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INTRODUCTION

The significance of microorganisms for the development of dental

caries and periodontal disease has been firmly established. Some oral

microorganisms have been observed to adhere selectively to tooth surfaces

and epithelial cells. This may be an important phenomenon, enabling

certain bacteria to remain in the oral cavity for extended periods of

time in close proximity with the host tissues.

Many attempts have been made to immunize animals with oral micro

organisms, and thereby specifically boost cellular or humoral defences

against these bacteria. Varying success was reported from early experiments.

IgA is the immunoglobulin found in the highest concentration in oral

secretions. The protective function of IgA has not been fully clarified,

but it has been suggested that some protection may result from the ability

of IgA to interfere with the adherence of antigens to host surfaces.

As the concept of the mechanism of secretory antibody stimulation

has changed, the methods for immunization against dental caries have also

undergone changes. Some adverse reactions to immunization with whole

bacteria were noticed and immunization was attempted with bacterial frag

ments and bacterial products. Varying success has been reported from

these recent experiments.



LITERATURE REVIEW

Significance of Bacteria in the Pathogenesis of Dental Diseases

Human and animal research has established the role of oral

microorganisms in the etiology of periodontal disease and caries

(see reviews: Theilade, E. and Theilade, J. l976, Gibbons and van

Houte 1975, Scherp 1971, Socransky 1970; 1977). The significance of

certain streptococcal strains for the development of dental caries

has been demonstrated by experiments on the transmission of a specific

flora in conventional and gnotobiotic animals (Krasse l965, Fitzgerald

and Keyes 1960, Gibbons and Banghart 1968). Periodontal disease has

also been produced in both conventional and gnotobiotic animals by

infection with strains of actinomyces of human origin (Jordan, Fitz

gerald and Stanley 1965, Jordan, Keyes, and Bellack l972, Garant l976a &

b) and by inoculation with gram negative anaerobic rods, isolated from

patients with juvenile periodontitis (Irving, Newman, Socransky and

Heeley, 1975, Listgarten 1978, Crawford et al. 1977).

Bacterial Adherence to Oral Surfaces

It has been observed that many microorganisms will adhere selectively

to hard surfaces or epithelial surfaces in the oral cavity (Krasse l954,

Gibbons and van Houte 1971, Mukasa and Slade 1973, van Houte, Gibbons and

Pulkkinen 1971, Gibbons, Spinell and Skobe 1976). Ofek et al. (1977)

demonstrated that mucosal cells from newborn infants will bind streptococci

within the first two days after birth. Work by the same group (Ofek et al.,

1975, Beachey and Ofek 1976, Alkan, Ofek and Beachey l977) indicates that



lipoteichoic acid is the cell surface component responsible for the

adherence of streptococci. Ofek, Mirelman and Sharon, (1977),

investigated adherence of a gram-negative microorganism, Escherichia

coli, to mucosa. The results suggest that the binding of E. coli,

to the epithelial cells is mediated by a mannose-specific, lectin

like substance present on the surface of E. coli.

The adherence mechanism of S. mutans to hard surfaces has been

investigated in many laboratories (Mukasa and Slade 1973, Liljemark

and Schauer 1975, Guggenheim and Newbrun 1969, de Stoppelaar et al.,

l97l, Newbrun, Finzen and Sharma l977; Schachtelle et al. 1977). The

adherence of these microorganisms to hard surfaces is caused by extra

cellular high molecular weight glucans and fructans synthetized mainly

from sucrose by extracellular bacterial enzymes. Slade (1976) has

reviewed the recent research in this area. Synthesis of extracellular

polymers has also been suggested as part of the adherence mechanism for

A. viscosus to hard surfaces (van der Hoeven et al., 1974, Rosan and

Hammond l974).

The above mentioned ability of certain oral microorganisms to bind

selectively to host tissues is an important property. This enables

bacteria to establish themselves on the tooth or mucosal surfaces and

to remain in close proximity to the host tissues without being eliminated

by the host's physico-anatomical defense mechanisms (swallowing, rinsing,

brushing etc.). It would be desirable to develop a method to selectively

interfere with the adherence mechanism of human pathogens.



Preliminary Immunization Experiments

In early experiments Fitzgerald and Keyes, (1962) attempted to

immunize conventional animals with S. mutans, but protection against

caries was not observed. The first successful immunization against

caries was reported in gnotobiotic monoinfected rats (Wagner, 1967).

He noticed that parenteral vaccination with S. faecalis resulted in

higher salivary and serum agglutinin titers and fewer carious lesions

than were found in control animals.

Many investigators have attempted to elucidate the protective

mechanism of immunization with oral microorganisms. Williams and

Gibbons (1972) reported that salivary immunoglobulin A (IgA) from animals

immunized with S. sanguis would interfere with the adherence of this

microorganism to oral epithelial cells. Olsen et al., (1972) reported

that serum immunoglobulin G (IgG) from rabbits immunized against S. mutans

would inhibit the adherence of this microorganism to glass. These

findings were confirmed by Genco, Evans and Taubman (1974), who reported

that adherence of S. mutans to wires was inhibited by immune sera

developed to S. mutans. These investigators also reported an inhibition

in the production of glucans.

Protective Humoral Immune Systems in the Oral Cavity

These adherence studies were done with in vitro systems. One must

remember that saliva is the main secretion bathing the hard and soft

surfaces in the oral cavity. IgA is found in much higher concentration

than other immunoglobulins in secretions from major as well as minor

salivary glands (Crawford, Taubman and Smith, 1975). Brandtzaeg (1976)



demonstrated in fluorescein and rhodamine stained sections from various

locations in the human oral cavity that 95% of the immunocytes in

salivary glands contained immunoglobulin A in the dimer configuration;

only in sections from inflamed human gingiva did he see a large number

of immunoglobulin G containing immunocytes.

The biologic function of secretory immunoglobulin A is not fully understood.

Most investigators suggest that antibody-antigen complexes involving this

Ig class will not fix complement in the classical manner, although this

may occur through the alternative complement pathway (Boackle et al.,

1974). However, complement fixation appears unlikely to occur in the

salivary environment (Colten and Bienenstock, 1974). Furthermore,

immunoglobulin A antibodies do not appear to promote phagocytosis

(Eddie, Schulkind and Robbins, l971). It has been suggested that a

portion of the significance of the secretory immunoglobulin A system is

its ability to interfere with absorption or attachment of antigens,

thus preventing sensitizing the host's systemic humoral or cellular

amplification systems (Buckley and Dees l969, Walker and Isselbacher

1972, 1977). In periodontal disease, sensitization involving these systems

may be part of the pathogenesis (Payne, Page, Oligvie and Hall, 1975,

Page et al. 1976, Page and Schroeder 1976, Schroeder and graaf-de Beer

1976, Engel, Schroeder and Page l978). Also, as mentioned earlier,

immunoglobulin A in the oral secretions may interfere with the adherence

of pathogens, thus enabling the host to reduce the fraction of these

microorganisms in the oral cavity.



Stimulation of Secretory Immunoglobulin Production

The mechanism for antigen stimulation of the secretory immuno

globulin system is also a controversial issue. Brandtzaeg (1971)

postulated that immature immunocytes are seeded by an unknown

mechanism from the blood to the glandular tissues where they are

stimulated by antigens to develop into mature plasma cells. Michalek

et al. (l'976) proposed that immunoglobulin A precursors are located

in gut associated lymphoid tissue (GALT). Ingested antigens selectively

stimulate clones of immunoglobulin A precursor cells. Access of

intestinal antigens to gut lymphoid tissues seems to be facilitated

by a specialized epithelium overlying the GALT. These epithelial cells

are especially adapted to antigen transport (Owen 1977). The stimulated

precursor cells enter the blood stream and home selectively to distant

secretory tissues. Experiments in newborn rats by Michalek's group

have shown that anti- S. mutans immunoglobulin A is detected in oral

secretions and in colostrum from lactating rats after ingestion of killed

S. mutans. This observation is also supported by experiments in which

pregnant women orally immunized with live E. coli, produced colostrum

with plasma cells which synthesized IgA antibodies to E. coli lipo

polysaccharide (Walker, 1976).

Local Immunization Against Dental Caries

Changes in concepts concerning the composition, function and

mechanism of antigen stimulation of the secretory immune system have

resulted in a gradual change in the research methodology in the area of

immunization against dental caries. Taubman (1973) compared the

effectiveness of immunization against dental caries with antigen injected





distant from the salivary glands with locally injected antigen. He found

a significantly higher titer of specific salivary immunoglobulin A, and

significantly less caries in the group immunized locally. Recent

immunization experiments in rodents indicate that immunization in the

vicinity of the salivary glands with S. mutans results in an increase

in the salivary agglutinating activity and some caries reduction (McGhee

et al., 1975, Taubman and Smith l974, Taubman and Smith l977, Michalek,

1976). It is difficult to interpret the immunization experiments in

primates, where different local immunization regimens have been attempted

(Bahn et al., 1975, Bowen et al., 1975, Caldwell et al., 1977, Challa

combe et al., 1976, Emmings et al., 1975, Evans et al., 1975, Lehner

et al., 1975).

The discovery (Mehta et al., 1973, Genco et al., 1975, Plaut l978)

of highly specific IgA proteases produced by microorganisms frequently

found in the oral cavity introduces an additional complexity to the

subject of immune protection by secretory IgA. S. sanguis was one normal

oral inhabitant found to elaborate specific IgA proteases (Plaut l978).

These proteases cleaved human serum and salivary IgA subclass l proteins

between the Fab and the FC regions. Most (90%) of the IgA antibody

function was lost after incubation with IgA proteases. Even IgA antibodies

attached to antigens underwent cleavage and this caused deagglutination.

Alternatives to Immunization by Injection of Whole Bacteria

Several reports have been published on cross reactivity between

antigens in S. mutans with human heart muscle (Van De Ryn et al., 1976,





Zabriskie and Freiner l966). The antigen memory in the secretory

immune system appears to be short lived after repeated injections

with streptococcal vaccines (Challacombe et al., 1976). Furthermore,

the agglutinating activity of salivary immunoglobulins against oral

streptococci changes with time because of antigenic drift by the

organism (Bratthal and Gibbons, l975). These findings have made

modifications in the present immunization regimens desirable. Taubman

and Smith (1977) have been immunizing rodents with glucosyltransferase

fractions from S. mutans and they report a reduction in caries following

the immunizations. Similar experiments by Bowen et al., 1975 using

primates did not result in any reduction in caries. Fox (1976) reported

a reduction in the incidence of group A streptococcal upper respiratory

infection following use of an intranasal spray vaccine containing group A

M proteins. Eisenstein (1976) reports that some protection against

bacterial infections has been seen after immunization with ribosomal

fractions. Ofek et al., 1975 reported reversible inhibition of adherence

of group A streptococci to epithelial cells after the epithelial cells

had been incubated with lipoteichoic acid. In l977, Ofek et al., reported

reversal of the adherence of E. coli to epithelial cells after incubation

of the cells in D-mannose and pl—D-mannopyranoside. McGhee and colla

borators are currently testing the effect of ingestion of a slow release

capsule containing killed S. mutans on the development of caries in

humans (personal communication). In short, a major effort is presently

aimed at developing a method to safely and effectively combat the

establishment of pathogens on human mucosal surfaces, the route through

which most disease causing bacterial products enter the host.



OBJECTIVES

A protocol was developed to investigate:

l Whether repeated immunizations with oral microorganisms
in the vicinity of the salivary glands in the rabbit
would result in higher specific secretory immuno
globulin levels in the saliva;

Whether specific secretory immunoglobulins would inter
fere with the adherence of oral microorganisms to oral
epithelial cells;

Whether a more accurate method could be developed for
quantitating the adherence;

What components on the surface of the bacteria and the
epithelial cell were responsible for the adherence
mechanism.
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MATERIALS AND METHODS

Preparation of Vaccines

The bacteria chosen for this study, except for S. mutans, had all

previously been shown to adhere to the oral mucosa in man (Gibbons

and Van Houte 1971, Krasse 1954). They were S. salivarius ATCC

13419, S. mutans ATCC 25175, S. mitis 26 (Courtesy Dr. R. J. Gibbons),

A. naeslundii ATCC 25586. All bacteria were examined for purity by

culture on solid media and microscopic examination. Cell suspensions

of each microorganism were prepared from 24 hour cultures in chemically

defined medium (CDM) (Table l). (S. Socransky, personal communication).

These were incubated anaerobically at 37°C in Brewer jars with 80%

N2, 10% H2, and 10% CO2, transferred twice to fresh CDM and incubated

as before. The microorganisms were harvested by centrifugation at

5,000 x g, washed three times with 0.067M phosphate buffer at pH 6.0

and suspended in buffer to yield a cell suspension of 108 organisms

per ml (Taubman and Smith 1972, Gibbons and van Houte 1971). Formal

dehyde was added to the cell suspensions to a final concentration of

2 % w/v and allowed to react at room temperature over night. The

bacteria were centrifuged at 5,000 x g, washed three times with 0.146M

NaCl, and resuspended in 0.3% w/v formalinized 0.146M NaCl to an optical

density of 1.0 at 550 nm. The protein content of the vaccines was

determined by the Lowry-phenol method (Sutherland, Haynes and Olsen,

1949). Vaccines were stored at 4°C. until used (Taubman and Genco 1971).

Prior to use, the vaccines were warmed to room temperature. Equal

volumes of the vaccines and Freund's Incomplete Adjuvant (FIA) (Grand
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Island Biological Company, New York) were throughly mixed in a

double syringe system (Hardie, personal communication). The vaccine

used for the sham-immunized rabbits was 0.3% w/v formalinized 0.146M

NaCl mixed as described above with an equal volume of FIA.



l2

TABLE ll CHEMICALLY DEFINED MEDIUM (SOCRANSKY)

Additions/liter

Inorganic salts 4.2l g
Amino acids 2.0 g
Vitamins 84 mg
Mevalonic acid 0.1 mg or 40 l of 0.25% solution of DL

mevalonic acid lactose

Mix in distilled water, then add:

Glucose 10 g for Strep. , B. corrodens, Actinomyces
Or

Na Lactate 10 g (15 ml of 60% syrup) for Veillonella

Or

Na-formate 3 g for Eikenella
K-nitrate 2 g

Or

Na-formate 2 g for Campylobacter and anaerobic vibrios
Na-fumarate 3 g

Or

Glucose 10 g
Na-succinate 100 mg for B. melaninogenicus (except
Menadione 0.3 mg asaccharolyticus subspecies)

(l ml of 30 mg%)

Or

Na-pyruvate 10 g for fusobacteria
L-threonine lO g

Or

Glucose 10 g for propionobacteria
Tween 80 0.5 ml

Dissolve, then add:

Purine and pyrimidine
stock solution 50 ml

Only prior to use add:

NaHCO l g
L-cysteine-HCL 0.5 g

Dissolve, adjust the pH to 7.2 with l N NaOH
Filter sterilize,
Add aseptically:

Hemin 5 mg (10 ml of 50 mg $ in 0.1 M K2HPO4)
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PREPARATION OF STOCK POWDER AND SOLUTIONS FOR CHEMICALLY DEFINED MEDIUM

Organic salts
Amount for

lC)0 l medium Amino acids

ZnSO4 40 mg
KI 10 mg
CuSO4 4 mg
Boric acid 50 mg
MgSO4 - 7H20 70 g
FeSO4 - 7H2O 0.5 g
MnSO4 0.5 g
NaCl 10 g
K2HPO4 100 g
CaCl2 lC g
KH2PO4 100 g
Na molybdate 50 mg
KNO3 10 g
Hepes 200 g
Purines and Amount

Pyrimidine for 100
adenine l.0 g
guanine l.0 g
cytosine l.0 g
thymine l.0 g
xanthine 1.0 g
hypoxanthine l.0 g
uracil l.0 g

Stock Solutions

L glutamic acid
DL -alanine
L-leucine
L-glycine
L-valine

L-tryptophan
L-threonine
L-serine

L-lysine
L-arginine
L-histidine
L-glutamine
L-asparagine
L-methionine
L-isoleucine
L-proline
L-aspartic acid
L-phenylalanine
L-tyrosine
L-cystine
L-ornithine
OH-Proline

20
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

2
O

:

30 mg $ menadione - 30 mg in 100 ml ethanol
50 mg $ Hemin - 50 mg in 0.1 M K2HPO4

autoclave to sterilize
0.25 % mevalonic acid - dissolve 250 mg in 100 ml H2O
20 x purine and pyrimidine 700 mg / 500 ml 0.1 M KOH

Amounts

for 100 1

5

Vitamins and
other factors

spermine
spermidine
putrescine

3 -alanine
pimelic acid
choline-CL
pyridoxal
pyridoxine
pyridoxamine
nicotinic acid
Nicotinamine
PABA

folic acid
Ca pantothenate
riboflavin
thiamine HCl
inositol
biotin
thioctic acid
NAD

vitamin B12

AmOunt

for 100

.- i In

i
-

In
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Animals and Immunization

Adult male New Zealand rabbits (3-5 kg) were chosen to be immunized.

In order to determine if any of the bacterial strains used in the

vaccines were normal inhabitants of the rabbit oral cavity, the oral

flora of three rabbits were examined. Bacteria were sampled from

the buccal mucosa, tongue and gingiva of each rabbit with a dry

cotton tip. Immediately after sampling, the Cotton tip was placed in

a vial containing reduced transport fluid (RTF) Table 2 (Loesche and

Syed 1972). Within an hour of sampling each sample was serially diluted

after thorough mixing, using a Vortex Genie Mixer (Scientific Products,

Evanston, IL.) and plated on selective media. The media used were:

modified CBRCA medium (van Palenstein Heldeman and Winkler, l975) CNAC

20 (Ellen and Balcerzak-Raczkowoski, l975, MS (Chapman, 1944) and MSB

(Gold, Jordan and van Houte, 1973). The plates were incubated anaero

bically for 24 hours at 37°C. in Brewer jars with 80% N210% H2 and 10%

CO2. Colonies resembling any of the bacterial strains used in the vaccines

were examined microscopically and fermentation tests were done when

necessary for identification. Five rabbits were dissected to establish

the exact location of the parotid, the submandibular and the sublingual

glands. The ductal systems were followed from the glands to the orifices

in the oral cavity by injecting 2% methylene blue into the glands

prior to dissection.

Large adult male New Zealand rabbits (25) were purchased. They

were all fed rabbit chow and water ad libitum and maintained under similar

housing conditions. The rabbits were randomly divided into five main

groups with five rabbits in each to be immunized with: 1. S. mutans,
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TABLE 2

Composition:

0.045% K2HPO4

0.045% KH2PO4

0.09% NaCl

0.03% (NH4)2SO4

0.018% MgSO4

Reduced Transport Fluid (RTF)

Preparation:

75 ml of 0.6% stock K2HPO4 solution

0.6% KH2PO4

75 ml of stock 1.2% NaCl

mineral solution | 1.2% (NH4) 2SO4

0.25% MgSO4

0.001M EDTA (disodium salt) lC ml of stock O. l m EDTA

Adjust volume to 975 ml, autoclave, then add aseptically:

0.04% Na2CO3

O. O.2% DTT

5.0 ml of stock 8% Na2CO3

Sterilized 20.0 ml of Stock 1% DTT

Note: A solution of the reduced form of DTT is very stable to air

After two months at 4°C, a 1% solution of DTToxidation.

had about 2% oxidized form.
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2. S. salivarius, 3. S. mitis, 4. A. naeslundii, 5. F. nucleatum,

or sham immunized.

All rabbits were immunized by injections once a week for four

Weeks (Figure l) in the vicinity of the major salivary glands (Figure 2)

(Paul Montgomery, personal communication). Three rabbits in each group,

a total of 15 rabbits, were given a total of 2 milliliter (ml) of formalin

killed bacteria in FIA. Two rabbits in each group, a total of 10 rabbits,

were given a similar regimen of sham-immunizations consisting of 2 ml of

0.3% formalinized saline in FIA. In order to investigate whether any

rabbit had acquired the microorganism used in the vaccine as an oral

inhabitant, plaque was collected, after the final immunizations, from the

buccal aspect of the upper molars with a sterile scaler tip and immediately

placed in RTF. Within an hour each sample was mixed thoroughly using a

Vortex Genie Mixer and after serial dilution samples from rabbits in

Group l were plated on MSB, samples from rabbits in Groups 2 and 3 were plat

ed on MS, and samples from rabbits in Group 4 were plated on modified CBRCA.

All plates were incubated anaerobically as described above and examined

for the presence of the microorganisms used in the vaccines. When necessary

for identification, microorganisms were examined microscopically and

fermentation tests were done.

Saliva Collection and Purification

For the initial test of the effects of salivary immunoglobulins on

bacterial adherence to epithelial cells it was decided to collect whole

saliva from the rabbits. Prior to saliva collection the rabbits were

sedated with Ketamine Hydrochloride (Bristol Lab.) 5 mg. per kg. i. m.
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Figure l
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Whole saliva (30 ml) was collected after stimulation with 3-4 mg/kg

pilocarpine. Ice cooled cylinders with large funnels were placed

under the heads of the rabbits in such a manner that saliva could flow

freely into the containers. The saliva was clarified by centrifugation

at l2,000 x g for lo minutes at 4CC. Subsequently each sample was

dialyzed for 24 hours against 2 liters of distilled water containing

0.02% NaN3. Salivary immunoglobulins were precipitated by adding

ammonium sulfate at pH 7.4 to 45% w/v final concentration (Heide and

Schwick, l973). After 30 minutes at room temperature the samples were

centrifuged at 7,000 x g and the pellet redissolved in 0.005 M sodium

phosphate buffer in half the original volume; this was repeated twice

and the protein content was estimated by measuring absorbancy at 278 nm

using a Beckman Spectrophotometer (Beckman Instruments, Fullerton, CA.

(M. Geier personal communication). The samples were dialyzed for 24 hours

against 2 liters of distilled water containing NaN3 and the protein

content was adjusted to 0.2 mg/ml. The purity and the immunoglobulin

concentration of the samples were tested on a double diffusion plate

with 1% Ironagar (Colab Laboratories Inc., Chicago, IL.) (Figure 3)

against Goat Anti-Rabbit Immunoglobulins l mº/ml (Cappel Laboratories,

Dowingtown, PA.) with rabbit colostrum IgA l mg/ml as a positive

control (kindly donated by Dr. Koshland's laboratory). (Ouchterlony

1958, Ouchterlony and Nilsson, 1973)



19

Figure 3

Ouchterlony Plate

Salivary Ig Colostric IgA

Anti-Rabbit Ig
OSalivary Ig Salivary Ig

Colostric IgA Salivary Ig

Rabbit IgA: Isolated from colostrum

Salivary IgA: Obtained from rabbit whole saliva (see text)

Anti-Rabbit Ig: Goat anti-rabbit immunoglobulin (Cappel Labs.)
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Methods for Testing Bacterial Adherence (Figure 4)

1. Collection of epithelial cells.

Preliminary experiments showed that rabbit oral epithelial cells

cannot be collected without including hair. It was, therefore, decided

to use human oral epithelial cells. Human oral epithelial cells were

collected on the day of the experiment by scraping the buccal mucosa

surfaces in the oral cavity of four volunteers with a wooden applicator

stick (Gibbons and van Houte, 1971). The applicators were twirled in

0.146M saline to dislodge the cells. The cell suspensions were

sonicated for one minute in a "Bransonic" ultrasonic cleaner at 80 watts

(Branson Cleaning Equipment Co., Shelton, CN.) to dislodge bacteria from

the epithelial cells. The suspensions were washed free of bacteria by

using a filter apparatus with loll m pore size Miltex filters (Millipore

Corp., Bedford, MS.). A weak vacuum was applied to the system, and the

cell suspension was constantly agitated with a rubber tipped glass rod.

When the volume of the suspension decreased to a few millilitres, 10 ml

of fresh 0.146M saline was added; this was repeated three times (Gibbons

and van Houte 1971). The washed epithelial cell suspension was adjusted

with saline to an optical density of 0.05 at 530 nm ; this is equivalent

to 10° epithelial cells per ml (Ofek, Beachey, Eyal and Morrison, 1977).

2. Preparation of bacteria.

Whole bacteria

Milk bottles with 100 ml CDM were inoculated with suspensions

of each of the microorganisms used in the vaccines. The bottles were

incubated anaerobically for 24 hours at 37°C in Brewer jars with 80%
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Figure 4

TECHNIQUE FOR TESTING ADHERENCE
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N2, 10% H2 and 10% CO2. An aliquot of each of the microorganisms was

inoculated as described above but prior to incubation 0.4 ml of 3H

labeled thymidine l7 c/M mole (Schwarz/Mann, Orangeburg, NY) was

added to each milk bottle. The microorganisms were harvested by

centrifugation at 5,000 x g, washed three times with 0.067 M

phosphate buffer at pH 6.0 and resuspended in buffer to an absorbancy

of 0.6 at 550 nm. This is equivalent to between 10° and 3x108

organisms per ml as determined by Nephelometry (McFarland, 1907).

Bacterial cell fragments. (Figure 5)

When whole bacteria were tested for adherence using the previously

described method (Figure 4) a clumping of the bacteria was observed

which would result in retention of non-adhering bacteria on the filter.

In order to overcome this problem a method was developed where the

bacteria were fractionated and the fragments were used in the adherence

assays. Suspensions of the microorganisms used in the vaccines were

transferred twice in chemically defined medium (CDM). Subsequently

5 ml of these bacterial suspensions were transferred to 125 ml of CDM

and incubated anaerobically at 37°C as described previously. The

growth rate of the bacteria was monitored by measuring the optical

density at 550 nm once every hour. The results were tabulated. When

the microorganisms entered the logarithmic growth phase they were washed

on a 0.22 || m MF-millipore filter (Millipore Corp., Bedford, MS.) and

rinsed free of glucose rich CDM with glucose free CDM. The filter

containing the microorganisms was placed in 125 ml glucose free CDM and

the flask was shaken vigorously to dislodge the microorganisms from the
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Figure 5.
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filter; 0.15 ml of 14C labeled glucose (240 Mc/M mole) (Schwarz/Mann,

Orangeburg, NY) was added to the suspension and the microorganisms

were incubated anaerobically at 37°C. After 90 minutes unlabeled

glucose was added to a final concentration of 0.5% and the micro

organisms were re-incubated. The incorporation of 14C glucose into

the bacteria was monitored. Every 30 minutes 0.10 ml of the suspension

was combined with l ml of ice cold loºk trichloroacetic acid for one

minute. The suspension was subsequently washed onto a 0.22 || m MF

millipore filter and rinsed 3 times with 10 ml 0.1 M acetic acid.

The filter was dissolved in a BBS cocktail (6 g PPO in 100 ml Beckman's

Biosolve (BBS-3) and 900 ml Toluene) and counted in a Packard Tri

carb liquid Scintillation spectrometer at 75% efficiency for 14C

55% efficiency for *H. The results were tabulated and at maximum

incorporation of 14C glucose the bacteria were harvested by centri

fugation at 5,000 x g, washed once in distilled water and resuspended

in 12 ml distilled water. This suspension was combined with 12 grams

(g) of 0.1 mm diameter glass beads (Braun, Melsungen AG) and mixed at

maximum speed for 30 minutes in a Sorvall Omni-Mixer (Sorvall Inc.,

Newton, CN.). The glass beads were rinsed thoroughly with distilled

water while stirring, to dislodge the cell fragments. The suspension

was centrifuged at 750 x g for 5 minutes. The pellet consisting of

glass beads and unbroken cells was discarded. The supernatant was

centrifuged at 25,000 x g for 15 minutes. The pellet consisting of

cell fragments was collected, washed once with distilled water and

resuspended in 30 ml distilled water. An aliquot (100 p l) of the
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suspension was placed in a BBC-cocktail and counted. The cell fragment

suspension was stored at 4°C till used.

3. Testing for Bacterial Adherence (Figure 4)

Whole bacteria cells.

An aliquot (1 ml) of the epithelial cell suspension was

combined with a suspension of whole bacteria (1 ml). The mixture was

incubated in a shaking water bath (American Optical Corporation, Buffalo,

NY). The 3H labeled whole bacteria were incubated with epithelial cells

and treated as described above. The results of the two groups were

compared in order to check if radioactive labeling interfered with the

adherence. As this was found not to be the case, the following

experiments were done with labeled bacteria.

Adherence of *H labeled bacteria to epithelial cells.

3H labeled bacteria were incubated with epithelia cells as

described above. In order to remove unbound bacteria, the suspensions

were washed after incubation on the following filters: 8 , m MF

Millipore, 10 pm Miltex filters (Millipore Corp., Bedford, MS) and 12 p m

Nucleopore filters (Nucleopore Corp., Pleasanton, CA.). The filters

were dissolved in vials with BBS Cocktail and counted. Controls were

l ml of bacteria incubated with l ml of saline, washed on filters and

counted as described above.

Bacterial Cell Fragments.

A portion (100 pul) of the 14C labeled fractionated cells was

incubated with 1 ml of epithelial cells in a shaking water bath at 37°C

for 30 minutes. The suspensions were washed on the following filters:

12 lum Nucleopore filters, 10pm Miltex filters and Fiberglass Pre
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filters (Millipore Corp., Bedford, MS.) as described previously.

The filters were dissolved in vials containing BBS cocktail and

counted. The controls were lookul *c labeled cell fragments incubated

with l ml saline, washed on filters and counted as described above.

4. Testing for Sites Responsible for the Adherence

Bacterial Adherence After Pre-treatment of the Bacterial Cell Fragments

Pre-treatment with salivary immunoglobulin.

Each of the salivary immunoglobulin samples purified from the

immunized rabbits was treated separately. An aliquot (1 ml) of each

sample was combined with one ml of 14C labeled cell fragments extracted

from the bacteria used in the vaccine in that particular test group.

The suspensions were incubated for one hour at 37°C. The cell fragments

were washed twice with distilled water and the radioactive labeling of

suspension was adjusted to the initial readings.

Pre-treatment by boiling.

An aliquot of labeled cell fragments (2 ml) was placed in a water

bath and boiled for lS minutes. The cell fragments were subsequently

centrifuged at 25,000 x g for 15 minutes and re-suspended in 0.85% NaCl

to the original volume.

Pre-treatment with SDS.

An aliquot of labeled cell fragments (2 ml) was incubated in sodium

dodecylsulfate (SDS) at a final concentration of 2% at room temperature

for 15 minutes (D. Mirelman personal communication). The suspension

was dialyzed against distilled water (2. l) containing a mixed bed

resin 5 g per litre (Bio-Rad Laboratories, Rockville Center, NY.) for

48 hours with one change of the distilled water and resin. The walls
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were subsequently washed twice in distilled water and centrifuged at

25,000 x g for lS minutes after each wash. After the second wash the

cell fragment suspension was adjusted to the original volume with

0.146M NaCl.

Pre-Treatment by Boiling in SDS

An aliquot of labeled cell fragments (2 ml) was incubated in 2%

SDS and placed in a boiling water bath for 15 minutes. The suspension

was treated as described.

A portion (100 p. 1) of each of the pre-treated cell fragments, was

incubated with epithelial cells (l ml) and tested for adherence as

described earlier.

Bacterial Adherence After Pre-treatment of the Epithelial Cells.

An aliquot of the epithelial cell suspension (2 ml) was pre

incubated with lipoteichoic acid extracted from Lactobacillus

fermentum (kindly provided by Professor Knox, Sydney, Australia) to a

final concentration of l mg lipoteichoic acid per ml suspension (Ofek

1975). After mixing the suspension using a Vortex Genie Mixer, it was

incubated at 37°C for one hour. The suspension was subsequently

washed in 0.8% saline and centrifuged twice at 200 x g after each

wash. The absorbancy of the suspension was adjusted with saline to 0.05 nm.

at 550 nm. An aliquot (One ml) of these pre-treated epithelial cells was

incubated with 100 kil bacterial cell fragments and tested for adherence

as described earlier.
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RESULTS

Vaccines

All bacteria obtained for the vaccines grew as pure cultures.

The colony forms and the microscopic morphology were in accord

with the recognized characteristics of each species (Chapmen l944,

Ellen 1975, Gold 1973, van Palenstein 1975). (Table 3)

The protein contents of the vaccines, determined by the Lowry

phenol method, were the following, (Absorbancy adjusted to l.0 at

500 nm)

Streptococcus mutans 280 lig protein per ml vaccine

Streptococcus mitis 280 kg protein per ml vaccine

Fusobacterium nucleatum 283 lug protein per ml vaccine

Actinomyces naeslundii 280 kg protein per ml vaccine

Streptococcus salivarius 284 kg protein per ml vaccine
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Identification
of
Bacteria BacterialStrains

UsedintheVaccines. Agarusedfor
Plating

ColonyForms

Microscopic Exam

Streptococcusmutans

MSB

Small,Rough, Raised,Black

G+,oblongcocciin longchains(3-10 perchain)

Streptococcussalivarius

Large,Glossy, Flat,Smooth, Whitish

G+,roundcocci,in shortchainsand inclumps

Streptococcusmitis

Raised,Small, Shiny,Smooth, LightBlue

G+,roundcocci,in clumpswith
afew shortchains

Actinomycesnaeslundii

CNAC-20

Small,White, Opaque,Smooth, Raised

G+,shortrodsin
branchingchains
& in

clusterswith mycelialprojections

Fusobacteriumnucleatum

Modified
CBRCAmedium

Small,Raised Opaque,White withsmooth borders

G-,small,needle shapedcellsin clumpsandclusters

£
eTo(eL
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The Rabbit Oral Flora.

Examination of the oral flora of three rabbits suggested that

none of the microorganisms used in the vaccines is a normal inhibitant

of the rabbit oral cavity (Table 4).

Location of the major salivary glands and ducts in five rabbits.

The location of the three major salivary glands in the rabbit

appeared to be similar to that of humans (Figure 6). The major duct

from the parotid gland (Stensen's Duct) courses anteriorly, lateral

to the masseter muscle. At the anterior border of this muscle the

duct turns sharply medially, and the opening of the duct is at the

occlusal plane between the first and second molars. The major duct

from the submandibular gland (Wharton's Duct) emerges from the upper

part of the inner surface of the gland. It courses in an anterior -

mesial direction crossing the mylo-hyoid muscle to run superiorly to

this muscle and mesially to the sublingual gland. The duct branches

to two or three smaller ducts, the larger of which opens on the

tip of the sublingual papilla. The smaller ducts open in the

sublingual groove. The sublingual gland is located close to the

mesial surface of the mandible above the mylo-hyoid muscle. The

gland is 3-4 cm long and the major duct (Bartholin's Duct)

courses to the sublingual papilla. Several smaller ducts lead

to the sublingual groove.
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Fiqure 6

Location of Major Salivary Glands and Ducts in the Rabbit

Lateral Aspect Superior Aspect

l = Parotid gland A = Stensen's duct
2 = Submandibular gland B = Wharton's duct
3 = Sublingual gland C = Bartholin's duct
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Results of Plaque Collection After Immunization

Plaque from Fusobacterium nucleatum group:

Samples were serially diluted and streaked on CBRCA plates.

Examination of the plates and microscopic examination revealed

no F. nucleatum in the oral cavity of these rabbits.

Plaque from Streptococcus mutans group:

Samples were serially diluted and streaked on MSB plates.

Examination of the plates showed that the samples from one rabbit

(#18) gave rise to colonies with morphology like S. mutans. Micro

scopic examination and fermentation of mannitol confirmed these

findings. The samples from the other four rabbits in the group

were negative for S. mutans.

Plaque from Streptococcus mitis group:

Samples were serially diluted and streaked on MS plates.

Examination of the plates and microscopic examination revealed

no Streptococcus mitis in the oral cavity of these rabbits.

Plaque from Streptococcus salivarius group:

Samples were serially diluted and streaked on MS plates.

Examination of the plates revealed no Streptococcus salivarius

in the oral cavity of these rabbits.
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Plaque from Actinomyces naeslundii group:

Samples were serially diluted and streaked on CNAC - 20 plates.

Suspected colonies were examined microscopically and tested for

activity. The Catalase test was positive, indicating that the

colonies with suspected morphology were not A. naeslundii.

These results showed that with one exception (#18 in the

S. mutans group) none of the rabbits used in the immunization

experiment harbored the microorganism used for immunization

in the oral cavity at the end of the immunization period.
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Bacterial Growth in CDM

When 5 ml of a pure, rapidly growing bacterial suspension was

transferred to l25 ml CDM the lagtime was calculated between the

transfer and the time these microorganisms entered a logarithmic

growth phase.

Streptococcus mutans

Streptococcus mitis

Streptococcus salivarius

Fusobacterium nucleatum

Actinomyces naeslundii

(Figure

(Figure

(Figure

(Figure

(Figure

two hours

five hours

three hours

two hours

six hours
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Figure 7

Bacterial Growth in CDM

A 580

Absorbancy
A B

*

º

Time (hours)

A = S. mutans

B = S. mitis

C = S. salivarius

D = F. nucleatum

E = A. naeslundii
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Incorporation of 14c Glucose In Bacterial Cell Fragments

The incubation period required for incorporation of 14C

glucose in the cell fragments of each of the bacterial strains

used in these experiments was investigated. Incorporation was

found as follows:

Streptococcus mutans (Figure 8-A) - After 2% hours

Streptococcus mitis. (Figure 8–B) - After 2% hours

Streptococcus Salivarius (Figure 8–C) - After 3 hours

Fusobacterium nucleatum (Figure 8-D) - After 6 hours

Actinomyces naeslundii (Figure 8–E) - After 3 hours

These results gave **c labeled cell fragments suitable for

use in subsequent adherence tests.
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Figure 8
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Results of Preliminary Tests of Four Filter Types

Of the four filters tested, the Teflon filter (12 p m pore

size) was chosen for further studies. This filter had a significant

difference between the retention of bacterial cell fragments on

the filter alone and retention of wall fragments by epithelial

cells washed on the filter. (Tables 5 and 6). Duplicate tests

were performed using each type of filter.
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Table 5

Filter Testing Using **c Labeled Bacterial Cell Fragments

14c labeled Label retained | * of initial
14c labeled cell frag- by epithelial load retained

Filters cell frag- ments & epi- || cells by epithelial
ments thelial cells cells

X-2100 X-4800
Teflon X-2600 X-4900
Filters 1600 9.5%

(1211 m) s.d.-1.-353,5 s. d. 4–70,7
X-2350 X-lo.457

X-ll125 X-10,714
MF-Millipore | X-10936 X-10,200
Filters 573 3.4%

(8 plm) s.d.-1.-1336 s.d.-1-363
X-llo30 X-loa57

X-15,000 | X-16, 200
Fiber Glass X-ló,000 X-16,600
Pre-Filters 900 5.3%

s.d.--707 s.d.-1.-282
X-l9500 X-16400

Reading - CPM

Load – 16,770
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Table 6

Filter Testing Using *H Labeled Whole Bacteria

*H labeled | *H labeled Label retained | * of intial
whole whole bac- | by epithelial | load retained

Filters bacteria teria & cells by epithelial
epithelial cells
cells

MF-Millipore | X3209 X-4483
Filters X2106 | X-8507 2999 17.9%
(8 km m) X5080 | X-6403

s.d.-1.-1503 || s.d.---2012
X=3465 X=6464

Nucleopore X-397 X-483
Filters X 94 X-409 169 1%
(12 pum) X386 X493

s.d.-171 s. d. 4-45.9
X=292 X=461

Reading - CPM

Load - lo,770
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Results of Adherence of Bacterial Cell Fragments to Oral

Epithelial Cells (Figure 9 & Table 7)

Adherence tests were done for the bacteria used in the vaccines

using the system described in Figure 5.

The following bacterial cell fragments manifested significant

adherence to epithelial cells: (Table 7 )

Actinomyces naeslundii X = 27.4% adherence

s.d.-- 3.4%

Streptococcus salivarius X = 18.6% adherence

s.d.-1.7%

Streptococcus mutans X = 21.1% adherence

s.d.-14.4%

Streptococcus mitis and Fusobacterium nucleatum showed no

significant adherence to epithelial cells after the adherence to

the filters had been subtracted as shown in Figure 9 and Table 7.
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Table 7

Adherence of Bacterial Cell Fragments to Oral Epithelial Cells

Type of Organism % Adherence” Standard Deviation

A. naeslundii 27.4 3.4

S. salivarius 18.6 1.7

S. mutans 21.1 4.4

*% Adherence = CPM retained
CPM applied X 100
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Results of Adherence Tests After Pre-incubation of the Bacterial

Cell Fragments

Bacterial cell fragments were boiled for 30 minutes either in

PBS (Figure 10-A) or in 2% SDS (Figure 10–B) prior to the adherence

test. Both tests indicated that boiling completely eliminated the

adherence of the fragments to epithelial cells. A higher percentage

of the label was retained on the filters after boiling.

Pre-incubation of the bacterial cell fragments with 2% SDS

did not affect the adherence of the cell fragments to epithelial

cells. (Figure lC-C)

Results of Adherence Tests After Pre-incubation of

the Epithelial Cells

Pre-incubation of the epithelial cells with lipoteichoic acid

prevented the subsequent adherence of wall fragments to these

cells. (Figure ll)
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Results of Adherence Tests After Pre-incubation of the Bacterial

Cell Fragments with Purified Salivary Immunoglobulins

A reduction in the adherence of cell fragments to epithelial

cells after these fragments had been pre-incubated with the Ig

fraction from rabbit immune saliva was distinguishable in the

Streptococcus mutans and the Streptococcus salivarius group. The

results in the Actinomyces naeslundii group were difficult to

interpret; saliva from one immunized rabbit (#22) appeared to

inhibit the adherence. (Table 8 )
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Ouchterlony Double Diffusion Tests of Rabbit Salivary Immunoglobulins

Preliminary double diffusion tests using rabbit salivary

immunoglobulin at a concentration of 0.2 mg protein per ml gave

faint precipitation lines. All samples were consequently concen

trated to 2 mg protein per ml.

Distinct precipitation lines between rabbit salivary immuno

globulin and goat anti-rabbit immunoglobulin were seen with all

rabbit samples tested at the l; l dilution of goat anti-rabbit

immunoglobulin. At the l ; 2 and l:4 dilutions the precipitation

lines were less distinct especially in rabbit saliva samples l9

and 21. (Table 9 and Figure l2-A, B, and C)

Lines of complete identity were noticed for all rabbit saliva

samples positioned next to each other on the Ouchterlony plates.

Lines of partial identity were noticed between all rabbit

saliva samples and purified rabbit IgA with a spur extending from

the purified rabbit saliva samples, suggesting that other immuno

globulins (Ig and IgM) were present in these samples.

Double diffusion tests were not done between anti-rabbit

immunoglobulins and salivary samples collected from the S. mitis.

and the F. nucleatum groups. These bacteria manifested neglible

adherence to the epithelial cells in the system after the adherence

to the filter had been subtracted from the results. For this reason

it was decided not to investigate the adherence of these micro

organisms any further. Saliva samples from all the other groups

were tested.
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Saliva from rabbit number 8, 9 and ll in the S. salivarius

group was not tested. These samples had been used in preliminary

tests.

Saliva from rabbit number 17 in the S. mutans group and from

rabbit number 26 in the A. naeslundii group were not available,

as these rabbits died during the immunization period.
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Figure 12

Photographs of Ouchterlony Double

Diffusion Plates (see text)

All rabbit salivary immunoglobulin samples (numbers 7 - 25) were

at a concentration of 2 mg. protein per ml. Center well: goat anti

rabbit immunoglobulin (1 mg. protein per ml.). IgA: purified rabbit

colostric IgA (1 mg protein per ml.).
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DISCUSSION

Previous immunization experiments in rodents and primates have

shown a considerable variation in response. Some investigators have

reported a significant increase in specific salivary Ig titers

(Taubman l974, 1977, McGhee, et al. 1975), while others have found a

considerable variation in the individual response to immunization

(Lehner et al. 1975, Challacombe lº'76). In this study five different

microorganisms were used as vaccines. Three rabbits in each group

were locally immunized with the killed microorganism, while two rabbits

in each group served as controls. A larger number of rabbits should

have been used in each group in order to better evaluate the response

of the immunized rabbits to the immunization method used in this study.

Bacterial agglutination has been used by several investigators

(Taubman l974, William and Gibbons 1972, Lehner et al. 1975) as a method

for measuring specific antibody titers during immunization. It was

decided to use this method in order to monitor the response to immuni

zations. However, spontaneous agglutination of the bacteria was seen

both in control tubes with no saliva and in tubes with saliva collected

prior to immunization. Other investigators have also described spontaneous

bacterial agglutination (Gibbons and Nyggard l970, Hay, Gibbons and

Spinell 1971). Williams and Gibbons (1975) suggested that bacterial

agglutination may be caused by constituents in the saliva other than

the immunoglobulins. In this experiment, we attempted to overcome

this problem by changing the composition of the buffer and the

incubation period. However, this did not eliminate spontaneous
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agglutination and this method for monitoring specific antibody

levels was discontinued. Thus it is difficult to judge whether the

immunization regimen used in this study resulted in consistently

higher specific secretory immunoglobulin levels in the saliva.

Prior studies of adherence of bacteria to epithelial cells

have measured adherence by visually counting the number of

bacteria on each epithelial cell under a microscope. This is a

subjective and time-consuming method. In this study, we attempted

to develop an accurate and reproducible method to measure the

bacterial adherence. Bacteria were radioactively labeled and

adherence was measured by the radioactivity which was retained on

oral epithelial cells after the epithelial cells had been washed

free of non-adherent bacteria in a filter system. In the initial

experiments clumping of bacteria was observed. These clumps of

non-adherent bacteria remained on the filter after washing. In

order to overcome this problem it was decided to use labeled

bacterial cell fragments in the adherence experiments using the

same filter system for washing the epithelial cells free of non

adherent bacterial cell fragments. Several different filters were

tested and reproducible results were obtained using a 12 plm teflon

filter. The non-specific retention of bacterial cell fragments

on the filters that was still observed may have been caused by

electrostatic interactions between the filter and the cell fragments.

Double diffusion tests on Ouchterlony plates of the Ig fraction

from whole rabbit saliva showed that immunoglobulins were present
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in all saliva samples. A reaction of partial identity was seen

between the purified rabbit colostrum IgA and the salivary Ig

fraction with a spur extending from the salivary Ig precipitation

line. These results indicate that the samples contained other

immunoglobulins (IgG and IgM) besides IgA.

When the bacterial cell fragments were incubated with the Ig

fraction from rabbit saliva prior to the adherence test a significant

reduction in adherence was observed in the Actinomyces naeslundii

and the Streptococcus mutans groups. This may have been caused by

interference with the adherence mechanism by non-specific immuno

globulins. Pre-incubation with immunoglobulins from the immunized

rabbits in the Streptococcus salivarius and the Streptococcus mutans

groups caused an increased inhibition of adherence compared to when

the cell fragments were incubated with the Ig fraction from the

sham immunized rabbits in the same group. These results are,

however, only suggestive and the experiment should be repeated with

a larger number of animals to establish whether specific salivary

immunoglobulins cause a significant inhibition in bacterial adherence.

While conducting these experiments a method was developed, which pro

vided 14C labeled bacterial cell fragments suitable for use in subsequent

adherence tests. In order to establish what components on the surface

of the bacteria were responsible for the adherence to epithelial cells

these labeled cell fragments were treated prior to the adherence assay.

When the bacterial cell fragments were boiled prior to the

adherence test a much higher percentage of cell fragments were retained

in the system after washing. This was seen both in the experimental
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group (with epithelial cells) and in the control group (without

epithelial cells). No significant difference was seen between

the two groups. Boiling of the cell fragments cause denatured

proteins. This caused clumping of the fragments resulting

in an increased filter retention. Boiling also eliminated the

specific adherence of the fragments to epithelial cells. This

indicates that proteins constitute part of the site responsible

for the specific adherence of microorganisms to oral epithelial

cells. In order to confirm this, additional experiments should be

done in which the cell fragments are hydrolyzed by proteases prior

to the adherence test.

Adherence of bacterial cell fragments to epithelial cells was

unchanged when the fragments were incubated with 2% SDS prior to

the adherence test. SDS is a strong chelating and lipid dissolving

agent. The fact that this agent did not interfere with the adherence

indicated that soluble lipids in the bacterial cells are not part

of the site responsible for the specific adherence.

Previous studies (Ofek et al. 1975, Beachey and Ofek l976)

have shown that pre-incubation of oral epithelia cells with lipo

teichoic acid will interfere with the subsequent adherence of group

A Streptococci to these epithelial cells by competitive inhibition.

Similar experiments in this study extended these findings to show

that lipoteichoic acid also inhibits adherence of S. salivarius to

oral epithelial cells.
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SUMMARY

An accurate and reproducible method was developed for quantita

ting adherence of oral bacteria to oral epithelial cells. Bacterial

cells were labeled (14C) and fragmented. The bacterial cell fragments

were incubated with epithelial cells and the non-adherent fragments

were removed by repeated washing on a 12 H m teflon filter. Labeled

cell fragments from A. naeslundii, S. salivarius and S. mutans showed

a significant binding to oral epithelial cells, while the adherence

of cell fragments from S. mitis and F. nucleatum was neglible. The

Ig fraction was separated from whole rabbit saliva collected after

rabbits had been sham immunized or immunized repeatedly by local

injections with the bacteria used in the adherence study. Pre-in

cubation of the bacterial cell fragments with salivary Ig from both

immunized and sham immunized groups inhibited the subsequent

adherence. There was a tendency for Ig from the immunized rabbits

to result in an increased inhibition compared to Ig from the sham

immunized rabbits. Pre-treatment of the cell fragments by boiling

eliminated the specific adherence to epithelial cells. Pre-treatment

of the cell fragments with 2% SDS did not affect the subsequent

adherence. Oral epithelial cells pre-incubated with lipoteichoic

acid were unable to retain bacterial cell fragments on their surface.

It is suggested that adherence of bacteria to oral epithelial

cells is mediated by proteins and lipoteichoic acids on the bacterial

cell surface and that salivary immunoglobulins will interfere with

the adherence mechanism. Further experiments should be done to

better identify the mechanism.
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