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The microbial synergy of
Peptostreptococcus micros and
Prevotella intermedia in a murine

abscess model

Araki H, Kuriyama T, Nakagawa K, Karasawa T. The microbial synergy of
Peptostreptococcus micros and Prevotella intermedia in a murine abscess model.
Oral Microbiol Immunol 2004: 19: 177-181. © Blackwell Munksgaard, 2004

This study characterized the microbial interaction of Peptostreptococcus micros and
Prevotella intermedia, the major pathogens of dentoalveolar infection, using a
murine model. Subcutaneous injection of P. micros cells in the dorsum of the mouse
together with living cells of P. intermedia resulted in a significantly larger abscess
when compared with single injection of the organisms (P < 0.02). The abscess size was
also significantly increased (P < 0.05) when the plate-cultured cell suspension of

P. micros was injected into mouse with the culture filtrate of P. intermedia. The
heat-treated culture filtrate of P. intermedia also enhanced the virulence of P. micros.
P. micros culture filtrate did not affect the virulence of P. intermedia. Interestingly,
the virulence of P. micros appeared to be enhanced even when the culture filtrate of
P. intermedia was injected at separate sites in the mouse. These results suggest

that a heat-stable product or products of P. intermedia increase the virulence of

P. micros indirectly by altering the host condition, whereas living cells of P. micros can

directly enhance virulence of P. intermedia.
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Although dental health in developed coun-
tries is improving, patients with dentoal-
veolar infection are still frequently
encountered. The majority of such infec-
tions are related to necrosis of dental pulp
tissue (8). However, periodontal diseases,
trauma and infection of surgical wounds
can also be associated with dentoalveolar
infection (2, 8). Although the exact etiol-
ogy of dentoalveolar infection remains
unclear, infection usually involves bacteria
residing in the oral cavity (2, 8, 10, 12—-14,
17) and is polymicrobial (10, 14, 17). It has
also been suggested that microbial inter-
action plays an important role on the devel-
opment of the infection (2, 11, 17). In
dentoalveolar infection, the bacteria do
not occur randomly but are found in
specific combinations (10, 16). It has
been reported that Peptostreptococcus

and Prevotella are found significantly
more frequently than other groups of bac-
terial species in dentoalveolar infection of
endodontic origin (6, 16, 18). Our micro-
biological investigations have revealed
that Peptostreptococcus micros and Pre-
votella intermedia are the predominant
isolates from acute odontogenic infections
(12, 13) and a combination of these species
is often encountered in infection (10).
From these clinical findings a hypothesis
can be investigated to determine whether
microbial interaction between P.micros
and P. intermedia contributes to develop-
ment of purulent infection.

Animal models are widely used to assess
microbial pathogenicity in medical re-
search and have been applied to investiga-
tions designed for the study of dental
infection (4).

The aim of this study was to evaluate
bacterial virulence in mono- and mixed
infection with P. micros and P. intermedia,
and to clarify the nature of the microbial
interaction of these bacteria using a murine
abscess model.

Material and methods
Bacteria

P.micros K20 and P.intermedia K172
were used in this study. These strains
were isolated at Kanazawa University
Hospital from pus specimens of patients
with dentoalveolar infection. The strains
were identified using both biochemical
and genetic methods using Rap ID
ANA 1I (Innovative Diagnostic System,
Norcross, GA) (12, 13) and MicroSeq
500 16S rDNA Bacterial Sequencing
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Kit (PE Applied Biosystems, Foster,
CA).

Animal model

The virulence of bacteria was determined
using a murine subcutaneous abscess
model that has been described previously
(4). Six-week-old female ICR mice (Kiwa,
Wakayama, Japan) raised under standard
conditions were employed in this study.
Ten mice per experimental group were
used in all investigations.

Preparation of the inocula

The study used combinations of plate-cul-
tured cell suspensions, broth cultures or
culture filtrates as inocula. Bacterial con-
centrations of each inoculum (colony
forming units per ml; cfu/ml) were deter-
mined using serial 10-fold dilutions, as
described previously (11).

Plate-cultured cell suspension

P.micros and P. intermedia were cultured
on Brucella HK agar (Kyokuto Pharma-
ceutical Industrial Co., Tokyo, Japan) with
5% sheep blood in an anaerobic atmo-
sphere at 37°C for 48 and 24 h, respec-
tively. Resulting bacterial colonies were
suspended in fresh Schaedler broth
(Becton Dickinson, Cockeysville, MD) at
a concentration of 2x10° to 4x10'°
cfu/ml.

Broth culture and culture filtrate

P.micros and P. intermedia were cultured
in the Schaedler broth with 5% sheep blood
in an anaerobic atmosphere at 37°C for 48
and 18h, respectively. Resulting growth
from these broth cultures was estimated at
4% 10° to 7 x 10°cfw/ml and 1 x 10° to
3 x 10° cfu/ml for P. micros and P. inter-
media, respectively. The broths were cen-
trifuged at 1200g for 10min and the
bacterial cells removed by filtration using
a0.22 pm pore size membrane filter (Milli-
pore, Bedford, MA). Heat-treated culture
filtrate was prepared by autoclaving the
filtrate at 121°C for 20 min.

Experimental design

Virulence of P. micros and P. intermedia in
mono- and mixed infection. A 100-pl
volume of the plate-cultured cell suspen-
sion of each strain was injected subcuta-
neously in the dorsum of the mouse to
evaluate virulence of the bacteria in
mono-infection. In order to determine bac-

terial virulence of mixed infection, the
plate-cultured cell suspension (50 wl) of
P. micros was mixed with an equal volume
of the plate-cultured cell suspension
of P.intermedia and this preparation
(100 nl) was injected into the mouse.
The broth culture of these strains was also
injected into the mice in a similar
manner.

Effect of co-injection of bacteria and filtrates
on pathogenicity in the mouse

A 50-pl volume of the plate-cultured cell
suspension of one strain mixed with an
equal volume of broth culture, culture
filtrate or heated-treated culture filtrate of
the other strain was injected into the dor-
sum of the mouse. As the control, 50-pu.1 of
the plate-cultured cell suspension of the
strain was injected with 50 pl of uncul-
tured sterile Schaedler broth.

Effect of co-injection of bacteria and filtrates
(at separate sites) on pathogenicity in the
mouse

A 50-nl volume of plate-cultured cell sus-
pension of one strain was injected into the
dorsum of the mouse. Concurrently, 50 pl
of culture filtrate or the heat-treated culture
filtrate of the alternate strain was injected
intra-peritoneally. A 50-pl volume of
uncultured sterile Schaedler broth was
used as the control.

Assessment of virulence

The injected mice were monitored at 12-h
intervals for evidence of infection. Seven
days after injection, the size of the abscess
in each mouse was measured. This
involved measuring the abscess size in
the area of the localized suppurative lesion.
Surrounding areas of inflammation, as
indicated by edema and redness, were
excluded from the measurement. The pus
from the abscess was examined microbio-
logically to confirm the presence of inocu-
lated bacteria and the absence of other
bacterial contamination, as described pre-
viously (11).

Statistical analysis

Statistical comparisons of size of the
abscess were performed by the Student’s
t-test.

Results
Virulence of P. micros and P. intermedia
in mono- and mixed infection

The pure plate-cultured cells of bacteria
resulted in abscess development. It was
interesting that the abscesses produced
by 1x 10" cfu/ml of P.intermedia were
significantly larger than those produced by
3% 10" cf/ml of P.micros (P<0.001,
Fig. 1).

When the plate-cultured cells of P.
micros and P. intermedia were co-injected
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Fig. 1. Virulence of P. micros and P. intermedia in mono- and mixed infections. Bacterial concen-
tration of inocula: P. micros plate-cultured cell suspension, 3 x IOlocfu/ml; P. intermedia plate-
cultured cell suspension, 1 x 10'° cfu/ml; P. micros broth culture, 7 x 10° cfu/ml; P. intermedia broth

culture, 3 x 10° cfu/ml.
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Fig. 2. Effect of P.intermedia culture filtrate on virulence of P. micros when co-injected into the
mouse (the dorsum). Bacterial concentration of inocula: P.micros plate-cultured cell suspension,
4 x 10" cfu/ml; P. intermedia broth culture, 1 x 10° cfu/ml.

into the mouse, the size of the abscess
significantly increased compared to
mono-infection (P <0.02, Fig.1). Simi-
larly, mixtures of the broth cultures of
these strains produced significantly larger
abscesses than the pure broth cultures
(P <0.005, Fig. 1).

Effect of P. intermedia culture filtrate on
virulence of P. micros when co-injected
into the mouse

Neither P. micros nor P. intermedia culture
filtrate was capable of inducing any lesions
in the mice. Injection of P.micros plate-
cultured cell suspension mixed with the
culture filtrate of P.intermedia resulted
in a 40.64 6.7mm> abscess, which was
significantly larger than that of the control
(P <0.05, Fig.2). Abscesses produced by
mixtures of plate-cultured cell suspension
of P.micros and the heat-treated culture
filtrate of P. intermedia were also signifi-
cantly larger than those of controls
(P < 0.05). There was no statistical differ-
ence in the size of the abscess between the
heat-treated and non-heat-treated culture
filtrates.

Effect of P. micros culture filtrate on
virulence of P. intermedia when
co-injected into the mouse

When a mixture of the plate-cultured cell
suspension of P.intermedia and culture
filtrate of P. micros was injected into the
dorsum of mouse, the size of the abscess
did not differ statistically from that of the

control (Fig.3). However, the plate-cul-
tured cell suspension of P.intermedia
mixed with the broth culture of P. micros
produced significantly larger abscesses
than the control (P < 0.01).

Effect of P. intermedia culture filtrate on
virulence of P. micros when injected at
separate sites of the mouse

When the plate-cultured cell suspension of
P. micros was injected into the dorsum and
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the culture filtrate of P.intermedia was
injected into the abdomen of the same
mouse, the abscesses produced were sig-
nificantly larger than those of the controls
(P<0.001, Fig.4). Furthermore, the size
of the abscess increased significantly
(P <0.001) when plate-cultured cell sus-
pension of P. micros was injected into the
dorsum of the mouse together with intra-
peritoneal injection of P. intermedia heat-
treated culture filtrate.

Effect of P. micros culture filtrate on
virulence of P. intermedia when injected
at separate sites of the mouse

When plate-cultured cell suspensions of
P. intermedia were injected into the dor-
sum of the mouse at the same time as
intraperitoneal injection of the P.micros
culture filtrate (or heat-treated culture fil-
trate) there was no significant difference in
abscess size compared with controls

(Fig.5).

Discussion

It is generally accepted that bacteria pro-
ducing large abscesses in animal models
can be regarded as having significant
pathogenic potential. In the present study,
abscesses produced by 1 x 10" cfu/ml of
P.intermedia were significantly larger
than those produced by 3 x 10'°cfu/ml
of P.micros (P<0.001, Fig.1). Strains
of P.micros require a greater number of
living cells to induce abscess formation
compared with P.intermedia, as shown
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Fig. 3. Effect of P. micros culture filtrate on virulence of P. intermedia when co-injected into the
mouse (the dorsum). Bacterial concentration of inocula: P. micros broth culture, 4 x 10° cfu/ml;
P. intermedia plate-cultured cell suspension, 2 x 10° cfu/ml.
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Fig. 4. Effect of P. intermedia culture filtrate on virulence of P. micros when injected at separate sites
of the mouse (the dorsum and the abdomen). P. micros plate-cultured cell suspension (3 x 10'° cfu/
ml) was injected to the dorsum in the mouse. At the same time, culture filtrate, heat-treated culture
filtrate of P. intermedia or an uncultured sterile Shaedler broth was injected into the abdomen in the

same mouse.
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Fig. 5. Effect of culture filtrate of P. micros on virulence of P. intermedia when injected at separate
sites of same mouse (the dorsum and the abdomen). P. intermedia plate-cultured cell suspension
(2 x 10° cfu/ml) was injected to the dorsum in the mouse. At the same time, culture filtrate, heat-
treated culture filtrate of P. micros or an uncultured sterile Shaedler broth was injected into the

abdomen in the same mouse.

previously in a separate animal model (9).
P. intermedia may have a greater ability to
induce purulent infection than P. micros,
although the pathogenic potential varies
between strains.

A combination of P. micros and P. inter-
media is frequently encountered in human
dentoalveolar infections (6, 16, 18) and
may be indicative of a bacterial interaction

between these organisms that could play an
important role in the development of puru-
lent dental infections. In the present
study, mixed infection of P.micros and
P. intermedia produced significantly larger
abscesses than mono-infection of either
organism (P < 0.02, Fig. 1). We confirmed
that other P.micros and P.intermedia
strains also exhibited this synergistic beha-

vior when combined in mixed infection

using this animal model (data not shown).

Such findings of microbial synergy are in

agreement with those reported by Brook

etal. (1) and van Dalen etal. (3).

When P.micros plate-cultured cell
suspension was mixed with the culture
filtrate of P.intermedia and injected into
the dorsum of the mouse, the virulence of
P.micros was apparently increased
(Fig.2). Enhancement of P.micros viru-
lence was also found when P. micros plate-
cultured cell suspension was injected with
the heat-treated culture filtrate of P. inter-
media. It is highly likely that product (s) of
P. intermedia, probably a heat-stable sub-
stance (s) serves to enhance the virulence
of P. micros. On the other hand, the culture
filtrate of P. micros did not affect the viru-
lence of P. intermedia (Fig.3). It is worth
noting, however, that the broth culture
of P. micros enhanced the virulence of
P. intermedia (Fig.3). It appears that it is
the living cells of P.micros, and not its
products, that are important in enhancing
the virulence of P. intermedia.

The following theories are suggested as
mechanisms of microbial synergy in a
mixed infection:

e the combination of microbes offers
enhanced protection to host defenses;

e essential nutrients for one component of
the relationship are provided by the
other;

e alteration of the local environment
occurs which increases the virulence
of one (or more) of the bacterial com-
ponents (15).

In the present study, when the plate-
cultured cell suspension of P. micros was
injected with the culture filtrate of P. inter-
media at separate sites of the mouse, viru-
lence of P.micros was enhanced (Fig. 4).
Enhancement of P.micros virulence was
also observed when heat-treated culture
filtrate of P.intermedia was injected
(Fig. 4). It may be possible that the culture
filtrate of P. intermedia affects the host’s
condition and subsequently enhances the
virulence of P. micros. It has been reported
that short-chain fatty acids produced by
P. intermedia suppress human polymor-
phonuclear neutrophil functions (19).
Moreover, the lipopolysaccharide of
black-pigmented strictly anaerobic Gram-
negative bacilli suppresses the comple-
ment action of host (7). P.intermedia is
a member of the black-pigmented Gram-
negative bacilli (5) and could theoretically
affect host defense mechanisms in this
manner. Heat-stable fatty acids and lipo-
polysaccharide may have been associated
with the enhancement of P.micros



virulence observed in the current study.
However, further investigation is required
to characterize any heat-stable substances
generated.

In contrast to P. intermedia, culture fil-
trates of P. micros injected into the abdo-
men did not affect the virulence of
P.intermedia (Fig.5). This finding sug-
gests that there is no equivalent product
of P. micros that contributes in a similar
fashion to P. intermedia virulence.

The synergistic nature observed in this
study is similar to that of Streptococcus
constellatus and Fusobacterium nuclea-
tum. S. constellatus has been reported to
enhance the virulence of F.nucleatum
through interaction between living cells,
while F. nucleatum affects host defenses
through its products, and indirectly
enhances virulence of S. constellatus
(11). S. constellatus and F. nucleatum are
often isolated from dentoalveolar infection
(12, 13). The nature of microbial synergy
in dentoalveolar infection has been partly
determined. However, further study is
necessary to address the microbial interac-
tion induced by other combinations of
bacteria and to clarify the etiology of
dentoalveolar infection.

In conclusion, P. micros and P. interme-
dia enhance virulence by different
mechanisms in mixed infection. Further-
more, the synergy of these organisms
could play a contributory role in the occur-
rence and prognosis of dentoalveolar
infection.

Acknowledgments

We would like to thank Professor E. Yama-
moto (Department of Oral and Maxillofa-
cial Surgery, Kanazawa University Gradu-
ate School of Medical Science) for his
helpful advice and support. We wish to
acknowledge Mrs. S. Takai, Miss M.
Yanagisawa and Miss K. Iwahara (Depart-
ment of Oral and Maxillofacial Surgery,

Synergy of P.micros and P.intermedia

Kanazawa University Graduate School of
Medical Science) for their cooperation. We
are also grateful to Dr D. W. Williams
(Department of Oral Surgery, Medicine
and Pathology, University of Wales Col-
lege of Medicine) for his suggestions on
the manuscript preparation.

References

1. Brook I, Hunter V, Walker RI. Synergistic
effect of bacteroides, Clostridium, Fuso-
bacterium, anaerobic cocci, and aerobic
bacteria on mortality and induction of sub-
cutaneous abscesses in mice. J Infect Dis
1984: 149: 924-928.

2. Dahlén G. Microbiology and treatment of
dental abscesses and periodontal-endodon-
tic lesions. Periodontol 2000 2002: 28: 206—
239.

3. van Dalen PJ, van Deutekom-Mulder EC,
de Graaff'J, van Steenbergen TJ. Pathogeni-
city of Peptostreptococcus micros morpho-
types and Prevotella species in pure and
mixed culture. ] Med Microbiol 1998: 47:
135-140.

4. Ebersole JL, Feuille F, Kesavalu L, Holt SC.
Host modulation of tissue destruction
caused by periodontopathogens: effects on
a mixed microbial infection composed of
Porphyromonas gingivalis and Fusobacter-
ium nucleatum. Microb Pathog 1997: 23:
23-32.

5. Finegold SM, Strong CA, McTeague M,
Marina M. The importance of black-pig-
mented gram-negative anaerobes in human
infections. FEMS Immunol Med Microbiol
1993: 6: 77-82.

6. Gomes BP, Lilley JD, Drucker DB. Asso-
ciations of endodontic symptoms and signs
with particular combinations of specific
bacteria. Int Endod J 1996: 29: 69-75.

7. Grenier D, Belanger M. Protective effect of
Porphyromonas gingivalis outer membrane
vesicles against bactericidal activity of
human serum. Infect Immun 1991: 59:
3004-3008.

8. Heimdahl A, Nord CE. Treatment of oro-
facial infections of odontogenic origin.
Scand J Infect Dis 1985: 46 (Suppl):
101-105.

9. Kuriyama T, Karasawa T, Nakagawa K,
Kawashiri S, Nakanishi I, Namamura S,

10.

12.

15.

16.

18.

181

et al. Characterization of bacterial orofacial
infections using a new murine model.
Microb Pathog 2000: 29: 115-120.
Kuriyama T, Karasawa T, Nakagawa K,
Saiki Y, Yamamoto E, Nakamura S. Bac-
teriologic features and antimicrobial sus-
ceptibility in isolates from orofacial
odontogenic infections. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod
2000: 90: 600-608.

. Kuriyama T, Nakagawa K, Kawashiri S,

Yamamoto E, Nakamura S, Karasawa T.
The virulence of mixed infection with
Streptococcus constellatus and Fusobacter-
ium nucleatum in a murine orofacial infec-
tion model. Microbes Infect 2000: 2: 1425—
1430.

Kuriyama T, Karasawa T, Nakagawa K,
Yamamoto E, Nakamura S. Incidence of
B-lactamase production and antimicrobial
susceptibility of anaerobic gram-negative
rods isolated from pus specimens of orofa-
cial odontogenic infections. Oral Microbiol
Immunol 2001: 16: 10-15.

. Kuriyama T, Karasawa T, Nakagawa K,

Yamamoto E, Nakamura S. Bacteriology
and antimicrobial susceptibility of gram-
positive cocci isolated from pus specimens
of orofacial odontogenic infections. Oral
Microbiol Immunol 2002: 17: 132-135.

. Lewis MAO, MacFarlane TW, McGowan

DA. A microbiological and clinical review
of the acute dentoalveolar abscess. Br J Oral
Maxillofac Surg 1990: 28: 359-366.
Mackowiak PA. Microbial synergism in
human infections. N Engl J] Med 1978:
298: 83-87.

Peters LB, Wesselink PR, van Winkelhoff
AJ. Combinations of bacterial species in
endodontic infections. Int Endod J 2002:
35: 698-702.

. Sandor GK, Low DE, Judd PL, Davidson

RJ. Antimicrobial treatment options in the
management of odontogenic infections. J
Can Dent Assoc 1998: 64: 508-514.
Sundqvist G. Associations between micro-
bial species in dental root canal infections.
Oral Microbiol Immunol 1992: 7: 257-
262.

. Touyama M, Kusano N, Saito A. Effects of

the Prevotella intermedia culture filtrate
and short-chain fatty acids on human poly-
morphonuclear neutrophil functions (in
Japanese). Kansenshogaku Zasshi 1995:
69: 1348-1355.



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



