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Multi-Center Clinical Evaluation of a

Chairside Method for Detecting Certain
Periodontopathic Bacteria in
Periodontal Disease
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THE ASSOCIATION OF BACTEROIDES GINGIVALIS, Bacteroides forsythus, Treponema denti-
cola, and Actinobacillus actinomycetemcomitans among others with periodontal disease
offers the opportunity for the development of diagnostic tests that are based upon the
detection and/or quantification of one or more of these organisms or their by-products
in the plaque. Three of the putative periodontal pathogens namely, T. denticola, B.
gingivalis, and B. forsythus, can hydrolyze the synthetic trypsin substrate, N-benzoyl-
DL-arginine-2-naphthylamide (    ) forming a color reaction. The present investiga-
tion evaluated a commercially developed solid state assay for     hydrolysis that can
be read after 15 minutes incubation at chairside. A total of 702 subgingival plaque
samples were collected from 117 patients seen at four university dental clinics and placed
on reagent cards. The color development on the cards was compared to the presence of
T. denticola and B. gingivalis in the plaque, and with the clinical appearance of the
sampled sites. This multi-center study demonstrated that antibodies to B. gingivalis and
T. denticola could detect these organisms by an ELISA in the majority of the subgingival
plaque samples. Comparable information could be obtained when the same plaques were
evaluated by the reagent card format for     hydrolysis. The ELISA and reagent card
were comparable in their ability to distinguish between clinically healthy and diseased
sites. Both diagnostic procedures detected the periodontopathogens in plaques from sites
that were judged clinically healthy. The reagent card test has certain clinical advantages
over the ELISA in that it is simple, can be performed quickly at chairside, and provides
valuable information as to the pathogenicity of the microflora at discrete oral sites. Such
information may be used in the detection of patients or intraoral sites at risk for peri-
odontal disease. J Periodontol 1990;61:189-196.
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In recent years, persuasive evidence has been presented
which suggests a specific bacterial etiology in many forms
of periodontal disease.1 The association of a limited number
of bacterial species such as Bacteroides gingivalis,2'3 Bac-
teroides forsythus,4,5 Wolinella recta,4,5 Treponema denti-
cola,6-7 and other spirochetes with most forms of adult
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Periodontitis and Actinobacillus actinomycetemcomitans with
localized juvenile Periodontitis and possibly adult
Periodontitis2,9 offers the opportunity for the development
of diagnostic tests that are based upon the detection and/or
quantification of one or more of these organisms or their
by-products, including antigens in the plaque. Indeed, highly
specific antibodies7,10-12 or flagella stains12 and microscopic
examinations8 have been used to detect some of these or-

ganisms in disease-associated plaques. DNA probes to B.
gingivalis, A. actinomycetemcomitans, and Bacteroides in-
termedias can also be used to detect these species in plaque.13
The antibodies and DNA probes, when properly con-
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structed, are so specific that they should detect only the
complementary species. Thus if more than one species is
suspected as a periodontal pathogen, multiple antibodies,11
assay procedures,12 and probes13 need to be used, thereby
increasing the cost of these assays.

All of the suspected periodontal pathogens are Gram-
negative organisms and, with the exception of A. actino-
mycetemcomitans, all are anaerobes. Most of these organ-
isms, again with the exception ofA. actinomycetemcomitans,
can use proteins and peptides as nutrients in energy-yielding
reactions. These similarities led us to choose metronidazole
for use in anaerobic periodontal infections14 and to seek a

means by which such anaerobic infections could be diag-
nosed by detecting enzyme activity directed towards pro-
teins and peptides. One such enzyme, namely an enzyme
capable of hydrolyzing the synthetic trypsin substrate, N-
benzoyl-DL-arginine-2-naphthylamide (    ), was pos-
sessed by B. gingivalis, T. denticola, and unspeciated Cap-
nocytophaga species15 and not by about 15 other plaque
species.16 Subsequently, it was found that B. forsythus, a

species associated with the progressive periodontal lesion,
also possessed this     hydrolytic activity.17

Clinical studies showed that subgingival plaques from
single sites18 or from pooled sites19 hydrolyzed     and
that the presence of this hydrolytic activity could be sig-
nificantly correlated with probing depths and attachment
loss greater than 4 mm18 and with high proportions and
numbers of spirochetes in plaque samples.18,19 In a subse-
quent study,     hydrolysis by subgingival plaque was
evaluated in a blind manner for its ability to reflect both
clinical morbidity and subgingival levels of bacteria and
spirochetes.20 Most     positive reactions were from
sites which were both clinically diseased and high in spi-
rochetes. The accuracy of the test; i.e., the number of plaques
positive for both spirochetes and     hydrolysis (true
positive) plus the number of plaques negative for spiro-
chetes and     hydrolysis (true negative) divided by the
total number of plaques samples, was about 94%. Accuracy
values for DNA probes for B. gingivalis, B. intermedius,
and A actinomycetemcomitans range from 44% to 74%,13
whereas monoclonal antibodies for B. gingivalis are about
70% accurate.10 These findings indicated that     hy-
drolysis was a simple and accurate indicator of spirochete
levels in the plaque and compared favorably with the more

expensive DNA probes and immunological reagents.
The present investigation represents an extension of these

studies in which the format of the     test has been
changed from a liquid assay that required overnight incu-
bation to a commercially-developed solid state assay' that
can be read after 15 minutes incubation at chairside. The
purpose of the present investigation was to evaluate the
PerioScan format of the     test for its ability to detect
T. denticola and/or B. gingivalis in plaque and to determine

'PerioScan reagent card, Oral-B Laboratories, Redwood City, CA.

whether the     reaction reflected the presence of clin-
ical disease.

MATERIALS AND METHODS

Subject Population
Patients who presented themselves at the Dental Clinics of
the University of Detroit, University of Florida, Harvard
University, and the University of Missouri at Kansas City
were screened for the presence of periodontal disease. In-
dividuals who 1) had at least four teeth radiographically
diagnosed as periodontally diseased; 2) had not taken any
antibiotics or had periodontal therapy in the last 3 months,
and 3) were not currently participants in any other clinical
research, were invited to participate in the study. Persons
who volunteered signed an informed consent form which
described the study and were assigned a subject number
from a table of random numbers. Patients were remunerated
for participation in the study.
Subject Examinations
Subject examinations were carried out using an identical
protocol, with the exception that at Florida an automatic
periodontal probe was used to examine the patients.21 One
clinician at each site made the clinical evaluations and placed
the subgingival plaque samples on the reagent card. An-
other individual, who was not aware of the clinical evalu-
ations, read and recorded the test results on the reagent
cards. The reagent cards from all centers were returned to
the University of Michigan where they were screened by
an enzyme-linked immunosorbent assay procedure (ELISA)
for the presence of T. denticola and B. gingivalis. Thus the
clinical scoring, the reagent card readings, and the immu-
nological determinations were each made by individuals
who were unaware of results obtained by the other examiners.

Clinical Examinations
The clinician at each location selected 12 tooth sites, at
least 4 showing radiographie evidence of bone loss and at
least 4 showing no evidence of bone loss. In general no
more than one site on a given tooth was selected, although
on occasion two sites on diametrically opposite sides of the
tooth, such as the mid-lingual and mid-buccal of a first
molar, were used. Only one of any two adjacent sites in
the interproximal space between two teeth was sampled.

A variety of clinical parameters were obtained after the
subgingival plaque on the sampled teeth was removed for
the     test. Gingival health was determined by insert-
ing a wooden toothpick into all interproximal sites and re-

cording the onset and magnitude of bleeding according to
the papillary bleeding score (PBS).22 Probing depths were
determined at 6 locations about the sampled teeth. A Mich-
igan O probe with Williams markings was used at Detroit,
Missouri, and Harvard, whereas at Florida a standardized
pressure probe21 was employed. If bleeding occurred on
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probing (BOP) of the sample site, this was recorded. BOP
had been shown to be highly correlated with the presence
of spirochetes and B. gingivalis in plaque samples.12 If the
examiner believed that the bleeding was secondary to trauma
from plaque sampling, bleeding at the site was scored as

questionable. Finally the clinician judged whether the site
was healthy or diseased. A healthy site was defined as one
in which no root surface debridement was needed above
that which would be considered a routine dental cleaning.
Healthy sites had a PBS of < 1, a probing depth < 4 mm,
no gingival recession, and no bleeding upon probing. A
diseased site was one in which the clinician would rec-
ommend some form of root surface debridement. A dis-
eased site had a PBS >2, a probing depth >5 mm, and
there was usually bleeding upon probing, whereas there
may or may not have been any gingival recession or bone
loss.

    Test
The same 12 sites per subject were assigned, using a ran-
dom number table, to be evaluated by either the liquid
    test or the solid state reagent card test. Subgingival
plaque was removed from each site using a curette and
deposited either in a ml of phosphate buffer for the     
tests18 or directly onto a reagent card. We have not observed
any detectable     activity remaining on the curette once
the visible plaque had been deposited into the buffer,18"20
or onto the reagent card. However, as an added precaution,
the curette was then wiped carefully with clean gauze before
sampling the next tooth. The clinicians were instructed to
remove enough plaque per tooth so that it could be visu-
alized on the curette. Such plaque samples weigh at least
one mg wet weight and contain about 108 bacterial cells.
This was done to minimize the likelihood of a false negative
result due to the sample size being below the detection limit
of the     positive species. The vials containing the
liquid     plaque samples were frozen on dry ice or a
freezer at

-

10°C and sent on dry ice overnight to Michigan
where they were thawed, dispersed, examined microscop-
ically for spirochetes, and then divided and assayed by both
liquid     and the reagent card tests. These findings
will be presented in another article.

Each plaque sample used for the reagent card test was

deposited in a discrete location on a BANA# impregnated
filter strip that ran along the lower border of the card (Fig.
1). An upper reagent strip containing Evans black dye# was
activated by dampening this strip with water. The lower
strip was then folded over the upper strip so that any na-

phthylamide released from the     by plaque enzymes
would diffuse into the upper strip where it would react with
the Evans black dye forming a permanent blue-black color.
The two strips were held together by a specially designed
clamp. The reagent card held in the clamp was incubated
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Figure 1: PerioScan reagent card with two thin     strips located on

the lower border between the tooth numbers and the Fast Black strip
located between the tooth drawings. Plaque is placed on the     strip
adjacent to the tooth number from which the plaque was removed and
water is applied to the Fast Black strip. The lower     strip is then
folded so that it contacts the Fast Black strip and the folded card is held
in place by a metal clip. The clip containing the card is then placed within
a slot in a heat block and incubated for 15 minutes on a hot plate at 55°C.
The card is removed and any blue-black color present on the Fast Black
strip is scored as positive for the tooth adjacent to the color spot.

in a heating block for 15 minutes at about 55°C, after which
time the card was removed from the clamp and the degree
of blue-black color was assessed by eye after a training
session using the following scale: 0 or negative, no color
beyond that of the pink or salmon background color of the
reagent strip; 1 or weak positive, a faint blue-black color;
2 or positive, a distinct blue-black color. A faint blue-black
color corresponded to about 5  10s colony forming units
(CFU) of B. gingivalis and 1 to 2  IO6 CFU of T. denti-
cola. The color intensity increased with increasing numbers
of bacteria. In this report, a weak positive and a positive
recording were considered as positive, so that the statistical
analysis could be performed on a yes (color) or no (no
color) basis.

ELISA
The lower reagent strip containing the plaque was removed
from the reagent card and then the strip was cut in half and
each half was stained with highly specific hyperimmune
rabbit antibodies to either B. gingivalis or T. denticola.
Antibodies which bound to the plaque were stained with
alkaline phosphatase-conjugated goat anti-rabbit Ig. The
immune complex was identified and quantitated after in-
cubation with a BCIP/NBT phosphatase substrate system.*
This ELISA procedure will detect about 5 x 104 CFU of
either T. denticola or B. gingivalis. As such, it was about
10 fold more sensitive than the reagent card test in detecting
these species. The ELISA reactions were graded as negative
or positive.

'Sigma Chemical Co., St. Louis, MO. 'Kirkegaard and Perry Lab, Gaithersburg, MD.
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Statistics
The clinical, reagent card, and immunological data were
collected from the four centers and entered into a dBaselll +
program. Immunological assays were considered the most
reliable procedures currently available for the detection of
B. gingivalis and T. denticola in plaque samples,7,10"12 and
for this reason an ELISA was chosen as the reference pa-
rameter to measure the ability of the reagent card to detect
either B. gingivalis and/or T. denticola.

Since the reference test was not a gold standard,23 the
terms co-positivity and co-negativity may be preferred over
the terms sensitivity and specificity.24 However, because
the latter terms have been routinely used in statistical analy-
sis in dentistry, we have retained them. These statistical
parameters were estimated for each center using the cor-
related binomial model which allows estimation of sensi-
tivity, specificity, and accuracy, while accounting for the
within-patient dependency of site specific results.25 The
overall measure of sensitivity, specificity, and accuracy across
the four centers was taken as a weighted average of the
four individual centers, with the weights being the recip-
rocal of the squared standard errors. For a true positive
result, both the reagent card and ELISA tested positive and
for a true negative result, both the reagent card and ELISA
tested negative. Plaques that were reagent card negative and
ELISA positive were considered false negatives, whereas
plaques that were reagent card positive and ELISA negative
were scored as false positives. The accuracy of the reagent
card test was determined by the percentage of co-positive
plaques plus the percentage of co-negative plaques as re-
lated to the total number of plaques sampled. This is the
easiest to interpret of the statistical terms because it tells
how often the test parameter agrees with the reference
parameter.

We also wanted to determine to what degree both the
reagent card test and the ELISA assays for B. gingivalis
and T. denticola agreed with the clinical parameters of peri-
odontal disease; i.e., probing depths, bleeding on probing,
papillary bleeding index, and clinical judgement. This
agreement was estimated by the overall proportion of agree-
ment of the bacteriological parameters. A jackknifing meth-
odology which accounted for the within-patient correlation
of observations26 was used to estimate the proportion of
agreement and its standard error for each center. The overall
measure of agreement across the four centers was taken as
a weighted average of the four individual centers, with the
weights being the reciprocal of the squared standard errors.

RESULTS
A total of 117 subjects were examined at the four clinical
centers. The age and the sex ratio of the subjects was com-

parable between the centers, except possibly for Missouri
where the patients were older and slightly more males were

studied (Table 1). All but one patient had detectable T.
denticola or B. gingivalis as measured by ELISA in at least
one of their plaque samples, and 526 of the 702 sampled

Table 1: Characteristics of the Patient Populations at the Four
Clinical Centers

Number of Mean age
Institution Subjects in years Age Range Females Males

Detroit
Missouri
Harvard
Florida
Four centers

combined

30
30
27
30

117

47.5
55.2
45.6
44.3

48.0

23-80
33-77
25-76
27-74

23-80

19
14
16
16

65

11
16
11
14

52

plaques (75%) had one or both of these organisms. The
frequency of plaque colonization by these organisms in pa-
tients seen at the centers as measured by the ELISA reagents
was as follows: Harvard, 62% of plaques colonized; De-
troit, 70%; Missouri, 80%; Florida, 84%.

The relationship between the ELISA results for T. den-
ticola and/or B. gingivalis and the     reagent card re-
actions for each center is given in Table 2. The sensitivities
in the four centers ranged from 83% to 95% with a weighted
average of 92%, indicating that when the ELISA was pos-
itive for one or both species, the     was almost always
positive. The specificity ranged from 53% to 77% with a

weighted average of 70%, indicating that in the majority of
instances in which the ELISA reactions were negative, the
    reactions were also negative. The accuracy ranged
from 79% to 88% with a weighted average of 84%.

B. gingivalis and T. denticola alone or together were
detected in about 90% of the 526 plaques that were reagent
card positive. These species were found together in 65% of
these plaques; T. denticola alone was found in 10% of the
plaques, and B. gingivalis alone was found in 14% of these
plaques (Table 3). This left 10% of the plaques that were

reagent card positive, presumably due to the presence of B.
forsythus or other yet to be identified     positive spe-
cies. B. forsythus and these unidentified species could,
however, have contributed to the     reaction in those
plaques containing T. denticola and B. gingivalis, and this
is indicated by the question mark in Table 3.

The relationships between colonization of plaques with
T. denticola and/or B. gingivalis as measured by ELISA
and several clinical parameters are shown in Table 4. About
89% of the sites with a probing depth > 5 mm were col-
onized by one or both of these organisms (co-positive),
whereas only 34% of the sites < 4 mm were not colonized
by these organisms (co-negative) giving an accuracy value
of 55%. There were few false negatives; i.e., the absence
of indicator organisms in deep pockets. The accuracy im-
proved slightly when the comparison involved either T.
denticola or B. gingivalis. However, the high percentages
of false positive; i.e., the organisms detectable in shallow
pockets, indicated that probing depth was not a suitable
reference criterion to evaluate the relative importance of
these two organisms in periodontal disease.

When bleeding on probing was used as the reference
value, the monitored organisms were present in 83% of the
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Table 2: Sensitivity, Specificity, and Accuracy of the     Reagent Card when Using ELISA
Reference Tests Against T. denticola and B. gingivalis
Center Sensitivity S.E.* pt Specificity S.E.  Accuracy S.E.  
Detroit 95% 2%  68% 8%  87% 3% .12
Missouri 85% 3% .04 53% 9% .07 79% 4% .07
Harvard 83% 4% .17 77% 5%  81% 3% .00
Florida 92% 3% .10 67% 12% .28 88% 3% .17
Weighted
Average 92% 1%

-

70% 4%
-

84% 2% .02

*S.E. = standard error.

tp = within-patient correlation coefficient of sites-specific responses.
 = jackknifing methodology was used to obtain the estimates and their variances because boundary
conditions were met by the maximum likelihood estimation methods.

Table 3: Relationship Between ELISA Detection of T. denticola and/or B. gingivalis in
Plaque and PerioScan Reagent Card Reaction

_    Positive Species_ ¿yj _PerioScan Reagent Card
T. denticola B. gingivalis Others* Plaques Positive plaques Negative plaques
+ + ?t 367 340 27 
+

-

? 69 55 14
+ ? 86 72 14

+ 59 59

— — —

121
_

121
436 453 59 + ? 702 526 176

'Others would include B. forsythus and other unidentified     positive species,
t? indicates that the presence of other     positive species is not known.
ÍNumber of plaques.

Table 4: Relationship Between ELISA Detection of Bacteroides gingivalis (Bg), and Treponema denticola (Td)
Together or Alone and Clinical Parameters

Relationship
Sensitivity*

(++)
Specificityt

(--)
Accura^

(++)+(--yr
False -§
(- +)

False +|]
(+ -)

Td and/or Bg vs PD (702)** 89% (236)** 34% (150)*
Td vs PD (702)
Bg vs PD (702)
Td and/or Bg vs BOP
Td vs BOP
Bg vs BOP

Td and/or Bg« vs CJ
Td vs CJ
Bg vs  

81 (215)
82 (218)
83 (406)
70 (343)
75 (366)
86 (385)
74 (335)
76 (340)

49 (215)
46 (201)
45 (96)
56 (119)
59 (125)
46 (115)
60 (151)
55 (139)

Probing Depth (PD)1I
• 55% (386)** 11% (30)** 66% (286)*

61 (430) 19 (51) 51. (221)
60 (419) 18 (48) 54 (235)

Bleeding on Probing (BOP)tt
72 (502) 17 (84) 55 (116)
66 (462) 30 (147) 44 (93)
70 (491) 25 (124) 41 (87)

Clinical Judgement ( )  
71 (500) 14 (65) 54 (137)
69 (486) 26 (115) 40 (101)
68 (479) 24 (110) 45 (113)

'Sensitivity = Td and/or Bg positive; clinical parameter positive.
tSpecificity = Td and/or Bg negative; clinical parameter negative.
   µµ^ = Sensitivity plus specificity divided by total (T) number of comparisons.
§False negative = Td and/or Bg negative; clinical parameter positive.
IIFalse positive = Td and/or Bg positive; clinical parameter negative.
IProbing Depth; negative is 1 to 4 mm, positive is > 5 mm.
"Number of plaques in parentheses.
ttBleeding on Probing; negative is no; positive is yes.
       ß judgement; negative is healthy based on probing depth, BOP, bone height on radiographs and need for debride-
ment; positive is diseased based on probing depth, BOP, bone height on radiographs and need for debridement. See Materials
and Methods for added detail.

sites that bled and were absent in 45% of the sites that did
not bleed, giving an accuracy value of about 72% (Table
4). When the clinicians were forced to judge whether a site
needed or did not need some form of root surface debride-
ment, T. denticola and/or B. gingivalis were found in 86%
of the sites that needed debridement and were absent in

46% of the sites that did not need debridement, giving an

accuracy value of 71% (Table 4).
We next evaluated the     reagent card for its ability

to reflect clinical health or disease. The reagent card test
was positive in 82% to 87% of the comparisons when the
clinical parameters indicated 1) disease, 2) that the sites
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BOP, or 3) that the probing depth was > 5 mm (Table 5).
The specificity was about 32% to 42%, and the accuracy
ranged from 53% to 69% being best with clinical judgement
and BOP.

The ELISA detection of T. denticola and B. gingivalis
in the plaque samples and the reagent card findings were

compared for their ability to reflect the clinical parameters
employed. The proportion of agreement scores between the
clinical judgement and the     reagent card was 70%,
whereas that between clinical judgement and the ELISA
readings was 73%, indicating that the two microbiological
parameters were essentially in agreement (Table 6). Com-
parable agreement scores were obtained when the clinical
parameter was BOP or probing depth.
DISCUSSION
The demonstration that some, if not most, forms of peri-
odontal disease are specific bacterial infections leads logi-
cally to the development of diagnostic systems for the
detection and/or quantification of these organisms. Several
species have been implicated as periodontopathogens, but
there is no consensus as to the identification of the exclusive
pathogens. There is general agreement that B. gingivalis is
the most suspect of the black-pigmented bacteroides,2"4 that
the spirochetes and most likely T. denticola are involved,3,6"
8 that B. forsythus is associated with the advancing le-
sion,4,5 and that A. actinomycetemcomitans is associated
with LIP9,27 and other forms of Periodontitis.2,11 It is not
likely that these organisms comprise the entire spectrum of
periodontopathogens, but it is apparent that these are the
primary organisms for which microbiological diagnostic
procedures have been advocated and/or are being devel-
oped.10"13

All the microbiological diagnostic tests must be evaluated
for their ability to detect and possibly quantify these or-

ganisms in the plaque using some agreed upon standard.
This standard, in the case of the easily cultivable species
such as B. gingivalis, B. intermedias and A. actinomyce-
temcomitans, would seem to be the number of these organ-
isms detected by cultural means. We previously had
minimized B. gingivalis as being an important contributor
to the plaque     activity because of its infrequent de-
tection by cultural methods in     positive plaque sam-

ples.18 However, more recent findings using monoclonal
and polyclonal antibodies to B. gingivalis10 or DNA probes
to B. gingivalis, B. intermedias, and A. actino-
mycetemcomitans13 indicate that the cultural procedure may
underestimate the actual presence of these organisms in the
plaques. In fact, when the DNA probes were compared with
the cultural as the reference procedure, the false positive
value for A. actinomycetemcomitans was 39%; the false
positive value for B. gingivalis was 71%; and the false
positive value for B. intermedius was 67%.13

This raises a dilemma as to what standard to use in eval-
uating the reliability and accuracy of a bacteriological di-

Table 5: Relationship Between PerioScan Reagent Card and Clinical
Parameters

PerioScan Sensitivity* Specificity* Accuracy*
Reagent Card_(++) (--) (++) + (--)/T
vs at (702)|| 84% (379) 42% (105) 69% (484)
vs BOP* (702) 82 (401) 41 (87) 70 (488)
vs PD§ (702) 87 (231) 32 (141) 53 (372)
'Definitions same as in Table 4, except that PerioScan reagent card is
substituted for Bg and/or Td.
tCJ = Clinical judgement defined as in Table 4.
JBOP = Bleeding on probing defined as in Table 4.
§PD = Probing depth defined as in Table 4.
||number of plaques in parenthesis.

Table 6: Proportion of Agreement Scores Between Clinical
Parameters Versus PerioScan® and Elisa

Agreement Agreement
_    _SJE._ELISA_SLE.
 70% 2% 73% 2%
BOP 69% 2% 72% 2%
PD 51% 2% 55% 2%

All estimates were obtained using jackknife estimation procedures taking
into account the correlated nature of sites. Scores represent weighted av-

erages of the estimates of the 4 different clinical centers.
See Table 4 for definitions.

agnostic test, if cultural data fail to detect the sought after
organism. It has been suggested that immunological pro-
cedures should be used as the reference standard for DNA
probes13 and indeed we have chosen to use immunological
reagents to B. gingivalis and T. denticola as the standard
for our     reagent card assay. However, the immu-
nological standards are fallible in that cross-reactivity with
other species cannot be ruled out, nor is there absolute
assurance that all antigenic determinants in the plaque are
available for a reaction with the specific antibody. These
considerations indicate that not only is there no gold stan-
dard to which one can compare new microbiological tests
such as DNA probes or the     test to, but that the
established cultural and immunological procedures, which
could be used as references, need themselves to be validated
as standards.23 Thus, in the discussion which follows it
should be recognized that our use of the ELISA reactions
was an attempt to validate the     results against a stan-
dard which we considered to be among the best available
for the sought-after     positive species and indeed, it
may be the only way to detect T. denticola, but which falls
short of being a gold standard. This point is illustrated by
the absence of an antibody to B. forsythus which may have
explained why the specificity (co-negativity26) of the     
test was 70% (Table 2), whereas the true specificity, if the
ELISA reagents to all the     positive species were
available, most likely would have been higher.

When the reagent card results were compared to the
ELISA, a sensitivity of 92% was found, which provides
strong evidence that the reagent card was detecting B. gin-
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givalis and/or T. denticola in those plaque samples which
had these organisms. Thus in 8% of the plaque samples,
the reagent card will fail to detect either B. gingivalis and/
or T. denticola when they are detectable by the ELISA.
This small difference can be explained by the ability of the
ELISA to detect as few as 104 to 105 CFU of these organ-
isms, whereas the reagent card's detection limits are 5 x 10s
to 106 CFU.23 Thus, the ELISA will detect lower levels of
T. denticola and/or B. gingivalis that would be missed by
the reagent card using the recommended 15 minute incu-
bation time. This could be interpreted as an advantage for
the reagent card, as it is not likely to be positive unless the
    positive organisms comprise > 0.5% to 1% of the
plaque mass. (If 10s CFU weighs about 1 mg, and there is
about 1 mg of plaque in a pocket 6 mm or more,28 then
0.5 to 1.0% of the plaque mass would contain 5xl05 to
106 CFU.)

The specificity of the reagent card relative to the ELISA
was 70%, so that the false positives accounted for 30% of
the results (Table 2). This meant that in a high proportion
of the plaques the reagent card test was positive while the
ELISA was negative for B. gingivalis and T. denticola. This
may be the result of the reagent card test detecting BANA-
hydrolyzing bacteria other than the B. gingivalis and T.
denticola, such as B. forsythus.17 As B. forsythus can be
associated with the advanced periodontal lesion and adult
Periodontitis,29 this would represent an added advantage of
the reagent card. If we had possessed an antibody for B.
forsythus, it is possible that some of these false positive
plaques would have been positive for B. forsythus and thus
would have converted to being true positives.

The accuracy of the microbiological information obtained
by the reagent card was comparable to that obtained by the
ELISA in 84% of the plaques (Table 2). When one takes
into account the simplicity, quickness; i.e., less than 5 min-
utes to collect 4 samples and the low cost of the reagent
card test; i.e., a projected cost to the clinician of $0.25 to
$1.00 per plaque sample, then it may well be cost efficient
relative to the ELISA, if it can also provide the same clin-
ical information as the ELISA with regard to the diagnosis
of periodontal infections. The ELISA was able to reflect
the presence of infection in 86% of the diseased sites, whereas
the reagent card reflected the presence of infection in 84%
of the diseased sites (see sensitivity for CJ in Tables 4 and
5).

The ELISA had a relatively low specificity, or high pro-
portion of false positives, because in 54% of the healthy
sites the ELISA was detecting B. gingivalis and/or T. den-
ticola. This result can be explained by the ability of the
ELISA procedure to detect low levels of these organisms,
and doing so at sites in which the bacterial challenge to the
gingival tissue from these organisms was either nonexistent
or at a subclinical level. Thus the ELISA could be recording
colonization of the site and not clinical infection. Alter-
nately, the false positives could be explained by the inherent

variability and subjectivity of the clinical judgement, as
well as its component parts; i.e., probing depth, bleeding
on probing, and the need for treatment. Indeed the ubiquity
of these clinical parameters is the main argument in the
literature30,31 for objectively determined diagnostic tests.

The accuracy of the ELISA in agreeing with the clini-
cian's subjective determination of periodontal health or dis-
ease was 71%. This value compares favorably with the
accuracy of 69% obtained by an immunofluorescent assay
with a polyclonal antibody to B. gingivalis or the accuracy
of 72.5% obtained with a monoclonal antibody to B. gin-
givalis.10 An accuracy of about 70% may reflect what can

realistically be achieved by any diagnostic test when it is
compared to clinical parameters that are dependent upon
probing depths. This is because clinical probing depths
themselves are innately highly variable measure-
ments,21,32,33 with the magnitude of the variation increasing
with probing depth to the extent that perhaps one third of
the attachment changes which exceed two population stan-
dard deviations are false positive error rates due to mea-
surement error.34

The reagent card was able to reflect the presence of clin-
ical disease in about 82% to 87% of the sampled clinical
sites, depending upon which clinical parameter was used
(Table 5). It had a low specificity which could mean that
it was detecting colonization of the site, rather than clini-
cally observable infection by these     positive species,
and in this regard was providing data similar to that of the
ELISA. In fact, an examination of Table 6 shows a re-

markable agreement between the statistical values obtained
either with the ELISA using antibodies to B. gingivalis and
T. denticola, or with the reagent card when both diagnostic
parameters were compared to clinical judgement, BOP, and
probing depth. Thus, if the ELISA is accepted as the bac-
teriological standard, and B. gingivalis, T. denticola and
B. forsythus are the major periodontopathogens, then the
reagent card test yielded results that were comparable to
this standard with regard to clinical status. Both tests were

detecting periodontopathic organisms in the absence of clin-
ical disease and are thus detecting sites which may be at
risk for periodontal disease in susceptible patients. There-
fore, it may be prudent to consider treatment plans to insure
that these sites do not progress to clinical periodontal dis-
ease. These may include improved oral hygiene, heightened
professional monitoring, or perhaps subgingival antimicro-
bial irrigation.
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