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The microbial flora ofthe nose, throat, and feces of male beagle dogs housed in
a "locked environment" (i.e. confined to germfree-style isolators and supplied
with sterile food, air, and water) or an open environment were assessed between
26 and 30 months into the study. Forty-five genera and 170 different species or

types of microorganisms were cultured from the nose, throat, and feces of the
beagles. Clostridia, eubacteria, corynebacteria, bacteroides, lactobacilli, and
anaerobic, gram-positive cocci accounted for most of the microbial diversity in
the flora. Some of the facultative anaerobes, especially streptococci and lactoba-
cilli (in feces), occurred in numbers that were comparable to the most numerous
anaerobic species. Confinement to the locked environment resulted in an in-
creased diversity of microorganisms in the flora, but the total microbial counts
did not increase to any great extent. Even with the increased diversity of
bacteria in the flora of confined dogs, some bacteria seemed to favor certain
areas of the gastrointestinal tract over others. The increased diversity of bacte-
ria observed in these confined dogs may pose some infectious disease problems
for other mammals (including humans) that may be confined to a locked, ultra-
clean environment for a prolonged period of time.

The beagle is a valuable research animal and
is being used by investigators in a variety of
research programs. Its medium size, moderate
length of hair, even temperament, ease of han-
dling, excellent disposition, and happy person-
ality are definite assets for research programs
(1, 12). There have not been many studies on
the microbial flora of the beagle dog (12). Those
studies that were carried out did not study the
anaerobic bacteria in great detail, and most
investigators did not identify as to species the
microorganisms they isolated (12).
This study had two purposes: (i) to delineate

the aerobic, facultative, and anaerobic bacteria
present in the nose, throat, and feces of the
beagle dogs; and (ii) to ascertain ifconfinement
to the locked environment for 30 months had
any noticeable effect on the qualitative and
quantitative composition of the microbial flora
of the beagle.

MATERIALS AND METHODS
Animals. Nine purebred male beagles (10 to 12

months old) were obtained from a closed colony at
the Argonne National Laboratory, Argonne, Illi-
nois. Seven of the dogs were housed in a "locked
environment", in germ-free dog isolators that have
been described in detail elsewhere (5, 6). Two of the
dogs were housed in regular dog-holding facilities

(open cages) at the University of Wisconsin. All dogs
were fed a steam-sterilized diet (Purina Dog Meal,
Ralston Purina Co., St. Louis, Mo.) and water ad
libitum. The dogs were maintained under their des-
ignated housing conditions for 30 months. The seven
dogs in the locked environment were supplied with
sterile air, food, and water throughout their 30-
month stay in isolation. All entries into and out of
the isolation units were made under sterile condi-
tions. In essence, the locked-environment dogs were
treated in a manner that would prevent any exoge-
nous bacteriological contamination. As a control on
the integrity of the isolation system, germfree dogs
were maintained under similar housing conditions
for the 30-month study period (three for 20 months
and one for 30 months).

Microbial sampling. During the last 4 months of
confinement each dog was sampled twice (control
dogs, three times) and an effort was made to identify
and quantitate the aerobic, facultative, and anaero-
bic microorganisms present in the nose, throat, and
feces of each isolated and control dog. Dry, sterile
cotton swabs in sterile glass tubes that were gassed
with CO2 were used to culture the nose and throat of
the isolated and nonisolated dogs. Fresh fecal mat-
ter was removed from each dog's rectum with a
sterile, stainless steel spatula while the animals
were under mild anesthesia with Innovar-Vet (2 ml/
30 pounds (about 13.6 kg); Pittman-Moore, Wash-
ington Crossing, N.J.). Culture swabs and fecal ma-
terial were immediately placed into separate tubes
of a prereduced transport broth (3). These tubes
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were gassed with oxygen-free CO2 as soon as they
came out of the isolators (5 to 15 min). The specimen
tubes were sent immediately (after 1 to 3 h) to the
anaerobe laboratory and processed in an anaerobic
glove box (2, 3) as described below. The transport
tubes were put into the anaerobic glove box through
a rapid-entry port. Serial 10-fold dilutions were
made in prereduced transport broth (3). For swabs,
101 to 105 dilutions were made, and, for fecal mate-
rial, 101 to 109 dilutions were used. Then, 0.1 ml of
each dilution was plated onto prereduced A II agar
(2, 3) and A II agar with 5% sheep blood. The plates
were incubated at 37°C in a Plexiglas incubator
especially designed for use in the glove box (4). All
plates were held for 5 to 7 days and examined for
colonies every 24 h.
The same dilution tubes that were used to inocu-

late the prereduced A II anaerobic medium were
brought out of the glove box, and 0.1 ml of the
dilutions was added to a variety of enriched, differ-
ential, and selective media that have been described
in detail elsewhere (5, 6) to elucidate the qualitative
and quantitative aspects of the aerobic and faculta-
tive bacteria present in the nose and throat swabs
and fecal specimens from the dogs.

Media. A II agar and broth media were prere-
duced in the glove box for 48 to 72 h before use (2, 3).
Transport broth (also used as the dilution medium)
was composed of a solution of Trypticase soy broth
without glucose but with Na2CO3 and cysteine-hy-
drochloride (2, 3). Tubed transport broth-dilution
medium was prepared, sterilized in screw-capped
tubes, put into an anaerobic glove box (80% N-10%
H2-10% C02) via an airlock and allowed to reduce,
with screw caps loose, for at least 48 h before use.
After 48 h, the screw caps were replaced with sterile
rubber stoppers. For the transport tubes (Kontes;
2.2 by 14 cm), screw caps were used over the rubber
stoppers, The enriched, differential, and selective
media used to elucidate the aerobic, facultative, and
anaerobic bacteria, respectively, detailed elsewhere
(5, 6), included Schaedler agar (Difco) and blood
agar base (Difco) with 5% defibrinated sheep blood;
Mitis-Salivarius agar (Difco); mannitol salt agar
(Difco); MacConkey agar (Difco); phenylethyl alco-
hol agar (Difco) with 5% defibrinated sheep blood;
lactobacillus agar (BBL); S.F. agar or enterococcus
agar (Difco); kanamycin-vancomycin blood agar;
and neomycin blood agar and Mycosel agar (Difco).
Aerobic plates were incubated at 37°C for 48 h. Blood
and lactobacillus agar plates were incubated in a
10% C02 atmosphere at 37°C for 48 h. Anaerobic
plates were incubated in GasPak anaerobic jars
(BBL) for 72 to 96 h at 37°C. Mycosel agar plates
were incubated at 23°C for 48 h.
A quantitative estimate of the aerobic, faculta-

tive, and anaerobic bacteria and fungi present in
fecal samples was carried out as follows. A weighed
amount of fresh feces (usually a 1-g wet weight of
the sample) was placed into a tube of transport
medium. A 2-ml portion of the 10' dilution of each of
feces and transport broth (as a control) was dried to
estimate the dry weight of the fecal specimen. Bac-
terial counts in feces are reported as the log10 num-
ber of bacteria per gram of fecal material (dry

weight). The data on nose and throat swabs are
reported as the number (log,0) of bacteria per swab.

Identification of microorganisms. (i) Anaerobes.
Each morphologically different colony from nose,
throat, and fecal specimens found on A II, (or A II
agar with 5% blood), Schaedler agar (with 5% sheep
blood), kanamycin-vancomycin agar, neomycin
agar, phenylethyl alcohol agar (with 5% sheep
blood), or blood agar base with 5% sheep blood was
Gram stained and subcultured on the same medium
used for isolation. Subcultures were incubated in air
and under 10% C02 to verify the anaerobic nature of
the isolate. Facultative bacteria found growing on
the anaerobic plates were identified as indicated
below. Generally, 50 to 60 different colonial types
(anaerobes) were studied from each dog at each sam-
pling.
The strictly anaerobic bacteria were identified by

their colonial morphology, Gram reaction, cellular
morphology, biochemical tests, and volatile and
nonvolatile fatty acid production in PYG broth ac-
cording to the identification scheme established by
the Virginia Polytechnic Institute (VPI) Anaerobe
Laboratory (20). Volatile and nonvolatile fatty acids
were identified with a gas chromatograph (Dohr-
man, Anaerobic Bacteriology Analyzer, Mountain
View, Calif.). The Minitek procedure (BBL) was
also used to assess the biochemical characteristics of
the anaerobes (18). The Minitek broth was prere-
duced in the glove box for 48 h. The broth was
inoculated with a loopful of bacteria transferred
from an A II agar plate. Other media such as litmus
milk, chopped meat-glucose, gelatin, and egg yolk
agar were inoculated with bacteria grown on A II
agar plates. All biochemical tests were carried out
at 370C in the glove box.
The Manual of Clinical Microbiology (23), the

eighth edition of Bergey's Manual of Determinative
Bacteriology (10), and the VPI Anaerobe Laboratory
Manual (20) were used as guides to identify as to
genus and species the anaerobic bacteria. We also
used the recent publication of Cato and Johnson (11)
in naming the Bacteroides species.

(ii) Aerobic and facultative bacteria. Colonies of
Enterobacteriaceae and other gram-negative bacilli
(aerobic and facultative) were recognized by their
appearance on selective media. Lactose fermenters
and non-lactose fermenters were further character-
ized by the procedures of Edwards and Ewing (17).
Streptococcus mitis and S. salivarius (referred to in
this text as viridans streptococci) and enterococci
were identified by their colonial morphology on Mi-
tis-Salivarius and S.F. or enterococcus agar plates
and Gram reaction. Beta-hemolytic streptococci
were further differentiated by hemolysis on sheep
blood agar, Gram reaction, and bacitracin suscepti-
bility. Growth in the presence of high salt concen-
tration and on mannitol salt agar, hemolysis, Gram
stain, and coagulase reaction were used to identify
Staphylococcus aureus and S. epidermidis. Neisseria
spp. were identified by colonial morphology on blood
agar, Gram reaction, and the presence of cyto-
chrome oxidase (oxidase differentiation disk; Difco).
In general, the procedures and descriptions outlined
in the Manual of Clinical Microbiology (23) and the
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eighth edition of Bergey's Manual (10) were used to
identify the aerobic and facultative microorganisms
that were growing in enriched and selective media.
Colonies growing under 10% CO2 or on anaerobic
(GasPak) lactobacillus agar plates that consisted of
gram-positive, catalase-negative rods were desig-
nated as facultative or anaerobic lactobacilli on the
basis of their capacity for growth in the anaerobic
glove box. Anaerobic bacteria growing on plates
incubated in GasPak jars were identified by the
procedures listed above for anaerobic bacteria.

RESULTS

Nose flora. Thirty-seven species of aerobic,
facultative, and anaerobic microorganisms
were cultured fromr the nasal swabs of isolated
and control dogs. Table 1 shows the aerobic and
facultative microorganisms identified. Staphy-
lococcus epidermidis, Streptococcus mitis, S.
salivarius, and Acinetobacter calcoaceticus
subsp. lwoffi appeared to be the most promi-
nent (frequency of isolation) aerobic and facul-
tativemicroorganisms in the nares of isolated
and control dogs. Staphylococcus aureus andA.
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calcoaceticus subsp. anitratus were also com-

mon to the nares of isolated and control dogs,
but they were not as prevalent as S. epidermi-
dis or the viridans streptococci andA. calcoace-
ticus subsp. Iwoffi. It is also obvious from Table
1 that the isolated dogs had a more diverse
nasal flora than control dogs. Eighteen species
were cultured from the nares of isolated dogs
that were not found in the nares of open-envi-
ronment dogs. Micrococcus luteus, Klebsiella
pneumoniae, six species of corynebacteria, No-
cardia asteroides, a Flavobacterium sp., Bacil-
lus subtilis, lactobacilli (three species), and
four yeasts were cultured from isolated dogs,
but not control dogs, during the last 4 months of
the study (Table 1).
The diverse flora of corynebacteria in the

nares, primarily ofCorynebacterium renale, C.
pseudodiphtheriticum, and C. aquaticum (22),
is of interest. Diphtheroids are commonly iso-
lated from the nares and throat of dogs (12).
The nares of isolated dogs appeared to be a very

favorable environment for C. renale. Appar-

TABLE 1. Aerobic and facultatively anaerobic microorganisms cultured from the nares ofbeagle dogs housed
in locked or open environements

Locked (7)a Open (2)a
Microorganism No. positive/no. of No./swabb No. positive/no. of

samples samples
No./swab"

Staphylococcus aureus 7/14 3-5 3/6 3-5
S. epidermidis 13/14 5-6 5/6 4-6

Streptococcus mitis 8/14 5-6 6/6 4-6
S. salivarius 12/14 5-6 6/6 4-6

Acinetobacter species
A. calcoaceticus subsp. anitratus 4/14 4-5 2/6 2-3
A. calcoaceticus subsp. lwoffi 12/14 2-5 3/6 2-3

Micrococcus luteus 8/14 4-6 0/6
Klebsiella pneumoniae 7/14 3-5 0/6
Corynebacterium species

C. renale 10/14 4-8 0/6
C. pseudodiphtheriticum 8/14 6-8 0/6
C. aquaticume 6/14 5-6 0/6
C. equi 2/14 4-5 0/6
C. xerosis 4/14 3-4 0/6
C. ulcerans 4/14 5-6 0/6

Nocardia asteroides 4/14 6 0/6
Flavobacterium sp. 4/14 5-6 0/6
Bacillus subtilis 4/14 4-5 0/6
Lactobacillus helveticus 2/14 4-5 0/6

L. lactis 1/14 5 0/6
L. crispatus 1/14 4 0/6

Yeasts
Rhodotorula sp. 1/14 2 0/6
Candida krusei 3/14 2-4 0/6
Geotrichum sp. 1/14 2 0/6
Trichosporon beigelii 2/14 4 0/6
a Number in parentheses indicates the number of dogs per group.
Log,, range of values.
See reference 22.
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ently, confinement to a locked environment
was conducive for the growth of corynebacteria
because they were not isolated from the nares
of nonisolated control dogs. Nocardia aster-
oides and yeasts were cultured from the nares
of isolated dogs, but not control dogs.

Table 2 demonstrates that anaerobes, al-
though they do not appear to consistently com-
prise a major part ofthe nasal flora, did occur in
the nares. Eleven different anaerobic species
were cultured from isolated dogs, whereas four
species were cultured from the open-environ-
ment dogs. A Eubacterium sp. (unidentified as

to species) appeared to be prevalent in the nares
of isolated dogs, whereas Clostridium sporo-
genes was isolated three times and C. perfrin-
gens, Bifidobacterium infantis, and B. adoles-
centis were present (isolated twice) in the nares
of open-environment dogs. Anaerobes did not
appear to be as prominent in nasal flora, at
least with respect to the incidence of isolations,
as were aerobic and facultative bacteria.
Throat flora. Thirty-six genera and 84 differ-

ent species (or types) of microorganisms were
cultured from throat swabs of isolated and con-

trol dogs. The dogs in isolation had more di-
verse throat flora than the open-environment
dogs. The isolated dogs harbored 35 genera (72
species or types of microorganisms), whereas
the open-environment dogs had 20 genera (31
species or types) in their throats during the last
4 months of the study. Table 3 shows the 13
genera of aerobic microorganisms that were
present in the throats of isolated dogs and the

seven genera of aerobic microorganisms that
were found in the throats of control dogs. Mi-
crococcus luteus, A. calcoaceticus subsp. ani-
tratus and A. calcoaceticus subsp. lwoffi, Pseu-
domonas aeruginosa, two Moraxella species
(M. lacunata and M. nonliquefaciens), Bran-
hamella catarrhalis, and Candida krusei were

the predominant (>4/14) aerobic species cul-
tured from the throats of isolated dogs. The
control dogs had a sparse aerobic throat flora
(Table 3) that consisted mainly ofA. calcoaceti-
cus subsp. anitratus, B. catarrhalis, and Neis-
seria subflava. Eikenella corrodens, Pseudom-
onas alcaligenes, Haemophilus parainflu-
enzae, B. catarrhalis, N. subflava, N. flaves-
cens, and M. lacunata were cultured only from
the throat swabs. Neisseria subflava, present
in four of six samples from control dogs, was not
isolated from 14 samples of isolated dogs. Con-
versely, M. luteus, P. aeruginosa, and P. alca-
ligenes were cultured from the throats of iso-
lated dogs, but not the nonisolated controls.
The eight facultative genera found in the

throats of isolated dogs and the six genera cul-
tured from control (not isolated) dogs are shown
in Table 4. Citrobacter, enterobacter, and kleb-
siella were present in the throats of isolated
dogs but not in the throats of open-environment
dogs. Conversely, Simonsiella muelleri was
present in the throats of control, but not iso-
lated, dogs (Table 4). The most prevalent facul-
tative anaerobes (present in 50% or more of the
samples) in isolated and control dogs were
Staphylococcus epidermidis, Corynebacterium

TABLE 2. Anaerobic bacteria cultured from the nares of beagle dogs housed in locked or open environments

Locked (7)a Open (2)a

Microorganism No. positive/no. of NoIswabb No. positive/no. of No/swab"
samples No./swab" samples No./swab'

Clostridium species
C. tertium 1/14 4 0/6
C. putrificum 1/14 5 0/6
C. oroticum 1/14 4 0/6
C. sporogenes 0/14 3/6 4-5
C. perfringens 0/14 2/6 3

Bifidobacterium species
B. infantis 2/14 4-6 2/6 3
B. adolescentis 1/14 4 2/6 2

Eubacterium species
E. lentum 1/14 4 0/6
Eubacterium sp. (?) 5/14 5-6 0/6

Fusobacterium species
F. nucleatum 2/14 4-5 0/6
F. symbiosum 1/14 4 0/6

Peptostreptococcus species
P. intermedius 1/14 4 0/6
P. parvulus 1/14 3 0/6
a Number in parentheses indicates the number of dogs per group.
b Log,, range of values.
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TABLE 3. Aerobic microorganisms cultured from the throats of beagle dogs housed in locked or open
environments

Locked (7)a Open (2)a

Microorganism No. positive/no. of No. swabb No. positive/no. of
samples N.sa" samples No./swabb

Micrococcus species
M. luteus 9/14 5-6 0/6

Acinetobacter species
A. calcoaceticus subsp. anitratus 9/14 4-7 4/6 4-6
A. calcoaceticus subsp. lwoffi 7/14 4-5 1/6 2

Branhamella species
B. catarrhalis 8/14 4-6 4/6 3-4

Pseudomonas species
P. aeruginosa 5/14 3-5 0/6
P. alcaligenes 1/14 4 0-6

Moraxella species
M. lacunata 4/14 3-5 1/6 5
M. nonliquefaciens 4/14 3-5 1/6 5

Aeromonas species
A. shigelloides 1/14 6 0/6

Neisseria species
N. subflava 0/14 4/6 5
N. flavescens 2/14 4-6 1/6 4

Eikenella species
E. corrodens 2/14 5-6 2/6 4-5

Haemophilus species
H. parainfluenzae 2/14 3-4 2/6 2-3

Candida krusei 4/14 2-3 1/6 2
Trichosporon beigelii 2/14 2-3 0/6
Rhodotorula sp. 1/14 4 0/6
Torulopsis pintolopesii 1/14 5 0/6

a Number in parentheses indicates the number of dogs per group.
b Log,0 range of values.

pseudodiphtheriticum, Streptococcus salivar-
ius, S. mitis, Staphylococcus aureus, andEsch-
erichia coli. The other species of bacteria were,
for the most part, isolated less than 50% of the
time from the dogs. The latter was particularly
noteworthy with the diverse grouping of Cory-
nebacterium spp. in the throats of isolated dogs
compared with that of the control dogs. Coryne-
bacterium renale, prominent in the nares of
isolated dogs, was not present in the control
dogs. Throats of control dogs did not show the
diversity ofcorynebacteria that was observed in
those of the isolated dogs. The diversity of spe-
cies of streptococci, corynebacteria, lactobacilli,
and enterobacteriaceae accounted for the var-
ied flora in the throat of isolated dogs. Particu-
larly noteworthy was the fact that 10 out of 14
throat samples from isolated dogs were positive
for Klebsiella pneumoniae, whereas, it was not
found in any of the six throat samples from the
nonisolated dogs. Likewise Enterobacter ag-
glomerans, E. cloacae, Citrobacter interme-
dius, and C. freundii were cultured from iso-
lated, but not from control, dogs.
Anaerobic bacteria were cultured from the

throats of both isolated and control dogs (Table

5). Thirteen genera of anaerobes were cultured
from isolated dogs, and eight genera were
grown from the nonisolated controls (Table 5).
Thirty-one anaerobic species (or types) were
cultured from the throats of isolated dogs,
whereas only 13 anaerobic species (or types)
were present in the throats of nonisolated dogs
(Table 5).
Bifidobacterium species (B. infantis and B.

adolescentis), Bacteroides vulgatus, B. mela-
ninogenicus subsp. asaccharolyticus, two uni-
dentified clostridia, Eubacterium parvum, Fu-
sobacterium bullosum, F. nucleatum, and Me-
gasphaera elsdenii were cultured most fre-
quently from the throats (4 out of 14 samples or
better were positive) of isolated dogs. Clostrid-
ium sporogenes, Bacteroides distasonis, Propi-
onibacterium acnes, Fusobacterium russii,
Peptostreptococcus anaerobius, and three uni-
dentifiable Peptococcus spp. comprised the an-
aerobes cultured from the throats of noniso-
lated control dogs. The majority of anaerobic
species cultured from the isolated dogs' throats
were bacteroides, clostridia, fusobacteria, eu-
bacteria, and bifidobacteria. In contrast to the
nonisolated dogs, the isolated dogs had no pro-
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TABLE 4. Facultative anaerobes cultured from throats of dogs housed in locked or open environments

Locked (7)a Open (2)a
Microorganism No. positive/no. No./swabb No. positive/no. No./swabb

of samples of samples

Streptococcus species
S. mitis
S. salivarius
S. faecium
S. faecalis
Beta-hemolytic streptococci (not group A)

Staphylococcus species
S. epidermidis
S. aureus

Corynebacterium species
C. aquaticume
C. pseudodiphtheriticum
C. xerosis
C. ulcerans
C. renale
C. equi
Corynebacterium sp. (?) no. 1
Corynebacterium sp. (?) no. 2

Lactobacillus species
L. lactis
L. plantarum
Lactobacillus sp. (?) no. 3
Lactobacillus sp. (?) no. 4

Simonsiella species
S. muelleri

Klebsiella species
K. pneumoniae

Escherichia species
E. coli
E. coli (anaerogenic)

Enterobacter species
E. cloacae
E. agglomerans

Citrobacter species
C. freundii
C. intermedius

6/14
9/14
3/14
2/14
2/14

14/14
6/14

2/14
14/14
3/14
2/14
1/14
2/14
2/14
2/14

2/14
2/14
2/14
2/14

4-6
4-5
5
3

4-6

5-7
5-6

5-6
4-5
5-6
4-5
5
5

4-5
4-5

4-5
4-5
4-5
4-5

0/14

10/14

5/14
2/14

6/14
8/14

4/14
6/14

4-6

4-5
4-5

3-5
5-6

3-4
3-5

6/6
6/6
3/6
0/6
0/6

6/6
4/6

0/6
6/6
0/6
0/6
0/6
0/6
2/6
0/6

0/6
0/6
6/6
0/6

2-6

0/6

4/6
0/6

0/6
0/6

0/6
0/6

4-5
4-5
3

4-6
5-6

4-5

5-6

4-6

4-6

4-5

a Number in parentheses indicates the number of dogs per group.
b Log1o range of values.
c See reference 22.

pionibacteria in their throats. Lactobacillus ca-
tenaforme, eubacteria, and veillonella, all pres-
ent in isolated dogs, were not grown from
throat swabs of the nonisolated controls. A re-
cently described species of spiral-shaped bacte-
ria, Anaerobiospirillum succiniciproducens
(14), was also present in the throats of isolated
and control dogs.
Fecal samples. Isolated dogs had 34 genera

(129 species or types) ofmicroorganisms in their
feces, whereas the nonisolated, control dogs
had 21 genera (58 species or types) isolated from
their stools. Nine aerobic genera, five of bacte-
ria and four of yeasts, were cultured from the
feces of isolated dogs. Conversely, the aerobes
from feces of nonisolated controls consisted of
two genera of bacteria (Micrococcus and Bru-

cella) and three genera of yeasts (Candida,
Trichosporon, and Torulopsis). M. luteus,
Candida albicans, Trichosporon beigelii, and
Torulopsis pintolopesii were the main (four or
better positive out of 14 samples) aerobic com-
ponents of feces from isolated dogs. Acinetobac-
ter calcoaceticus (subsp. anitratus and subsp.
iwoffii), Moraxella nonliquefaciens, two bacilli
(B. stearothermophilus and B. subtilis), a fla-
vobacterium, C. krusei, and a Rhodotorula sp.,
all cultured from isolated dogs, were not cul-
tured from the feces of nonisolated control dogs
(Table 6).
The facultative microorganisms present in

feces from isolated and nonisolated dogs repre-
sented nine genera (37 species or types) and five
genera (20 species of types), respectively. The
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most prevalent genera in both dog groups were
lactobacilli (Table 7). Klebsiella pneumoniae,
Enterobacter species., Citrobacter freundii,
and Proteus species., all present in isolated
dogs' feces, were not cultured from the noniso-
lated control dogs. Both isolated and noniso-
lated control dogs had streptococci, staphylo-
cocci, corynebacteria, lactobacilli, and esche-
richia. Except for the staphylococci, the iso-

lated dogs had a greater diversity of species
within each genus than the nonisolated control
dogs. On the basis of frequency of isolation, the
isolated dogs' facultative fecal flora consisted
primarily of (7 or more positive out of 14 sam-
ples) Streptococcus faecium, Staphylococcus
epidermidis, S. aureus, Corynebacterium pseu-
dodiphtheriticum, C. xerosis, Lactobacillus
lactis, L. helveticus, an unidentified Lactoba-

TABLE 5. Anaerobic bacteria cultured from the throat of beagle dogs housed under locked or open
environments

Locked (7)a Open (2)a
Microorganism No. positive/no. No./swabb No. positive/no. No./swabb

of samples of samples
!ostridium species
C. oroticum 2/14
C. putrificum 2/14
C. sporogenes 0/14
Clostridium sp. (?) no. 1 and 2 4/14
Ectobacillus species
L. catenaforme 2/14
fidobacterium species
B. infantis 8/14
B. adolescentis 6/14
-opionibacterium species
P. acnes 0/14
ubacterium species
E. tenue 2/14
E. lentum 2/14
E. parvum 4/14
itsobacterium species
F. bullosum 4/14
F. nucleatum 4/14
F. russii 0/14
Fusobacterium sp. (?) no. 1, 2, and 4 2/14
zcteroides species
B. corrodens 2/14
B. amylophilus 2/14
B. nodosus 2/14
B. vulgatus 6/14
B. distasonis 4/14
B. ochraceus 2/14
B. melaninogenicus subsp. asaccharolyticus 8/14
B. pneumosintes 2/14
Bacteroides sp. (?) no. 2 2/14
B. ruminicola subsp. ruminicola 0/14
B. ruminicola subsp. brevis 0/14
naerobic gram-positive cocci
Sarcina ventriculi 2/14
Peptostreptococcus anaerobius 2/14
Ruminococcus flavefaciens 2/14
eptococcus species
Peptococcus sp. (?) no. 4 2/14
Peptococcus sp. (?) no. 5 0/14
Peptococcus sp. (?) no. 7 and 8 0/14
eillonella alcalescens 2/14
naerobic gram-negative cocci (not Veillonella) 0/14
Megasphaera elsdenii 4/14
naerobiospirillum succiniciproducens 2/14
a Number in parentheses indicates number of dogs per group.
b Log,O range of values.
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TABLE 6. Aerobic microorganisms cultured from feces of beagle dogs housed in locked or open environments

Locked (7)a Open (2)a

Microorganism No. positive/no, of Nob No. positive/no, ffb
samples ° samples No.

Micrococcus species
M. luteus 8/14 6-9 2/6 8-9

Acinetobacter species
A. calcoaceticus subsp. anitratus 2/14 4-6 0/6
A. calcoaceticus subsp. lwoffi 2/14 5 0/6

Brucella sp. 9/14 2/6 5-7
Bacillus species
B. stearothermophilus 2/14 7-8 0/6
B. subtilis 2/14 7-8 0/6

Flavobacterium species
Favobacterium sp. (?) no. 1 2/14 5-7 0/6

Moraxella species
M. nonliquefaciens 2/14 5-6 0/6

Fungi
Candida species

C. albicans 8/14 3-5 3/6 3-4
C. krusei 2/14 3-4 0/6

Rhodotorula species
Rhodotorula sp. 4/14 3-5 0/6

Trichosporon species
T. beigelii 8/14 3-5 2/6 3

Torulopsis species
T. pintolopesii 6/14 3-5 2/6 3

a Number in parentheses indicates number of dogs per group.
bLog,, range of values per gram (dry weight) of feces.

cillus sp. (designated no. 1 in Table 7), K. pneu-
moniae, E. coli, and C. freundii. Nonisolated
control dogs, on the other hand, had a predomi-
nant facultative fecal flora (at least three sam-
ples out of six positive) of Streptococcus mitis,
S. faecium, S. faecalis, S. epidermidis, S. au-
reus, unidentified lactobacilli, designated num-
bers 1 and 2 in Table 7 (number 1 was also
present in isolated dogs), and E. coli. Minor
components of the fecal facultative anaerobes
(isolated less than 6 times out of 14 samples) of
isolated dogs consisted ofS. faecalis, S. salivar-
ius, Corynebacterium aquaticum (22), three
other unidentified Corynebacterium spp., 13
species of lactobacilli (L. acidophilus, L. cello-
biosus, L. fermentum, L. delbrueckii, L. sali-
varius subsp. salivarius, L. crispatus, two vari-
eties of L. casei, L. brevis, L. bulgaricus, and
L. plantarum), three unidentified lactobacilli,
an anaerogenic E. coli, Enterobacter cloacae,
E. aerogenes, and two species of Proteus (P.
mirabilis and P. rettgeri). Minor components of
the nonisolated dogs, less than three isolations
from six samples, consisted ofCorynebacterium
pseudodiphtheriticum, C. xerosis, and an uni-
dentified Corynebacterium sp. (designated no.
2 in Table 7 and similar to Corynebacterium
sp., no. 2 of the isolated dogs), Lactobacillus
acidophilus, L. fermentum, L. helveticus, L.

crispatus, L. casei subsp. rhamnosus, L. bul-
garicus, L. plantarum, L. leichmannii, and an
unidentified Lactobacillus sp. (no. 2, Table 7).
Enterobacteriaceae, except for E. coli, even
though they were minor components (except for
K. pneumoniae and C. freundii) of the fecal
flora, were often present in the feces of isolated
dogs but noticeably absent from the feces of
control (nonisolated) dogs.

Strict anaerobes were found in greater diver-
sity in the feces of isolated dogs (13 genera or
groups, 78 species or types) than in nonisolated
controls (10 genera or groups, 31 species or
types). Most of the anaerobes were clostridia,
bacteroides, eubacteria, peptococci, peptostrep-
tococci, bifidobacteria, and fusobacteria. Veillo-
nellae, present in controls, were not cultured
from the feces of the isolated dogs.

Eleven species and 12 different types of clos-
tridia unidentified as to species were cultured
from the feces of isolated dogs (Table 8). Con-
versely, C. sporogenes and four types of clos-
tridia unidentified as to species (similar to
those found in isolated dogs) were cultured from
the feces of nonisolated dogs. The diversity of
clostridia and the large number of clostridia
that we could not identify as to species indicate
that the confined environment enhances the
growth of members of this genus in the dogs'
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intestinal tracts. The most prevalent (7 or more
isolations out of 14 samplings) clostridia in the
feces of isolated dogs were C. putrificum, C.
perfringens, and three unidentified clostridia
(designated numbers 1, 2, and 6 in Table 8).
Minor clostridial components (i.e., fewer than 7
isolations out of 14 samplings) were C. coch-
learium, C. tyrobutyricum, C. oroticum, C. ra-

mosum, C. limosum, C. sporogenes, C. aceto-
butyricum, C. chauvoei, C. putrefaciens, and
nine other clostridia that we could not identify
as to species by our methodology.
Two species of anaerobic lactobacilli (L. min-

utus and L. catenaforme) were cultured from
isolated dogs. However, the frequency of isola-
tion was low; two positive cultures for the latter

TABLE 7. Facultative microorganisms present in feces ofbeagle dogs housed in locked and open environments

Locked (7)a Open (2)a
Microorganism No. positive/no. of No.b No. positive/no. ofNob

samples samples

treptococcus species
S. mitis 6/14 9-10
S. salivarius 6/14 9-10
S. faecium 12/14 9-10
S. faecalis 6/14 8-10
taphylococcus species
S. epidermidis 14/14 4-10
S. aureus 10/14 4-6
'orynebacterium species
C. aquaticumc 6/14 8-10
C. pseudodiphtheriticum 8/14 9-10
C. xerosis 8/14 8-10
Corynebacterium sp. (?) no. 1 4/14 8-9
Corynebacterium sp. (?) no. 2 2/14 9-10
Corynebacterium sp. (?) no. 3 2/14 8-9
actobacillus species
L. acidophilus 2/14 9
L. lactis 8/14 9-10
L. fermentum 6/14 9-10
L. cellobiosus 2/14 8-9
L. casei subsp. rhamnosus 4/14 9-10
L. delbrueckii 4/14 9-10
L. crispatus 2/14 10-11
L. salivarius subsp. salivarius 6/14 8-9
L. helveticus 10/14 8-10
L. brevis 6/14 8-10
L. bulgaricus 2/14 10
L. plantarum 2/14 5-7
L. leichmannii 0/14
Lactobacillus sp. (?) no.1 12/14 8-10
Lactobacillus sp. (?) no. 2 4/14 8-10
Lactobacillus sp. (?) no. 3 3/14 7-9
Lactobacillus sp. (?) no. 4 6/14 8-9
lebseilla species
K. pneumoniae 8/14 4-6
scherichia species
E. coli 10/14 5-7
E. coli (anaerogenic) 4/14 4-6
'nterobacter species
E. cloacae 6/14 5-7
E. aerogenes 4/14 4-6
'itrobacter species
C. freundii 14/14 4-6
'roteus species
P. mirabilis 6/14 4-6
P. rettgeri 2/14 4-6

a Number in parentheses indicates number of dogs per group.
b Log1O range of values per gram (dry weight) of feces.
C See reference 22.
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TABLE 8. Anaerobic microorganisms present in feces of beagle dogs housed in a locked or open environment

Locked (7)a Open (2)a

Microorganism No. positive/no. No.b No. positive/no. Nob
of samples of samples

Clostridium species
C. cochlearium 2/14 9 0/6
C. tyrobutyricum 6/14 9-10 0/6
C. oroticum 4/14 7-8 0/6
C. ramosum 2/14 8-9 0/6
C. limosum 2/14 6-8 0/6
C. putrificum 8/14 8-9 0/6
C. sporogenes 0/14 4/6 10-11
C. perfringens 7/14 7-9 0/6
C. acetobutylicum 2/14 7-9 0/6
C. chauvoei 2/14 8-9 0/6
C. putrefaciens 2/14 8-9 0/6
Clostridium sp. (?) no. 1 9/14 8-10 4/6 9-11
Clostridium sp. (?) no. 2 9/14 9-10 0/6
Clostridium sp. (?) no. 3, 7, and 13 4/14 8-9 0/6
Clostridium sp. (?) no. 4 5/14 9-10 2/6 8-9
Clostridium sp. (?) no. 5 2/14 8-9 0/6
Clostridium sp. (?) no. 6 7/14 8-9 0/6
Clostridium sp. (?) no. 8 and 9 2/14 8-9 0/6
Clostridium sp. (?) no. 10 and 14 2/14 8-9 2/6 9-10

Lactobacillus species
L. catenaforme 2/14 10-11 0/6
L. minutus 2/14 8-9 2/6 8-9

Bifidobacterium species
B. infantis 7/14 9-10 2/6 10
B. adolescentis 12/14 9-11 2/6 10-11

Eubacterium species
E. tenue 2/14 7-8 0/6
E. ruminantium 6/14 9-10 0/6
E. aerofaciens 2/14 9-10 2/6 9
E. alactolyticum 3/14 9-10 0/6
E. parvum 4/14 10-11 2/6 10
E. ventriosum 4/14 7-9 0/6
E. contortum 4/14 8-9 0/6
E. tortuosum 0/14 2/6 8
Eubacterium sp. (?) no. 1 (lysis) 4/14 8-9 0/6
Eubacterium sp. (?) no. 2 6/14 9-10 3/6 9
Eubacterium sp. (?) no. 3 8/14 9-11 0/6
Eubacterium sp. (?) no. 4 6/14 9-10 2/6 9
Eubacterium sp. (?) no. 5 10/14 9-10 3/6 9
Eubacterium sp. (?) no. 6, 7, 8, 12, and 13 2/14 7-9 0/6
Eubacterium sp. (?) no. 9 and 10 0/14 2/6 7-9

Bacteroides species
B. ruminicola subsp. ruminicola 2/14 10 2/6 9-10
B. ruminocola subsp. brevis 2/14 9 0/6
B. clostridiiformis susbp. clostridiiformis 0/14 1/6 9
B. corrodens 8/14 9-10 2/6 8-10
B. amylophilus 6/14 9-10 0/6
B. nodosus 4/14 9-10 0/6
B. capillosus 2/14 10 0/6
B. vulgatus 6/14 10 0/6
B. distasonis 4/14 10 0/6
B. fragilis 2/14 10 0/6
B. ovatus 2/14 10 0/6
B. ochraceus 2/14 10 0/6
Bacteroides sp. (?) no. 1 and 4 2/14 10 0/6
Bacteroides sp. (?) no. 6 0/14 2/6 10
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TABLE 8-Continued

Locked (7)a Open (2)a

Microorganism No. positive/no. No.b No. positive/no. No.b
of samples * of samples

Propionibacterium species
P. jensenii 6/14 8-10 0/6
P. acidi-propionici 2/14 6-7 0/6
P. acnes 4/14 9-10 0/6
Propionibacterium sp. (?) no. 1 2/14 8-9 2/6 8-9

Fusobacterium species
F. russii 4/14 9 0/6
F. prausnitzii 2/14 8-9 0/6
F. glutinosum 0/14 2/6 7-8

Butyrivibrio species
B. fibrisolvens 2/14 8-9 0/6

Anaerobic gram-positive cocci
Peptostreptococcus intermedius 6/14 8-9 4/6 9-10
P. productus 6/14 8-10 4/6 9-10
P. micros 4/14 9-10 0/6
P. magnus 4/14 8-10 2/6
Peptococcus prevotii 4/14 9-10 2/6 8-9
P. variabilis 2/14 8-9 0/6
P. constellatus 0/14 2/6 9-10
P. saccharolyticus 2/14 8-9 0/6
P. asaccharolyticus 0/14 2/6 9-10
Peptococcus sp. (?) no. 1, 2, 9, and 10 2/14 8-9 0/6
Peptococcus sp. (?) no. 3 2/14 8-10 2/6 9-10
Ruminococcus albus 2/14 8-9 0/6
R. flavefaciens 2/14 7-8 0/6

Anaerobic gram-negative cocci
Veillonella parvula 0/14 2/6 9-10
Not Veillonella sp. (?) no. 1 0/14 1/6 9
Megasphaera elsdenii 6/14 9-10 0/6
a Number in parentheses indicates the number of dogs per group.
b Log,O range of values per gram (dry weight) of feces.

two lactobacilli (out of 14 samplings) from iso-
lated dogs and only two of six samples from
nonisolated controls were positive for L. minu-
tus.

Bifidobacteria (B. infantis and B. adolescen-
tis) were also cultured from the isolated and
nonisolated dogs' feces; however, the frequency
of their isolation was better with feces from the
isolated dogs (Table 8).
Eubacterium species were recovered fre-

quently and in very large numbers from the
feces of isolated dogs. Seven species of eubac-
teria and eleven others that could not be identi-
fied as to species were cultured from the feces of
isolated dogs (Table 8). Three species of eubac-
teria (E. aerofaciens, E. parvum, and E. tor-
tuosum) and five nonclassifiable types of eubac-
teria were present in the feces of the noniso-
lated dogs. The most prevalent eubacteria pres-
ent in the feces of isolated dogs could not be
identified as to species (designated numbers 3
and 5 in Table 8). Eubacterium ruminantium

and unidentified Eubacterium spp. numbers 2
and 4 were present in 6 out of 14 samplings of
feces from isolated dogs. Eubacterium tenue, E.
aerofaciens, E. alactolyticum, E. parvum, E.
ventriosum, E. contortum, and seven other uni-
dentifiable eubacteria were cultured from two
to four out of 14 fecal samples from isolated
dogs. The two most prevalent eubacteria cul-
tured from the feces of nonisolated dogs (Eu-
bacterium spp. numbers 2 and 6, Table 7) also
could not be identified as to species by our
methodology. Both ofthe latter eubacteria were
also found in the isolated dogs and, along with
E. aerofaciens, E. parvum, E. tortuosum, and
three other unidentified types, comprised all of
the eubacteria cultured from the control dogs.
Bacteroides spp. were also well represented

in the feces of dogs. The isolated dogs had
eleven bacteroides species and two other types
that could not be identified as to species by our
methodology. The nonisolated control dogs had
three recognized species and one other Bacte-
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roides sp. (number 6, Table 7) that were not
present in any of the samples of isolated dog
feces.
The most prevalent bacteroides in dog feces,

which was present in 8 out of 14 fecal samples
taken from isolated dogs, was B. corrodens.
The latter species plus B. ruminicola subsp.
ruminicola, B. clostridiiformis subsp. clostri-
diiformis (Clostridium clostridiiformis) (21),
and an unidentified Bacteroides sp. (number 6,
Table 8) were the only bacteroides species cul-
tured from nonisolated dogs. Bacteroides amy-

lophilus, B. vulgatus, B. nodosus, and B. dis-
tasonis were cultured from the feces of isolated
dogs four to six times out of 14 samples. The
remaining Bacteroides species, i.e., B. rumini-
cola subsp. ruminicola, B. ruminicola subsp.
brevis, B. capillosus, B. fragilis, B. ovatus, B.
ochraceus, and the two unclassifiable bacte-
roides (numbers 1 and 4, Table 8), comprised
minor components (2 out of 14 samples were

positive) of the isolated dogs' feces.
Three propionibacteria (P. jensenii, P. acidi-

propionici, P. acnes) and one unclassifiable
propionibacterium were cultured from the feces
of isolated dogs, whereas only the latter uni-
dentified Propionibacterium sp. was cultured
from the nonisolated dogs' feces.

Fusobacteria were not very prevalent in the
feces of isolated or nonisolated dogs. Two fuso-
bacteria (F. russii and F. prausnitzii) were

present in less than 50% of the samples from
isolated dogs, and only F. glutinosum was cul-
tured from the feces (two out six samples were

positive) of nonisolated dogs.
Anaerobic, gram-positive cocci comprised an-

other major group of anaerobic bacteria present
in the feces of isolated and nonisolated dogs.
Four peptostreptococci, Ruminococcus albus,

and R. flavefaciens along with five unidentifia-
ble peptococci comprised the anaerobic, gram-
positive cocci in the feces of isolated dogs. Three
peptostreptococci (P. intermedius, P. magnus,
and P. productus) along with three peptococci
(P. prevotii, P. constellatus, and P. asaccharo-
lyticus), and one unclassifiable Peptococcus sp.
(number 3, Table 8), which was also found in
the isolated dogs, comprised the gram-positive
cocci present in the feces of the nonisolated
control dogs.
Peptostreptococcus micros, Peptococcus var-

iabilis, Peptococcus saccharolyticus, Rumino-
coccus albus, and R. flavefaciens along with
unclassifiable Peptococcus spp. numbers 1, 2, 9,
and 10 were cultured from isolated dogs, but
not from the nonisolated controls. Conversely,
Peptococcus constellatus and P. asaccharolyti-
cus were cultured from nonisolated controls,
but not from the isolated dogs.

Veillonella parvula and another unidentified
gram-negative coccus were cultured from two
out of six and one out of six fecal specimens
from nonisolated dogs, respectively. Contrary
to the nonisolated dogs, veillonella were not
isolated from 14 fecal specimens from isolated
dogs (Table 8). Megasphaera elsdenii was
found in feces of 6 ofthe 14 isolated dogs and not
the nonisolated dog feces.

DISCUSSION
This study on the microbial flora of beagles

was carried out to identify (and identify as to
species where possible) the various aerobic, fa-
cultative, and anaerobic bacteria present in
their noses, throats and feces and to ascertain if
confinement to a locked environment (i.e., no
exogenous microbial contamination) for a pro-
longed time period had any effect on their mi-
crobial flora.

Previous studies on the microbial flora (nose,
throat, feces) of beagles revealed a diverse
grouping of aerobic and facultative bacteria
(12, 13). Studies that have attempted to quanti-
tate and identify as to species the microorga-
nisms in the flora of dogs are few in number (5-
9, 12, 13, 25, 27, 28) and those studies that have
attempted to elucidate the anaerobic bacteria
present in the flora of dogs are even fewer (6, 7,
12, 13, 25). The early studies indicated that E.
coli, viridans streptococci, C. perfringens, and
bacteroides were the predominant microorga-
nisms in the feces of dogs (12, 13, 27, 28).
This report and other data on the microbial

flora ofbeagles (5, 6, 9, 12, 13) demonstrate that
their microbial flora is diverse and is made up
of a variety of aerobic, facultative, and anaero-
bic bacteria, and several genera of yeasts. Our
studies (5, 6, 14, 15) also demonstrate that the
flora of dogs becomes more complex when they
are confined to a locked environment and sup-
plied with sterile food, air, and water. The in-
creased complexity of the flora during confine-
ment is a good indication that there are many
microorganisms, in low numbers, in the flora of
conventional (nonisolated) dogs. These micro-
organisms are apparently repressed by microor-
ganisms in the "normal" flora or by some other
physiological, biochemical, environmental, or
immunological mechanism(s). The increased
diversity of the flora under locked-environment
conditions also indicates that prolonged con-
finement may interfere with a very important
host defense mechanism, namely, the capacity
of a normal microbial flora to inhibit or sup-
press the growth of potentially pathogenic mi-
croorganisms. The reduction of the microbial-
inhibiting capacity of the flora could take place
through changes in the normal flora itself, or
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by an alteration of innate, (i.e., gastric pH,
intestinal enzyme secretions, redox potential,
nutritional competition, etc.) or acquired im-
munity (i.e., thymus-dependent T cells or anti-
body production, especially secretory immuno-
globulin A). The alterations in the environ-
ments of body cavities that would enhance the
growth of microorganisms in the host that is
housed in a closed environment are not known.
We have, however, demonstrated that confined
dogs, compared with nonisolated controls, have
lower hemoglobin, packed cell volume (PCV),
eosinophils, lymphocytes, and alkaline phos-
phatase enzyme activity (30). The confined dogs
also manifest increased values for bilirubin,
serum glutamic oxalacetic transaminase and
lactic dehydrogenase enzyme activity, serum
protein (total), alpha 2 and beta globulins, and
immunoglobulin (30). How these blood cell, se-
rum protein, and serum enzyme changes are
related to the alterations in the flora, if at all,
are purely speculative at this time.
The increased diversity of the flora in the

isolated dogs was manifested by the culture
procedures used in this study and by tissue
Gram stains and scanning electron microscopy
of gastrointestinal tract sections of these same
dogs when they were killed and autopsied at
the conclusion ofthis study (15). The latter data
indicated that the confined dogs had a gram-
positive layer of bacteria in their intestinal
tract. Normally a layer of gram-negative bacte-
ria is present over the epithelial cells in the
ilea, cecum, and colon of dogs (15) and rodents
(26). Davis et al. (15) also observed a dimin-
ished population of bacteria in the crypts of
Lieberkuhn of isolated dogs, and their culture
work on the ilea, cecum, and colon (tissue and
contents) again verified that the dogs in the
locked environment had a more diverse micro-
bial flora than did the nonisolated control dogs.

"Microbial shock" has been alluded to as a
potential hazard for astronauts who would ven-
ture into space and be confined to a locked
environment for a prolonged period oftime (24).
It was speculated that under locked-environ-
ment conditions, the microbial flora of the as-
tronauts would simplify to one or two microbial
species because of the lack of exogenous micro-
bial contamination (24). The microbial shock
for the astronauts would supposedly occur ifthe
surviving species in the flora are pathogens or
if pathogens colonize the astronaut when he
returns to earth or some other contaminated
environment. Based on our study of isolated
dogs, the danger of microbial shock would come
about not because the flora had simplified but
because it had increased in diversity. Many of
the latter microorganisms showing an increase

in numbers under isolated conditions are patho-
gens or opportunists. One added bit of specula-
tion on space flights could be brought out by the
increased incidence of yeasts (especially C. al-
bicans) in the locked environment. An in-
creased incidence of C. albicans has occurred
on space flights and other confinement studies
with male astronauts (29, 31). If C. albicans
increases in numbers in the vaginas of future
female astronauts, they could possibly be trou-
bled with candida vaginitis on their long-term
space flights.
The nose and throat flora of the dogs in this

study contained aerobic, facultative, and an-
aerobic bacteria. A number of microorganisms
found in the noses and throats of these dogs
were those that are commonly associated with
the fecal flora (i.e., Enterobacteriaceae). The
presence ofEnterobacteriaceae in the noses and
throats of beagle dogs has been reported by
other investigators (9, 12). The major differ-
ences in the flora appeared to be associated
with confinement to the locked environment
and not with coprophagy.

Studies on the human fecal flora have dem-
onstrated that there is a difference in the pre-
dominating bacteria from individual to individ-
ual (19). A similar situation also was evident in
the dogs in this study. Although most groups of
bacteria were common to the flora of all dogs,
each dog had different microorganisms predom-
inating in his flora, and no two dogs were ex-
actly alike when the most predominant micro-
organisms in their flora were compared.
Even though there was an increased diver-

sity of bacteria in the flora of isolated dogs,
there were still areas and regions of the gas-
trointestinal tract that were more suited to cer-
tain bacteria than were others. Many bacteria
found in the feces were not cultured from the
nose and throat, and bacteria that were com-
mon in the nose and throat were not cultured
from the feces. Although we stressed the in-
creased diversity ofbacteria that was present in
isolated dogs, but not in the nonisolated con-
trols, we also observed several bacteria that
were cultured from the nonisolated control
dogs, but not from the isolated dogs. An exam-
ple of the latter was C. sporogenes, which was
cultured from noses, throats, and feces of noni-
solated dogs, but not from the isolated dogs.
Apparently, conditions in the isolated dogs had
changed and were no longer conducive to large
populations of C. sporogenes, but they were
conducive to a wide variety of other clostridia,
as is evident in Table 8.
During this study, we observed (by micro-

scopic examination) many spiral-shaped bacte-
ria in the dilutions of throat swabs and fecal
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material. We isolated one of these spiral bacte-
ria, Anaerobiospirillum succiniciproducens,
and described it as a new genus ofbacteria (14).
Other spiral-shaped bacteria were observed,
but we were not able to culture them. It is
obvious that the dogs' flora is even more com-
plex than the data in this report indicate since
there are many other microorganisms in the
flora that we are still not able to culture and
identify.
We used two methods to study the microbial

flora, the anaerobic glove box and primarily A
II media for isolation (2, 3); the same nose,
throat, and fecal samples used in the glove box
were also diluted and plated on a variety of
enriched, selective, and differential media and
incubated in GasPak jars (5, 6). Although we
did not make a detailed study of the efficiency
ofthese methods, it was obvious to us that more
species of anaerobes were isolated and identi-
fied with the glove-box methodology than in the
plating of enriched, selective, and differential
media and incubating the plates in GasPak
jars.

It is also worth pointing out that many stud-
ies on rodent cecal contents and human feces
indicate that strictly anaerobic bacteria out-
number aerobic and facultative bacteria by
1,000:1 or more. Although the latter situation
was true of the aerobic bacteria found in the
flora of dogs, it did not hold for many of the
facultative bacteria, especially streptococci (S.
mitis and S. salivarius), lactobacilli, and
staphylococci. The latter bacteria were very of-
ten present at 1010 per gram (dry weight) of
fecal material. Although differences in experi-
mental design have to be taken into considera-
tion, these data on dog flora indicate that facul-
tative bacteria, in dogs, can and do achieve
numbers that we would ordinarily associate
with the number ofviable anaerobic bacteria in
the feces of other mammals and man (19).
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