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Abstract

Bate AL, Ma JK-C, Pitt Ford TR. Detection of bacterial

virulence genes associated with infective endocarditis in

infected root canals. International Endodontic Journal, 33, 194±

203, 2000.

Aim The aim of this study was to examine whether

bacteria associated with root canals possess genes that

might predispose to bacterial colonization of the

endocardium.

Methodology Oligonucleotides were designed from

DNA sequences encoding the functional binding

regions of streptococcal fibronectin-binding protein

(FnBP) and staphylococcal fibrinogen-binding protein

(FgBP). The specificity and cross-reactivity of the oligo-

nucleotide primers were investigated; streptococcal

primers were tested for recognition of FnBP genes in

other strains of streptococci, and the staphylococcal

primers for detection of FgBP from other staphylococci.

Interspecies specificity of these primers was also investi-

gated. In a pilot clinical study, the pulp chambers of 16

nonvital teeth without sinus tracts, were opened

aseptically. Root canal samples were collected, along

with samples from the gingival sulcus and anterior

nares. From these samples DNA was extracted,

subjected to polymerase chain reaction (PCR) and

analysed by agarose gel electrophoresis.

Results Using the streptococcal FnBP primers, PCR

bands were amplified from eight root canal samples,

eight gingival samples and three nasal samples. With

the staphylococcal primers, PCR bands were amplified

from seven root canals, 11 gingival and nine nasal

samples. This study showed that PCR could be used to

detect bacteria in root canals that possess genes with

homology to functional regions of those encoding FnBP

or FgBP.

Conclusions If bacteria in root canals possess FnBP

or FgBP, they may have the potential to cause infective

endocarditis.

Keywords: bacteria, genes, PCR, root canal, strepto-

cocci, staphylococci.
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Introduction

Bacteraemia in patients with damaged heart valves

can lead to infective endocarditis (Debelian et al.

1994). Antibiotics, however, are routinely used in

such at-risk patients as a prophylactic measure in the

dental surgery. Clinical procedures such as extractions

and endodontic treatment may cause passage of micro-

organisms from the oral cavity to the bloodstream

(Bender & Montgomery 1986, Debelian et al. 1995).

The anatomical proximity of the microflora of the

gingivae and the root canal to the bloodstream

potentially facilitates bacteraemia. Thus, even the most

trivial procedure such as toothbrushing may cause a

bacteraemia (Cawson 1981).

Infective endocarditis is the most common heart

disease caused by oral microorganisms (Marsh &

Martin 1992). It is a serious life-threatening condition

with a 30% mortality rate, and can be difficult to

diagnose and treat. Microorganisms associated with en-

docarditis can be divided into three groups (Topley

1990): `viridans' streptococci (65%), Staphylococcus

aureus (27%) and others (8%).
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Oral viridans streptococci are most commonly

isolated in infective endocarditis. A relationship

between the microflora of local apical periodontitis and

the microorganisms of a bacteraemia has been shown

(Otten et al. 1987), involving obligate as well as

facultative anaerobes. However, a history of a dental

procedure has been found in only 5±10% of cases of

infective endocarditis (Cawson 1981). There is little

evidence that the incidence of endocarditis has

changed since the introduction of antibiotics (Cawson

1981) and as there are now many more risk factors,

the evidence suggests that dental procedures may be

relatively unimportant. However, a review of 53

episodes of infective endocarditis related to dental

procedures (Martin et al. 1997) found that seven could

have been due to endodontic treatment without

antibiotic cover. Experimentally, infected vegetations

were produced in three out of 20 rabbits, with inten-

tionally damaged heart valves, that were later

subjected to oral surgery (McGowan & Hardie 1974); it

was claimed that the condition was probably induced

by bacteraemia from the mouth. In a human study

(Roberts et al. 1992), a peak in bacteraemia was

detectable 30 s after dental procedures. Normally, the

microorganisms are removed by the reticuloendothelial

system over a period of a few minutes.

A critical step in any bacterial infection is adherence

to host tissues, which leads to colonization. Two

important bacterial components are fibronectin-binding

protein (FnBP) and fibrinogen-binding protein (FgBP),

that are found on the surface of staphylococci and

streptococci, as well as other oral bacteria.

Fibronectin is a multifunctional dimeric glycoprotein

found in high concentrations in extracellular matrix

and body fluids. Its primary role is to serve as a

substrate for adhesion of animal cells (Joh et al. 1994),

but many parasitic bacteria have developed FnBPs that

can mediate their adherence to host tissues. For both

S. aureus (Kuypers & Proctor 1989) and S. sanguis

(Lowrance et al. 1990), expression of a FnBP correlates

with the ability to cause infective endocarditis in the

rat model.

Another possible mechanism in the pathogenesis of

infective endocarditis is the direct aggregation of

platelets by bacteria; this can be mediated by the FgBP

of S. aureus (Kehoe 1994). For example, in the rat

model for infective endocarditis, an S. aureus mutant

deficient in FgBP produced 50% less disease than the

nonmutant strain (Moreillon et al. 1995). Staphylococ-

cus aureus also forms macroscopic clumps when mixed

with plasma due to binding of fibrinogen to a clumping

factor (FgBP) on the bacterial cell surface (Foster &

McDevitt 1994). The same clumping factor can also

promote attachment of bacteria to fibrinogen-coated

surfaces in vitro, and fibrinogen binding is the most

important determinant of adherence of S. aureus to

newly implanted biomaterials.

The genes encoding FnBP in Streptococcus pyogenes

(Talay et al. 1992), Streptococcus dysgalactiae (Lindgren

et al. 1993) and Staphylococcus aureus (McDevitt et al.

1995) have been cloned and sequenced. The amino acid

sequences all share characteristic conserved features,

and the fibronectin binding site is composed of 37±48

residue motifs that are repeated 3±5 times and located

upstream of a proline-rich putative cell wall spanning

domain (Joh et al. 1994). The repeated sequence motifs

result in multivalent binding and a high affinity of

interaction for the N-terminal region of fibronectin.

The S. aureus gene for FgBP (clumping factor clfA)

has been cloned and characterized by McDevitt et al.

(1994); it comprises 896 residues. Significant amino

acid sequence similarity with the FnBPs occurs in the

N- and C-terminal sequences associated with secretion

and wall-localization; in addition, some similarity

occurs in region A, which is thought to include the

ligand-binding domain.

Bacterial cell-surface proteins can be detected by a

number of techniques; these range from immunological

assays using specific antisera or monoclonal antibodies

to functional assays examining ligand binding. Alterna-

tively, molecular biological techniques can be used,

such as the polymerase chain reaction (PCR). This

approach has the advantage of being relatively easy to

perform, but more importantly, of being significantly

more sensitive. The technique of PCR is a highly

specific way of amplifying and detecting segments of

DNA from a solution containing as little as one copy of

the target sequence. The test solution is incubated with

DNA primers, and DNA is replicated repeatedly in the

presence of the enzyme, DNA polymerase. The

presence or absence of an amplified fragment of DNA is

determined by agarose electrophoresis and staining of

DNA with ethidium bromide.

The aim of this study was to examine by the use of

PCR whether bacteria associated with infected root

canals possess genes that might predispose to bacterial

colonization of the endocardium.

Materials and methods

Bacterial DNA from pure cultures and also from

clinical samples was first purified and then subjected to
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PCR. A preliminary investigation was performed to test

the specificity of the two sets of synthetic oligonucleo-

tide primers (binding of primers within one genus, e.g.

streptococci only) and the cross-reactivity of the

primers (binding of primers in other groups of

bacteria). A pilot study of clinical samples was then

conducted.

Designing oligonucleotides

Synthetic oligonucleotides were designed, based on

sequences of two FnBP genes from Streptococcus dysga-

lactiae (Lindgren et al. 1993) and one from Streptococ-

cus pyogenes (Talay et al. 1992), as well as FgBP from

Staphylococcus aureus (McDevitt et al. 1995). The

primers were from the conserved functional regions

encoding adhesive domains of streptococcal FnBP and

staphylococcal FgBP. The streptococcal primers were 50

± TTTACWRAAGAYACTCAA, corresponding to

residues [3044±3061] of S. dysgalactiae FnBP gene and

[1450±1467] of S. pyogenes FnBP and 30 ± CY-

GTTGCAGGAA, corresponding to residues [3513±

3524] of S. dysgalactiae FnBP gene and [1937±1949]

of S. pyogenes FnBP gene. The staphylococcal primers

were 50 ± ACTCATATGTTGACCATGCCCGCTTATATT,

corresponding to residues [1298±1318] and 30 ±

AGGGTCGACTTACTCATCAGGTTGTTCAGG corre-

sponding to residues [1934±1954] of S. aureus FgBP

gene.

Investigation of cross-reactivity of primers

The interspecies cross-reactivity of the streptococcal

primers was tested by PCR of DNA extracted from:

Streptococcus sanguis (two clinical samples), S. vestibu-

laris (AS2), S. gordonii (7865), S. oralis (7864),

S. salivarius (11389), S. milleri (MILL. 154). The

specificity was analysed using DNA from human cells

(Sigma, Poole, UK), Candida albicans, Staphylococcus

aureus and five other anaerobic oral bacteria, namely:

Veillonella parvula (NCTC 11463), Fusobacterium

nucleatum (NCTC 10562), Porphyromonas gingivalis

(ATCC 33277), Prevotella intermedia (ATCC 25611)

and Actinomyces viscosus (NCTC 10951).

A similar investigation was carried out to study the

cross-reactivity of the staphylococcal primers. These

were tested by PCR of DNA extracted from: coagulase

positive S. aureus (1671), S. saprophyticus (1672), S.

xylosus (1673), S. simulans (1674), S. epidermidis

(1675), S. haemolyticus (1676), and two coagulase

negative staphylococci (1179 and 2755). Specificity

was analysed using DNA from human cells, Candida

albicans, Streptococcus sanguis and five other anaerobic

oral bacteria, as above.

Pilot clinical study

The samples were taken from 16 adult patients who

required root canal treatment and presented with

symptomatic teeth with necrotic pulps. Care was

taken to select only teeth with no coronal leakage

around restoration margins, and which were without

sinus tracts. An aseptic technique was employed

throughout. For each sample, a freshly sterilized

bottle of paper points or cotton pledgets was used;

sterile tweezers were employed for every step to

ensure no microbial contamination. A sterile

handpiece was also used. A `sterile' and `nonsterile'

tray system was used.

Gingival sample Before any presterilization procedures

were carried out in the mouth, samples were taken

from the gingival area adjacent to the tooth by placing

three sterile paper points in the gingival sulcus of

mandibular premolars for 5 s.

Root canal sample The root canal procedures were

carried out according to established methods (MoÈller

1966, DahleÂn & MoÈller 1992). A rubber dam was

applied and the operative field cleansed by repeated

application of 35% hydrogen peroxide, until bubbling

ceased when fresh hydrogen peroxide was applied.

Subsequently, 2.5% iodine tincture was applied for

1 min to sterilize the field. This was inactivated using

5% sodium thiosulphate solution. A sterility test was

then performed; the operative field was wiped with a

cotton pellet, which was transferred to a bottle of

Todd-Hewitt medium. Sterile burs were used to prepare

an access cavity to the pulp chamber. At this stage a

thin layer of dentine was left over the pulp chamber.

The field and cavity was sterilized again and a second

sterility test performed. A new sterile bur was used to

complete the access cavity through the final layer of

dentine. The pulp chamber was irrigated with Todd-

Hewitt medium, which was agitated with a file to the

apical part of the canal. The fluid in the root canal was

soaked up with five paper points until all sampling

fluid from the root canal was absorbed.

Nasal sample The anterior nares were sampled near

the opening of the lacrymal duct using a nasal swab,

which was placed into Todd-Hewitt medium.

All points or swabs used for sampling were

immediately transferred into 5 mL of Todd-Hewitt

medium and incubated overnight at 378C.
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Extraction of DNA from bacterial samples

DNA was extracted as described by Bollet et al. (1991).

A 1.5-mL aliquot of each culture was pelleted in a mi-

crocentrifuge, washed twice with 1 mL TE

(10 m mol Lÿ1 Tris pH 8, 10 m mol Lÿ1 EDTA) and

resuspended in 100 mL TE. Next, 50 mL of 10% SDS

were added and the solution was incubated for 30 min

at 658C. The lysate was centrifuged and the superna-

tants removed. The microtubes were then placed in a

microwave oven and heated for three 1-min cycles

(750 W). The pellets were dissolved in 200 mL TE and

shaken with an equal volume of chloroform-isoamyl

alcohol-phenol (24 : 1 : 25) for 15 min. The aqueous

phase was recovered after centrifuging and precipitated

in 2.2 Vol. absolute ethanol and 0.1 Vol. 3 mol Lÿ1

sodium acetate (pH 5.2). This was incubated at ÿ208C
for 1 h, pelleted by centrifuging for 20 min at 48C,

then washed with ethanol (70%). The DNA pellets

were resuspended in 20 mL of distilled water.

Polymerase chain reaction

For each DNA sample, two PCR reactions were

performed using oligonucleotides specific for streptococ-

cal FnBP or staphylococcal FgBP. In each, 1 mL of

DNA was mixed with 50 mM deoxynucleotide tripho-

sphate (dNTP) mixture, 0.4 mM oligonucleotides, Taq

polymerase buffer in a total volume of 49.5 mL. The

reactions were heated at 948C for 3 min and the PCR

commenced with 2.5 units of Taq DNA polymerase

(Boehringer Mannheim, Lewes, UK) using a hot-start

procedure. The reaction conditions were 30 cycles of:

948C for 30 s (denaturation), 488C for 1 min

(annealing) and 728C for 2 min (polymerization) in a

Perkin Elmer DNA thermal cycler 480. To confirm the

PCR reaction conditions, positive control reactions

contained staphylococcal DNA or streptococcal DNA

with their respective oligonucleotide primers. Negative

control reactions contained human DNA (Sigma) with

either the streptococcal or staphylococcal oligonucleo-

tide primers. Analysis of 10 mL of each sample was

carried out by 1% agarose gel electrophoresis. The PCR

products were stained with ethidium bromide and

viewed under ultraviolet light.

Cloning and sequencing of PCR products

The PCR-amplified DNA bands were purified following

agarose gel electrophoresis and extracted using the

QIAQuick gel extraction system (Qiagen Ltd, Crawley,

UK); DNA sequencing was performed using the

respective 50 primers (Sanger et al. 1992).

Results

Staphylococcal FgBP PCR

The PCR of DNA from S. aureus using the staphylococcal

FgBP primers yielded a single product of the expected

size, approximately 700 bp (Fig. 1, lane 3). Homology to

the DNA sequence of FgBP was confirmed by sequence

analysis. There was no recognition of human DNA

(Fig. 1, lane 2) nor of DNA from Candida albicans (Fig. 2)

or S. sanguis (not shown). Of the other staphylococcal

species tested, only S. haemolyticus and another S. aureus

isolate produced an amplified product of the expected size

(Fig. 1, lanes 4 and 9) although a distinct DNA fragment

was also clearly amplified from S. epidermidis (Fig. 1, lane

8). Poorly defined bands were also observed from S.

simulans but these were much larger DNA fragments

than expected (Fig. 1, lane 7). A DNA fragment was also

amplified from one of the coagulase negative staphylo-

cocci (1179), although this was slightly smaller, approxi-

mately 400 bp, than the expected size (Fig. 1, lane 11).

In a PCR using five other oral bacterial species, DNA

products of approximately the correct size were

amplified from P. intermedia (Fig. 3, lane 4) and P.

Figure 1 Conservation of fibrinogen binding protein in

coagulase positive and negative staphylococci. Agarose gel

electrophoresis of PCR products generated using

staphylococcal template DNA and fibrinogen binding protein

primers. Lanes: 1) 1 Kbp ladder; 2) Human DNA;

3) Staphylococcal positive control; 4) Coagulase positive

S. aureus; 5) S. saprophyticus; 6) S. xylosus; 7) S. simulans; 8)

S. epidermidis; 9) S. haemolyticus; 10) Coagulase negative

staphylococcus 2755; 11) Coagulase negative staphylococcus

1179.
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gingivalis (Fig. 3, lane 5). No PCR products were

detected from F. nucleatum, A. naeslundii or V. parvula.

Streptococcal FnBP PCR

A faint PCR product of approximately expected size,

600 bp, was amplified using the streptococcal FnBP

primers and S. sanguis as the source for template DNA

(Fig. 4, lane 2). However, a much more intense band of

approximately 1.9 Kbp was also consistently amplified.

Sequence analysis of this band showed a region of

homology with fibronectin-binding proteins of S. pyogenes

and S. dysgalactiae. The streptococcal primers did not,

however, anneal to any human DNA sequences (Fig. 4,

lane 3), candidal (Fig. 2) or staphylococcal DNA (not

shown). Of five further oral streptococcal species tested,

PCR products of 1.9 Kbp were also amplified from two of

three isolates of S. sanguis, S. vestibularis, S. oralis and S.

milleri. In addition, DNA products of different sizes were

amplified from the other two species: S. gordonii ± 350

and 800 bp; and S. salivarius ± 350 and 1000 bp.

When tested in a PCR using five other representative

species of oral bacteria, three species yielded amplified

DNA products (Fig. 5). Only P. gingivalis DNA gave a

PCR product of a similar size to the streptococci

(1.9 Kbp; Fig. 5, lane 8), whereas the bands derived

from P. intermedia and F. nucleatum were less than

500 bp. There was no PCR product associated with

A. naeslundii nor V. parvula.

Figure 3 Conservation of staphylococcal fibrinogen binding

protein in five oral bacterial species. Electrophoresis of PCR

products generated using staphylococcal FgBP primers. Lanes:

1) 1 Kbp ladder; 2) Human negative control; 3)

Staphylococcal positive control; 4) P. intermedia; 5) P.

gingivalis; 6) F. nucleatum; 7) A. naeslundii; 8) V. parvula.

Figure 4 Conservation of fibronectin binding protein in oral

streptococci. Electrophoresis of PCR products generated using

streptococcal template DNA and streptococcal fibronectin

binding protein primers. Lanes: 1) 1 Kbp ladder; 2)

Streptococcal positive control; 3) Human DNA; 4) S. sanguis;

5) S. sanguis; 6) S. sanguis; 7) S. vestibularis; 8) S. gordonii; 9)

S. oralis; 10) S. salivarius; 11) S. milleri.

Figure 2 Cross-reactivity between staphylococcal and

streptococcal oligonucleotide primers with DNA from Candida

albicans in PCR. Lanes: 1) 1 Kbp ladder; 2) C. albicans DNA

PCR with staphylococcal primers; 3) C. albicans DNA PCR

with candida-specific primers; 4) C. albicans DNA PCR with

streptococcal primers.
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Detection of streptococcal FnBP and staphylococcal

FgBP in clinical samples

In all cases the field sterility samples showed no

evidence of bacterial growth after incubation,

confirming that there was no contamination on the

tooth before the root canal was sampled.

The PCR results from the clinical samples were

scored positive or negative. A positive result indicated

amplification of a DNA product of the approximate

expected molecular size. Other samples were marked

negative because either no PCR product was present,

or bands of widely divergent molecular size were

amplified. A representative result is shown in Fig. 6

using the streptococcal primers, where the gingival

and root canal samples generated bands of approxi-

mately the expected size and were considered positive

(Fig. 6, lanes 4 and 5). A 400-bp fragment was

amplified from the nasal sample and for the purposes of

this study was considered negative (Fig. 6, lane 6).

The distribution of positive and negative tests for the

sites from each patient is summarized in Table 1. For

streptococcal FnBP, PCR products of the correct size

were identified in eight root canal samples, eight

gingival samples and three nasal samples. Of the eight

patients with positive findings in their root canal

samples the majority also had positive gingival

samples, and in only two cases were the gingival and

nasal samples negative. Five of the 16 patients had

negative results at all three sites.

Seven of the 16 patients had positive root canal

samples when tested with the staphylococcal FgBP.

Correct size PCR products were also detected in 11 of

the gingival samples and nine nasal samples. In this

group, all of the seven positive root canal samples were

associated with positive samples elsewhere, indeed in

four patients all three sites were positive. However,

gingival and nasal carriage only occurred concurrently

in five of the 16 patients. There was only one patient

with negative results from all three sites.

Taken together, 10 out of 16 patients had root canal

samples that were positive with either virulence factor,

and five had samples that were positive for both.

Discussion

There is a paucity of studies on the potential risk of

infective endocarditis posed by endodontic treatment

(Bender & Montgomery 1986, Debelian et al. 1995),

although it is logical to assume that during instrumenta-

tion of an infected root canal, microorganisms could be

pushed through the apex and into the bloodstream.

However, there have been no studies which demonstrate

a link between microorganisms of the root canal and

cardiac disease. In this study, the virulence factors, which

determine the pathogenic potential of bacteria, were in-

Figure 5 Conservation of streptococcal fibronectin binding

protein in five oral bacterial species. Electrophoresis of PCR

products generated using streptococcal FnBP primers. Lanes:

1) 1 Kbp ladder; 2) Human DNA; 3) Streptococcal positive

control; 4) A. naeslundii; 5) V. parvula; 6) P. intermedia;

7) F. nucleatum; 8) P. gingivalis.

Figure 6 Analysis of a representative clinical sample.

Electrophoresis of PCR products amplified using streptococcal

fibronectin binding protein primers. Lanes: 1) 1 Kbp ladder; 2)

human DNA; 3) Streptococcal DNA; 4) DNA extracted from

gingival sample; 5) DNA extracted from root canal sample; 6)

DNA extracted from nasal sample.
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vestigated, rather than the bacterial flora of the infected

tooth. The rationale for this approach is that although

certain bacterial species can commonly be found, not all

strains are necessarily pathogenic. Similarly, key virulence

determinants tend to be highly conserved amongst

bacterial species, such as the SA I/II adhesion proteins of

oral streptococci (Ma et al. 1991), so that potential un-

characterized pathogens might be recognized.

Previous studies have shown the range of bacteria

commonly isolated from infected root canals; the most

common being viridans streptococci, enterococci and

lactobacilli (MoÈller 1966, Sundqvist 1994). Facultative

bacteria such as streptococci may make up a

significant part of the more coronal flora, when the

pulp has been exposed by caries; whilst obligately

anaerobic Gram-positive cocci and Gram-negative rods

are found in deeper aspects.

In contrast to the range of organisms found in

infected root canals, 95% of cases of infective endocar-

ditis are caused by streptococci and staphylococci

(Topley 1990). For this reason, the presence of strepto-

coccal FnBP and staphylococcal FgBP genes were

examined in this study as they both have an important

role in the bacterial colonization of host tissues, and

thus in pathological mechanisms of infective endocar-

ditis. It was reasoned that if sufficiently specific oligo-

nucleotide primers could be designed, their detection of

bacteria possessing functional, conserved regions of

these genes might be achieved by PCR.

The oligonucleotide primers for both streptococcal

FnBP and staphylococcal FgBP were designed from

regions of the genes that encoded the adhesion

determinant of the proteins. Only a few sequences

have been determined, for two streptococcal and one

staphylococcal species. In order to provide broad

specificity for the two streptococcal FnBP genes

(FnbA and FnbB) some degeneracy was incorporated

into the primers, and one was rather short. However,

the specificity studies demonstrated that there is

broad reactivity with other oral streptococci (that are

known to bind to fibronectin) but not to human

DNA, candidal DNA, or staphylococcal FnBP. The

predominant PCR band of 1.9 Kbp was somewhat

larger than predicted; however, as DNA sequencing

has demonstrated that this band was related to

FnBP, it was considered that the 1.9 Kbp band was

the correct size for oral a-haemolytic streptococci.

Somewhat surprisingly, the strain of P. gingivalis

tested also resulted in a PCR product of approxi-

mately that size; FnBP has not previously been

described in P. gingivalis, but this will be investigated

further.

The staphylococcal FgBP primers identified

homologous sequences in the coagulase positive as

well as one of the two coagulase negative staphylococ-

cal species. This may be important, as coagulase

negative staphylococci are increasingly being

recognized as extremely virulent causes of infective en-

docarditis (Vandenesch et al. 1993). As with the strep-

tococcal FnBP primers, a PCR band was also amplified

in P. gingivalis using the staphylococcal FgBP primers

as well as from P. intermedia. The finding that

P. gingivalis may possess both virulence factors is

interesting, as this is an obligate anaerobe which is

Streptococcal primers Staphylococcal primers

Patient

samples

Root canal Gingival Nasal Root canal Gingival Nasal

1 ÿ � ÿ ÿ ÿ �
2 � ÿ ÿ ÿ ÿ �
3 � ÿ ÿ ÿ � ÿ
4 ÿ ÿ ÿ ÿ ÿ ÿ
5 � � ÿ � � ÿ
6 ÿ � � ÿ ÿ �
7 ÿ ÿ ÿ � � ÿ
8 � � ÿ � � �
9 ÿ ÿ ÿ � � �

10 ÿ ÿ ÿ ÿ � ÿ
11 ÿ ÿ ÿ ÿ � ÿ
12 � � ÿ � � ÿ
13 � ÿ � ÿ � �
14 � � ÿ � � �
15 ÿ � ÿ ÿ ÿ �
16 � � � � � �

Table 1 The presence (�) or absence

(ÿ) of PCR products from clinical

samples
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difficult to grow and may not be readily identified by

culture microbiological testing of patients with

infective endocarditis.

The PCR bands obtained from P. gingivalis with

streptococcal FnBP primers and with staphylococcal

FgBP primers, and from P. intermedia with staphylococ-

cal FgBP primers will be cloned and sequenced in a

later study.

In the clinical part of the study, the gingival and

nasal samples served partly as a control, as streptococci

are always found in dental plaque, whereas it has been

estimated that 30% of the population carry S. aureus in

the anterior nares (Topley 1990). It was surprising

initially to find that only eight out of 16 of the patients

had streptococcal FnBP in gingival samples, but this

may be explained in that not all strains of a species are

pathogenic, therefore some may not possess the FnBP

gene, or its functional regions. Indeed, this might

explain why infective endocarditis is not more common

in high-risk patients despite the multitude of opportu-

nities for bacteraemia through everyday activities such

as chewing. Another possibility lies in the microbiologi-

cal sampling technique; paper point gingival sampling

is simple, but may leave more firmly attached

organisms on the tooth.

Of the gingival samples, 11 out of 16 were also PCR

positive using the staphylococcal primers, even though

staphylococcal carriage in the mouth is uncommon.

This result may reflect the conserved nature of this

region of the gene, as demonstrated by the results

found in P. gingivalis and P. intermedia. In other words,

the positive PCR results may indicate the presence of

this or homologous genes in other microorganisms as

well as staphylococci. Of the nasal samples, 9 out of 16

gave PCR bands with the staphylococcal primers, this

being slightly higher than expected if the primers were

detecting S. aureus alone. In contrast, only three out of

16 nasal samples were PCR positive with the strepto-

coccal primers, a result which probably reflects the

specificity of these primers and the fact that they do

not cross-react with staphylococcal FnBP.

The virulence genes were detected from the root

canal samples of 10 out of 16 patients, and in five

patients both genes were present. Although no

statistical significance can be drawn from this pilot

study, it can be suggested that the results from the

root canals correlate with those from gingival samples

(n � 12) rather than nasal samples (n � 6). At this

stage, only PCR bands of approximately the expected

molecular size were regarded as positive; these results

may therefore be an underestimate of the true

situation. There are many reasons why PCR bands of

different sizes might have been generated. The most

obvious is nonspecific random priming during the PCR,

but given that DNA was not amplified using human,

candidal or some bacterial DNA, this would seem

improbable. The heterogeneity of amplified bands

might represent different organization of homologous

genes in different bacterial species. The binding

epitopes of FnBP and FgBP are encoded by motifs that

are repeated in both cases. Thus, more or less repeats

would result in larger or smaller PCR bands. Alterna-

tively, although the binding sites in these proteins are

located toward the C terminus in streptococci and sta-

phylococci, this may not be the case in all bacterial

species. Indeed, we have already shown an FnBP gene

in S. sanguis which differs from those in S. dysgalactiae,

from which the PCR primers were designed. An

important aspect of the continuing investigations is to

confirm that all the PCR bands generated derive from

FnBP and FgBP homologues, particularly in the case of

P. gingivalis and P. intermedia.

Although PCR is a highly sensitive technique, the

chances of success were maximized in this pilot study

by growing bacterial samples prior to DNA extraction,

particularly as the main interest was in streptococcal

and staphylococcal pathogens. This, of course, favours

certain bacterial species, but PCR should still be

sensitive enough to detect DNA from bacteria that did

not multiply during the incubation period. In the next

stage of this study, it will be important to investigate

the use of PCR with DNA extracted immediately from

a larger number of clinical samples.

The results suggest that the majority of infected root

canals contain bacteria that may have the potential to

cause infective endocarditis. Other factors must also be

considered. The actual number of microorganisms

introduced into the bloodstream will probably be

extremely important, and that depends upon the size of

the apical foramen, degree of infection of the root canal

and method of root canal treatment. The proportion of

microorganisms that survive in the bloodstream is

significant and dictated in part by the health of the

patient and the host response. Moreover, FnBP and FgBP

are unlikely to be the only virulence factors involved.

These aspects of the pathogenic process need further in-

vestigation. In a small clinical study it was interesting to

note that the same strain of bacteria found in the root

canal was detected in the blood after root canal overin-

strumentation (Debelian et al. 1992).

A further aspect of root canal treatment that could

have a significant effect on the numbers of bacteria
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inoculated into the bloodstream is the placement of a

rubber dam clamp. It has been suggested that patients

rinse with chlorhexidine gluconate mouthrinse

beforehand to reduce the bacteria present (Bender &

Montgomery 1986). The present study demonstrated

that 14 out of 16 patients were PCR positive for one or

both virulence factors in gingival plaque.

If the root canal is considered a potential source for

endocarditis-causing microorganisms, then it may be

advisable to provide antibiotic cover to patients who

are at risk of contracting infective endocarditis when

carrying out endodontic treatment; this, however, is

not currently recommended (British Society for Antimi-

crobial Chemotherapy 1990).
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