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Fifteen strains of CDC group 1 coryneform and biochemically similar bacteria were isolated from clinical
specimens. Of the 15 strains isolated, 11 were derived from abscesses and purulent lesions, mostly from the
upper part of the body, and 3 were grown from blood cultures. Nine strains were associated with mixed
anaerobic but no other aerobic flora. Seven strains exhibited the classical biochemical profile of CDC
coryneform group 1; however, eight strains were unable to reduce nitrate and were called "group 1-like."
Other reactions to differentiate CDC group 1 and group 1-like coryneform rods include alpha-hemolysis on
human blood agar, fermentation of adonitol, and the presence of alkaline phosphatase. Fifteen strains showed
marked CAMP reactions on different erythrocyte agars. Gas-liquid chromatography of volatile and nonvolatile
fatty acids as well as cellular fatty acid patterns and the composition of cell wall components suggest that CDC
group 1 and group 1-like coryneform bacteria do not belong to the genus Corynebacterium but possibly to the
genus Actinomyces or Arcanobacterium. DNA-DNA hybridization studies revealed that group 1 and group
1-like strains represent different species.

Gram-positive coryneform rods (GPCRs) are frequently
encountered in the clinical laboratory but are often regarded
as contaminants or as nonpathogenic. In recent years, sev-
eral reports emphasizing the involvement of GPCRs as
pathogens in a variety of clinical conditions have been
published (8, 19).

Starting in 1990, we attempted to identify all potentially
significant GPCRs isolated in our clinical laboratory in order
to establish their role in disease. Using the system for GPCR
identification of Hollis and Weaver (15), we found that 15
strains showed biochemical profiles identical or similar
(group 1-like) to those of CDC group 1 coryneform bacteria
(23). So far, only 21 strains of CDC group 1 coryneform
bacteria have been reported (14). We describe here the
clinical, biochemical, structural, and molecular characteris-
tics of 15 additional CDC group 1 and group 1-like coryne-
form bacteria isolated from clinical specimens.

MATERIALS AND METHODS
Strains, media, and growth conditions. Clinical material

was cultured aerobically at 37°C with 5% CO2 on Columbia
agar with 5% sheep blood, the same medium with colistin
and nalidixic acid, Columbia chocolate agar, and MacCon-
key agar without CO2 (all media were from Becton Dickin-
son Microbiology Systems [BBL], Cockeysville, Md., un-
less specified otherwise). For anaerobic cultures, brucella
agar with 5% sheep blood, kanamycin-vancomycin agar with
laked blood, and phenylethyl blood agar plates were used
(26). Aerobically growing rods were identified by standard
procedures (18). Obligate anaerobes were reported as mixed
anaerobic flora if examination of anaerobic plates revealed
more than three morphologically different strains.
CDC group 1 coryneform strains 1 to 3 were received from

R. E. Weaver, Special Bacteriology Reference Laboratory,

* Corresponding author.

Centers for Disease Control and Prevention (CDC), Atlanta,
Ga., as reference strains. Strains 4 and 5, initially diagnosed
as "atypical CDC coryneform group A-4" (7), were later
also shown to be members of CDC coryneform group 1 (23)
and were therefore used as reference strains as well. Strains
6 to 20 were isolated in our clinical laboratory between July
1990 and March 1993.
For hybridization studies, the following strains were ob-

tained from the Swiss National Collection of Type Cultures,
Lausanne, Switzerland: Corynebacterium minutissimum
ATCC 23348, Corynebacterium xerosis ATCC 373, Coryne-
bacterium striatum ATCC 6940, Arcanobacterium hae-
molyticum ATCC 9345, Actinomyces pyogenes ATCC
19411, Actinomyces israelii ATCC 10048, and Actinomyces
viscosus LA (Lausanne) 762.

Biochemical profiles. Traditional media used for biochem-
ical characterization were prepared as described by Nash
and Krenz (21). Nitrate reduction was tested in nitrate broth
(Difco, Detroit, Mich.). Cystine Trypticase agar medium
contained 1% carbohydrates and was supplemented with 5%
rabbit serum. For adonitol fermentation, we used a basal
medium containing 0.5% Bacto beef extract (Difco), 1%
Trypticase peptone, 0.5% NaCl, 0.0006% bromothymol
blue, and 0.5% adonitol. The commercial API Coryne (RAP-
ID Coryne) and API ZYM (API Biomerieux SA, Marcy
l'Etoile, France) systems were used following the manufac-
turer's instructions. The CAMP reaction (4) was performed
on Columbia and Mueller-Hinton agars with 5% sheep
blood, human blood, or ox blood with Staphylococcus
aureus ATCC 25923. Incubation was carried out at 37°C
without CO2 for tests dependent on changes in pH; other-
wise, incubation was carried out at 37°C in an atmosphere
with 5% CO2.

Susceptibility to antimicrobial agents. Antimicrobial sus-
ceptibility patterns were generated for six antibiotics com-
monly used in the treatment of infections caused by GPCRs
(penicillin G, erythromycin, clindamycin, tetracycline, gen-
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TABLE 1. Origins of CDC group 1 and group 1-like coryneform bacteria isolated from clinical specimens

Patient Quantity in primary culturesC
Strain sex, Diagnosis or source Direct Gram stainb

agea Coryneforms Anaerobesd Others

Group 1
1 NK Ear NK
2 NK Shunt fluid NK
3 NK Eye NK
4 NK Endophthalmitis NK
5 NK Endophthalmitis NK
6 F, 23 Suppurative hidradenitis 3 WBC, 0 MO 3 0 2
7 F, 30 Infected mammary hematoma 5 WBC, 5 GPC 5 5 0
8 F, 53 Mammary abscess 3 WBC, 0 MO 3 4 0
9 F, 49 Ischiofemoral abscess 5 WBC, 5 GPC 3 5 0
10 M, 36 Axillary furuncle 3 WBC, 0 MO 3 4 0
11 M, 50 Mammary gland abscess 3 WBC, 0 MO 3 3 0
12 F, 62 Blood culture, septic shock ND 1 0 0

Group 1-like
13 M, 15 Blood culture, Ewing's sarcoma ND 1 0 0
14 M, 63 Mammary gland abscess 3 WBC, 0 MO 5 3 0
15 M, 40 Iliac crest abscess 3 WBC, 5 GPCR 5 0 0
16 M, 87 Malum perforans pedis 5 WBC, 5 GPCR 5 0 0
17 F, 42 Infected presternal atheroma 3 WBC, 0 MO 5 4 0
18 M, 44 Infected neck atheroma 3 WBC, 0 MO 2 4 0
19 M, 57 Infected atheroma of upper arm 3 WBC, 3 GPC 3 3 0
20 M, 76 Blood culture, hip fracture ND 1 0 0

a NK, not known; F, female; M, male.
b 3, <10 leukocytes (WBC) or microorganisms per oil immersion field (x1,000); 5, .10 leukocytes or microorganisms per oil immersion field; MO,

microorganisms; GPC, gram-positive cocci; ND, not done; GPCR, gram-positive coryneform rods.
c 1, detected in blood culture; 2, detected after enrichment in fluid thioglycolate only; 3, approximately 103 CFU/ml was detected; 4, approximately 104 CFU/ml

was detected; 5, 105 CFU/ml was detected; -, reference strain.
d All cultures with anaerobic bacteria contained at least three different anaerobic species.
Coagulase-negative staphylococci were detected.

tamicin, and vancomycin). MICs were tested by the agar
dilution procedure (Mueller-Hinton agar supplemented with
5% sheep blood) according to the guidelines of the National
Committee for Clinical Laboratory Standards (22).

Gas-liquid chromatography. Volatile and nonvolatile fatty
acids from the fermentation of glucose were determined by
gas-liquid chromatography (13) on a Sigma 300 capillary
chromatograph (Perkin-Elmer, Norwalk, Conn.) of grown
brain heart infusion broth supplemented with 1% glucose.
Ratios of volatile and nonvolatile fatty acids from fermenta-
tion were calculated from chromatogram curves by using a
3390A integrator (Hewlett-Packard, Palo Alto, Calif.). Cel-
lular fatty acid patterns were analyzed by using the Micro-
bial Identification System (Microbial ID, Inc. Newark, Del.)
from cultures grown for 48 h at 37°C with 5% CO2 on
Trypticase soy agar with 5% sheep blood (27).

Analysis of cell wall components. For detection of meso-
diaminopimelic acid and mycolic acids in whole-cell hy-
drolysates, the methods outlined by Schaal (24) were ap-
plied. Cell wall components were separated by thin-layer
chromatography and were then visualized.
DNA analysis. DNA was isolated and purified by hy-

droxyapatite chromatography (3). Determination of the
G+C content was performed by the thermal denaturation
method described by Mandel and Marmur (20).
For hybridization studies, total genomic DNA was iso-

lated by following a standard miniprep method described by
Ausubel et al. (1), with the modification that the cells were
incubated with proteinase K and sodium dodecyl sulfate
(SDS) for 4 h. For slot hybridizations, 0.5 ,ug of chromo-
somal DNA per slot was bound to a Nylon 66 membrane
(BiodyneB; Pall Biosupport, East Hills, N.Y.) and was

hybridized with 50 ng of genomic DNA of the probe strain
labelled with 32P by using a random primer labelling kit
(Boehringer, Mannheim, Germany). Prehybridization and
hybridization were carried out in 5 x SSC (1x SSC is 0.15 M
NaCl plus 15 mM Tri sodium citrate)-5 x Denhardt's solu-
tion-50 mM sodium phosphate buffer (pH 6.5)-0.5% SDS-
250 ,ug of denaturated salmon sperm DNA per ml-50%
formamide. On the basis of an average G+C content of 55%
for the strains examined, the hybridization temperature was
60°C (conditions corresponding to 10 to 16°C below the
melting temperature [Tm]). Membranes were washed three
times for 5 min each time in a solution containing 2x SSC
and 0.1% SDS at room temperature and 2 times for 15 min
each time in 0.1x SSC-0.1% SDS at 50°C. Hybrids were
detected by autoradiography with NiF RX film (Fuji Photo
Film Co., Ltd., Tokyo, Japan).

RESULTS

Table 1 summarizes the clinical data. Eleven of the 15
strains were grown from abscesses and purulent lesions,
mostly from the upper part of the body. Direct Gram stains
of the clinical samples revealed the presence of GPCR in
only two samples. In only 1 of the 15 clinical specimens
could other aerobically growing bacteria be isolated in
addition to the CDC group 1 and group 1-like coryneform
bacteria, while 9 of the 15 strains were associated with mixed
anaerobic flora. Three strains were grown in pure culture
from blood in both aerobic and anaerobic bottles. (For the
remainder of this report, the two groups of bacteria are

referred to as group 1 and group 1-like, respectively.) Strain
13 came from a patient with underlying neoplasia treated
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TABLE 2. Biochemical properties of CDC group 1 and
group 1-like coryneform bacteria

% Positive reactions
Reaction Group 1 Group 1-like

(n = 12) (n = 8)

Alpha-hemolysis on:
Sheep blood agar
Human blood agar

Catalase

Nitrate reduction

Urea hydrolysis

Esculin hydrolysis

Triple sugar iron slant acid
Triple sugar iron butt acid

Fermentation (after 24 h) of:
Glucose
Maltose
Sucrose
Mannitol
Xylose
Adonitol

Assayed for the following enzyme':

50
100

100

100

0

0

100
100

100
100
100
100
100
0

0
0

100

0

0

0

100 FIG. 1. CAMP reactions of CDC group 1 and group 1-like
100 coryneform bacteria. Sheep blood agar plate after 20 h of incubation

in 37°C with 5% CO2. Left, CDC group 1 coryneform bacteria; right,
CDC group 1-like coryneform bacteria.

luu
100
100
100
88
100

Alkaline phosphatase 0 63 (w)
Esterase (C4) 100 (m) 100 (m)
Esterase lipase (C8) 100 (w) 100 (w)
Lipase (C14) 0 0

Leucine arylamidase 100 (s) 100 (s)
Valine arylamidase 0 0
Cystine arylamidase 8 (w) 0
Trypsin 0 0
Chymotrypsin 0 0
Acid phosphatase 0 0
Phosphoamidase 0 0
x-Galactosidase 100 (m) 100 (m)
,B-Galactosidase 100 (s) 100 (s)
1-Glucuronidase 0 0
ct-Glucosidase 100 (s) 100 (s)
f-Glucosidase 0 0
n-Acetyl-j-glucosaminidase 0 0
a-Mannosidase 100 (im) 75 (w)
(x-Fucosidase 0 0

a As determined by the API ZYM system; (w), hydrolyzed substrate,
approximately 5 nmol; (m), hydrolyzed substrate, approximately 20 nmol; (s),
hydrolyzed substrate, >40 nmol.

with immunosuppressive drugs, whereas strains 12 and 20
were derived from initially immunocompetent patients.
Strain 12 was cultured in three blood culture sets from a

patient who developed septic shock following fever of un-
known etiology. All the other patients were immunocompe-
tent. No predisposition for infection with group 1 or group
1-like strains was observed regarding sex or age. Two of the
15 strains were isolated from patients hospitalized at the
Zurich University Hospital; the remaining ones were cul-
tured from specimens from patients treated in 10 different
secondary-care hospitals in the Zurich area.

All 20 isolates tested could be grown under strictly anaer-

obic conditions. Six strains of group 1 exhibited alpha-
hemolysis on sheep blood agar (Table 2), and all group 1
strains produced alpha-hemolysis on human blood agar. In

comparison, group 1-like strains did not show any kind of
hemolysis on any of the blood agars tested. Another major
difference between group 1 and group 1-like strains was the
inability of group 1-like strains to reduce nitrate. Using a
different basal medium instead of cystine Trypticase agar,
we observed that group 1-like but not group 1 strains were
able to ferment adonitol. Alkaline phosphatase was present
only in group 1-like strains (63%) but not in any of the group
1 strains (Table 2). In both group 1 and group 1-like strains,
leucine arylamidase, p-galactosidase, and a-glucosidase
were found to be the most active enzymes tested.

All 20 strains examined showed a strong CAMP reaction
(Fig. 1) on Columbia as well as on Mueller-Hinton agar bases
by using sheep and ox blood. Only 1 of the 20 strains
examined was not able to induce a CAMP phenomenon on
human blood agar.

Table 3 depicts the numerical patterns and the correspond-
ing identifications that were obtained with the API Coryne
system. All identifications were deemed either doubtful or
unacceptable.
Group 1 and group 1-like strains were generally suscepti-

ble to antibiotics administered in the treatment of infections
caused by GPCRs. Only one strain of group 1-like bacteria
was resistant to tetracycline (MIC, >64 mg/liter). MICs (in
milligrams per liter) for both group 1 and group 1-like strains
were as follows: penicillin G, <0.03; erythromycin, <0.03;
clindamycin, <0.03; tetracyline, 0.125 to 1; gentamicin, 1 to
2; and vancomycin, 0.125 to 0.25.

Quantitative analysis of volatile and nonvolatile fatty acids
showed that succinic acid was the major end product of
fermentation of both group 1 and group 1-like strains. The
succinic acid/lactic acid ratio was found to be 3.7 ± 1.1
(standard deviation [SD]) for group 1 (n = 12) and 4.0 ± 0.7
(SD) for group 1-like (n = 8) strains. The succinic acid/acetic
acid ratio was 1.1 + 0.4 (SD) for group 1 and 1.5 + 0.4 (SD)
for group 1-like strains.

Cellular fatty acid profiles are shown in Table 4. The cell
walls of both group 1 and group 1-like strains contained 16:0,
18:1 cis-9, and 18:0 fatty acid methyl esters (FAMEs) as their
major constituents.

Cell walls of group 1 (strains 1 to 9) and group 1-like
(strains 13 to 19) bacteria contained neither meso-diami-
nopimelic acid nor mycolic acids.
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TABLE 3. API Coryne patterns

No. of mismatched T
API Coryne code (no. of strains) Result reactions ida index'

Group 1
3410735 (unacceptable profile) (10) Oerskovia spp. 6

Coryneform group A 5
Listeria grayi 4

3410775 (unacceptable profile) (2) Oerskovia spp. 6
Coryneform group A 4
Listeria grayi 3

Group 1-like
2510735 (doubtful profile) (5) Coryneform group A 3 89.9 0.26

Oerskovia spp. 6 10.1 0.08

2410735 (unacceptable profile) (2) Coryneform group A 4
Oerskovia spp. 7

2410335 (unacceptable profile) (1) Coryneform group A 5
Listeria grayi 3

a Percentage of identification, an estimate of how closely the profile corresponds to the taxon relative to all of the other taxa in the data base.
b The T index is an estimate of how closely the profile corresponds to the most typical set of reactions for each taxon.

The G+C content of group 1 strains (n = 2) was found to
be 55 to 58 mol%, and it was found to be 55 mol% for group
1-like strains (n = 2).

Figure 2 shows the results of hybridizations with group 1
(strain 2) and group 1-like (strain 13) bacteria as probes,
respectively. When a group 1 strain was used as a probe, all
group 1 strains showed marked hybridization signals,
whereas for group 1-like strains, only weak cross-hybridiza-
tion could be detected. No hybridization signals were ob-
tained for Corynebacterium spp., Actinomyces spp., or A.
haemolyticum. Using a group 1-like strain as a probe, other
group 1-like strains showed strong hybridization signals,
whereas group 1 strains hybridized much more weakly.

DISCUSSION

From a collection of GPCRs encountered in our clinical
laboratory during a 33-month period, we examined 15 strains
plus 5 reference strains of CDC group 1 coryneform and
biochemically similar rods using biochemical, chemotaxo-
nomic, and molecular methods. These strains could be
separated into two different groups which were referred to as

TABLE 4. Cellular fatty acid profiles of CDC group 1 and
group 1-like coryneform bacteria

% of cellular fatty acids (mean + SD
[range])

Component
Group 1 Group 1-like
(n = 12) (n = 8)

14:0 FAME 3 1 (1-4) 3 1(2-4)
16:1 cis-7 FAME 3 ± 2 (0-5) 2 1 (1-3)
16:0 FAME 38 ± 6 (31-45) 35 ± 2 (32-39)
18:1 cis-9 FAME 30 ± 4 (26-35) 30 ± 3 (26-34)
18:1 trans-ll FAME 1 + 1 (0-3) 2 + 2 (0-4)
Feature 6a 3 1 (2-5) 5 1 (3-7)
18:0 FAME 16 ± 3 (14-21) 18 + 2 (16-21)
Feature 7b 2 ± 3 (0-8) 3 ± 3 (2-10)

a 18:2 cis-9 FAME, 18:2 cis-12 FAME, 18:0 anti-iso FAME.
b 18:1 cis-11 FAME, 18:1 trans-6 FAME, 18:1 trans-9 FAME.

CDC group 1 coryneform and CDC group 1-like coryneform
bacteria. (Between April and June 1993 we isolated nine
additional strains of group 1 bacteria and five additional
strains of group 1-like bacteria from clinical specimens).
Seven strains of group 1 bacteria and eight strains of group

1-like bacteria were isolated from similar sites of patients
with similar diagnoses treated in different hospitals. We were
not able to obtain concurrent or subsequent samples for
culture from these patients since all suppurative lesions were
either drained or removed surgically.

Sixty percent of the strains were associated with mixed
anaerobic flora. All group 1 and group 1-like strains were
found to be facultatively anaerobic GPCRs. Of the 21 strains
of group 1 bacteria that have been described so far, only 4
were derived from abscesses (14). Unfortunately, no infor-
mation regarding the flora associated with these strains is
available.
The only clinical report of a group 1 isolate came from

Ellis et al. (10), who described a patient with acute natural
valve endocarditis caused by a group 1 strain. However, we
question their diagnosis of a group 1 isolate because the
identification scheme that they used did not include group 1
bacteria. Further evidence is provided by the authors them-
selves by citing two case reports of group I endocarditis.
Therefore, group 1 may have been reported incorrectly
instead of group I. The strain is no longer available (23a).
For differentiation of group 1 and group 1-like bacteria, the

ability to reduce nitrate is the key reaction. Additionally,
alpha-hemolysis on human blood agar and fermentation of
adonitol provide a clear-cut distinction. Na'was et al. (23)
observed a weak fermentation of adonitol in 8 of 13 group 1
strains. The lack of observable adonitol fermentation by our
group 1 strains was probably due to the buffering ability of
the medium used.

Further differential criteria between group 1 and group
1-like rods can be obtained by using the API ZYM system
since both groups exhibit distinctive profiles. The API ZYM
system has not been extensively applied for the identification
of GPCRs. Enzymatic profiles of Actinomyces spp. suggest
that group 1 and group 1-like rods are more closely related to
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CHARACTERISTICS OF CORYNEFORM BACTERIA 2911

Probed with Group 1 Probed with Group 1-like

am0 .i
2 1 _ ._x

am

-p__'

....- _ 24 S.

4 _ AV

- !Ac

7 Ah

7 ^9 81a

**a

"M

awo

440,
0'01

FIG. 2. DNA-DNA hybridization studies of CDC group 1 and group 1-like coryneform bacteria. 1 to 9, CDC group 1 coryneform strains;
13 to 19, CDC group 1-like coryneform strains; Cm, C. minutissimum; Cx, C. xerosis; Cs, C. striatum; Av, A. viscosus; Ap, A. pyogenes;
Ai, A. israelii; Ah, A. haemolyticum; Bi, blank.

this genus (e.g., by the presence of a-galactosidase or
3-galactosidase) than to Corynebacterium spp. (12).
All but 1 of the 20 strains tested on two different media

showed a marked CAMP reaction usually not seen in GPCRs
except in Corynebactenium renale, Propionibacterium ac-
nes, and Rhodococcus equi (17, 28). Therefore, we propose
that the CAMP reaction be used as a confirmatory test for
the diagnosis of group 1 or group 1-like strains.
The absence of group 1 strains in the data base of

commercial identification sets for coryneform bacteria, e.g.,
RAPID Coryne (API Coryne) (11), may contribute to the fact
that group 1 strains have not been diagnosed more often. By
using the minimal sets of tests recommended for identifica-
tion of GPCRs by Hollis and Weaver (15) and Coyle and
Lipsky (8) as well as the tests presented here, clinical
laboratories should, however, be able to recognize such
strains.
Group 1 and group 1-like strains cannot be separated by

their cellular fatty acid patterns. Na'was et al. (23) detected
fatty acids in 13 group 1 strains that were qualitatively
similar but quantitatively different from ours (higher percent-
ages of 14:0, 16:1 cis-7, and 16:0 FAMEs but lower ones for
18:1 cis-9 and 18:0 FAMEs). Since we used the same
detection system, these differences may be due to their
technique of growing strains at 35°C on heart infusion agar
supplemented with 5% defibrinated rabbit blood, whereas
we cultured our strains at 37°C in 5% CO2 on Trypticase soy
agar supplemented with sheep blood. Our findings are,
however, in good agreement with the data of Bernard et al.
(2), who investigated five strains of group 1 bacteria. The
fatty acid profiles of group 1 and group 1-like strains are
similar to those of most of the other named Corynebacterium
spp. (2, 27), but the presence of about 3% 14:0 FAME
suggests a closer relationship of group 1 and group 1-like
bacteria to Actinomyces spp. or A. haemolyticum (2, 16).

Further evidence for a possible relationship of group 1 and
group 1-like strains toActinomyces spp. orA. haemolyticum
is provided by the analysis of volatile and nonvolatile fatty
acids produced from glucose. Coudron et al. (7) reported
(without quantitative analysis) that group 1 strains produce

succinic acid as a major end product. We observed that
group 1 and group 1-like strains produce about four times
more succinic acid than lactic acid. Such large amounts of
succinic acid are, to our knowledge, only produced by
Actinomyces spp. (13).
We were not able to detect meso-diaminopimelic acid or

mycolic acids as cell wall components in 16 strains of group
1 or group 1-like bacteria tested. De Briel et al. (9) reported
a lack of corynomycolic acids in one group 1 strain. The
feature excludes group 1 and group 1-like strains from the
genus Corynebacterium (6). Cell walls of Actinomyces spp.
or A. haemolyticum also do not contain meso-diami-
nopimelic acid or mycolic acids (5, 25).
The G+C contents of group 1 and group 1-like bacteria are

in the range of those for Corynebacterium spp. (51 to 65%)
(6), slightly out of the range of those for Actinomyces spp.
(57 to 69%) (25), and out of the range of those for A.
haemolyticum (48 to 52%) (5).

For hybridization studies, C. minutissimum, C. xerosis,
and C. striatum were taken as classical representatives of
Corynebactenum spp. exhibiting biochemical characteristics
similar to those of group 1 and group 1-like strains (19) but
differing from them in their inability to ferment mannitol and
xylose. A. viscosus was selected since its basic biochemical
profile, with the exception of mannitol fermentation (15), is
similar to those of group 1 and group 1-like strains. Finally,
A. pyogenes and A. israelii were selected as classical repre-
sentatives of the genus Actinomyces, and A. haemolyticum
was selected because it is the only species within that genus.
These hybridization studies revealed that group 1 and group
1-like strains are unrelated to the corynebacteria listed
above. Both species also have only little DNA homologies
with Actinomyces spp. or A. haemolyticum. Since we ob-
served only weak cross-hybridization between group 1 and
group 1-like strains, we concluded that group 1 and group
1-like strains represent different species. However, only
sequence analysis of the 16S rRNA genes will clarify the
phylogenetic relationship of group 1 and group 1-like strains
to the genus Actinomyces and, perhaps, other bacterial
genera.
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