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The oxygen tolerance of 43 anaerobic reference strains and 36 anaerobic
strains from necrotic dental pulps was studied. All strains survived for two
hours or more as colonies on the surface of a medium supplemented with
blood, and as many as 26 of the 79 strains survived for more than seven
days. The hemolysed blood in the medium significantly increased the
survival time for many of the strains. Factors influencing the death rate
were studied in one of the strains and it was found that the lysed red cells of
the blood and not the serum had a protective effect and that catalase had
the same protective effect as the hemolysed blood.

The finding that hemolysed blood significantly increased the oxygen
tolerance of many anaerobes may explain some of the divergent results
regarding the efficiency of various methods for the recovery of anaerobic
bacteria from clinical specimens. The use of media supplemented with
blood during various phases of processing a specimen might be more
important for a high recovery of anaerobic bacteria trom clinical sources
than the measures taken to minimize exposure of the specimen to air.
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Recent improvements in anaerobic bacterio-
logical technique have led to recognition of the
importance of anaerobic bacteria in many cli-
nical infections (see Balows et al., 1974). In-
fections of the necrotic pulps of intact teeth
have attracted special interest because these
teeth can be sampled without gross contami-
nations from the normal oral flora (Brown &
Rudolph, 1957, Macdonald, Hare & Wood,
1957, Engstrom & Frostell, 1961; Moller,
1966; Kantz & Henry, 1974; Bergenholtz,
1974; Wittgow & Sabiston, 1975; Sundgvist,
1976). In the study of Brown & Rudolph (1957)
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anaerobic bacteria made up 24 per cent of the
isolated strains. By improving the anaerobic
technique Maoiler (1966) was able to isolate
anaerobic bacteria from most of the infected
necrotic dental pulps and in the study of
Sundqvist (1976) more than 90 per cent of the
isolated strains were anaerobic.

Although some anaerobic bacteria may be
killed by a brief exposure to oxygen(Loesche,
1969), Tally et al. (1975) recently found that
anaerobic bacteria freshly isolated from
clinical specimens tolerated 8 hours or more of
exposure to the oxygen in room air. They
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concluded that the brief oxygen exposure in
connection with bench techniques in clinical
laboratories would not be deleterious to the
anaerobic bacteria present in clinical
specimens. The significant increase in the re-
covery of anaerobic bacteria from infected
necrotic dental pulps by improvements in
the anaerobic technique indicates that the bac-
teria recovered from nectrotic pulps are less
tolerant to oxygen than bacteria isolated from
other sites. The purpose of this study was to
compare the oxygen tolerance of anaerobic
strains isolated from the pulp chamber of in-
tact teeth with nectrotic pulps with the oxygen
tolerance of anaerobic reference strains.

MATERIAL AND METHODS
Micro-organisms

The micro-organisms included in this study
are 36 anaerobic strains isolated from necro-
tic dental pulps (Sundqvist, 1976) and 43
anaerobic reference strains (Table 1). The
anaerobic strains from dental pulps had been
isolated and stored under anaerobic con-
ditions (Sundgvist, 1976) until this study
was performed.

Bacteriological media and culture conditions

Brain heart infusion and tirypticase soy
broth (TSB) were obtained from BBL,
Cockeysville, Md. Bacto-agar and yeast
extract were from Difco Laboratories,
Detroit, Mich. Hemin,
catalase were from Sigma Chemical Co., St.
Louis, Mo. Catalase was purified before use
by gelchromatography on Sephadex G 200
(Pharmacia, Uppsala, Sweden) in 0.05 M
potassium phosphate buffer, pH 7.0, con-
taining 0.1 M KCl. Superoxide dismutase
was from Truett Laboratories, Biochem.
Div., Dallas, Texas. Horse blood (Statens
bakteriologiska laboratorium, Stockhoim,
Sweden) was hemolysed by freeze-thawing
before used in BHIA medium (Holdeman &
Moore, 1975). All agar media were prepared in
room atmosphere and were stored for at least

menadione and

24 hours in an anaerobic glove box.
PY-glucose broth, BHIA medium and
PRAS-dilution blanks were prepared as
described by Holdeman & Moore (1975). The
anaerobic box had an atmosphere of 85 per
cent nitrogen, 10 per cent hydrogen and 5 per
cent carbon dioxide and has previously been
described (Yamada & Carlsson, 1975).

Assay of enzyme activity

Catalase activity was measured according to
Beers & Sizer (1952). Superoxide dismutase
activity was determined as described by
McCord & Fridovich (1969).

Determination of oxygen tolerance

The bacterial strains were grown on the
surface of BHIA medium and on BHIA
medium with 4 per cent horse blood for three
days at 37 °C in the anaerobic box. The plates
were brought out of the box and the bacterial
colonies on the plates were exposed to air for a
week at 25 °C in the dark. The survival of the
bacterial strains was determined by taking
samples of the colonies from the plates after 2,
6, 24, 48, 96 and 168 hours and inoculating
blood agar plates, which were then im-
mediately put into the anaerobic box and in-
cubated for 7 days at 37 °C.

Survival of single cells of anaerobic bacteria
on the surface of agar plates

The organism was grown in PY-glucose broth
overnight in the anaerobic box and then
diluted in PRAS-dilution blanks in ten-fold
steps. Aliquots of 0.1 mi from appropriate
dilutions were spread on the surface of agar
plates in duplicate and the plates were brought
out of the box and exposed to air at 25 °Cin the
dark. One series of plates was kept in the box
as control. After 1, 2, 3 and 4 hours the plates
were brought back into the box again and they
were incubated for 7 days at 37 °C.
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Table 1. Survival of anaerobic bacteria when ex-
posed to air for two hours as single cells on the sur-
face of BHIA medium

Surviving cells:
less than 0.1 %

Eubacterium sp. (group 1) Plla-e
Peptostreptococcus anaerobius AB13a-c
Peptostreptococcus anaerobius D13a-b
Peptostreptococcus anaerobius Cllb-a

fess than 1 %

Fusobacterium nucleatum BNI1la-d
Peptostreptococcus anaerobius Glla-a

less than 10 %

Eubacterium sp. (group 4) P9a-h

less than 50 %

Fusobacterium nucleatum NCTC 10562
Eubacterium alactolyticum ABl3a-n
Peptostreptococcus micros ACYa-c

more than 50 %

Peptostreptococcus micros ABI13ad
Actinomyces sp. (group 2) D13a-a
Peptococcus variabilis ATCC 14956
Bacteroides fragilis subsp. fragilis NCTC 10584
Fusobacterium varium NCTC 10560
Clostridium perfringens NCTC 8237
Bifidobacterium bifidum NCTC 10472

RESULTS

When the anaerobic bacteria were exposed to
air as colonies on the surface of agar plates, all
strains survived for 2 hours or more on the
BHIA medium supplemented with blood and
only one strain was killed within 2 hours on the
BHIA medium without blood. The blood in
the medium increased the survival time for
many of the strains (Table I). However, some
of the strains, including all strains of the genus
Actinomyces, survived for seven days on the
BHIA medium but died after 2-4 days on the
medium with blood (Table I).

In order to estimate the death-rate of the
organisms, single cells of 17 of the strains were
exposed to air for 2 hours on the surface of
BHIA medium. Some of the tested strains
died rapidly but many of them survived the
2-hours exposure to air (Table II). When
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Fig.1 The effect of temperature on the death-rate of
Peptostreptococcus anaerobius Cl1 b-a, when
exposed to atmospheric oxygen as single cells on
the surface of BHIA medium supplemented with 4
per cent hemolysed horse blood.

Peptostreptococcus anaerobius Cllb-a was
further studied, it was found that the
death-rate was dependent on the temperature
(Fig. 1) and the concentration of blood in the
medium (Fig. 2). The protective factors of
blood were found to be in the lysed red cells
and not in the serum. Catalase, added to the
surface of the BHIA medium in an amount
similar to that in the blood agar, had the same
protective effect as hemolysed blood.
Superoxide dismutase had no protecting
effect.

DISCUSSION

The exploitation of the anaerobic technique
in studies on the bacterial infections of dental
pulps has been very successful and has
resulted in an increase in recovery of an-
aerobic bacteria from infected pulps (Moller,
1966; Berg & Nord, 1973; Kantz & Henry,
1974; Bergenholtz, 1974; Wittgow & Sabiston,
1975; Sundqvist, 1976). This increase in the
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Fig. 2. The death-rate of Peptostreptococcus
anaerobius Cl1b-a, when exposed to atmospheric
oxygen as single cells on the surface of BHIA
medium supplemented with various amounts of
hemolysed horse blood. The figures indicates
millilitres of blood added per litre of medium.

recovery of anaerobes with refinements in the
technique should indicate that the isolated
strains are very sensitive to oxygen exposure.
The results of the present study, however,
show that most strains recovered from
infected pulps could tolerate substantial
oxygen exposure. This is in agreement with
the findings of Tally et al. (1975). They studied
the oxygen tolerance of 57 freshly isolated
anaerobic strains from various clinical
25 sources and found that all the strains survived
8 hours or more of exposure to atmospheric
oxygen. One reason for the high oxygen
tolerance of the tested strains could be that the
tolerance was evaluated with pure cultures
obtained by subculturing the original isolates.
b1.25 However, Bartlett et al. (1976) recently
demonstrated that most anaerobes survived in
purulent exudate despite extended periods
of exposure to atmospheric oxygen. From
eleven purulent specimens from mixed
aerobic-anaerobic infections, 26 anaerobes
were isolated in the initial processing and 22
were still present after the specimens had been
exposed to atmospheric oxygen for 24 hours.
The four anaerobic organisms which were lost
after exposure to air, were representatives
of the genera Fusobacterium and Pep-
tostreptococcus and this finding is in
agreement with the present results where
fusobacteria and peptostreptococci were
among those strains that died most rapidly.
The recently increased awareness of the
importance of anaerobic bacteria in human
infections (Balows et al., 1974) has rekindled
the interest in various methods for the
isolation of anaerobic bacteria from clinical
sources. However, when the efficiency of
various methods for such recovery are
compared, conflicting results have been
reported (McMinn & Crawford, 1970;
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1974). The high oxygen tolerance of many
anaerobic organisms indicates that the time of
exposure to atmospheric oxygen during the
processing of a specimen is not the ultimate
determinant for the efficiency of a method.
Our results and those of Bartlett et al. (1976)
imply that the conditions under which the
organisms are exposed to oxygen are more
important. The finding that hemolysed blood
significantly increased the oxygen tolerance
of many anaerobes may explain some of the
divergent results concerning the efficiency of
various methods for the recovery of anaerobic
bacteria from clinical specimens. The use of
media supplemented with blood during
various phases of processing a specimen
might be more important than minimizing its
exposure to air. The protective effect of
catalase, single and as a component of blood,
implies that hydrogen peroxide is involved in
the toxic effect of oxygen. Catalase has
previously also been reported to protect
anaerobic bacteria from the toxic effect of
hyperbaric oxygen (Hill & Osterhout, 1972).

Itis obvious that all the problems concerned
with oxygen toxicity could be overcome by
protecting a specimen from any exposure to
oxygen, but such measures are difficult and
expensive to put into routine practice.
Therefore, further studies on the mechanisms
of oxygen toxicity in anaerobes might yield
valuable information about the most efficient
way of handling anaerobic bacteria in clinical
practice.
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