood culture o8 |ELE22EEess2E2E -
8 CIP 101188 M. imperiale Blood culture ég ££££2£22RYZEEZEZ % G
9 CCUG 31315 M. imperiale Hospital humidifier za S g
10  DMMZ 781 M. imperiale Hospital air s 5 -
11 CIP 55.81T M. arborescens NK (environmental) = &
12 CCUG 28797 M. arborescens NK (clinical) g _Z
13 CIP 101307 M. arborescens Blood culture g L L e =)
14 DMMZ 777 M. arborescens Hospital air & '
15 DMMZ 102 Microbacterium sp.  Deep femoral wound z 50
16  DMMZ 249  Microbacterium sp.  Blood culture B L A A g8
17 DMMZ 701 Microbacterium sp.  Blood culture E
18 DMMZ 702 Microbacterium sp.  Blood culture g e 4+ s i%
19 CIP 101901 Microbacterium sp.  Blood culture 2 58 E
20 CIP 100625 Microbacterium sp.  Blood culture c
21 CIP 101305 Microbacterium sp.  Blood culture N =2 c -
22 CIP 101667 Microbacterium sp.  Blood culture ; L g 55 g
“ CIP, Collection de I'Institut Pasteur; IFO, Institute of Fermentation Osaka; = _=m Fl"i
CCUG, Culture Collection of the University of Goteborg; DMMZ, Department g, R e i ol e o o S L 3 S E—ﬁ N
of Medical Microbiology, University of Ziirich. g_ “QF :
> NK, not known. 2 . ?
s e i i e %S %
g 8
o - =
crobacterium strains were able to ferment at least four of these g S S S E g8
five carbohydrates (Table 2). On the basis of these biochemical g o S
reactions (Table 2), all Microbacterium strains were initially o L0 el el e il e e s Z E
assigned to CDC coryneform group A-4 (strains 6 to 10, 12 to = © 7 g;
14,16 to 18, 21, and 22) or A-5 (strains 15, 19, and 20). When z IR R § g z
the fermentation reactions of a further 44 carbohydrates were =) ° ol =35 gl g
tested with the API 50CH system, the following reactions were E” ' 21 s
positive for all strains examined: galactose, D-fructose, D- 5 R %_j e g 5
mannose, and cellobiose. None of the strains was able to g z 58|
ferment p-arabinose, D-fucose, L-fucose, L-arabitol, or 2-keto- g - | g s |8
gluconate. For the species diagnosis of Microbacterium strains 2 P | B > Z g8
fermentations of melezitose and p-raffinose were found to s ; o Er 3 =
have the greatest differential potential (Table 2). The CAMP g % =
reaction was positive for 2 M. arborescens strains (11 and 13) ’ T - ? e
and negative for the other 20 strains tested. Enzymatic reac- &3
tions were relatively uniform for Microbacterium spp., with oz
esterase (C,), esterase lipase (Cg), and leucine arylamidase L %g
determined to be present in all strains. Strain 16 showed these '
few enzymatic reactions only, whereas all other strains were L b . %E
found to possess many of the enzymatic activities covered in é°
the API ZYM system (Table 2). v
All 22 strains examined were susceptible to rifampin, tetra- B
cycline, and vancomycin. Only strain 16 was resistant to ©
ciprofloxacin. In contrast, only two strains (strains 9 and 15) L Q
were found to be susceptible to penicillin G when categories vl loowl lovwanl | ul& ;:T"-T"
used for staphylococci were applied (18). Most Microbacterium (1
strains were susceptible to the other antimicrobial agents .0 o
tested (Table 3). Efw| B
For all 22 strains tested, 12-methyltetradecanoic (C,;s.) sEE=E=iaER =0 g8’ %
fatty acid methyl ester (FAME) and 14-methylhexadecanoic P
(Ca17:0) FAME were the predominant CFAs (Table 4). For M. S 3| B
imperiale and M. arborescens the amounts of C,;s., and C,;-.o |ERRERE I RER | wi | & § é Z
FAME taken together were greater than 75% of the total CFA ETTI
content for all strains of these species tested. Otherwise, there v 2
were no species-specific CFA patterns within the genus Mi- €100 111 BRS¢
crobacterium. °e




190 FUNKE ET AL. J. CLIN. MICROBIOL.
TABLE 3. Antimicrobial susceptibility patterns of the strains studied
MIC(s) (pg/ml) for:
‘Antti)—. 1 Microbacterium spp.©
microbia M. lacti- M. laevani- M. dextrano- M. au- M. im- M. arbo-
agent cum formans Iyticum rum periale® rescens®  Strain  Strain  Strain Strain  Strain  Strain  Strain  Strain
15 16 17 18 19 20 21 22

Ciprofloxacin 0.5 0.5 1 0.5 0.5-1 0.5-1 05 >o64 2 1 1 0.5 1 0.5
Clindamycin 0.5 <0.03 0.06 1 1-8 4-8 0.03 0.5 0.06  0.06 0.06 0.06 2 4
Erythromycin 0.06 0.06 0.06 0.06 0.06-16 0.06-8 0.06 1 0.06  0.13 0.06 <0.03 <0.03 0.06
Gentamicin 2 16 4 4 8-16 16-64 8 8 4 4 16 32 32 16
Penicillin G 2 2 0.25 0.25 0.06-1 0.25-2 0.06 025 1 1 0.5 4 025 1
Rifampin <0.03 0.06 <0.03 1 <0.03-0.06 <0.03 <0.03 <003 05 0.5 0.25 025 <0.03 05
Tetracycline 0.13 0.5 1 0.5 0.5-1 1 1 2 1 1 1 1 1 1
Vancomycin 0.13 0.25 0.25 0.13 0.25 0.25 0.13 013 013 013 0.25 0.25 0.5 0.25

“ Strains 5 through 10 in Table 1.
b Strains 11 through 14 in Table 1.
¢ Strain numbers are those of Table 1.

Peptidoglycan analysis revealed the presence of lysine as
diamino acid and glycine,-lysine or glycine-lysine as interpep-
tide bridges in all 22 strains included in this study.

DISCUSSION

Over nearly two decades Microbacterium strains were iso-
lated and received at the three reference laboratories involved
in this study. Strains able to ferment all five carbohydrates used
in our routine panel (see above) were tentatively identified as
CDC coryneform group A-4 bacteria, and those unable to
ferment xylose were identified as CDC coryneform group A-5
bacteria according to the scheme of Hollis and Weaver (12).
The presence of lysine as diamino acid of the cell wall
peptidoglycan and glycine,-lysine or glycine-lysine as interpep-
tide bridges clearly revealed that the strains were Microbacte-
rium spp., as this combination of amino acids is not found in
any other related genus (3, 20). By analysis of biochemical
characteristics 5 of 13 clinical isolates could be assigned to the
species M. imperiale (n = 3) or M. arborescens (n = 2). The
other eight clinical isolates, however, could not be identified to
the species level by the methods used. By using quantitative
DNA-DNA hybridizations, the precise taxonomic positions of
the remaining eight clinical Microbacterium strains, which

represent a rather heterogenous group (Table 2), may be
defined in the future.

All our phenotypical data indicate a very close relationship
between M. imperiale and M. arborescens, as has already been
reported (3, 13, 19). Distinguishing features include the pres-
ence of rhamnose (M. imperiale) or 6-deoxytalose (M. arbore-
scens) as 6-deoxyhexoses within the cell wall (13). Surprisingly,
we observed that two of four M. arborescens strains showed a
positive CAMP reaction, whereas all M. imperiale strains had a
negative reaction. Because the number of strains studied was
much too limited, we cannot recommend the CAMP test for
the differentiation of Microbacterium spp. at present. Fermen-
tation of melezitose and fermentation of p-raffinose were, in
fact, the only phenotypical reactions that discriminated be-
tween M. imperiale and M. arborescens (Table 2). In contrast to
the results of Imai et al. (13), we found all M. arborescens
strains (including the type strain) to be motile and we did not
observe H,S production (using Triple Sugar Iron agar) in M.
arborescens strains.

For the routine work we recommend the following proce-
dures in addition to use of the features outlined in Fig. 1.
Yellow- or orange-pigmented GPRs should be suspected of
being Microbacterium spp. Differential diagnosis includes Au-
reobacterium spp. (14), Curtobacterium spp. (15), and “Coryne-

TABLE 4. CFA patterns of the strains studied

% of total fatty acid content”

Strain no.” Organism

CilS:U CailS:O Cil():() Cl():O Cil7:0 Cui17 0 CilS:() C18:0
1 M. lacticum 4 41 8 5 5 33 1
2 M. laevaniformans 7 37 10 11 4 28 1
3 M. dextranolyticum 1 44 15 6 1 31 1
4 M. aurum 1 28 10 4 1 52 1 2
5-10 M. imperiale® 1+1 35+x4 132 2+1 48 + 6 1+1
11-14 M. arborescens® 33x1 19+4 2x0 43 £3
15 Microbacterium sp. 5 42 7 5 4 32 1
16 Microbacterium sp. 1 30 13 5 1 48 1
17 Microbacterium sp. 6 44 8 5 3 33 1
18 Microbacterium sp. 5 42 8 4 3 35 1
19 Microbacterium sp. 1 27 10 2 2 51
20 Microbacterium sp. 2 32 10 3 2 47 1 1
21 Microbacterium sp. 1 26 13 1 2 46 2 1
22 Microbacterium sp. 1 27 11 5 1 46 2 2

¢ Strain numbers are those of Table 1.
® Amounts of less than 1% not reported.
¢ Data are means * standard deviations.
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FIG. 1. Flow chart for differentiation of yellow- or orange-pigmented gram-positive rods encountered in clinical specimens. Data were compiled from references 3, 5-7, 9, 10, 12, and 22. DAB, diaminobutyric acid; mDAP,
meso-diaminopimelic acid; MK, menaquinone; “C. aquaticum,” “Corynebacterium aquaticum.” E. acetylicum may also be orange pigmented.
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bacterium aquaticum” (12), but these species do not grow
under anaerobic conditions. The yellow-pigmented, fermenta-
tive species include Oerskovia spp. (21) and Exiguobacterium
acetylicum (formerly Brevibacterium acetylicum [5]), but these
are motile, whereas the yellow-pigmented Microbacterium spp.
are all nonmotile. Cellulomonas spp. (22) can be differentiated
from Microbacterium spp. by their cellulase activity. If CFA
analysis is available, dominance of C,,s., and C,,;., FAME in
Microbacterium spp. can be a further diagnostic aid in differ-
entiation from Oerskovia spp., E. acetylicum, and Cellulomonas
spp., which also have shorter CFAs (e.g., Ci14.0 Or Ci4) (2,
23).

It is most likely that CDC coryneform groups A-4 and A-5,
as defined in the tables prepared by Hollis and Weaver (12),
contain different genera. We, therefore, emphasize the value of
chemotaxonomic methods (e.g., peptidoglycan analysis, analy-
sis of menaquinone patterns, and polar lipid analysis) for the
differentiation of GPRs in order to assign the isolates to the
correct genera. However, we acknowledge that these tech-
niques are reserved for the reference laboratory.

The mode of transmission of Microbacterium strains to
humans remains to be elucidated. The roles of the three
Microbacterium strains isolated from the hospital environment
are unclear, and nosocomial transmission remains speculative.

Finally, after the demonstration that Brevibacterium spp. (7,
11) and Aureobacterium spp. (9) can be human pathogens, this
report adds the genus Microbacterium to the list of already
defined genera that the clinical microbiologist should be aware
of, even though the number of strains isolated from clinical
specimens is expected to be rather small.

ACKNOWLEDGMENTS

We are grateful to A. von Graevenitz for critical reading of the
manuscript. V. Piinter provided excellent technical assistance.

This study was supported by generous grants from the Hartmann-
Miiller-Stiftung, Ziirich, Switzerland, and the EMDO-Stiftung, Ziirich,
Switzerland.

REFERENCES

1. Barreau, C., F. Bimet, M. Kiredjian, N. Rouillon, and C. Bizet. 1993.
Comparative chemotaxonomic studies of mycolic acid-free coryneform
bacteria of human origin. J. Clin. Microbiol. 31:2085-2090.

2. Bernard, K. A., M. Bellefeuille, and E. P. Ewan. 1991. Cellular fatty acid
composition as an adjunct to the identification of asporogenous, aerobic
gram-positive rods. J. Clin. Microbiol. 29:83-89.

3. Collins, M. D., and J. F. Bradbury. 1992. The genera Agromyces, Aureobac-
terium, Clavibacter, Curtobacterium, and Microbacterium, p. 1355-1368. In A.
Balows, H. G. Triiper, M. Dworkin, W. Harder, and K. H. Schleifer (ed.),
The procaryotes. Springer-Verlag, New York.

4. Collins, M. D., D. Jones, and R. M. Kroppenstedt. 1983. Reclassification of
Brevibacterium imperiale (Steinhaus) and “Corynebacterium laevaniformans”
(Dias and Bhat) in a redefined genus Microbacterium (Orla-Jensen), as
Microbacterium imperiale comb. nov. and Microbacterium laevaniformans
nom. rev.; comb. nov. Syst. Appl. Microbiol. 4:65-78.

5. Farrow, J. A. E., S. Wallbanks, and M. D. Collins. 1994. Phylogenetic
interrelationships of round-spore-forming bacilli containing cell walls based

~N o

10.

11.

15.

16.

17.

18.

20.

21.

22.

23.

24.

J. CLIN. MICROBIOL.

on lysine and the non-spore-forming genera Caryophanon, Exiguobacterium,
Kurthia, and Planococcus. Int. J. Syst. Bacteriol. 44:74-82.

. Funke, G. Unpublished data.
. Funke, G., and A. Carlotti. 1994. Differentiation of Brevibacterium spp.

encountered in clinical specimens. J. Clin. Microbiol. 32:1729-1732.

. Funke, G., G. Martinetti Lucchini, G. E. Pfyffer, M. Marchiani, and A. von

Graevenitz. 1993. Characteristics of CDC group 1 and group 1-like coryne-
form bacteria isolated from clinical specimens. J. Clin. Microbiol. 31:2907—
2912.

. Funke, G., A. von Graevenitz, and N. Weiss. 1994. Primary identification of

Aureobacterium spp. isolated from clinical specimens as “Corynebacterium
aquaticum”. J. Clin. Microbiol. 32:2686-2691.

Goodfellow, M. 1986. Genus Rhodococcus, p. 1472-1481. In P. H. A. Sneath,
N. S. Mair, M. E. Sharpe, and J. G. Holt (ed.), Bergey’s manual of systematic
bacteriology, vol. 2. The Williams & Wilkins Co., Baltimore.

Gruner, E., G. E. Pfyffer, and A. von Graevenitz. 1993. Characterization of
Brevibacterium spp. from clinical specimens. J. Clin. Microbiol. 31:1408-
1412.

. Hollis, D. G., and R. E. Weaver. 1981. Gram-positive organisms: a guide to

identification. Special Bacteriology Section, Centers for Disease Control,
Atlanta.

. Imai, K., M. Takeuchi, and I. Banno. 1984. Reclassification of “Flavobacte-

rium arborescens” (Frankland and Frankland) Bergey et al. in the genus
Microbacterium (Orla-Jensen) Collins et al., as Microbacterium arborescens
comb. nov., nom. rev. Curr. Microbiol. 11:281-284.

. Komagata, K., and K. I. Suzuki. 1986. Genus Aureobacterium, p. 1323-1325.

In P. H. A. Sneath, N. S. Mair, M. E. Sharpe, and J. G. Holt (ed.), Bergey’s
manual of systematic bacteriology, vol. 2. The Williams & Wilkins Co.,
Baltimore.

Komagata, K., and K. I. Suzuki. 1986. Genus Curtobacterium, p. 1313-1317.
In P. H. A. Sneath, N. S. Mair, M. E. Sharpe, and J. G. Holt (ed.), Bergey’s
manual of systematic bacteriology, vol. 2. The Williams & Wilkins Co.,
Baltimore.

Nash, P., and M. M. Krenz. 1991. Culture media, p. 1226-1288. In A.
Balows, W. J. Hausler, Jr., K. L. Hermann, H. D. Isenberg, and H. J.
Shadomy (ed.), Manual of clinical microbiology, 5th ed. American Society
for Microbiology, Washington, D.C.

National Committee for Clinical Laboratory Standards. 1993. Methods for
dilution antimicrobial susceptibility tests for bacteria that grow aerobically,
3rd ed. Approved standard. NCCLS document M7-A3. National Committee
for Clinical Laboratory Standards, Villanova, Pa.

National Committee for Clinical Laboratory Standards. 1993. Minimum
inhibitory concentration (MIC) interpretative standards (pug/ml) for organ-
isms other than Haemophilus, Neisseria gonorrhoeae, and Streptococcus pneu-
moniae. NCCLS document M7-A3. National Committee for Clinical Labo-
ratory Standards, Villanova, Pa.

. Rainey, F., N. Weiss, H. Prauser, and E. Stackebrandt. 1994. Further

evidence for the phylogenetic coherence of actinomycetes with group B-
peptidoglycan and evidence for the phylogenetic intermixing of the genera
Microbacterium and Aureobacterium as determined by 16S rDNA analysis.
FEMS Microbiol. Lett. 118:135-140.

Schleifer, K. H., and O. Kandler. 1972. Peptidoglycan types of bacterial cell
walls and their taxonomic implications. Bacteriol. Rev. 36:407-477.
Sottnek, F. O., J. M. Brown, R. E. Weaver, and G. F. Carroll. 1977.
Recognition of Oerskovia species in the clinical laboratory: characterization
of 35 isolates. Int. J. Syst. Bacteriol. 28:263-270.

Stackebrandt, E., and R. M. Keddie. 1986. Genus Cellulomonas, p. 1325—
1329. In P. H. A. Sneath, N. S. Mair, M. E. Sharpe, and J. G. Holt (ed.),
Bergey’s manual of systematic bacteriology, vol. 2. The Williams & Wilkins
Co., Baltimore.

von Graevenitz, A., G. Osterhout, and J. Dick. 1991. Grouping of some
clinically relevant gram-positive rods by automated fatty acid analysis.
APMIS 99:147-154.

Yokota, A., M. Takeuchi, and N. Weiss. 1993. Proposal of two new species in
the genus Microbacterium: Microbacterium dextranolyticum sp. nov. and
Microbacterium aurum sp. nov. Int. J. Syst. Bacteriol. 43:549-554.



