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Abstract

This study investigated the genotype diversity of Prevotella isolates from dentoalveolar abscess and the genetic relatedness between clinical and
commensal isolates within the same patients. Prevotella strains recovered from pus and dental plaque of individual patients (n=9) were examined.
Each specimen was inoculated on to blood agar. Six to ten presumptive Prevotella colonies per specimen grown on the primary culture plate were
selected. The colonies were genotyped using a random amplified polymorphic DNA assay and the antimicrobial susceptibility profile were also
determined. Multiple genotypes per organism were evident in both pus (9 of 9 patients) and plaque (3 of 9 patients). The same genotype was
shared by pus and plaque strains in 6 of the 9 patients, while no genetic agreement between pus and plaque strains occurred in the remaining
3 patients. Although it has been suggested that the microflora of infection sites is comprised of genetically homogeneous strains, these findings
indicate that a wide range of genetic heterogeneity occurs in infecting Prevotella strains. Furthermore, although dentoalveolar abscess is an op-
portunistic infection involving endogenous oral bacteria, only certain strains from the commensal population might be involved in the infection.

Introduction

The majority of acute dentoalveolar abscesses involve dental pulp ne-
crosis [1, 2]. Although vital dental pulp is normally sterile, deep caries
and serious dental trauma often result in pulp infection with bacte-
ria residing within the mouth. Infected regions of pulp will necrotize,
and subsequently, bacteria may diffuse from the necrotic pulp into
the periapical tissues including the alveolar bone. Although the tis-
sues are colonized with a number of bacteria, the host defense systems
usually maintain homeostasis between host and bacteria. However,
once microbial homeostasis is disrupted, bacterial numbers increase
and invade the tissues, accompanied by acute inflammation. Common
clinical signs and symptoms include tooth pain and gingival swelling.
Extensive facial and cervical swelling may occur in advanced cases,
often accompanied by malaise and fever. Although rare, infection can
cause serious complications including airway obstruction and sepsis
[1, 21

Acute dentoalveolar abscess is usually polymicrobial, primarily involv-
ing strict anaerobes and oral streptococci [1-7]. Experimental studies
have demonstrated that an enhancement of bacterial virulence occurs
in mixed infection of these organisms [8-12]. Consequently microbial
synergy is considered a possible etiologic factor of infection [4].

© Under License of Creative Commons Attribution 3.0 License

The genus Prevotella, is comprised of species that are strict anaerobic
Gram-negative bacilli. Members of this genus are a major component
of the human microflora at various body sites including the mouth
[13], and they are often predominant in acute dentoalveolar abscess
[1-71. The Prevotella genus consists of more than 10 species, which are
roughly divided into black-pigmented and non-pigmented types by
the color of colonies forming on blood agar [13]. Pigmented Prevotella
species frequently involved in dentoalveolar abscess include P. inter-
media, P. nigrescens, P. melaninogenica and P. loescheii [7, 14]. Prevotella
oralis, P. oris and P. buccae are the non-pigmented Prevotella species
that are most frequently isolated from the infection [7, 14]. Both pig-
mented and non-pigmented Prevotella species have the potential to
produce purulent infection in an experimental animal model [15]. Thus
Prevotella are known to play a significant role in development of acute
dentoalveolar abscess.

It has widely been accepted that strains of each bacterial species in-
volved in the infection of an individual are genetically homogeneous
[16]. However, scientific evidence to support this hypothesis is only
available for a limited number of infections. In infections within the
mouth, a high degree of genetic similarity between Porphyromonas
gingivalis strains recovered from periodontitis of same individual has
been reported [17]. However, there has been no investigation to de-
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termine the genetic diversity of strains within dentoalveolar abscess
of individual patients. Furthermore, with regards to other human in-
fections involving Prevotella, no study has been conducted to address
this hypothesis.

As dentoalveolar abscess occurs opportunistically, it can reasonably
be hypothesized that the bacteria of the same genotype acts both as
commensals and causative agents of infection. However, little is known
concerning the genetic homogeneity of these opportunistic patho-
gens during commensal existence and infection.

The purpose of this study was therefore to investigate the genetic di-
versity of Prevotella strains recovered from dentoalveolar abscess. The
study also determined the genetic relatedness between clinical and
commensal oral isolates from the same patients.

Methods

Specimens. Pus and plaque specimens were obtained from a total of
31 patients with acute dentoalveolar abscess (18 males and 13 females,
mean age 54.5 years) attending oral and maxillofacial surgery clinics
at Kanazawa University Hospital (Kanazawa, Japan) and Noto General
Hospital (Nanao, Japan) between March 2007 and December 2009. All
patients had tenderness and swelling of the vestibule site around the
involved tooth, and mild to moderate facial swelling. All patients were
however free of any serious complications including sepsis and airway
obstruction. No patient had a history of being immuno-compromised
or having received medication that could significantly influence immu-
nity. Pus was obtained from the obstructive abscess by aspiration. Den-
tal plaque was obtained from around the gingival margin of three non-
infected teeth that exhibited healthy periodontal tissue. These teeth
were chosen randomly in patients and collected using a fine dental
instrument immediately after obtaining the pus specimen. Informed-
consent for this study was obtained from all patients.

Culture and identification of isolates. Pus and plaque samples were
inoculated on to Brucella HK agar (Kyokuto, Tokyo, Japan) containing
5% (v/v) sheep blood for up to 72 h at 37°C under aerobic and anaero-
bic conditions. Each specimen was also incubated on blood agar con-
taining paromomycin (75mg/L, Pfizer, Tokyo, Japan) and vancomycin
(2.5mg/L, Shionogi, Osaka, Japan) for up to 72 h at 37°C under anaero-
bic conditions to selectively isolate strictly anaerobic Gram-negative
bacilli. Six to 10 presumptive Prevotella colonies per specimen were
selected from each primary culture plate and subcultured individually
on fresh agar plates. Isolates from pus and plaque were identified by
conventional methods [5, 13]. Identification of Prevotella strains was
achieved at species level using Rap ID ANA Il system (Remel, Lenexa,
KS)[14].

Typing. In cases where the same Prevotella species was recovered from
both pus and plaque of individual patients, the strains were genotyped
using a random amplified polymorphic DNA (RAPD) assay [18] and the
antimicrobial susceptibility of these isolates was also determined. With
regards to the RAPD assay, colonies of each subcultured strain were
resuspended in saline. Bacterial DNA was extracted and purified using
the DNeasy Blood & Tissue Kit (Qiagen, Tokyo, Japan). The RAPD assay
was performed using Ready-To-Go RAPD Analysis Beads (GE Health-
care Japan, Tokyo, Japan). Primer 2 (5-GGTGCGGGAA-3') and primer
3 (5'-CCCGTCAGCA-3’) for amplification were selected by comparing
the amplification patterns of each of six primers offered by the manu-
facturer. The PCR was undertaken in accordance with manufacturer’s
recommendations. Analysis of each PCR product was performed by gel
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electrophoresis with 1.5% agarose gel (Nacalai tesque, Kyoto, Japan)
at 100 V/cm for 1 h and subsequent ethidium bromide staining. The
banding patterns of tested strains appearing on the gel image were
visually compared. All experiments were repeated in triplicate and on
three separate occasions to confirm reproducibility.

For isolated strains, minimum inhibitory concentrations (MICs) for
amoxicillin (Astellas, Tokyo), amoxicillin/clavulanate (2:1, GlaxoSmith-
Kline, Middlesex, UK), cefaclor (Shionogi), ceftazidime (GlaxoSmith-
Kline), erythromycin (Shionogi), azithromycin (Pfizer), minocycline
(Takeda, Tokyo), clindamycin (Pfizer), levofloxacin (Daiichi-Sankyo, To-
kyo), and metronidazole (Shionogi) were determined using the agar di-
lution method recommended by the Clinical and Laboratory Standards
Institute [19]. Bacteroides fragilis ATCC 25285 and Bacteroides thetaio-
taomicron ATCC 29741 were used as quality control strains in each test.

Results

The results of microbiological examination of pus and plaque are pre-
sented in Table 1. Prevotella species were isolated from pus specimens
in 18 (58%) of 31 patients and recovered from the plaque in 20 (65%)
of 31 patients. The pus isolates included P. buccae (10 strains), P. loes-
cheii (4 strains), P. melaninogenica (3 strains), P. intermedia/P. nigrescens
(3 strains), P. oralis (2 strains), P. denticola (1 strain), P. disiens (1 strain),
and unidentified Prevotella species (4 strains). With regards to plaque,
the isolates included P. buccae (14 strains), P. melaninogenica (6 strains),
P. intermedia/P. nigrescens (5 strains), P. loescheii (3 strains), P. oralis (3
strains), P. denticola (3 strains), P. disiens (1 strain), P. oris (1 strain), and
unidentified Prevotella species (11 strains).

Table 1. Microorganisms isolated from dentoalveolar abscess pus and the
dental plaque obtained from disease-free teeth of the same individuals

No. of isolates

Organism Pus plaque
Prevotella 28 47
Streptococcus 17 18
Fusobacterium 14 14
Campylobacter 10 15
Staphylococcus 8 1
Peptostreptococcus 4 3
Porphyromonas 4 3
Eubacterium 4 1
Capnocytophaga 3 1
Veillonella 3 9
Bacteroides 3 2
Corynebacterium 2 5
Gemella 1 0
Haemophilus 0 1
Facultative catalase negative GNB 8 10
Facultative catalase positive GNB 8 5
Facultative catalase negative GPB 5 8

GNB, Gram negative bacilli. GPB, Gram positive bacilli; data generated from a total of 31
patients
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Table 2. Prevotella isolates from 9 patients who yielded the same
species of Prevotella in pus and plaque

Patient Prevotella isolates Prevotella isolates from
Ref. from pus plaque
A P.buccae P. buccae, Prevotella spp*
B P.buccae P. buccae
C P. buccae, P. disiens P. buccae, P. disiens
D P.buccae P. buccae
E P.buccae £ ?uccae s
P.intermedia/nigrescens
F P. buccae, Prevotella spp* P. buccae, Prevotella spp*
P. loescheii, P. oralis, £ loesch?u P defnt/cola,
G Prevotella spp* P. melaninogenica,
Prevotella spp*
. . . 1 g T
H P.melaninogenica £ melaninogenica

Prevotella spp*

P. loescheii, P. melaninogenica
P. buccae, Prevotella spp*

| P. loescheii, P. melaninogenica

*Unidentified Prevotella species
Underlined organisms were recovered both from pus and plaque from the same patient

Table 3. Number of genotypes in Prevotella strains recovered from
pus and plaque
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( N
MICs { #t g/ml) of strains 1-4
f"f“’ AMPC  AMICY  CCL oTX EM AZM  MINO  CLDM LVFX MZ
1 01z 0.03 03 0.03 [ 64 003 64 1 023
2 012 0.03 05 0.03 64 64 003 64 1 05
3 012 .06 1 0.25 64 64 003 64 1 0.5
4 a5 006 1 025 A B 003 i 1 1
\.
s ™
MICs { ¢ g/ml) of strains 5-6
;‘:ﬂiﬁ AMPC AMCV  CCL CTX EM AIM MINO CLDM LVFX MZ oot
3 012 003 03 0.03 ] 4 003 012 0.3 023
& 012 o0 05 0.03 05 2 003 012 0.5 2
- /

No. of genotypes No. of genotypes

PaF;cient Tested organisms* o . that were shared
ef. us aque by pus and plaque
isolates isolates isolates

A P. buccae 2 4 2

B P. buccae 2 1 1

C P. buccae 2 3 2

D P. buccae 2 1 0

E P. buccae 3 1 1

F P. buccae 3 1 0

G P. loescheii 2 4 0

H P. melaninogenica 3 1 1

| P. melaninogenica 2 1 1

* Prevotella species that were isolated both from pus and plaque specimens of same
patients

Of the 31 patients, 9 yielded the same species of Prevotella both in pus
and plaque (Table 2). These strains were typed with the RAPD assay and
examined for their antimicrobial susceptibility. All strains with same
banding pattern exhibited the same or nearly the same MICs for the
tested antibiotics (Fig. 1). All strains exhibiting different banding pat-
terns were confirmed to have different antimicrobial susceptibility. The
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Fig.1. Typical banding profiles generated using the RAPD genotyping
method. Prevotella melaninogenica strains recovered from plaque (strains 1,
2) and (strains 3-6) from patient “I". Strains 1-4 demonstrate identical RAPD

profiles and therefore genotypes and these are distinct from those generated
for strains 5 and 6. Antibiotic susceptibility profiles appeared to correlate with
the RAPD genotyping results with strains 1-4 demonstrating equivalent MICs,
as was the case for strains 5 and 6.
AMPC, amoxicillin; AM/CV, amoxicillin/clavulanate; CCL, cefaclor; CTX,
ceftazidime; EM, erythromycin; AZM, azithromycin; MINO, minocycline; CLDM,
clindamycin; LVFX, levofloxacin; MZ, metronidazole.

results are summarized in Table 3. Multiple genotypes were evident
from pus in all of the 9 patients and for the plaque of 3 patients. The
pus and plaque specimens from each of 6 patients (patients A, B, C,
E, H, and ) had species of the same genotype. Interestingly, although
all genotypes of pus isolates were also seen in plaque isolates in 2 of
the 6 patients (patients A and C), pus from the remaining 4 patients
(patients B, E, H, ) harbored more than one genotype that was not
detected in plaque. No genetic agreement between pus and plaque
strains occurred in 3 patients (patients D, F, and G).

Discussion

In recent studies using appropriate methods of specimen collection
and culture, Prevotella was found to be the most common isolate from
acute dental abscess [5, 7, 20]. High prevalence of bacteria of this ge-
nus has also been noted by investigations using molecular techniques
[21, 22]. In contrast, the incidence of individual Prevotella species
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varies in published studies, despite similar species being recovered.
This discrepancy might be associated with geographical location of
study, nature of subjects, and the employed study method [13, 23, 24].

Prevotella species are readily susceptible to clindamycin and metroni-
dazole [14], whilst 30-80% of clinical isolates are reported to be resis-
tant to penicillin [5, 25, 26]. Moreover, prevalence of penicillin-resistant
Prevotella isolates from dental abscess appears to be increasing as in-
dicated in previous studies by our group [27]. In the present study, al-
though all of the strains obtained from the 9 patients were susceptible
to amoxicillin (data not presented), a greater number of clinical isolates
is required to address actual status of susceptibility in Prevotella strains
involved in dental infection.

The management of acute dentoalveolar abscess consists primarily
of surgery, including drainage through incision and tooth extraction,
antimicrobial therapy, and medical supportive care [1, 2]. Adminis-
tered antibiotic is usually chosen empirically [1, 2], and members of
the penicillin class are often recommended as the first-line agent [1,
2]. However, antibiotic selection based on data from microbiologi-
cal examination is highly recommended in circumstances where the
expected outcome of therapy has not been obtained, as well as in
cases of severe infection, and in immuno-compromised patients [1, 2].
The hypothesis that a single genotype of a species is involved in any
given bacterial infection is based on interpretation of laboratory data,
with very few types of infection having been demonstrated to involve
multiple genotypes. One notable exception is the recovery of multiple
genotypes of Streptococcus pyogenes from pyoderma skin sores of the
same patients [28].

Unexpectedly, however, the typing results of clinical strains in this
study indicate that multiple subtypes of species are present at dento-
alveolar abscess infection sites with (Table 3). Multiple subtypes also
appeared to exist for commensal Prevotella strains. Fukui et al [29] re-
ported that multiple subtypes of P. nigrescens were evident in 57% of
the tested 14 dental plaques indicating that a wide diversity of geno-
types of commensal Prevotella strains may exist within the mouth of
an individual. In the case of Fusobacterium nucleatum, another oppor-
tunistic pathogen for dentoalveolar abscess, more than one genotype
has been recovered from the healthy mouth of an individual [30]. Since
the dentoalveolar abscess is an opportunistic infection, it is perhaps
not surprising that heterogeneous Prevotella strains with different ge-
netic and antimicrobial susceptibility characteristics are involved. This
in itself would be a matter of concern for clinicians who could receive
microbiological test results for only one strain, thereby not reflecting
any distinct antibiotic susceptibility variation that could be present at
the infection site. Although further study is required, the results of this
study have significance in our current understanding of the bacterio-
logy of dental purulent infections.
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As dental plaque is a biofilm formed by bacteria colonizing dental sur-
faces, this material was considered appropriate to obtain commensal
strains. In this study, plaque was collected from teeth associated with
a healthy periodontal tissue, and these sites were selected since bac-
teria in subgingival plaque of teeth with periodontitis are associated
with the infection itself [31]. In this study, pus and plaque shared the
same strain genotype in 6 of 9 cases (Table 3). In 2 of the 6 patients,
all strains genotypes in pus isolates were seen in plaque isolates. Since
dentoalveolar abscess is an opportunistic infection, it would be ex-
pected that the same strains act as commensals and causative agents
of infection within an individual. Interestingly, for the other 4 patients,
whilst a shared Prevotella genotype was evident for pus and plaque
specimens, genotypes restricted to the pus specimens were evident.
Moreover, no genetic agreement between pus and plaque strains oc-
curred in 3 cases. This might indeed be a reflection of a wide genetic
heterogeneity for both clinical and commensal Prevotella strain popu-
lations. However, the discrepancy between the recovered genotypes
from commensal and infected sites might also relate to the different
selection pressures at the respective locations. Interestingly, it has
been demonstrated that Prevotella isolates from dental abscess are
more proteolytic compared with those from dental plaque obtained
from healthy volunteers [32]. In the case of P. gingivalis, strains carry-
ing specific genes involved in virulence have a high frequency of re-
covery from severe forms of periodontitis [33]. It may therefore follow
that only selected strains with greater virulence suitably adapt to the
altered environment of an abscess and thus become causative
agents of infection, although further study is necessary to investigate
this.
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