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INTRODUCTION
During the past few decades, numerous studies described the microbiota of endodontic
infections (Sundqvist, 1992, Brito et al., 2007, Siqueira & Roças, 2009, Tavares et al.,
2011). In particular, the use of molecular biology techniques has expanded the breadth of
knowledge of this topic. They have allowed a better characterization of the microbial
composition of the root canal system and have confirmed that anaerobic species
predominate in endodontic infections (Brito et al., 2007, Siqueira & Roças, 2009, Tavares et
al., 2011).

Despite the advances in the field, little is known regarding the microbial composition of the
root canal infections in HIV positive (HIV+) patients. The HIV/acquired immunodeficiency
syndrome (AIDS) affects 33.4 million individuals worldwide and remains a global pandemic
disease (UNAIDS, 2011). HIV infected individuals are considered a high-risk group to
develop opportunistic infections (Ramirez-Amador et al., 2003) including lesions of the oral
cavity (Coogan et al., 2005). In addition, the mouth may represent a microbial reservoir that
can harbor medically important microorganisms (Scannapieco et al., 2003, Didilescu et al.,
2005, de Souza Gonçalves et al., 2009).
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Checkerboard DNA-DNA hybridization is a high-throughput molecular method that allows
the identification and quantification of a wide range of bacterial species in multiple samples
simultaneously. This technique has been employed in the study of the microbiota in saliva
(Sachdeo et al., 2008), supragingival plaque (Haffajee et al., 2008, Teles et al., 2011),
subgingival plaque (Teles et al., 2008, Uzel et al., 2011), on oral soft tissues (Mager et al.,
2003), on dentures (Sachdeo et al., 2008), from dental implants (Gerber et al., 2006) and in
samples from root canals (Brito et al., 2007, Tavares et al., 2011).

The level of detection of the checkerboard DNA-DNA hybridization technique is between
104 and 107 bacterial cells of a given species in each sample. Because the microbial content
of samples from root canals may be below this level, a DNA amplification step has been
used to enhance detection limits (Brito et al., 2007, Teles et al., 2007, Tavares et al., 2011).
Multiple Displacement Amplification (MDA) enables whole genomic amplification of DNA
targets with minimal bias (Dean et al., 2002). The template is replicated again and again by
a “hyperbranching” mechanism of strand displacement synthesis (Lizardi et al., 1998), with
the polymerase laying down a new copy as it displaces previously made copies. Samples as
small as 1 ng can be amplified 1000–10,000 fold (Mai et al., 2004). This method allows the
uniform amplification of the whole genomes present in a sample and has been effectively
used as an aid in Checkerboard DNA-DNA Hybridization (Brito et al., 2007, Tavares et al.,
2011).

The aim of the present study was to compare the microbial profile of endodontic infections
in HIV− and HIV+ subjects and to seek intra-oral and medically important microbial taxa in
those root canals.

MATERIALS AND METHODS
Subject population and sample collection

Forty HIV− subjects and twenty HIV+ subjects were enrolled in the study. HIV+ individuals
were referred from the Reference Center of Infectious and Parasitary Diseases Orestes
Diniz, Belo Horizonte, Minas Gerais, Brazil a center that specializes in HIV/Aids treatment
(de Brito et al., 2009). HIV− subjects were recruited at the Department of Endodontics,
Federal University of Minas Gerais (UFMG), Belo Horizonte, Brazil, where all study
participants were examined and sample collection was performed.

To be included in the study, HIV− and HIV+ study participants had to present at least one
tooth with endodontic infection and radiographically detected periradicular tissue alteration.
Individuals who underwent antibiotic treatment within three months prior to the beginning
of the endodontic therapy were not eligible to participate. This study was approved by the
Ethics Committee of the Federal University of Minas Gerais (ETIC 122/08).

All selected teeth had clinical crowns that permitted effective rubber dam isolation. There
was no history of trauma associated with the selected teeth, periodontal involvement or
previous root canal treatment. Samples from multi-rooted teeth were taken from the largest
root canal always associated with the periapical lesion.
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After patients signed an informed consent, microbial samples from selected root canals were
collected. The selection and preparation of the teeth was performed as previously described
(Brito et al., 2007). In brief the 60 selected teeth were isolated using a rubber dam.
Complete asepsis was employed, using the methodology proposed by Moller, 1966.
Hydrogen peroxide (30%) was applied on the isolated crown, followed by 5% iodine that
was inactivated by a 5% sodium thiosulfate solution. The samples were taken by scraping or
filing the root canal walls with a #10 K-type hand file (Maillefer, Ballaigues, Switzerland).
The file was introduced into the canal to a level approximately 1 mm short of the tooth apex.
The tooth length was defined using an apex locator (Root ZX® II- J.Morita-USA). After
removal from the canal, the final 4 mm of the file was removed using a sterile pair of
surgical scissors and placed in a microcentrifuge tube containing 20 µl of alkaline lysis
buffer (400 mM KOH, 100 mM dithiothreitol, 10 mM EDTA). After 10 min of incubation
on ice, 20 µl of neutralization solution (400 mM HCl, 600 mM Tris-HCl, pH 0.6) was added.
Samples were kept at 4°C until analysis.

Multiple displacement amplification (MDA) of root canal samples
Multiple displacement amplification was performed as previously described (Brito et al.,
2007, Teles et al., 2007, Tavares et al., 2011). The Illustra™ GenomiPhi™ V2 DNA
Amplification Kit (GE Healthcare, USA) was used for whole genomic amplification as
described by the manufacturer. In brief, 1 µl of each of the DNA templates (i.e. endodontic
samples) was added to 9 µl of sample buffer (50 mM Tris-HCl pH 8.2, 0.5 mM EDTA
containing random hexamer primers) in 200 µl microcentrifuge tubes (Stratagene, La Jolla,
CA, USA). Templates in sample buffer were heat denatured at 95°C for 3 min in a Perkin-
Elmer Thermocycler and cooled to 4°C. One µl of phi 29 DNA polymerase mix including
additional random hexamers was mixed on ice with 9 µl of reaction buffer containing
dNTPs. The mixture was then added to the denatured sample to make a final volume of 20
µl and incubated at 30°C for 2 hours. Ten ng of Lambda DNA (contained in 1 µl) was used
as a control. The amplification reaction was terminated by incubation of the samples at 65°C
for 10 min. The amplified material was either immediately used, stored short-term at 4°C or
at −20°C for longer storage.

The DNA content of the samples was measured prior to and after amplification using the
Picogreen™ dsDNA quantification assay (Invitrogen, Carlsbad, CA, USA). Picogreen™ is a
fluorescent nucleic acid stain that allows the quantification of as little as 25 pg/mL of double
stranded DNA in samples. The microbiological content of the amplified samples was
analyzed using checkerboard DNA-DNA hybridization.

Bacterial strains and growth conditions, DNA isolation, preparation of DNA probes and
Checkerboard DNA-DNA hybridization

The 107 reference strains used for the preparation of DNA probes are listed in Table 1. The
grown conditions of the selected bacterial strains have been described earlier (Socransky et
al., 2004, Brito et al., 2007, Teles et al., 2007, Tavares et al., 2011).
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Preparation of probes and standards for quantification
Checkerboard DNA-DNA Hybridization was performed as previously described (Socransky
et al., 2004). To prepare probes and standards, each species listed in Table 1 was grown on
agar plates (except the two spirochetes, which were grown in broth) for 3–7 days. The cells
were harvested and placed in 1.5 mL microcentrifuge tubes containing 1 mL of TE buffer
(10 mM Tris-HCl, 0.1 mM EDTA, pH 7.6). Cells were washed twice by centrifugation in
TE buffer at 1300×g for 10 min. The cells were resuspended and lysed with either 10% SDS
and Proteinase K (20 mg/mL) for Gram-negative strains or in 150 µl of an enzyme mixture
containing 15 mg/mL lysozyme (Sigma) and 5 mg/mL achromopeptidase (Sigma) in TE
buffer (pH 8.0) for gram-positive strains. The pelleted cells were resuspended by 15 s of
sonication and incubated at 37°C for 1 h. DNA was isolated and purified using the method
of Smith et al. (1989). The concentration of the purified DNA was determined by
spectrophotometric measurement of the absorbance at 260 nm. The purity of the
preparations was assessed by the ratio of the absorbances at 260 and 280 nm. Whole
genomic DNA probes were prepared from each of the 107 test strains by labeling 1 – 3 µg of
DNA with digoxigenin (Boehringer Mannheim, Indianapolis, IN, USA) using a random
primer technique (Feinberg & Vogelstein, 1983).

Sample preparation and microbial analysis
Following amplification and quantification, the amplified endodontic samples were boiled
for 10 min. Approximately 1500 ng of DNA (5 µl) of the amplified sample were placed in a
microcentrifuge tube containing 1 mL of TE buffer prior to boiling. The samples were
placed into the extended slots of a Minislot 30 apparatus (Immunetics, Cambridge, MA,
USA), concentrated onto a nylon membrane (Boehringer Mannheim) by vacuum and fixed
onto the membrane by cross-linking using ultraviolet light (Stratalinker 1800, La Jolla, CA,
USA) followed by baking at 120°C for 20 min. The Minislot device permitted the deposition
of 28 different samples in individual lanes on a single membrane, as well as two control
lanes containing the standards for quantification: 1 and 10 ng of DNA of each bacterial
species tested, equivalent to 105 and 106 cells, respectively.

Checkerboard DNA-DNA hybridization was performed as previously described by
Socransky et al., (2004). The membrane with fixed DNA was placed in a Miniblotter 45
apparatus (Immunetics) with the lanes of DNA at 90° to the channels of the device. A 30 ×
45 “checkerboard” pattern was produced. Each channel was used as an individual
hybridization chamber for separate DNA probes. Bound probes were detected by anti-
digoxigenin antibody conjugated with alkaline phosphatase and a chemifluorescent
substrate. Signal intensities of the endodontic samples and the standards (containing 105 and
106 cells of each species) on the same membrane were measured using a Storm FluorImager
(Molecular Dynamics, Sunnyvale, CA, USA). Signals were converted to absolute counts by
comparison with standards on the membrane (Socransky et al., 2004). Failure to detect a
signal was recorded as zero.

Three membranes were run for each sample: one containing the “standard” 40 DNA probes
routinely used to examine periodontal samples as well as a probe to detect Streptococcus
mutans. A second membrane employed 42 probes to species thought to be implicated in
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endodontic infections. A third membrane was used to assess levels of medically important
microbial taxa. Sensitivity and specificity tests were performed for all probes before
performing the checkerboard DNA-DNA hybridization analysis, using a protocol similar to
that described by Socransky et al, (2004).

Data analysis
The microbial data were expressed in two ways. The prevalence of each species, reflected
by presence/absence data, indicated the proportion of samples in which the species were
detected at >105 cells in amplified samples. Since the sample DNA was amplified, absolute
numbers could not be determined. Thus, proportions of the total DNA probe count for each
species comprised were computed for each sample and then averaged across subjects in each
group separately.

Significance of differences between the prevalence of individual taxa in samples from HIV−
and HIV+ subjects was sought using a Chi-square analysis. Significance of differences
between the proportions of test species in samples from HIV− and HIV+ subjects was
sought using the Mann Whitney test.

RESULTS
Patients characteristics

Among the 60 samples included in this study, 28 were from single rooted and 32 from multi-
rooted teeth. In HIV− group 57.5% of samples were from females (n= 23) and the mean age
of the subjects was 30.7 (±10.9) (range: 11– 64 years). In HIV+ group, 65% of samples were
from females (n=13) and the mean age of the subjects was 42.3 (± 8.6) (range: 20–60 years).
Additionally, 80.0% of the HIV+ individuals had CD4 + T-cell counts below 500 cell/mm3,
while 70.0% had viral loads below 10,000 copies/mm3.

Quantification of DNA before and after MDA of endodontic samples
DNA from each root canal sample was amplified using MDA. The amount of DNA (±
Standard Deviation - SD) present in the samples before the amplification averaged 6.1 (±
1.8) ng and 7.6 (± 1.2) µg after amplification, an approximately 1,000 - fold amplification.

Microbial species in root canal samples
The mean number of species (±standard error of the mean; SEM) detected in amplified root
canal samples from HIV− and HIV+ subjects at a detection threshold of 104 cells was 53.3
(± 5.8) and 36.5 (± 6.2), respectively.

Figure 1 demonstrates the mean percentage of samples exhibiting counts of each of the 107
microbial species detected at the level of > 105 bacterial cells. The most prevalent taxa
detected in the HIV− group were Dialister pneumosintes (68%), Stenotrophomonas
maltophilia (68%), Streptococcus sobrinus (57%), Corynebacterium diphtheriae (55%) and
Helicobacter pylori (52%). Among HIV+ individuals D. pneumosintes (70%), Prevotella
tannerae (43%), Porphyromonas gingivalis (27%), Parvimonas micra (23%), Prevotella
nigrescens (23%), and Corynebacterium diphtheriae (22%) were the most frequently
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detected taxa. Significant differences in prevalence between the two groups were observed.
S. maltophilia, S. sobrinus, C. diphtheriae and H. pylori were more commonly detected in
the HIV− group, whereas P. tannerae, Prevotella oris and Prevotella loescheii were found
more frequently in samples from HIV+ subjects (p<0.05).

The mean proportions of the 107 microbial species in amplified root canal samples from
HIV− and HIV+ patients are presented in Fig. 2. Among HIV− subjects, D. pneumosintes,
C. diphtheriae and Candida albicans were the most abundant taxa, representing 7.4% (±
1.0), 4.8 % (± 0.6) and 4.2% (± 0.8) of the total DNA probe counts (±SEM), respectively.
Among HIV+ individuals, P. tannerae (11.1% ± 4.0) and D. pneumosintes (9.4% ± 1.6)
were the bacterial species detected in highest mean proportions.

There were significant differences in the proportions of the test taxa between the two groups.
The mean proportions of P. tannerae, Olsenella uli, Veilonella dispar, Bacteroides fragilis
and Actinomyces meyeri were higher in HIV+ positive than in HIV− patients (p<0.05). C.
diphtheria, H. pylori, Clostridium difficile, Fusobacterium naviforme and Streptococcus
mutans, were detected in higher mean proportions in HIV− than in HIV + patients (p<0.05).

DISCUSSION
Even though HIV/AIDS remains a global health priority (UNAIDS, 2011) and infected
individuals are at high-risk for opportunistic infections, there is limited information
regarding endodontic infections in HIV+ patients. There are a few reports on the effects of
endodontic treatment (Quesnell et al., 2005, Shetty et al., 2006, Suchina et al., 2006, Alley
et al., 2008), but virtually nothing is known regarding the root canal microbiota of HIV+
individuals. Thus, the goal of the current investigation was to compare the microbial profile
of endodontic infections in HIV− and HIV+ subjects and to seek intra-oral and medically
important microbial taxa in those root canals using MDA and checkerboard DNA-DNA
hybridization techniques.

The presence and proportions of 107 different taxa were evaluated in samples recovered
from root canal infections from HIV + and HIV − individuals. The mean number of species
per sample was 53.3 (± 5.8) and 36.5 (± 6.2) in HIV− and HIV+ subjects, respectively.
These values are in accord with previous findings from HIV− subjects, using a similar
approach (Brito et al., 2007). Samples from HIV+ patients exhibited lower mean number of
taxa than HIV− subjects. These results are in contrast with those from studies of the
periodontal microbiota of HIV+ and HIV− patients (Tsang & Samaranayake, 2001, Patel et
al., 2003). Those differences can be attributed to many factors, including the method of
microbial identification, the number and types of samples collected, the microbial species
analyzed, and the environmental pressures to which the microbiota under study was exposed
(Socransky & Haffajee, 2005). Conversely, our results are similar to those reported by
others (Tenenbaum et al., 1997, Gonçalves L de et al., 2007). Gonçalves et al (2007)
investigated the periodontal microbiota of HIV − and HIV+ Brazilian patients under
HAART and observed higher mean prevalence (and counts) of bacterial species in
seronegative individuals. The authors suggest that HAART might have provided a protective
effect and suppressed the local microbiota. Also in line with their results, we observed
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significantly higher prevalence of Eikenella corrodens, Gemella morbillorum, Veillonella
parvula, Eubacterium nodatum, Capnocytophaga gingivalis and Actinomyces viscosus in
HIV − individuals.

D. pneumosintes, P. tannerae and P. gingivalis were the most frequently detected taxa in
HIV+ subjects. D. pneumosintes is frequently found in endodontic infections and seems to
be an important pathogen (Siqueira & Roças, 2002, Brito et al., 2007, Tavares et al., 2011),
particularly in persistent root canal infections (Siqueira et al., 2005). Periodontal pockets
appear to be a reservoir for D. pneumosintes, as it has been is commonly detected in
subgingival biofilms (Contreras et al., 2000, Shchipkova et al., 2010), particularly in
refractory periodontitis (Colombo et al., 2009) and in HIV+ individuals (Aas et al., 2007).

Prevotella and Porphyromonas species are among the taxa that form black pigmented
colonies. These include P. tannerae, P. denticola, Prevotella intermedia, Prevotella
nigrescens, Prevotella loeschii, Porphyromonas endodontalis and P. gingivalis. Such taxa
have been found in high frequency in endodontic infections (Xia et al., 2000, Vianna et al.,
2005, Brito et al., 2007, Sassone et al., 2007, Tavares et al., 2011). In the present study, P.
tannerae, P. oris and P. loescheii were significantly more prevalent in HIV+ individuals.
Using the same methodology as the one employed in this study, a previous study from our
group, found that P. tannerae and P. oris were the most prominent taxa in endodontic
infections in HIV− subjects (Brito et al. (2007). P. gingivalis, a periodontal pathogen
member of the “red complex” (Socransky et al., 1998), has been detected in root canal
infections (Brito et al., 2007, Sassone et al., 2007, Tavares et al., 2011). In this study it was
more frequently detected in HIV+ than in HIV− subjects, similarly to the results
demonstrated by others in periodontal diseases (Chattin et al., 1999, Scully et al., 1999,
Gonçalves L de et al., 2007). Taken together, these outcomes suggest potential role for those
taxa in the pathogenesis of root canal infections.

An earlier investigation from our group focusing on HIV− population found a somewhat
different microbial profile to the one described herein. Brito et al (2007) found that P.
tannerae, Acinetobacter baumanni and Actinomyces meyerii were the most prevalent
endodontic taxa, whereas in the present study D. pneumosintes, S. maltophilia and S.
sobrinus were, overall, the most frequently detected bacterial species. There are a number of
reasons for this apparent discrepancy. First, in the present manuscript, a more
comprehensive probe panel was employed, as thirty additional probes were included.
Therefore, certain taxa were not evaluated in the earlier paper, including S. maltophilia, S.
sobrinus, C. diphtheria, and H. pylori which are some of the most prevalent microbial
species in this study (Fig.1). Further, a few species that were evaluated in the 2007 study
were not assessed in the present evaluation. In addition, in the present study the frequency of
detection (prevalence) of each taxon was plotted in Figure 1 based on its presence at a level
of at least 105 cells in a given sample, instead of the 104 criterium used in the previous
paper. Finally, both studies are cross-sectional investigations of the endodontic microbiota
and one of the limitations of cross-sectional studies is that they provide a snapshot view of a
dynamic process.
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When samples from HIV+ and HIV− subjects were compared regarding the mean
proportions of the tested taxa, we observed that P. tannerae, Olsenella uli, Veillonella dispar,
Bacteroides fragilis, and Actinomyces meyeri were significantly more abundant in HIV +
than in HIV− individuals. P. tannerae (Xia et al., 2000, Brito et al., 2007, Tavares et al.,
2011) and O. uli (Chavez de Paz et al., 2004, Roças & Siqueira, 2005) have been commonly
found in endodontic infections. B. fragilis is more frequently isolated from intra-abdominal
infections, and it is not typically associated with dentoalveolar infections. However, using
cultivation techniques, Rams et al (1991)(Rams et al., 1991) could recover B. fragilis from
subgingival plaque samples collected from 8 HIV-infected periodontitis patients. It is
noteworthy that this species is resistant to virtually all classes of antimicrobials (Rasmussen
et al., 1997).

C. albicans is a oral commensal yeast that, in the presence of predisposing conditions, can
rise in levels and lead to disease states (Cannon & Chaffin, 1999). It is usually involved in
opportunistic infections in patients AIDS (Back-Brito et al., 2009). In this study, the
presence C. albicans and Candida tropicalis was assessed. C. albicans was the most
predominant yeast in both groups, as demonstrated elsewhere (Miranda et al., 2009). Its low
prevalence and proportion in HIV+ individuals in the present study is in contrast with
studies that analyzed fungal species in oral lesions in HIV-infected patients (Baradkar &
Kumar, 2009, Domaneschi et al., 2011), but it is in accord with other studies that evaluated
the presence of fungal species in subgingival plaque samples from HIV-infected
periodontitis subjects (Rams et al., 1991).

It has been shown that bacterial communities within the oral cavity, may be reservoirs of
respiratory pathogens (Scannapieco & Rethman, 2003, Didilescu et al., 2005). Few
researchers have examined endodontic infections as possible sources of those
microorganisms (Chaudhry et al., 1997, Nandakumar et al., 2008). In this investigation, we
sought the presence of important lung pathogens, including D. pneumosintes, Enterobacter
aerogenes, Streptococcus pneumoniae and Legionella pneumophila in the root canal
microbiota. Because HIV/AIDS patients are known to have an elevated risk of contracting
serious respiratory diseases (Perello et al., 2010), we compared samples from HIV-negative
as well as HIV-positive patients. D. pneumosintes was abundant in both groups (Fig.1 and
2), but all other pathogens were found in much lower levels and there no significant
differences between groups regarding their presence or proportions.

H. pylori is primarily recovered from the stomach, is responsible for certain forms of
gastritis or peptic ulcers. Because it has been found in endodontic infections and periodontal
diseases, it has been postulated that the oral cavity might be a reservoir for H. pylori (de
Souza Goncalves et al., 2009, Gao et al., 2011, Tavares et al., 2011) possibly leading to the
reinfection of patients after treatment for those diseases (Zou & Li, 2011). Several studies
have indicated that H. pylori infections were common in HIV-infected patients (Romanelli
et al., 2007, de Souza Goncalves et al., 2009), although many others described a low
prevalence of H. pylori infection in such individuals (Lv et al., 2007, Panos et al., 2007) as
observed in this study.
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The present study provides a comprehensive analysis of the root canal microbiota in HIV
positive individuals. The lack of similar studies poses a challenge regarding the inferences
that can be made on the present dataset. Thus, one can only cautiously elaborate on what the
microbial described above represents. It is possible that the observed microbiota reflects the
impact of the HIV infection on the root canal microbiota. Alternatively, the observed
microbial community might also represent the effect of the HAART regimen, which may
have kept the endodontic microbiota under control, despite the compromised immune state
(Gonçalves L de et al., 2007). Finally, it is also possible that the observed microbial profile
represents a microbial shift in the oral microbiota of HIV+ individuals. Because the oral
environment is the source of endodontic bacteria, if it changes after HIV infection,
subsequent root canal infections are likely to reflect that change. A similar event has been
demonstrated by others in the salivary microbiota (Navazesh et al., 2005) and in periodontal
biofilms (de Souza Gonçalves et al., 2009).

In conclusion, the present study showed that endodontic infections in HIV+ patients present
a complex microbiota. There were significant differences in prevalence and mean
proportions of microbial taxa between HIV− and HIV+ subjects. In addition, many oral and
non-oral pathogens were detected in both groups. Collectively, these data suggest that
treatment and prevention of endodontic infections might have a potential positive impact in
clinical outcomes in HIV+ individuals.
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Figure 1.
Bilateral bar chart of the frequency of detection (prevalence ± SEM) of 107 microbial taxa
in root canal samples taken from 40 HIV negative patients (white bars) and 20 HIV+
patients (black bars). A detection level threshold of 105 cells was employed. The
significance of differences between groups was determined using the Chi-square analysis.
The data are ordered in descending order of prevalence in HIV negative samples. ss, subsp.
! p< 0.001; " p< 0.01; # p< 0.05.
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Figure 2.
Bilateral bar chart of the mean percentages of the DNA probe counts (± SEM) for 107
microbial species in MDA-amplified root canal samples taken from 40 HIV negative
patients (white bars) and 20 HIV+ patients (black bars). The proportion of each species was
averaged across subjects in the two clinical groups separately. The significance of
differences between groups was determined using the Mann-Whitney test. The data are
ordered in descending order of mean percentages of DNA probe counts detected in HIV
negative samples. ss, subsp. ! p< 0.001; " p< 0.01; # p< 0.05. Note: only taxa that
comprised at least 1% of the total microbiota were eligible to be considered statistically
significantly different.
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Table 1

Strains of microbial species used to prepare DNA probes and standards

Bacterial strains (a)

Acinetobacter baumannii (19606) Legionella pneumophila (33152)

Actinomyces georgiae (49285) Leptotrichia buccalis (14201)

Actinomyces gerencseriae (23860) Mobiluncus mulieris (35243)

Actinomyces israelii (12102) Mogibacterium timidum (33093)

Actinomyces meyeri (35568) Neisseria gonorrhea (21823)

Actinomyces naeslundii (12104) Neisseria meningitidis (13077)

Actinomyces odontolyticus (17929) Neisseria mucosa (19696)

Actinomyces viscosus (43146) Olsenella uli (49627)

Aggregatibacter actinomycetemcomitans (b) Peptostreptococcus anaerobius (27337)

Atopobium parvulum (33793) Parvimonas micra (33270)

Bacteroides fragilis (25285) Porphyromonas endodontalis (35406)

Bacteroides ureolyticus (33387) Porphyromonas gingivalis (33277)

Campylobacter gracilis (33236) Prevotella denticola (35308)

Campylobacter rectus (33238) Prevotella heparinolytica (35895)

Campylobacter showae (51146) Prevotella intermedia (25611)

Capnocytophaga gingivalis (33624) Prevotella loescheii (15930)

Capnocytophaga ochracea (33596) Prevotella melaninogenica (25845)

Capnocytophaga sputigena (33612) Prevotella nigrescens (33563)

Clostridium difficile (9689) Prevotella oris (33573)

Corynebactehum diphtheriae (13812) Prevotella tannerae (51259)

Corynebactehum matruchotii (14266) Propionibacterium acnes (c)

Dialister pneumosintes (GBA27) Propionibactehum propionicum (14157)

Eikenella corrodens (23834) Rothia dentocariosa (17931)

Enterococcus faecalis (10100) Salmonella enterica (27870)

Enterobacter aerogenes (13048) Selenomonas artemidis (43528)

Enterobacter agglomerans (27155) Selenomonas noxia (43541)

Enterobacter cloacae (10699) Selenomonas sputigena (35185)

Enterobacter gergoviae (33028) Serratia liquifasciens (11367)

Enterobacter sakazakii (12868) Slackia exigua (700122)

Escherichia coli (10798) Staphylococcus aureus (14458)

Eubacterium limosum (8486) Staphylococcus epidermidis (14990)

Eubacterium nodatum (33099) Staphylococcus warneri (27836)

Eubacterium saburreum (33271) Stenotrophomonas maltophilia (13637)

Eubacterium saphenum (49989) Streptococcus anginosus (33397)

Filifactor alocis (35896) Streptococcus constellatus (27823)

Fusobacterium naviforme (25832) Streptococcus gordonii (10558)
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Bacterial strains (a)

Fusobacterium necrophorum (25286) Streptococcus intermedius (27335)

Fusobacterium nucleatum ss. nucleatum (25586) Streptococcus mitis (49456)

Fusobacterium nucleatum ss. polymorphum (10953) Streptococcus mutans (25175)

Fusobacterium nucleatum ss. vincentii (49256) Streptococcus oralis (35037)

Fusobacterium periodonticum (33693) Streptococcus parasanguinis (15912)

Gardnerella vaginalis (49145) Streptococcus pneumoniae (49619)

Gemella hemolysans (10379) Streptococcus salivarius (27945)

Gemella morbillorum (27824) Streptococcus sanguinis (10556)

Granulicatella adiacens (49175) Streptococcus sobrinus (33478)

Haemophilus aphrophilus (33389) Streptococcus vestibularis (49124)

Haemophilus influenzae (33533) Tannerella forsythia (43037)

Haemophilus paraphrophilus (29242) Treponema denticola (B1)

Haemophilus segnis (33393) Treponema socranskii (S1)

Hafnia alvei (13337) Veillonella dispar (17748)

Helicobacter pylori (43504) Veillonella parvula (10790)

Klebsiella oxytoca (12833) Fungal strains (a)

Lactobacillus acidophilus (4356) Candida albicans (10231)

Lactobacillus casei (393) Candida tropicalis (750)

(a)
All strains were obtained from the American Type Culture Collection (ATCC number in parentheses) except for Treponema denticola B1 and

Treponema socranskii S1, which were obtained from The Forsyth Institute.

(b)
ATCC strains 43718 and 29523

(c)
ATCC strains 11827 and 11828
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