


GINGIVAL CREVICE AND SALIVA FLORA OF HUMANS

anaerobic chamber was not employed. A plate that
contained about 50 colonies was selected from the
dilution series, and every colony was picked, Gram
stained, stained for spores, and subcultured on plates
aerobically and anaerobically. Colonies that then grew
only on anaerobic plates were considered to be anaer-
obes, and the rest were considered to be facultative
organisms.
Dry weight of gingival crevice material. Three

small aluminium planchets, dried in a desiccator to a
constant weight, were each filled with 1 ml ofdispersed
gingival crevice material and placed in a hot oven until
dried. They were then cooled in a desiccator overnight
to a constant weight, and the mean of the three
containers was taken as giving the dry weight of the
sample, suitably corrected for the weight of the con-
stituents of the diluting fluid.

Microscopic count. Portions of the dispersed gin-
gival crevice material and saliva obtained above were
stained with filtered gentian violet (32), and a micro-
scopic count was made with a Petroff-Hauser counting
chamber.

Maintenance. The isolates were maintained by
weekly transfer on modified MM10 agar (32) and
fortnightly transfer in tubes ofRobertson cooked-meat
medium.

Biochemical tests. Unless otherwise indicated,
peptone-yeast extract (PY) broth was used for fermen-
tation tests (21). All media contained 0.1% Tween 80.
The following carbohydrates (filter sterilized) were
tested for utilization: 1% (wt/vol) glucose, lactose,
maltose, sucrose, xylose, raffinose, mannitol, sorbitol,
glycerol, and mannose. The pH was determined with
a glass electrode after 5 days of incubation, a decrease
of 1 unit being regarded as showing acid production.
Esculin hydrolysis was detected in esculin broth (11).
Indole production in Robertson cooked-meat medium
was tested with Kovac reagent (11). Nitrate reduction
was determined by the method of Cook (10). Catalase
tests were done on colonies from MM10 medium, after
1 h of exposure in air, with 3% H202, using control
tests on the medium itself. Medium (4.5 ml) for bio-
chemical tests was distributed in bijou bottles with
minimum air space and seeded with drops of actively
growing cultures in Robertson cooked-meat medium.
The tops of the bottles were left loose, and the bottles
were incubated in an anaerobic jar containing 90%
H2-10% CO2 for 5 days (in the case of gelatin liquefac-
tion, for 14 days) at 37°C. The media were not prere-
duced.

Glucose end products. Volatile acid end products
were determined by gas-liquid chromatography in ac-
cordance with the VPI technique (21), using 4 ml of a
5-day-old culture in PY with glucose (PYG). Formic
acid and nonvolatile acids (pyruvic, lactic, and suc-
cinic) were detected as their methyl esters; 2 ml of
boron trifluoride-methanol reagent (British Drug
Houses) was added to 2 ml of acidified supernatant,
and the mixture was left overnight at room tempera-
ture. The esters were extracted with 0.3 ml of chloro-
form by mixing briefly and centrifuging at 1,500 x g
for 2 min. Standard solutions of volatile and nonvola-
tile acids and uninoculated PYG were treated in the
same manner and used as controls.
Chromatographic conditions. Analyses were

performed on a Perkin-Elmer gas chromatograph
(model Fll) with a flame ionization detector and a 3-
foot (ca. 0.914-m) glass column packed with 5% FFAP
(free fatty acid phase; Varian Aerograph, Walnut
Creek, Calif.) on Chromosorb G (80/100 mesh). Op-
erating conditions were as follows: oven temperature,
150°C; detector temperature, 2500C; injection port
temperature, 200°C; carrier gas, N2, 101 kPa. A 0.5-d
portion of the sample for analysis was injected onto
the column. Acid end products were identified, and
approximate amounts were estimated by a comparison
of peak heights and elution times with those of the
acid standards. Corrections were made for the small
amounts of acids present in the uninoculated media.
All strains were tested for volatile acids. If only acetic
or no volatile acids were detected, then it was neces-
sary to test for nonvolatile acids also.

Identification of isolates. In this study, because
of the large number of isolates (a total of 1,010), a
complete taxonomic description was not attempted.
The isolates were placed into various broad groups
based on their appearance in Gram-stained prepara-
tions; only the gram-positive, anaerobic, nonsporing
rods were further characterized by the detection of
acid end products of glucose metabolism and some
biochemical reactions. In the present study, the genus
definitions and species characteristics described pre-
viously (21) have been employed.

RESULTS
Table 1 shows that the recoveries of microor-

ganisms from the gingival crevice area and saliva
were about 39 and 32%, respectively, of their
microscopic counts.
From 10 individuals, a total of 497 isolates

from the gingival crevice and 513 from saliva
was obtained. Table 2 shows the proportion of
all isolates that were gram positive or gram
negative, facultative, or anaerobic and their mor-
phological types. The anaerobes were about half
of the total anaerobically cultivable organisms;
there were almost twice as many gram-positive
organisms as there were gram-negative ones;
rods were more prominent in the gingival crevice
(60.5%) than in saliva (30.9%).
No consistent differences in colonial or cellu-

lar morphology of the various isolates could be

TABLE 1. Total microscopic and viable counts and
recovery of bacteria from gingival crevice material

and saliva

Bacteris No. of Microscopic Viable Recoverybfaerom: sub- count count Mfo: jects (x1lo-,))" (xlO"V')
Gingival 10 8.2 ± 8.5' 3.2 + 1.4 39.0 ± 25.6

crevice
Saliva 9 14.5 ± 14.1 4.6 ± 8.2 31.7 ± 21.4

Values for the gingival crevice are expressed as counts per
milligram of dry weight, and those for saliva are expressed as
counts per milliliter.

'Recovery = (viable count/microscopic count) x 100.
'Standard deviation.
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672 SANYAL AND RUSSELL

TABLE 2. Distribution of cultivable organisms from
the gingival crevice area and saliva

Salivaa Gingival crev-ice

Organisms % %
Iso- Range Iso- Range
lates (%) lates %

Gram-positive rods
Anaerobic 9.7 1-17 24.0 5-49
Facultative 15.0 1-23 26.5 21-42

Gram-positive cocci
Anaerobic 4.9 0-12 3.6 0-13
Facultative 34.1 18-47 19.2 5-40

Gram-negative rods
Anaerobic 4.9 1-11 9.5 1-23
Facultative 1.3 0-5 0.5 0-2

Gram-negative cocci
Anaerobic 25.6 10-32 14.1 1-40
Facultative 4.5 0-7 2.6 0-11

Total anaerobes 45.1 51.2
Total facultatives 54.9 48.8
Total gram positives 63.7 73.3
Total gram negatives 36.3 26.7
Total cocci 69.1 39.5
Total rods 30.9 60.5

a Means and ranges of nine subjects.
b Means and ranges of 10 subjects.

used in their classification, and they were placed
into six groups on the basis of the presence of
catalase and the type of acid end products (Ta-
ble 3).
Group 1 was comprised of 40 isolates that

mostly possessed catalase; they produced mainly
propionic acid, but also acetic and isovaleric
acids. They were, therefore, placed into the ge-
nus Propionibacterium, and 35 could be further
characterized at the species level according to
their biochemical characteristics (Table 4).
Twenty-three were P. acnes, seven were P. freu-
denreichii, and five were P. jensenii. The lack
of gelatin liquefaction by P. acnes is unusual,
although Holmberg and Nord (25) reported that
29% of their strains did not liquefy gelatin. Two
isolates had similarities with P. granulosum,
except they did not possess catalase. Three re-
maining isolates remained unidentified.
Group 2 consisted of 29 isolates. None formed

catalase; all fermented lactose, raffinose, and
sucrose and produced abundant propionic acid
and also acetic acid. This group appeared to be
Arachnia propionica (Table 4).
The 14 isolates in group 3 were small rods.

Microscopically, they were mostly single cells
and a few in chains; they did not possess catalase
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GINGIVAL CREVICE AND SALIVA FLORA OF HUMANS

o~ror (except in four cases) reduce nitrate; they
D JO _OO0 produced mainly lactic acid with some acetic
m 8 acid and grew on Rogosa SL agar (Difco Labo-

ratories, Detroit, Mich.). This group was desig-
nated Lactobacillus.0^a c~0 0 -_Group 4 consisted of three isolates that were
all short diphtheroid rods, did not have catalase,

-@csand formed only acetic and lactic acids. All
00a cO Oe produced acid from glucose, lactose, mannitol,

3i maltose, mannose, raffinose, sucrose, and sorbi-
tol and none from glycerol and xylose. Two

C)c: voqN sr isolates reduced nitrate and hydrolyzed esculin,
2<8 > and none produced indole. Similarities in bio-

chemical properties and the fact that acetic acid
>or production was greater than lactic acid produc-

cqcac°Xe°tion suggest that they were Bifidobacterium.
I. S 2 The nine isolates in group 5 produced abun-

dant amounts of butyric acid, as well as pro-
0 4 e pionic and acetic acids, suggesting Eubacterium.

E2 One isolate resembled E. tortuosum, and an-
other one resembled E. saburreum. The remain-

o der could not be identified.
.toc,= _ A total of 67 isolates in group 6 could be
cJ 2 considered members of the genus Actinomyces.

o3 @ 5 Morphologically, they were similar to diphthe-
0e co roids, with clubbed filaments, and some showed

.; E rudimentary branching. Abundant amounts of
e o r succinic acid (all were grown in the presence of
.V>L<, v CO2), lactic acid, and acetic acid were formed.

On the basis of other biochemical properties,2o they were assigned to the species shown in Table
4 e or 5.
O o S0ot 0o In saliva, the gram-positive anaerobic rods,

which accounted for 9.7% of the total cultivable
flora (Table 2), fell into the following groups

e X r o o -a shown in Table 6: 22 strains ofActinomyces (A.
naeslundii, A. israelii, A. viscosus, and uniden-
tified strains), 13 strains of Propionibacterium
(P. acnes, P. freudenreichii, P. jensenii, and

.; z unidentified strains), 3 strains of A. propionica,
C Z 3 strains of Lactobacillus, 3 strains of Eubacter-
.o -n ium, and 3 strains of Bifidobacterium..Nr G _o In gingival crevice material, the gram-positive

'r -o4 anaerobic rods accounted for 24% of the culti-
vable flora (Table 2) and were grouped as follows

m
-

8 _-- coo0 (Table 6): 45 strains of Actinomyces (A. naes-
2X,o, lundii, A. israelii, A. viscosus, A. odontolyticus,
.r and unidentified strains), 27 strains of Propion-

ibacterium (P. acnes, P. freudenreichii, P. jen-
ClOcs > cs rsenii, and unidentified strains), 27 strains of A.

propionica, 11 strains of Lactobacillus, and 6
2 strains of Eubacterium. The concentration of

these organisms in saliva and gingival crevice is
also shown in Table 6.

XeXZ t _ DISCUSSION
e ..X̂AAWe have followed Bergey's Manual of Deter-

minative Bacteriology (9), which lists eight spe-
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674 SANYAL AND RUSSELL

TABLE 5. Biochemical characteristics of organisms designated Actinomyces-group 6a

No. Ni- Ewulin Glycerol Lactose Man- Maltose Raffi Sucrose Xylose Sor-
ofCata-trate-_ ~nitol nose bitol

Species of Cats- trate hydro- fer- fer- fer- fer- fer- fer- fer- fer-
lyzed mented mented . mented , mented mented

mlates duced menteda ene mented mented
A. visco- 13 + + + (5)b + (11) + (10) - + + (7) + (11) - -

sus
A. naes- 34 - + + (29) + (29) + (25) + (6) + (20) + (16) + + (1) + (3)

lundii
A. israe- 3 - - + - + + + + + +

lii
A. odon- 2 - + - + + - + - + +

tolyti-
cus

a All isolates produced acid from glucose.
b Numbers in parentheses indicate numbers of isolates.

TABLE 6. Anaerobic, gram-positive, nonsporing rods in saliva and gingival crevice (overall values from 10
subjects)

No. of or- %Aar
No. of i ganisms % Anaer- Range (%) of % Total Range (%)

Species Source' las (X10-6)/ am-pos- gram-positive viable of total via- Occurrence'
mg of dry itive rods rods count ble count
wt or ml

A. propionica GC 27 17.0 23.2 0-56.6 5.4 0-50 5/10
S 2 1.3 4.3 0-50 0.3 0-2.1 2/9

GC 16 10.2 13.7 0-54.5
S 7 5.9 15.2 0-100

3.2 0-17 7/10
1.3 0-5.8 3/9

P. freundenreichii GC
S

4 2.5 3.4 0-18.1
3 2.3 6.5 0-50

0.8 0-4 3/10
0.5 0-4.3 2/9

GC 3 1.9 2.5 0-100
S 2 1.3 4.3 0-100

Propionibacterium GC
spp. S

Actinomyces spp. GC
S

Lactobacillus spp. GC
S

Eubacterium spp. GC
S

Bifidobacterium GC
spp. S

4 2.5 3.4 0-12.5
1 0.4 2.1 0-14.2

45 28.0 38.1 0-66.6
22 19.3 47.8 0-90

11 7.0 9.4 0-100
3 2.3 6.5 0-50

6 3.8 5 0-33.3
3 2.3 6.5 0-25

NDC
3 2.3 6.5 0-42.8

0.6 0-5 2/10
0.3 0-1.8 2/9

0.8 0-2 4/10
0.1 0-2.1 1/9

9.0 0-27 8/10
4.2 0-15 6/9

2.2 0-9 4/10
0.5 0-4.7 2/9

1.2 0-3 4/10
0.5 0-2.1 3/9

0.5 0-5.6 1/9
a GC, Gingival crevice; S, saliva.
b Number of subjects from whom isolates were recovered.
c ND, Not detected.

cies in the genus Propionibacterium, including freudenreichii, and 5 could be identified as P.
the anaerobic diphtheroids previously described jensenii. Five others could not be recognized up
as Corynebacterium acnes, C. avidum, and C. to the species level with certainty; however, two
granulosum because they are anaerobic orga- strains resembled P. granulosum. In the past, P.
nisms producing propionic acid as the major end freudenreichii has not been thought of as a

product and their cell wall composition differs member of the oral floral, more usually being
markedly from that of classical corynebacteria isolated from dairy products (36). It is well

(12). Of the 40 propionibacteria, 23 could be known that P. acnes is the most common con-

identified as P. acnes, 7 could be identified as P. taminant in anaerobic cultures, presumably

P. acnes

P. jensenii
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GINGIVAL CREVICE AND SALIVA FLORA OF HUMANS

coming from the skin or scalp of the subjects or
from laboratory workers (27). In the present
study, P. acnes was isolated from seven indivi-
duals on different occasions and constituted the
third most numerous group. They would there-
fore seem unlikely to be contaminants.

All 29 isolates in group 2 were identified as A.
propionica. The genus Arachnia was introduced
by Pine and Georg (34) to include the organism
previously known as Actinomyces propionicus
because of its marked difference from Actino-
myces in having diaminopimelic acid in the cell
wall and fermenting glucose, with the production
of propionic acid as the major product. It nor-
mally differs from the genus Propionibacterium
by the absence of catalase, failure to produce
propionic acid from lactate, its formation of fil-
amentous colonies on agar medium or filaments
in clinical material, and its pathogenicity in hu-
mans and animals, causing typical actinomycosis
(9). The present finding, that A. propionica fer-
ments lactose and raffinose, whereas P. acnes
generally does not, agrees with Georg (15); sim-
ilarly, P. acnes produced indole, whereas Arach-
nia did not.
A.propionica has not been demonstrated very

often in material from the human mouth, prob-
ably because of the close morphological and
biochemical resemblance of this organism to
members of the genus Actinomyces. Thus, it can
only be distinguished from A. israelii and A.
naeslundii by the demonstration of diaminopi-
melic acid in its cell wall or the production of
propionic acid in glucose fermentation (16).

Fourteen isolates in group 3 were designated
as Lactobacillus. With the biochemical tests
performed, it was not possible to characterize
this group at the species level.

All three strains of Bifidobacterium were iso-
lated from the saliva of one individual, and none
was isolated from the gingival crevice; it was not
possible to assign them to any described species.
The taxonomic status of the Eubacterium

group (Table 6) is uncertain. Organisms of this
type have been reported from the human mouth
under various clinical conditions and classified
as Eubacterium and, in older terminology, Ra-
mibacterium and Catenabacterium (7,44). This
group needs further investigation.
A total of 67 isolates identified as species of

Actinomyces represented a spectrum of orga-
nisms, some having catalase and others not.
None produced propionic or lactic acid as the
major end product or butyric acid. All produced
abundant amounts of succinic acid (all strains
were grown in the presence of C02), with mod-
erate amounts of acetic acid and sometimes with
formic acid and/or lactic acid. Certain distinc-
tive biochemical features of many of the isolates
suggested a strong resemblance to described spe-

cies. On the basis of their reactions with nitrate,
esculin, glycerol, mannitol, and xylose and the
presence or absence of catalase (Table 5), a
significant proportion appeared to be A. naes-
lundii and A. viscosus, and three isolates were
identified as A. israelii. It may be noted that A.
viscosus and A. naeslundii are stated not to
ferment xylose, usually to ferment glycerol, and
usually to reduce nitrate, whereas the reverse is
true of A. israelii (9). Although none of our
organisms grew on initial aerobic subculture,
they did so, if weakly, after prolonged laboratory
cultivation. The very close similarity between A.
viscosus and A. naeslundii (apart from the for-
mer being catalase positive and some of the
latter strains fermenting mannitol) is in agree-
ment with other authors (24). In addition, two
isolates produced red-pigmented colonies, fer-
mented glycerol and xylose, and reduced nitrate,
but did not produce catalase or hydrolyze escu-
lin; they resembled A. odontolyticus (33). The
15 unidentified isolates had properties belonging
to one or all of the four species mentioned above.
Difficulties concerning species differentiation of
the Actinomyces genus have also been reported
previously (37).
The accurate estimation of mixed flora as in

the human mouth is complicated by a number
of technical difficulties, such as the impossibility
of obtaining a homogeneous representative sam-
ple, avoidance of exposure to oxygen, a transport
medium allowing maximum survival, and a suit-
able nonselective primary isolation medium sup-
porting a diverse group of microorganisms with-
out overgrowth by some. Efficient dispersion of
the plaque and saliva samples without inhibiting
or destroying some of the microbial groups
either mechanically or by exposure to oxygen
remains a big problem. In the present study this
was kept to a minimum by the use of a shaker
and stoppered bottles. Aranki et al. (2) suggested
that the critical stage in the technique is the
exposure of samples to oxygen during manipu-
lations such as dispersion, dilution, and plating,
rather than the incubation period. In the present
work, all dilutions were made in RTF contained
in a stoppered bottle, using a hypodermic needle
and syringe. In other words, samples were ex-
posed to air only at the stage of collection and
plating.
The inadequacy for anaerobes of the usual

transport media, i.e., Stuart, VMG, and SBL,
was shown by Gastrin et al. (14). For this reason,
RTF containing dithiothreitol as the reducing
agent was used (32).
The medium used throughout this study was

based on MM10 medium (32), except volatile
fatty acid mixtures were omitted and Trypticase
and sheep blood were substituted by tryptone
(Oxoid, London, England) and horse blood, re-
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spectively. The number of colonies that grew on anaerobic gram-positive rods in this work with
modified MM1O plates accounted for 39.1% (gin- other investigations is difficult because these
gival crevice) and 31.7% (saliva) of the corre- organisms have not been identified in most such
sponding microscopic counts, comparable to the studies (18, 20, 45). However, there is general
recovery rate of 33.3% from plaque reported by agreement; i.e., cocci predominate in saliva
Loesche et al. (32). It may be remarked that (69%), rods predominate in the gingival crevice
spirochetes were not encountered, possibly be- (60.5%), and anaerobes account for half of the
cause their nutritional and/or anaerobic require- total anaerobically cultivated microbiota in gin-
ments were not met; for these particularly fas- gival crevice and less than half in saliva. Fur-
tidious anaerobes, the roll tube method is pre- thermore, in the gingival crevice, gram-positive
ferred (6). anaerobic rods accounted for 24% of the total

In the present work, every colony (i.e., ca. 50) cultivable flora, as compared with 20.2% found
was selected from each of 10 plates of modified by Gibbons et al. (18) and 14.7% by Williams et
MM10 agar that had been inoculated with dilu- al. (45). Williams et al. (45), also using pooled
tions of saliva and gingival crevice material ob- subgingival plaque, found 6% anaerobic Actino-
tained from 10 individuals; no selective medium myces spp., 1.4% Propionibacterium spp., and
was employed. In this manner, the most numer- 1.4% Lactobacillus spp. in comparison with our
ous cultivable organisms and their relative pro- values of 9, 5.4, and 2.2%; they did not find
portions have been ascertained. The results also organisms resembling Arachnia and Eubacter-
show the distribution of these organisms be- ium. The great variation among subjects found
tween saliva and the gingival crevice. A compar- by Williams et al. (45) is confirmed by our results
ison of the percent concentration of identified shown in Table 7, which demonstrates the same

TABLE 7. Distribution of anaerobic, gram-positive, nonsporing rods in saliva and gingival crevice of 10
subjects

No. of isolates from subject:
Organism Sourcea

1 2 3 4 5 6 7 8 9 10

A. propionica GC 1 0 3 17 1 5 0 0 0 0
S 1 0 NC" 0 0 0 0 0 1 0

P. acnes GC 1 0 0 1 1 1 5 6 1 0
S 0 0 NC 0 1 0 2 4 0 0

P. freudenrei- GC 0 0 2 0 1 0 0 0 1 0
chii S 2 0 NC 0 0 0 0 0 1 0

P. jensenii GC 0 0 0 0 0 1 0 0 0 2
S 0 0 NC 1 0 0 0 0 0 1

Propionibacte- GC 1 0 1 1 0 0 1 0 0 0
rium uniden- S 1 0 NC 0 0 0 0 0 0 0
tified

Actinomyces GC 3 0 1 9 5 16 4 5 2 0
S 2 2 NC 1 9 3 5 0 0 0

Lactobacillus GC 0 4 4 1 2 0 0 0 0 0
S 0 2 NC 1 0 0 0 0 0 0

Eubacterium GC 0 0 0 1 2 1 0 0 2 0
S 1 0 NC 1 0 1 0 0 0 0

Bifidobacterium GC 0 0 0 0 0 0 0 0 0 0
S 0 0 NC 3 0 0 0 0 0 0

Total GC 6 4 11 30 12 24 10 11 6 2
S 7 4 NC 7 10 4 7 4 2 1

% All isolates GC 15.2 9.0 26.1 53.5 17.6 49.1 18.1 31.4 10.0 5.0
S 15.2 9.5 NC 13.2 16.6 5.6 17.9 5.8 2.5 1.7

aGC, Gingival crevice; S, saliva.
'NC, Not collected.
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GINGIVAL CREVICE AND SALIVA FLORA OF HUMANS

phenomena in saliva samples. Although the cur-
rent work did not attempt to investigate the
bacterial etiology of periodontal disease, it
should be noted that both Gibbons et al. (18)
and Williams et al. (45) concluded that there
was no difference in the proportions of gram-
positive anaerobic rods between normal and per-
iodontally involved subjects.
AU of the groups of anaerobic gram-positive

rods are present in both saliva and the gingival
crevice region, except Bifidobacterium (which
was present only in saliva). However, examina-
tion of the quantitative results indicate further
differences between saliva and gingival crevice
material in that the proportions of a particular
organism (in relation to total anaerobic count)
may vary considerably (Table 6).
The results of this study also indicate a greater

than previously appreciated role of Propioni-
bacterium and Arachnia in the human mouth.
A. propionica formed a substantial part of the
gingival crevice microbiota, namely, 5.4% of the
total anaerobic count or 23.2% of the total gram-
positive anaerobic rods; corresponding figures in
saliva were 0.3 and 4.3%. A. propionica has been
associated with human actinomycosis, lacrimal
canaliculitis, renal abscess, infected human bite,
lung abscess, and emphysema, and it is also
pathogenic for laboratory mice (8, 16, 20) and
has been isolated from advanced periodontal
lesions (38). The data now presented indicate a
need for further study of its role in the human
mouth. As noted earlier, P. acnes has not been
thought to be a member of oral flora but a
contaminant presumably coming from the skin
or scalp. Recently, however, it has been reported
to be present in oral flora (22, 40). In the present
study, out of 23 P. acnes strains, 7 were from
saliva and 16 were from gingival crevice material
of seven individuals, which strongly suggests
that they are residents of the mouth. P. acnes
has been isolated from normal skin, intestinal
contents, wounds, blood, pus, and soft tissue
abscesses (36). Recently, there has been an in-
creased interest in this organism because of its
stimulatory effect on the reticuloendothelial sys-
tem of mice (1, 13); its role in the human mouth
is not known.
The data presented here indicate a need for

further study of these gram-positive anaerobic
rods in defined conditions of oral health and
disease.
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