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The quantitative growth, the colony size, and the -rate of growth of 47 clinical
anaerobic isolates were compared on five different media, namely Brucella agar,
brain heart infusion agar, Columbia agar, Schaedler agar, and tryptic soy agar.
There was no significant difference in the quantitative growth of the anaerobes
inoculated onto the five media. Although no single medium was superior for the
growth of all isolates, 12 of 22 isolates, inoculated onto media stored for 4 weeks
or less, grew best on Schaedler agar. The effects of supplementation of the media
with reducing agents and reduction of the media before use were also analyzed
and were found to be affected by the composition and length of storage of the
media, as well as the bacteria tested.

The role of anaerobic bacteria in human in-
fections has been increasingly appreciated in
recent years, largely due to improvements in
laboratory technology. The recovery of anaer-
obes in clinical specimens depends on the
method of specimen collection and transporta-
tion to the laboratory, the quality and selection
of the isolation media used, the incubation sys-
tem, and the technical competence of the labo-
ratory staff. The proper Qollection and transpor-
tation of the specimen are important not only
for the reliable recovery of anaerobes, but also
for the intelligent interpretation of the culture
results. Specimens inoculated onto appropriate
media can be incubated in anaerobic jars, a
glove-box chamber, or anaerobic tubes (roll-tube
method), since the recovery of clinically signifi-
cant anaerobes has been reported to be equiva-
lent in the three systems (14).
Although the methods for collection, trans-

portation, and incubation of clinical specimens
have been improved, the optimal medium or
media for the recovery and growth of anaerobes
have not been determined. A variety of agar
media, including Brucella, brain heart infusion,
Columbia, Schaedler, and tryptic soy have been
recommended (6, 20), but have not been care-
fully compared. Although the growth of many
Bacteroides strains requires hemin and vitamin
KI (7, 21), the value has not been established for
additional supplements such as palladium chlo-
ride, dithiothreitol, and cysteine hydrochloride,
which are used to reduce the medium to a low
oxidation-reduction potential. In addition, the

effect of anaerobically reducing media before
inoculation has not been determined.

In the study reported herein, the quantitative
growth, colony size, and rate of growth of clinical
anaerobic isolates were compared on different
media to determine if one medium was superior.
The effects of supplementation of the media
with reducing agents and reduction of the media
before use were also analyzed.

MATERIALS AND METHODS
Organisms. The organisms used were recovered

from clinical specimens submitted to the Barnes Hos-
pital diagnostic anaerobe laboratory. During the pe-
riod of this study the blood agar medium routinely
used was tryptic soy agar (Difco) supplemented with
5% defibrinated sheep blood, hemin (5 dg/ml), vitamin
K. (0.5 fig/ml), cysteine hydrochloride (0.5 mg/ml),
and palladium chloride (0.33 mg/ml). Anaerobes used
in this study were randomly selected from primary
isolation plates on the days when the evaluations were
performed to avoid subculture onto laboratory media
and adaptation to in vitro growth. It is, however,
recognized that the selected organisms have inherently
demonstrated an ability to grow on tryptic soy agar
supplemented as described. The anaerobes were iden-
tified by the antibiotic disk and bile stimulation meth-
ods of Sutter et al. (20), biochemical reactivity in the
Minitek system (BBL) modified as described by Star-
gel et al. (18), and metabolic end-product analysis by
gas-liquid chromatography (9).

Media. Five different media formulated by both
BBL and Difco laboratories were evaluated, namely
brain heart infusion agar (BHIA), Brucella agar (BA),
Columbia agar (CA), Schaedler agar (SA), and tryptic
soy agar (TSA). All media were enriched with 5%
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sheep blood, hemin (5 ,ug/ml), and vitamin Ki (0.5
jug/ml). In the experiments to determine the effect of
reducing agents, the five media were supplemented
with cysteine hydrochloride (fmal concentration of 0.5
mg/ml), dithiothreitol (0.1 mg/ml), and palladium
chloride (0.33 mg/ml). All media were commercially
prepared (Remel, Lenexa, Kans.) on the same day,
received in the laboratory within 24 h, and either used
immediately or stored for as long as 6 weeks at 4°C in
the cellophane bags and cardboard boxes in which the
media were shipped.

In the experiments to determine the effect of an-

aerobic reduction of the media prior to inoculation,
the five media were prepared as described above and
then stored overnight at an ambient temperature un-

der anaerobic conditions in a GasPak jar. The nonre-

duced media used in these experiments were stored
overnight at an ambient temperature in an air atmo-
sphere.

Inoculation ofmedia. For the quantitative growth
studies, the anaerobes were suspended in saline and
adjusted to a turbidity equivalent to one-half of a

McFarland no. 1 nephelometer standard. Serial 10-
fold dilutions of the suspension were prepared, and
0.01 ml of the 10-3 to 10-' dilutions was inoculated
onto quadrants of a minimum of 40 plates (2 duplicate
plates times 5 media times 2 formulations [BBL and
Difco] times 2 [supplemented and nonsupple-
mented]). In the experiments which examined the
effect of reduction of the media before use, 80 plates
were inoculated with each isolate. Quantitation of
anaerobic growth was performed with bacteria inocu-
lated onto media stored for 4 weeks or less. Media 5 to
6 weeks old were evaluated by inoculating one drop of
a nonstandardized suspension of bacteria onto the
media, and the plates were streaked to obtain well-
isolated colonies. All media were incubated in an an-

aerobic glove box at 35°C.
Examination of media. The quantitative growth

of the anaerobes on each medium was determined by
counting the number of colonies of bacteria in a quad-
rant with between 25 and 75 colonies and calculating
the number of colony-forming units per milliliter in
the original suspension. All determinations were made
after 3 days of incubation. The size of the colonies was
determined by measuring the diameter of three well-
isolated colonies on each plate of medium with the aid
of a Bausch and Lomb dissecting microscope. The
colony size for each isolate on a particular medium
was the average of all determinations after 3 days of
incubation. No consistent differences were observed
between the Difco and BBL formulations and the
measurements were therefore averaged. The rate of
anaerobic growth on the media was determined by
measuring the colony size after incubation for 1 and 3
days.

Statistical analysis. The paired T test (3) was
used to determine whether differences in the mean
colony size and colony counts for the different media
were statistically significant.

RESULTS

The 47 anaerobes which were used in this
study are listed in Table 1. The quantitative
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growth of 10 anaerobes, which were inoculated
onto the 5 media stored for less than 2 weeks, is
summarized in Table 2. The number of colony-
forming units of each anaerobe on the nonsup-
plemented media was not statistically different
(at P < 0.05). Although not tabulated herein,
there was no difference in the quantitative
growth of the 10 anaerobes listed in Table 1,
which were inoculated onto 3- to 4-week-old
media.
The colony size of the 47 anaerobes cultured

on each medium was measured after 3 days of
incubation. In Table 3 is summarized the num-

TABLE 1. Anaerobes used in media evaluations

No. of isolates inocu-
lated onto media stored

Anaerobe for:
0-2 3-4 5-6

weeks weeks weeks
Bacteroides fragilis 2 1 4
B. ovatus 2 2 3
B. distasonis 1
B. corrodens 1
B. thetaiotaomicron 1
B. vulgatus 1
B. melaninogenicus 2
Clostridium ramosum 1
C. perfringens 1
Fusobacterium mortiferum 1 1
Fusobacterium spp. 1 1
F. naviforme 1
F. necrophorum 1
F. nucleatum 1
Peptococcus spp. 1
P. magnus 2 3
P. asaccharolyticus 1
P. prevotii 1
Peptostreptococcus spp. 1 2
Veillonella parvula 1 2
Sarcina ventriculi 2
Eubacterium lentum 1
Propionibacterium acnes 1

TABLE 2. Comparison of the quantitative growth of
anaerobes on media

Colony-forming urits per ml (x 107)
Isolates

BA BHIA CA SA TSA

Bacteroides fragilis 2.6 2.4 2.5 2.5 2.4
B. distasonis 11.7 9.5 10.8 11.0 9.1
B. ovatus 6.7 6.8 7.0 7.1 7.0
B. corrodens 3.0 2.8 2.4 3.0 2.6
Fusobacterium morti- 3.7 3.5 3.9 3.2 3.3
ferum

Fusobacterium spp. 11.4 10.5 11.0 10.8 11.7
Clostridium ramosum 7.1 6.9 7.0 7.6 7.5
Veillonella parvula 4.5 3.5 3.5 4.5 4.0
Peptococcus spp. 6.5 6.7 7.1 6.2 7.0
Peptostreptococcus 5.1 4.4 5.4 5.2 4.7

spp.
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ber of anaerobes which grew best and worst on

the nonsupplemented media. Bacteroides grew

best on CA and worst on BA. Fusobacterium
grew worst on BA and BHIA, whereas four of
the seven isolates grew best on SA. The overall
growth of the gram-positive cocci was best on

BA and CA and worst on TSA. On SA Veillo-
nella and Clostridium grew best and Eubacter-
ium and Propionibacterium grew worst.
The effect of storing the media at 4°C for as

long as 6 weeks was determined (Table 4). Of
the 12 anaerobes which were inoculated onto
nonsupplemented media stored for less than 2
weeks, the best growth was recorded on SA and
CA for each of four anaerobes. Five of the 12
anaerobes grew worst on BA. Eight of the 10
anaerobes tested on media stored 3 to 4 weeks
grew best on SA and 6 of 10 grew worst on

BHIA. Seven of the 25 anaerobes inoculated
onto 5- to 6-week-old media grew best on CA,
and the worst growth was on SA and TSA for 9
and 8 anaerobes, respectively. One isolate of
Peptostreptococcus did not grow on 6-week-old
SA.
Anaerobic growth on media supplemented

with reducing agents was compared with growth
on nonsupplemented media (Table 5). Growth
was significantly larger on supplemented media
for some isolates of Bacteroides (inoculated on

BA, CA, SA, and TSA), Fusobacterium (on BA,
BHIA, CA, and TSA), Sarcina (on BHIA and
CA), and Veillonella (on BA and CA). However,
growth was smaller on supplemented media for
Bacteroides (on BHIA), Fusobacterium (on
SA), Peptococcus (on BA, BHIA, CA, and SA),

Peptostreptococcus (on BA and CA), and Veil-
lonella and Clostridium (on BHIA). One isolate
of Veillonella failed to grow on 4-week-old, non-

supplemented CA and TSA. The enhanced
growth of the anaerobes on supplemented BA,
CA, and TSA was observed only with media
stored for less than 4 weeks (Table 6). Growth
was comparable on the supplemented and non-

supplemented media which were stored for 5 to
6 weeks.
Table 7 summarizes the growth after days 1

and 3 of incubation of six anaerobes inoculated
onto supplemented and nonsupplemented media
stored for less than 2 weeks. Three of the six
anaerobes, inoculated onto nonsupplemented
media, grew best on SA and four grew worst on
BHIA after day 1 of incubation. After day 3 of
incubation, three anaerobes grew best on BHIA
and four grew worst on BA. Of the six anaerobes
inoculated onto supplemented media, three each
grew best on SA and CA, and four grew worst
on BA after day 1. After day 3 of incubation,
three of the six anaerobes grew best on CA.
Growth was enhanced by supplementation of
the media for one of the six anaerobes cultured
on BHIA and SA, for two anaerobes on BA, and
for three and four anaerobes on CA and TSA,
respectively.
The effect of anaerobic reduction of supple-

mented media before use was evaluated with
seven anaerobes inoculated onto freshly pre-

pared media (Table 8) and with five anaerobes
inoculated onto media stored for 4 weeks (Table
9). Whereas some organisms grew better on
fresh, reduced media, reduction of the media

TABLE 3. Comparison of the growth of anaerobes on different media not supplemented with reducing
agents

Isolates No. No. with best growth on No. with worst growth on

tested BA BHIA CA SA TSA BA BHIA CA SA TSA

Bacteroides 20 3 5 6 6 7 3 1 6 3
Fusobacterium 7 2 1 4 3 4
Gram-positive cocci 13 4 2 4 3 3 1 3 6
Veillonella 3 3 1 2
Clostridium 2 1 1 1 1
Eubacterium 1 1 1
Propionibacterium 1 1 1

TABLE 4. Comparison of the growth of anaerobes on nonsupplemented media stored at 4°C for different
time periods

Age of me- No. No. with best growth on No. with worst growth on

dia (weeks) tested BA BHIA CA SA TSA BA BHIA CA SA TSA

0-2 12 3 4 4 1 5 1 2 2 2
3-4 10 1 1 8 2 6 2
5-6 25 5 3 7 5 5 5 3 9 8

710 MURRAY
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TABLE 7. Average colony diameter of anaerobes on freshly prepared media supplemented and not
supplemented with reducing agents

Medium Avg colony size (mm)
supple-

Isolates mented with BA BHIA CA SA TSA
reducing
agents Day 1 Day 3 Day 1 Day 3 Day 1 Day 3 Day 1 Day 3 Day 1 Day 3

Bacteroides fragilis No 0.30 0.96 0.30 0.89 0.34 0.89 0.48 1.52 0.37 0.93
Yes 0.26 1.08 0.30 1.19 0.41 1.04 0.60 1.60 0.48 1.18

Bacteroides corro- No 0.96 2.56 0.89 3.18 1.11 2.70 0.96 2.78
dens Yes 0.89 2.70 0.81 2.82 1.33 3.00 1.15 2.59

Fusobacterium No 0.99 2.89 1.29 4.50 1.20 3.85 1.47 3.40
mortiferum Yes 1.00 2.90 1.29 4.44 1.23 3.96 1.62 3.18

Fusobacterium spp. No 1.22 2.37 1.22 2.51 1.81 3.30 1.61 2.67
Yes 1.15 2.26 1.30 2.45 1.63 2.78 1.41 2.08

Clostridium ramo- No 1.68 2.52 1.55 2.84 1.84 2.90 2.28 3.28
sum Yes 1.61 2.53 1.14 2.46 1.78 2.88 1.74 2.54

Peptostreptococcus No 0.30 1.30 0.74 1.48 0.48 1.30 0.67 1.15
spp Yes 0.22 1.15 0.48 1.04 0.41 1.19 0.60 1.11

1.22 2.67
0.96 2.89

0.97 3.59
1.10 3.81

1.33 2.59
1.37 3.07

1.76 2.73
1.77 2.72

0.15 0.78
0.22 0.52

TABLE 8. Effect of reducing freshly prepared, supplemented media

Avg colony size (mm)

Isolate BA BHIA CA SA TSA

Re- Not re- Re- Not re- Re- Not re- Re- Not re- Re- Not re-

duced duced duced duced duced duced duced duced duced duced

Bacteroides fragilis 1.97 2.08 2.57 2.59 2.11 2.26 2.84 2.65 2.72 2.77
Bacteroides ovatus 2.50 2.40 2.94 2.79 2.65 2.59 2.32 2.53 2.80 2.77
Bacteroides distasonis 2.41 2.52 1.31 1.46 2.56 2.38 2.74 2.81 2.73 2.85
Fusobacterium morti- 3.11 2.90 3.92 4.44 3.84 3.96 2.62 3.18 3.98 3.81
ferum

Peptococcus spp. 0.33 0.37 0.28 0.29 0.53 0.44 0.31 0.29 0.52 0.53
Veillonella 0.98 1.09 1.22 1.20 1.13 1.24 1.52 1.72 1.17 1.24
Clostridium ramosum 2.48 2.53 2.41 2.46 2.98 2.88 2.57 2.54 2.92 2.72

Average 1.97 1.98 2.09 2.18 2.26 2.25 2.13 2.25 2.41 2.38

was also inhibitory for many isolates, particu- variable and was a function of both the species
larly Bacteroides ovatus and Veillonella on SA tested and the composition of the medium. This
and Fusobacterium mortiferum on BHIA and differential growth was only partially eliminated
SA (Table 8). The average growth of the seven by supplementation with hemin. Starr and co-
anaerobes after day 3 of incubation was not workers (19) compared the growth of selected
enhanced by reduction of any of the five media. anaerobes on SA and on TSA supplemented
Reduction of 4-week-old media enhanced the with yeast extract. Isolates of Clostridium grew
growth of B. ovatus on TSA and Peptococcus best on SA, and isolates of B. fragilis, B. mela-
magnus on BHIA and SA and inhibited the ninogenicus, and F. fusiforme grew equally well
growth of B. ovatus and Fusobacterium navi- on both media. Stalons et al. (17) reported the
forme on BHIA, Fusobacterium nucleatum on best bacterial growth was obtained in Schaedler
SA, and P. magnus on BA (Table 9). The aver- broth compared with eight other broths.
age colony size of the five isolates after day 3 of In the study reported herein, the growth of 47
incubation was only enhanced on reduced TSA. anaerobes (Table 1) on 5 media was evaluated.

There was no significant difference in the quan-
DISCUSSION titative growth of 20 anaerobes inoculated onto

Wilkens et al. (21) reported that the growth of media which had been stored at 4°C for 4 weeks
Bacteroides on different blood agar media was or less. However, both the colony size and the

712 MURRAY
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TABLE 9. Effect of reducing 4-week-old, supplemented media
Avg colony size (mm)

Isolate BA BHIA CA SA TSA

Re- Not re- Re- Not re- Re- Not re- Re- Not re- Re- Not re-
duced duced duced duced duced duced duced duced duced duced

Bacteroides ovatus 2.36 2.44 2.81 3.49 3.03 2.96 3.11 3.11 3.03 2.81
Fusobacterium nuclea- 1.37 1.40 0.44 0.51 1.66 1.77 1.96 2.44 1.55 1.41
tum

Fusobacterium naviforme 1.33 1.22 0.62 1.11 1.51 1.40 1.29 1.22 1.18 1.22
Peptococcus magnus 0.85 1.03 0.96 0.78 0.89 0.89 1.40 1.11 0.74 0.74
Veillonella 0.89 0.78 0.25 0.37 0.44 0.44 0.52 0.45 0.37 0.25

Average 1.36 1.37 1.02 1.25 1.51 1.49 1.66 1.67 1.37 1.29

rate of growth of the anaerobes on the five media
were significantly different. Of the 22 anaerobes
cultured on nonsupplemented media stored for
4 weeks or less, 12 grew best on SA, including 4
of 9 Bacteroides, 3 of 5 Fusobacterium, 3 of 3
Veillonella, 1 Clostridium, and 1 Peptococcus.
However, SA apparently deteriorated with stor-
age compared with the other media because 9 of
the 11 anaerobes with poor growth on SA oc-
curred on 5- to 6-week-old media (Table 4).

In this study no attempt was made to deter-
mine the shelf life of the different media. Hansen
and Martin (8) demonstrated that BHIA was
stable for at least 14 days, although 8 of the 10
anaerobes inoculated onto 3- to 4-week-old me-
dia tested here grew worst on BHIA. Finegold
et al. (6) and Dowell et al. (4) recommended that
media should be stored in oxygen-impervious
bags and for no longer than 2 weeks. Lombard
et al. (Abstr. Annu. Meet. Am. Soc. Microbiol.
1976, C95, p. 41) reported that TSA, stored in
cellophane bags for as long as 6 weeks, did not
appreciably deteriorate. Additional studies are
in progress in this laboratory to determine the
optimum storage conditions and shelf life for the
different anaerobic media.
Each of the five media evaluated in this study

was also supplemented with cysteine hydrochlo-
ride, dithiothreitol, and palladium chloride.
Moore (11) in 1968 demonstrated that the
growth of Clostridium novyi on solid media re-
quired supplementation with cysteine hydro-
chloride and dithiothreitol. Mylroie and Hun-
gate (12) reported that palladium was a reduc-
tion catalyst when used in agar medium and
improved the recovery of bacteria in sludge.
Aranki and associates (1, 2) confirmed this re-
port and demonstrated that palladium chloride,
which can be incorporated into agar medium,
could be substituted for palladium black. Re-
cently, however, Owens et al. (13) reported that
supplementation of BA did not consistently im-
prove the recovery rate of bacteria from guinea

pig intestinal contents or human fecal material.
In the study reported herein, the effect of reduc-
ing agents on anaerobic growth was influenced
by the composition and age of the media, and
the test organism. Supplementation of BA, CA,
and TSA improved growth, whereas growth on
supplemented BHIA and SA was inhibited (Ta-
ble 5). This was particularly true for isolates of
Fusobacterium and Veillonella. These effects
were, however, not observed on media stored for
5 to 6 weeks (Table 6). The ineffectiveness of
the reducing agents incorporated in stored me-
dia was not solely due to the formation of toxic
organic peroxides (9, 15), since reduction of 4-
week-old supplemented media did not improve
bacterial growth except on TSA (Table 9). The
reason for the inhibitory effect of reducing
agents in freshly prepared media, whether due
to the presence of palladium chloride, or some
other component, has not been elucidated. It is
important to recognize that the reducing agents
were not only ineffective in enhancing the
growth of many of the clinical isolates tested
herein, but they were in some cases inhibitory.
The rate of anaerobic growth is a function of

the time required to adapt to the in vitro envi-
ronment (lag phase), the generation time during
logarithmic growth, and the rate in which the
nutrients are depleted and toxic metabolic by-
products accumulate. The rate of growth will
affect both the time necessary to detect bacterial
growth and the maximum colony size. A pro-
longed lag phase will delay the detection of
growth and possibly result in the inability to
recover some fastidious anaerobes if exposed to
air during the crucial early phase of growth (16).
The effect of the accumulation of toxic metabo-
lites was minimized in this study by measuring
the size of only well-isolated colonies. Anaerobic
growth was smallest on BHIA and largest on SA
after day 1 of incubation (Table 7). BHIA was
the only medium tested in which meat infusions
were the main source of peptones, and this dif-

VOL. 8, 1978



714 MURRAY

ference was most likely responsible for the pro-
longed lag phase.
Reduction of anaerobic media is generally rec-

ommended (4, 5, 9,10), although Finegold et al.
(6) conceded that the need for this has not been
adequately established. Ellner et al. (5) reported
that growth of stock cultures of P. magnus and
Fusobacterium necrophorum on reduced CA
was superior to growth on nonreduced media.
Lombard et al. (Abstr. Annu. Meet. Am. Soc.
Microbiol. 1976, C95, p. 41) reported, however,
only slight differences in bacterial growth on
reduced and nonreduced TSA stored at 5°C for
as long as 6 weeks. In the study reported herein,
reduction of freshly prepared and 4-week-old
media did not improve the overall growth of
anaerobes on any of the media with the excep-
tion of stored TSA (Tables 8 and 9).
In summary, no single medium was clearly

superior for the growth of all anaerobic isolates.
Although quantitative bacterial growth was sim-
ilar on all media, the overall colony size and rate
of growth was best on freshly prepared nonsup-
plemented SA. The effect of supplementing the
media with reducing agents and reduction before
inoculation was influenced by the composition
and length of storage of the media, as well as the
bacteria tested. With the proper selection of
media, supplementation and reduction seems to
be unnecessary and undesirable.
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