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tion medium would be improved by the use of
multiple selective agents. Furthermore, it was
expected that the sensitivity of the medium for
Actinomyces recovery would increase, since the
agents could be employed at lower concentra-
tions.

MATERIALS AND METHODS

Bacterial strains. Reference strains of A. viscosus
and A. naeslundii are shown in Table 1.

Selection of a basal medium. Preliminary studies
were conducted to select a suitable nutritional medium
and growth conditions for subsequent screening of
selective agents. Reference strains of A. viscosus were
tested for comparative growth on Trypticase soy agar
(BBL Microbiology Systems, Cockeysville, Md.) con-
taining 0.5% glucose, brain heart infusion agar (Difco
Laboratories, Detroit, Mich.) with glucose adjusted to
0.5%, Actinomyces agar (Difco), and Garrod beef
extract starch agar (18, 21). Criteria used to evaluate
these media included relative numbers, as well as size
and appearance, of the colonies. Growth on these
media was compared under anaerobic conditions (80%
N~10% H,-10% CO,) versus aerobic conditions (90%
air-10% CO,). All plates were incubated at 37°C for 4
days.

Commercial Actinomyces agar was found to be
inhibitory to the A. viscosus reference strains. Experi-
ments were conducted to determine the basis of this
inhibition. A simulated Actinomyces agar was pre-
pared in the laboratory, using the individual ingredi-
ents. Deletions were then carried out to identify the
inhibitory factor(s) in Actinomyces agar.

Titration of selective agents. The known selective
agents, cadmium and fluoride, were tested to deter-
mine concentrations that would be non-inhibitory to
reference strains of A. viscosus when added to the
Trypticase soy basal medium described in Results.
Inhibition was recorded in terms of both colony num-
bers and colony size and appearance. Differential
sensitivities of the agents were determined, using six
strains of human oral streptococci maintained in the
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Forsyth culture collection. These were: Streptococcus
mutans 1B and NCTC 10449, Streptococcus sanguis
Di and 34, and Streptococcus salivarius Vi and CM1.
The streptococci were used for primary screening of
selective agents since they represent the most numer-
ous group of gram-positive organisms likely to be
encountered in oral samples.

Appropriate dilutions of Trypticase soy broth cul-
tures of the reference strains were plated on the basal
medium containing the inhibitors and incubated at
37°C under an atmosphere of 90% air-10% CO, for 4
days. The aerobic atmosphere supported full growth of
the Actinomyces reference strains. These growth con-
ditions were employed for all of the inhibitors tested.

Neutral acriflavin (ICN K&K Laboratories, Inc.,
Plainview, N.Y.), a mixture of 2,8-diamino-10-methyl-
acridinium chloride and 2,8-diaminoacridine, was test-
ed against the nine reference strains of A. viscosus and
the six reference strains of oral streptococci to estab-
lish an optimal selective concentration of this agent.

Potassium tellurite, a known selective agent for the
oropharyngeal flora (25), was titrated in Trypticase
soy basal medium to determine the maximum concen-
tration of this compound that would be tolerated by
the reference strains of A. viscosus and the minimal
level that would inhibit the oral streptococci. In addi-
tion, six oral isolates with the characteristics of Neis-
seria were also tested against this agent because of the
previously observed differential sensitivity of these
organisms as compared with that of A. viscosus.

Basic fuchsin was used previously in a medium for
isolating Actinomyces at a concentration of 1.0 pg/ml
to suppress gram-negative bacteria (14). This inhibi-
tory dye was titrated in Trypticase soy basal medium
to establish a level that was suitable for the growth of
the reference strains of A. viscosus.

A composite selective medium was prepared by
adding cadmium, fluoride, acriflavine, tellurite, and
basic fuchsin to Trypticase soy basal medium. Al-
though the selective concentrations of the inhibitors
were established initially by using the nine A. viscosus
reference strains, the growth of six A. naeslundii
reference strains on the composite medium was subse-

TABLE 1. Reference strains of Actinomyces

Species Strain no. Serotype Origin Source
A. viscosus 19246 2 Human ATCC?
A. viscosus WwWVU626 2 Human West Virginia
A. viscosus W1528 2 Human CDC?
A. viscosus w1822 2 Human CDC
A. viscosus W1838 2 Human CDC
A. viscosus T14 2 Human Forsyth
A. viscosus M100 2 Human Forsyth
A. viscosus Té6 1 Hamster Forsyth
A. viscosus RF7 1 Rat Forsyth
A. naeslundii 12104 1 Human ATCC
A. naeslundii 4A05 1 Human University of Toronto
A. naeslundii 6-60b 1 Human University of Toronto
A. naeslundii 6-126¢ 1 Human University of Toronto
A. naeslundii N16 3 Human Forsyth
A. naeslundii w2821 3 Human CDC

¢ ATCC, American Type Culture Collection.
4 CDC, Centers for Disease Control, Atlanta, Ga.
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quently checked because of the similarity of these two
species.

Evaluation of selective media. The composite medi-
um was compared with CNAC-20 medium (8) and FC
medium (1) for its ability to support the selective
recovery of A. viscosus from clinical material. Dental
plaque was obtained from accessible buccal surfaces,
near the gingival margin, of the first and second molars
of 22 laboratory workers and dental students. The
samples were collected into VMGII transport medium
(20) and agitated for 30 s in a Vortex mixer, and
appropriate dilutions were plated on the three selec-
tive media. Plates were incubated at 37°C under an
atmosphere of 90% air-10% CO,. After 4 days of
incubation, the plates were examined and numbers of
Actinomyces and other types of oral bacteria were
recorded.

Before the actual comparative study, pilot experi-
ments were conducted with the three media to estab-
lish the types of organisms likely to be encountered.
Initial identification of the different bacterial types was
based on colony appearance, Gram stains, and deter-
mination of major characteristics necessary for pre-
sumptive generic classification. Representative colo-
nial types were then isolated randomly from the three
media and identified by standard methods (6). A total
of 130 isolates obtained during the pilot trials were
characterized, usually to the species level, in this way.
For comparison, reference strains of the following
organisms were included in the identification proce-
dures: A. viscosus, A. naeslundii, S. mutans, S. san-
guis, S. salivarius, Bacterionemia matruchotii, Rothia
dentocariosa, Neisseria, and Aerococcus.

In the course of recording comparative bacterial
counts on the three media, random isolates were spot-
checked to confirm their presumptive identification, as
described previously. Populations of bacteria enumer-
ated on the three media were compared, using the ¢
test to detect significant differences.

RESULTS

Selection of a basal medium. Reference strains
of A. viscosus grew well on either Trypticase
soy glucose agar, brain heart infusion agar, or
Garrod medium. Differences in growth on the
three media were insignificant for most strains,
except colony numbers of M100 and 19246 were
decreased on Garrod medium, and numbers of
the latter strain were also decreased on brain
heart infusion agar.

On the basis of this initial comparison, Trypti-
case soy glucose agar was found to be equal or
superior to the other media in supporting growth
of A. viscosus. Subsequent experiments indicat-
ed that improved colony size could be obtained
on a medium containing Trypticase soy broth
(BBL) with glucose increased to 0.75% and with
1.5% agar added. Incubation under the air-CO,
atmosphere was found to be adequate for the
growth of A. viscosus reference strains. This
observation was also noted by Ellen and Balcer-
zak-Raczkowski (8).

None of the A. viscosus strains grew on
Actinomyces agar under an atmosphere of 90%
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air-10% CQO,. The inhibitory properties of this
medium appear to be due, at least in part, to the
high concentration (0.11 M) of KH,PO,4. When
Actinomyces agar was formulated to contain
KH,PO, at the same molar concentration as that
in Trypticase soy basal medium (0.014 M), full
growth of the reference strains occurred. Addi-
tion of phosphate to Trypticase soy basal medi-
um up to a final concentration of 0.11 M com-
pletely inhibited the reference strains. Deletion
of (NH,),SO, from Actinomyces agar resulted in
improved growth for most strains. However,
addition of this compound to Trypticase soy
basal medium at the same concentration did not
inhibit growth. All of these results were obtained
under aerobic growth conditions. Actinomyces
agar supported full growth of the reference
strains of A. viscosus and A. naeslundii when
incubated anaerobically.

Titration of selective agents. The maximum
concentration of CdSO, that did not inhibit any
of the A. viscosus reference strains of human
origin (serotype 2) tested in the present study
was 13 pg/ml. A. viscosus strains of animal
origin (serotype 1) were much more sensitive to
cadmium. Strain RF7, a rat isolate, and three
strains of catalase-positive filamentous organ-
isms with characteristics of A. viscosus that
were freshly isolated from Syrian hamsters did
not grow in media containing 2.5 pg of CdSO,
per ml. Strain T6, a hamster isolate, grew better
than the other rodent isolates tested, but the
number of colonies recovered on media contain-
ing 6.5 pg of CdSO, per ml was less than 10% of
those obtained without CdSO,.

Although the reference strains of A. viscosus
grew at 250 pg of NaF per ml, the concentration
employed in FC medium, colony size and, in
some cases, colony numbers were reduced. Full
growth of all strains without a reduction in
colony size was attained at a concentration of 80
ng of NaF per ml. The streptococci were more
sensitive to NaF, but the response was variable.
The two reference strains of each of S. sanguis
and S. mutans were completely inhibited at 250
ng of NaF per ml, and the two reference strains
of S. salivarius showed only limited growth at
this concentration. The streptococcal reference
strains were not completely inhibited at 80 ug of
NaF per ml.

Neutral acriflavin showed a significant differ-
ential inhibitory effect against the reference
strains of viridans streptococci compared with
A. viscosus (Table 2). Five of the six streptococ-
cal strains were completely inhibited at an acri-
flavin concentration of 1.125 wg/ml, and one §.
sanguis strain showed limited growth. The A.
viscosus reference strains were not inhibited at
this concentration, and most grew well at 1.50
ng/ml. Strains W1528 and WVU626 were not
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TABLE 2. Differential inhibition of A. viscosus and oral streptococci by neutral acriflavin

No. of colonies? at following concn (ug/ml®) of acriflavin:

Reference strain

2.25 1.75 1.50 1.125 0
S. sanguis Di 0 0 6 9 32
S. sanguis 34 0 0 0 0 24
S. salivarius Vi 0 0 0 0 —
S. salivarius CM1 0 0 0 0 —
S. mutans 10449 0 0 0 0 192
S. mutans 1B 0 0 0 0 —
A. viscosus 19246 1004 1407 250 250 280
A. viscosus RF7 1304 1204 904 200 200
A. viscosus T14 32 108 80 110 114
A. viscosus W1838 5 11 22 24 22
A. viscosus M100 807 75 200 125 200
A. viscosus T6 66 100 110 110 110
A. viscosus W1822 28 30 45 40 53
A. viscosus W1528 100 130 95 140 100
A. viscosus WVU626 280 260 280 280 280

2 Results are expressed as number of colonies per plate from equivalent dilutions.
® Final concentration in Trypticase soy basal medium.

¢ —, Too numerous to count.
4 Reduced colony size.

inhibited at a concentration of 2.25 pg/ml.

Basic fuchsin was found to be inhibitory to
some strains of A. viscosus at the concentration
used in Garrod medium (14), and therefore the
level of this agent was reduced to 0.25 pg/ml.

The maximum concentration of potassium tel-
lurite that allowed full growth of all strains of A.
viscosus was 2.5 pg/ml. Although this concen-
tration could be tolerated by reference strains of
oral streptococci, strains of oral Neisseria tested
were completely inhibited at this concentration.

Actinomyces selective medium. A composite
medium (CFAT) was formulated which con-
tained all selective agents added to Trypticase
soy basal medium at the highest concentrations
that were non-inhibitory for A. viscosus refer-
ence strains. The composition of CFAT is given
in Table 3.

In the original formulation of CFAT agar,
neutral acriflavin was added to a concentration
of 1.13 pg/ml (L. Zylber and H. Jordan, J. Dent.
Res. (special issue A) 59:898, 1980). For conve-
nience, this has been rounded off to 1.20 pg/mi,
with no significant effect on Actinomyces recov-
ery.

Initial nutritional experiments with Trypticase
soy basal medium did not show a requirement
for blood by the A. viscosus reference strains.
However, later experiments with clinical sam-
ples under aerobic incubation indicated im-
proved colony development from some samples
when blood was added. For this reason, 5%
defibrinated sheep blood was included in the
medium.

CFAT agar supported full growth of the A.
viscosus reference strains. Four A. naeslundii

reference strains (12104, 6-60b, 6-126¢c, and
W2821) grew on this medium; however, two
strains (N16 and 4A05) did not grow.
Evaluation of selective media. Comparison of
the three selective media revealed significant
differences in recovery of Actinomyces from
clinical material as well as in selectivity of the
media in relation to extraneous organisms. Table
4 shows the frequency of isolation of Actinomy-
ces and other competing organisms from the 22
clinical samples. A. viscosus was recovered
from all samples on CFAT and FC media and
from 64% of the samples on CNAC-20. Organ-
isms identified as A. naeslundii were recovered
from most samples on CFAT and FC media but
only from about one third of the samples of
CNAC-20. The major groups of extraneous or-
ganisms, which occurred in varying proportions
on the different media, were identified as
Rothia, Aerococcus, Neisseria, streptococci,

TABLE 3. Composition of a selective medium
(CFAT) for A. viscosus and A. naeslundii®

Ingredient Amt per liter

Trypticase soy broth® ...................... 0¢g

GIUCOSE . ..vvvi et ieniiniieaan 5g

AT .. e e 15g

Cadmium sulfate .......................... 13 mg
Sodium fluoride .............. ... ..., 80 mg
Neutral acriflavin.......................... 1.20 mg
Potassium tellurite . ........................ 2.50 mg
Basic fuchsin............... ... . ool 0.25 mg
Defibrinated sheep blood ................... 50 ml

2 The final pH of the medium was 7.3.
® From BBL Microbiology Systems.
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TABLE 4. Frequency of recovery of A. viscosus, A.
naeslundii, and extraneous organisms on three
isolation media

% Recovery on following medium®:

Organism CFAT FC CNAC-20
A. viscosus 100 100 64
A. naeslundii 95 82 32
Streptococci 9 32 95
Rothia 5 64 36
Aerococcus 100 100 100
Bacterionemia 0 32 23
Neisseria 0 14 5
Yeasts 0 14 14

¢ All values are expressed as percent positive sam-
ples.

Bacterionemia, and yeasts. The selectivity of
CFAT relative to these interfering organisms
was clearly better than that of the other two
media.

Relative populations of Actinomyces and the
different competing organisms on the three isola-
tion media are given in Table 5. Numbers of
Actinomyces recovered on CFAT were consid-
erably higher than those from the other two
media. The major interfering organisms on this
medium were Aerococcus and Rothia. Although
the numbers of these organisms were low, the
colonies were often similar in size and appear-
ance to Actinomyces. Streptococcal colonies on
CFAT were very small, and the relatively low
numbers did not present a problem. FC and
CNAC-20 media were less selective and sup-
ported the growth of significant numbers of
interfering organisms. A lower proportion of A.
naeslundii in relation to A. viscosus was recov-
ered on CNAC-20 as compared with the other
media. Large numbers of small, grey, translu-
cent colonies on CNAC-20 medium were identi-
fied as streptococci.
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DISCUSSION

The present study illustrates the importance
of providing a nutritionally adequate basal medi-
um if Actinomyces are to be isolated by selective
cultural techniques. Variable recovery of some
strains was observed even on media commonly
used in the past for growing Actinomyces. Fail-
ure of Actinomyces agar (Difco) to support
growth of A. viscosus is not fully understood,
but the high phosphate content of this medium
appears to be an important factor. Carlsson and
co-workers (5) reported that various media un-
dergo auto-oxidation after anaerobic autoclaving
and exposure to atmospheric oxygen. Rapid
killing of Peptostreptococcus anaerobius in Ac-
tinomyces broth (BBL) was observed. These
workers stated that the tendency of the media to
auto-oxidize and accumulate hydrogen peroxide
was usually related to the concentration of phos-
phate in the medium.

The nutritional quality of the selective medi-
um appeared to be enhanced by the presence of
blood, particularly when clinical samples were
cultured. It should be emphasized that these
observations were made under conditions of
aerobic incubation.

Differential isolation media described in re-
cent years (1, 8, 17), which depend on the
selective inhibition of extraneous gram-positive
organisms by cadmium or fluoride, represent an
important advance in the detection of oral Acti-
nomyces by cultural procedures. In the present
study, we have confirmed the relative resistance
of A. viscosus and A. naeslundii to cadmium and
fluoride as compared with streptococci. Howev-
er, partial inhibition of some Actinomyces
strains was noted at the concentrations em-
ployed in CNAC-20 and FC media. When the
concentrations of these agents were adjusted
downward to eliminate any evidence of inhibi-
tion for all of the reference A. viscosus strains,

TABLE 5. Comparative recovery of A. viscosus, A. naeslundii, and extraneous organisms on three isolation

media

. Recovery (mean = SE [x 10°]%) on following medium:

sm CFAT FC CNAC-20
A. viscosus 494 *166 (8-2,630)° 102 *£369 (1-790) 21.7 =119 (0-210)
A. naeslundii 325 =123 (0-2,500)° 55.6 =294 (0-600) 1.59 = 1.39 (0-30)
Streptococci 2.87 £ 2.86 (0-50)° 35.2 + 13.6 (1-200) 51.5 =114 (0-2,000)
Rothia 0.52 + 3.48 (0-11)° 13.7 = 7.31 (1-20) 3.04 = 9.85 (0-45)
Aerococcus 134 =+ 38.6 (0.2-600)* 176 =+ 43.7 (2-610) 3.70 = 1.17 (2-20)
Bacterionemia 0 7 *= 437 (0-40) 79 =+ 3.77 (0-50)
Neisseria 0 0.76 = 0.49 (0-10) .005 = .005 (0-0.1)
Yeasts 0 1.60 = 1.03 (0-30) 1.20 = 0.92 (0-20)

a Results are expressed as mean *+ standard error (SE) calculated from positive samples. Numbers in

parentheses indicate range of values.

b Significantly different from FC and CNAC-20 results (P < 0.050).
< Significantly different from FC but not CNAC-20 results.
4 Significantly different from CNAC-20 but not FC results.
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the relative resistance between Actinomyces and
streptococci was not as great. Reduction in the
selective concentration of NaF was greater than
that for CdSO,; however, it should be remem-
bered that the FC medium containing 250 pg of
NaF per ml is normally incubated under anaero-
bic conditions (1). The use of these agents at
reduced concentrations in combination with
acriflavin appears to be adequate for the control
of most of the streptococcal flora.

Greater cadmium sensitivity of the animal
strains of A. viscosus compared with that of the
human strains is of interest taxonomically. This
could illustrate another fundamental difference
between strains of animal and human origin in
addition to the known serological and genetic
differences (2, 9, 11; A. L. Coykendall and A. J.
Munzenmaier, Proc. Int. Assoc. Dent. Res.,
abstr. no. 1120, 1978). On a practical level, this
suggests that the CFAT medium as presently
formulated with cadmium would not be suitable
for investigating natural A. viscosus infections in
rodents.

With currently available culture techniques, it
is necessary to evaluate A. viscosus and A.
naeslundii populations simultaneously in clinical
material. The similarity of these two species is
well documented (9, 11, 12). Gerencser and
Slack (11) pointed out that the similarities be-
tween the two species were so great that A.
viscosus may be considered a catalase-positive
variant of A. naeslundii. However, these work-
ers felt that adequate differences existed to
separate the two species at that time.

Since the intraoral pathogenicity of A. visco-
sus and A. naeslundii in experimental animals is
similar and both are prominent members of the
gingival plaque flora, it may be an advantage to
monitor populations of the two species together.
However, there is some evidence that the se-
quence of colonization of the human mouth by
these two species is different (7). This evidence
suggests that there may be situations in which it
would be desirable to examine the oral popula-
tions of either species by itself. At present,
differentiation of these species in studies of this
type depends on the catalase reaction (7) or on
certain immunological procedures (19, 23). The
presence of blood in CFAT agar eliminates the
possibility of using the catalase reaction directly
on plates containing this medium.

The CFAT medium appears to represent a
significant improvement over presently avail-
able media, such as FC medium and CNAC-20
medium, for the selective cultivation of A. visco-
sus and A. naeslundii in clinical material, al-
though some strains of the latter species may not
be recovered. The Actinomyces selective medi-
um of Kornman and Loesche (17), which also
utilizes cadmium as a primary selective agent,
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was not included in the present comparison. The
numerous oral streptococci which are often the
major interfering organisms in culturing Actino-
myces have been reduced to insignificant num-
bers on CFAT medium. Ellen and Balcerzak-
Raczkowski (8) had reported the tendency of
CNAC-20 medium to inhibit the growth of A.
naeslundii and also to support the growth of
some streptococci. This was confirmed in the
present study. The aerobic organisms Rothia
and Aerococcus, which were encountered in
significant numbers on FC and CNAC-20 media,
have been reduced but not eliminated in CFAT
and thus may still present a problem. The use of
a combination of selective agents at concentra-
tions which are less inhibitory for A. viscosus
and A. naeslundii appears to offer an advantage
over single-inhibitor media in suppressing the
extraneous gram-positive flora.
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