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Abstract. Smoking has been identified as a risk factor for development of peri- 
odontal disease and a strong indicator for treatment failure in periodontal patients. 
This study examined 172 patients categorized as current smokers (n=SS),  pre- 
vious smokers (n=38) or individuals that had never smoked (n=79). A total of 670 
interproximal plaques collected with a wooden toothpick were analyzed for hy- 
drolysis of the synthetic trypsin substrate benzoyl-DL-arginine naphthylamide 
(BANA). About 95% of the BANA hydrolysis by plaque is due to the presence 
of one or more of the periodontopathogens, P. gingivalis, T. denticola or B. 
forsythus. Gingival health was measured using the papillary bleeding score (PBS). 
Current smokers had less gingival bleeding than previous smokers or those who 
had never smoked (20% versus 41% and 25%, respectively). Plaque removed from 
non-bleeding sites in current smokers were 1 1 X more likely to have a positive 
BANA reaction when compared to plaque removed from non-bleeding sites in 
individuals who never smoked. A significant positive relationship exists between 
smoking and colonization by the BANA periodontopathogens. Smoking may 
select for these periodontopathic species in the plaque and may be one reason 
why smoking is a risk factor in periodontal disease development. 
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Many studies have shown that smokers 
have higher levels of periodontal disease 
than non-smokers of the same age and 
gender (Feldman et al. 1983, Ismail et 
al. 1983, Jette et al. 1993, Grossi et al. 
1994, Bergstrom & Preber 1994, Haber 
et al. 1993). indicating that smoking 
may be a risk factor for periodontal dis- 
ease. Other studies indicate that there 
are specific bacterial risk indicators as- 
sociated with periodontal disease 
(Grossi et al. 1994, Loesche 1990, Loes- 
che 1987, Moore & Moore 1994, Haf- 
fajee & Socransky 1994). Several inves- 
tigators have sought to establish a link 
between smoking and the overgrowth in 
the plaque of several of these putative 
periodontopathic organisms, but the re- 
sults have been equivocal. Stoltenberg 
et al. were unable, using polyclonal 
antibodies to Porphyromonas gingivalis, 
Actinobacillus actinomycetemcomitans, 
Prevotella intermedia, Fusohacterium 

nucleatum and Eikenella corrodens, to 
demonstrate an increased prevalence of 
these species in the plaques of smokers 
compared to non-smokers (Stoltenberg 
et al. 1993). Similarly, Preber et al. 
(1992) using DNA probes to A. actino- 
mycetemcomitans, P. gingivalis and P. 
intermedia, were unable to find differ- 
ences in plaque colonization by these 
bacteria in smokers versus non- 
smokers. 

This inability to associate putative 
periodontal pathogens with smoking 
may be due to the exclusion of two im- 
portant putative periodontal patho- 
gens, Bacteroides forsythus and Tre- 
ponema denticola, from the analyses. 
These organisms have been associated 
with advanced forms of periodontal 
disease using cultural methods, im- 
munological reagents, and DNA probes 
(Loesche et al. 1992, Simonson et al. 
1992, Socransky et al. 1998, Ashimoto 

1996). In a large cross-sectional survey 
of over 1300 adults, smoking, increasing 
age, and the presence of B. forsythus 
and P. gingivalis were suggested to be 
risk indicators for attachment and bone 
loss in periodontal disease (Grossi et al. 
1994, Grossi et al. 1995). In these sub- 
jects, Zambon et al. (1996), using im- 
munological reagents, identified Bacter- 
oides forsythus, and possibly P. gingi- 
valis as being elevated in smokers, and 
concluded that cigarette smoking in- 
creased the likelihood of subgingival 
colonization with these periodontal 
pathogens. 

P. gingivalis, B. forsythus and T. 
denticola are the plaque species most 
frequently associated with periodontal 
disease (Loesche et al. 1992, Simonson 
et al. 1992, Socransky et al. 1998, Ashi- 
mot0 1996, Grossi et al. 1995, Haffajee 
et al. 1998). Each possesses an enzyme 
which hydrolyzes the synthetic peptide, 
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benzoyl-DL-arginine naphthylamide 
(BANA), whereas 59 other cultivable 
plaque species do not, and 4 others are 
weakly or variably BANA positive 
(Loesche et al. 1990). The detection of 
P. gingivalis, B. forsythus and T. dentic- 
ola in plaque samples using DNA 
probes and/or immunological reagents, 
is highly correlated with the hydrolysis 
of BANA by plaque samples (Loesche 
et al. 1992). In this study, we sought to 
monitor for the presence of one or more 
of these bacteria in the plaque of 
smokers and non-smokers, taking ad- 
vantage of the fact that BANA hydroly- 
sis by plaque bacteria can be measured 
by a simple and rapid chairside test 
(Loesche et al. 1990). 

Material and Methods 

Subjects were examined in the Patient 
Admitting and Emergency Services 
Clinic at the University of Michigan 
School of Dentistry. There is a short 
turnover time for patients in this clinic 
as they are usually referred to other 
clinics, given emergency treatment and 
dismissed, or directly assigned to stu- 
dent or faculty care providers, The ad- 
vantage of this clinic, for the purposes 
of our study, was the high number of 
patients that could be seen in a day, and 
their similarity to the type of patient 
seeking treatment in a private practice 
situation. After signing an informed 
consent, patients were asked to com- 
plete a short questionnaire that sur- 
veyed age (date of birth), gender, and 
smoking status (current smoker, pre- 
vious smoker or never smoked). 

We limited our clinical contact with 
the patient to about two to three min- 
utes so as to mimic the amount of 
chair-time that a clinician might devote 
to the collection of additional data rela- 
tive to the periodontal health of hidher 
patients. This decision precluded any 
detailed periodontal examination of the 
patients. Since periodontal disease fre- 
quently begins subgingivally at the 
interdental papillae, periodontal health 
was determined at interproximal sites 
using the Papillary Bleeding Score 
(PBS) (Loesche 1979). The PBS has 
been shown to be the most reliable of 
several gingival bleeding indices that 
have been described (Marks et al. 
1993). Proximal plaque was sampled 
from between the first molar and sec- 
ond premolar in each quadrant using a 
wooden toothpick (Stim-u-dent@, John- 
son and Johnson Windsor, NJ). This 

site was chosen as first molars are 
among the teeth most likely to show 
periodontal involvement (Loe et al. 
1978). If one site was absent, an ad- 
jacent interproximal area in the same 
quadrant was sampled. 2 4  samples 
from each of 172 patients were col- 
lected, yielding a total of 670 plaque 
samples. 

The PBS is a 6 level scale with a score 
of 0 reflecting health, 1 indicating some 
degree of inflammation in the absence 
of bleeding, 2 indicating spotting of 
blood in the papilla, and PBS from 3 to 
5 corresponding to various degrees of 
bleeding. The same investigator (CK) 
collected all plaque samples and judged 
each PBS. 

The same toothpick used to deter- 
mine the PBS was used for the BANA 
test. A separate toothpick was used for 
each site. Thus after withdrawing the 
toothpick from the interproximal site, 
the adherent plaque on it was wiped 
from the toothpick onto the BANA-im- 
pregnated strip found at  the lower edge 
of a four-sample BANA reagent card. 
An upper reagent strip containing Ev- 
an’s black dye was then activated 
through dampening with distilled water 
and the two strips were folded to con- 
tact each other. After folding, the card 
was inserted into a heating block and 
incubated for 5 min at 35”C, a time and 
temperature protocol which gives the 
best balance of sensitivity and speci- 
ficity for the BANA test when screening 
patients of unknown periodontal status 
(Loesche et al. 1997). Naphthylamide 
released due to the presence of any one 
of the BANA-hydrolyzing bacterial spe- 
cies diffused into the upper reagent 
strip where it reacted with the Evan’s 
black dye to form a permanent blue- 
black color. 

Scores were assigned based on the 
amount of blue color visible on the 
upper reagent strip after incubation. A 
score of 1 (negative) was given when no 
blue color was visible, a score of 2 
(weak positive) when a faint blue color 
was noted and a score of 3 (positive) 
when distinct blue color was observed. 
For statistical analysis, scores of 2 and 3 
were grouped as indicative of a positive 
response. 

Statistical analyses consisted of con- 
tingency tables and regression 
modeling. The bivariate contingency 
table analyses were used to examine the 
distributions of PBS and BANA scores 
and to assess how smoking status was 
reflected in the sites’ periodontal and 

microbiological status as measured by 
the PBS and the BANA test, respec- 
tively. Four comparisons of gingival 
health were used: PBS=O versus PBS= 
1-5, which compared healthy papillae 
with any type of gingivitis in the papil- 
lae; PBS=O-1 versus PBS=2-5, which 
compared healthy and non-bleeding pa- 
pillae with any type of bleeding papil- 
lae; PBS=O-2 versus PBS=3-5, which 
compared healthy papillae and mild 
gingivitis with papillae that bled with a 
flow; and, because of the prominence of 
the PBS= 1 score, a 3 level stratification 
using PBS=O versus PBS=I versus 
PBS=2-5. We also tested the 6 category 
original specification of PBS. 

A series of regression models were 
evaluated using each of the specifi- 
cations of gingival health (the 5 speci- 
fications of PBS described previously), 
2 specifications of smoking status, and 
age (as a continuous variable) to evalu- 
ate the outcome, positive BANA score. 
The 1st smoking status variable was a 
dichotomous specification contrasting 
sites in those who had “ever smoked” 
(combining sites in subjects who were 
current smokers and who had quit 
smoking) with those who had never 
smoked. The 2nd was a 3-category 
specification for those who had never 
smoked, were previous (but not current) 
smokers, and current smokers. Re- 
gression modelling first used ordinary 
logistic regression to estimate the odds 
ratio for sites having a postive BANA 
score and to determine the specifi- 
cations of smoking status and gingival 
health that created the best fitting 
model (as determined by the likelihood 
ratio test). 2 additional, separate re- 
gression models were also used to test 
the association between smoking and 
the BANA test, excluding PBS as a co- 
variate. One model was limited to sites 
that did not bleed, i.e., PBS of 0 or 1, 
and the other included only sites that 
bled, i.e., a BANA test score > I .  By 
eliminating bleeding sites from the 
analysis, the model including only sites 
with PBS of 0 or 1 provided an alterna- 
tive method to control for the influence 
of gingival bleeding selecting BANA 
positive plaque species. This restricted 
model controlled for any potential con- 
founding by gingival bleeding on the as- 
sociation between smoking and positive 
BANA score. Finally. to control for 
non-independence of observations 
using sites and analytic units, the re- 
gression parameter estimates were also 
obtained using generalized estimating 
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equations (GEE) with the exchangeable 
correlation structure selected (Zeger & 
Liang 1986, DeRouen et al. 1991). The 
GEE results were used for final hypo- 
thesis testing and presentation. All stat- 
istical procedures were performed using 
S A P  ( S A P  Institute Inc., Cary, NC). 

Results 

The distribution of the PBS at the 670 
sites as a function of the individual’s 
smoking status is shown in Fig. 1. 
Healthy sites. PBS=O, accounted for 
only 11% of the scores and were more 
frequently encountered in individuals 
who never smoked. 62% of the sites had 
a PBS=I indicating an unhealthy ap- 
pearing papilla which did not bleed 
when the toothpick was inserted. This 
score was found in 56% ( 17 11306) of the 
sites in subjects who never smoked, in 
56% (83/146) of the subjects who had 
quit smoking, and in 72%) (159/218) of 
the sites in subjects who were current 
smokers. Individuals who had quit 
smoking had the highest percentage of 
sites, (33%), with a PBS=2. Very few 
sites had a PBS >3, regardless of smok- 
ing status. 

The bivariate relationship between 
PBS and smoking status was evaluated 
using the different PBS categories and 
whether the individual was classified as 
a current smoker, had quit smoking, or 
had never smoked. The high prevalence 
of PBS= 1 in each smoking status group 
lead to a 3 level stratification of PBS, 
i.e., a PBS=O, PBS=I and PBS=2-5, 
SO as to separate the PBS=I scores 
from the sites with either healthy or 
bleeding papillae. As shown in Table 1, 
significant associations were obtained 
with the PBS specifications of O versus 
1 5 ,  and 0 versus 1 versus 2-5, when 

the never smoked group was compared 
to the ever smoked group, and when the 
never smoked group was compared to 
the quit smoking and to the current 
smoking groups (p<O.OOI in both 
cases). In the groupings that combined 
PBS=I with PBS=O, no significance 
could be demonstrated. 

The distribution of plaque BANA 
scores as a function of the smoking sta- 
tus of the subject is shown in Fig. 2. 
Only 18% (121/670) of the plaque 
samples were BANA-negative and the 
majority of these, i.e., 81% (98/121), 
were in subjects who never smoked. 
Even so, 68% of the plaques removed 
from the never or non-smokers were 

BANA-positive with over half (37%) 
giving a strong positive reaction (Fig. 
2). In the quit smoking and current 
smoking subjects, 91 and 96% of the 
plaques were BANA-positive, with 
about 70% being strongpositives (Fig. 
2). 

The BANA reactions were stratified 
by PBS score and smoking status as 
shown in Fig. 3. The YO BANA-positive 
sites, (weak plus strong scores), signifi- 
cantly increased as both a function of 
the PBS and the smoking status 
(Cochran Mantel Haenzel statistic= 
30.2, p<O.OOl). Almost all plaques re- 
moved from current smokers were 
BANA-positive, ranging from 75% of 
the plaques removed from healthy sites, 
to 94 to 98% of the plaques removed 
from sites where the PBS was 1 and 2-5 
respectively (Fig. 3). Similar high values 
were Seen in the quit smoking subjects. 
In the “never” smoked subjects, 55% of 
the sites with PBS=O were BANA-nega- 
tive, whereas 69% of the sites with 
PBS= 1 and 81% of the sites with PBS= 
2-5 were BANA-positive. 

A series of multivariable regression 
models were performed to determine 
how smoking status, PBS categories, 
and age were associated with the BANA 
scores of the individual. The final GEE 
regression models evaluating how 
smoking status, PBS and age were as- 
sociated with the BANA scores, are p ~ -  

Table 1. Comparison of bivariate associations between gingivitis and smoking status 
Smoking Status 

Never vs Ever Never vs Quit vs Current PBS 
Specification Never Ever Never Quit Current 
0 versus 1-5a) 

0 56 (18)* 20 (5) 56 (18) 4 (3) 16 (7) 
1-5 250 (82) 344 (95) 250 (82) 142 (97) 202 (93) 

0-1 227 (74) 262 (72) 227 (74) 87 (60) 175 (80) 
2-5 79 (26) 102 (28) 79 (26) 59 (40) 43 (20) 

0-2 275 (90) 339 (93) 275 (90) 131 (90) 208 (95) 
3-5 31 (10) 25 (7) 31 (10) 15 (10) lO(5)  

0 56(18) 20(5) 56(18) 4 (3 )  16 (7) 
1 171 (56) 242 (66) 171 (56) 83 (57) 159 (73) 
2-5 79 (26) 102 (28) 79 (26) 59 (40) 43 (20) 

0-1 versus 2-5b) 

0-2 versus 3-5‘) 

0 vs 1 versus 2-5d) 

Cochran-Mantel Haenzel Statistics 
Never smoked versus ever smoked 
a) 27.1,p=0.001 ( 1  df) 
b’ 0.41, p=0.522 (1 df) 
c)0.13,p=0.129 ( 1  df) 
d, 27.3, p=O.001 (2 df) 

No. sites with Yo of sites in parentheses. 

Never smoked versus quit versus current smoker 

17.5,p=0.001 ( 1 4  
1.5, p=0.224 ( 1  df) 
4.7, p=0.03 (1 df) 
22.2,p=O.O01 (2 



Smoking and BANA periopathogens 817 

/T I 

1 

% BANA 
Positive Sites 

I00 
90 
8 0  
70 
60 
50 
4 0  
30 
20 
10  - 

Ri Strong Positive 

Never Quit Current 

Smoking Status 

n=306 n=146 n=216 

Fig. 2. Distribution of plaque BANA scores at interproximal sites as a function of smoking 
status. 

% BANA 
Positive 
Piequeg 

100 

80 

6 0  

40  

20 

0 
Never Quit Current 

Smoklng Status 

UPBS=O 

Th. Cochr8n Y8nt.l H a d  M (w .(OnlRuIll tnnds 8rnong sII d.18 u l8gork .  w u  30.1. pm.Wl. 
Thm nurnbn d phqw 88mp*. (or r c h  PBS UtWCW am *ham In th. born 8up.drnpoud on a8ch bar. I 

Fig. 3. The relationship between plaque BANA reactions and PBS as a function of smoking 
status. 

sented in Tables 2 4 .  Table 2 shows the 
model evaluating plaques from current 
smokers with those from individuals 
who had either never smoked or who 
had quit smoking, when the bleeding 
status of the papilla and the age of the 
subject were controlled. Plaques from 
individuals who had quit smoking were 
4.1 X more likely to be BANA-positive 
and plaques from current smokers were 
10.1 x more likely to be BANA-positive 
than plaques removed from sites in indi- 
viduals who had never smoked. Higher 
values of PBS for a site were signifi- 
cantly associated with BANA positive 
sites, whereas the age of the subject had 
little effect in the BANA status of the 
plaque. 

The BANA positive species could be 
selected for in the plaque by nutrients 
made available when there is gingival 
bleeding, which could account for some 
of the observed increases in BANA 
positive scores in the smokers. This 

possibility was addressed by performing 
a separate GEE regression analysis on 
sites in which there were no bleeding, 
PBS e l ,  and again on sites in which 
the PBS was > 1. Plaques removed from 
sites without any papillary bleeding, in 
individuals who had quit smoking, were 
4.26X more likely to have a positive 
BANA reaction compared to plaques 
removed from non-bleeding sites in in- 
dividuals who never smoked. Plaque re- 
moved from non-bleeding sites in cur- 
rent smokers, however, were l l .  19 X 
more likely to have a positive BANA re- 
action compared to plaques removed 
from non-bleeding sites in individuals 
who never smoked (Table 3). When a 
GEE regression analysis was performed 
on sites which bleed, i.e., PBS >1, 
plaques removed from previous and 
current smokers were 12 times more 
likely to yield a positive BANA score 
than plaques removed from bleeding 
sites in non-smokers (Table 4). 

Discussion 

Smokers have an increased risk of de- 
veloping periodontitis (Feldman et al. 
1983, Haber et al. 1993, Bergstrom & 
Preter 1994). Bleeding and gingivitis are 
early signs of periodontal pathology, 
but as seen in Fig. 1, smokers, especi- 
ally current smokers, have a PBS profile 
similar to that of nonsmokers. Only 
former smokers tended to have a higher 
PBS than nonsmokers. The reduced 
prevalence of bleeding in smokers has 
been a consistent observation of others 
(Feldman et al. 1983, Bergstrom 1990, 
Preber & Bergstrom 1985, Bergstrom & 
Floderus-Myrhed 1983, Bergstrom et 
al. 1988), and has led to the conclusion 
“that the validity of gingival bleeding as 
a sign and a symptom of inflammatory 
periodontal disease may be reduced as a 
consequence of smoking” (Bergstrom & 
Floderus-Myrhed 1983). When the ex- 
perimental gingivitis model was studied 
in smokers and non-smokers, the inten- 
sity of the vascular reactions in smokers 
was only 50% of that observed in non- 
smokers, despite the fact that plaque 
accumulations were equal (Bergstrom et 
al. 1988). 

The reason for the low bleeding ten- 
dency in smokers has been attributed to 
a nicotine effect, in that chronic low 
doses of nicotine can cause a sustained 
peripheral vasoconstriction and de- 
creased peripheral blood supply (Berg- 
strom & Preber 1994, Haber et al. 1993, 
Harvey & Champe 1992, Loesche 
1993). Due to this sustained peripheral 
vasoconstriction, smokers should have 
a decreased blood flow to the tissues of 
the periodontiurn which might manifest 
clinically as inflammation without 
bleeding. Thus the PBS system, or any 
other scoring system dependent upon 
bleeding as an index of gingival health, 
would be an insensitive method of 
evaluating gingival inflammation in in- 
dividuals who smoke (Bergstrom & 
Floderus-Myrhed 1983). As such, some 
of the early warning signs of peri- 
odontal disease related to gingival 
bleeding are masked in smokers, so that 
periodontal disease may go unnoticed 
until clinical attachment loss, or radio- 
graphic bone loss, are detected (Feld- 
man et al. 1983, Ismail et al. 1983, Jette 
et al. 1993, Grossi et al. 1994, Berg- 
strorn & Preber 1994, Haber et al. 1993, 
Bergstrom 1990, Preber & Bergstrom 
1985, Bergstrom & Floderus-Myrhed 
1983). 

This scenario would indicate that 



818 Kazor et al. 

Table 2. GEE model of the effects of current smoking versus quit smoking versus never 
smoked on BANA reaction; N=670 sites 
Variable Estimate SE p-value Odds ratio 95% C.I. 

intercept -0.728 0.531 - - - 
never smoked referent group - - 1 .o 
quit smoking I .420 0.421 0.001 4. I4 1.81-9.45 
current smoker 2.316 0.474 <0.001 10.14 4.01-25.64 
PBS (0 versus I versus 2-5) 0.941 0.223 <O.OOI 2.56 1.663.96 
age (years) -0.009 0.008 0.231 0.99 0.98-1.01 

Table 3. GEE model of the effect of smoking on BANA scores when there is no bleeding 
associated with the sampled site, i.e., PBS=O or 1 

Variable Estimate SE pvalue Odds ratio 95% CI 
intercept 0.9725 0.412 0.018 
never smoked referent - - 

current smoker 2.415 0.539 <0.001 11.19 (3.89-32.14) 
quit smoking 1.449 0.460 0.002 4.26 (1.71-10.62) 

age (years) -0.008 0.009 0.37 0.99 (0.98-1.01) 

Tuble 4. GEE model of the effect of smoking on BANA scores when there is bleeding associ- 
ated with the samuled site. i.e.. PBS=2. 3. 4. or 5 

~ 

Variable Estimate SE p-value Odds ratio 95% CI 
intercept 0.77 0.636 0.226 
never smoked referent - - 
quit smoking 2.56 0.972 0.008 12.97 (1.92-87.23) 
current smoker 2.50 0.977 0.01 12.21 (1.8C92.91) 
age (years) 0.02 0.016 0.23 1.02 (0.99-1.05) 

early detection of periodontal disease 
at the level of gingival inflammation is 
compromised by nicotine induced re- 
duction in bleeding. The reduced 
bleeding could conceivably lead to a 
lower oxygen tension in the pocket en- 
vironment, which would allow the an- 
aerobic members of the subgingival 
plaque microbiota to increase both ab- 
solutely and relatively (Loesche 1994). 
In this environment, the anaerobic 
BANA-positive species could be se- 
lected for in the plaque microbiota. 
One reason for their ascendancy might 
be that the BANA enzyme is an argi- 
nine hydrolase (Makinen et al. 1995) 
that could be used by these organisms 
to derive nutrients from arginine con- 
taining peptides found in the gingival 
crevicular fluid as a consequence of 
collagen breakdown. This overgrowth 
might cause gingival bleeding in the 
nonsmoker, but could go unnoticed in 
the smoker since the vaso-constrictive 
effects of nicotine would reduce gingi- 
val bleeding. This absence of bleeding 
may allow periodontal destruction to 

go unnoticed until the smoker is given 
a thorough periodontal examination, 
which could then reveal considerable 
pocketing and attachment loss (Feld- 
man et al. 1983, Ismail et al. 1983, Jet- 
te et al. 1993, Grossi et al. 1994, Berg- 
strom & Preber 1994, Haber et al. 
1993, Bergstrom 1990, Preber & Berg- 
mom 1985, Bergstrom & Floderus- 
Myrhed 1983). 

The BANA test could provide a 
means by which the clinician could 
document the presence of bacterial risk 
factors in the plaques of smokers in the 
absence of gingival bleeding. Both the 
bivariate and multivariable analysis in- 
dicate that plaques removed from inter- 
proximal sites in smokers, especially 
current smokers, are significantly more 
likely to give a BANA-positive reaction, 
even in the absence of bleeding (Tables 
2 4 ) .  Thus, plaque samples taken from 
sites that did not bleed in individuals 
who were current smokers were 11 
times more likely to yield a BANA posi- 
tive reaction than those plaques re- 
moved from non-bleeding sites in non- 

smokers (Table 3). Plaques removed 
from former smokers were 4X more 
likely to be BANA positive than 
plaques from nonsmokers, indicating 
that current smoking was a primary 
reason for the high prevalence of 
BANA positive plaques removed from 
sites where there was no papillary 
bleeding. This was not the case in sites 
that bled, as current and former 
smokers’ plaques were both 12X more 
likely to be BANA positive when com- 
pared to plaques removed from 
bleeding sites in non-smokers (Table 4). 
This indicates that individuals who 
“ever” smoked have plaques that are al- 
most universally colonized by the 
BANA-positive species. 

It is estimated that approximately 
95% of the BANA hydrolysis by a sub- 
gingival plaque sample is due to the 
presence of one or more of the follow- 
ing species: P. gingivalis, B. forsythus 
and T. denticola (Loesche et al. 1992), 
so that the present findings can be inter- 
preted as showing that these anaerobic 
periodontopathogens are ubiquitous in 
plaques removed from interproximal 
sites in smokers. The presence of 
BANA species in plaques is an ominous 
sign since they have a significantly 
higher prevalence and incidence at dis- 
eased sites than at healthy sites (Loes- 
che et al. 1992, Haffajee & Socransky 
1994, Ashimoto et al. 1996, Papapanou 
et al. 1997, Socransky et al. 1998). 
However, there is the possibility that 
other plaque species could be contribu- 
ting to the BANA-positive reaction ob- 
served in these plaque samples as a 
small number of Capnocytophaga and 
Bacteroides species are weakly and vari- 
ably BANA-positive in vitro (Loesche 
et al. 1990). 

These results confirm the finding 
from a large epidemiological study of 
Erie County New York residents, 
which showed that smokers harbored 
significantly higher levels and were at 
significantly greater risk of infection 
with B. fonythus than non-smokers, 
and that after adjusting for disease se- 
verity, P. gingivalis was more likely to 
be present in plaques of smokers than 
in non-smokers (Zambon et al. 1996). 
The third BANA-positive species, T. 
denticola, was not evaluated in that 
study. Van Winkelhoff & Winkel 
(1998) have found the proportions of 
B. forsythus, but not P. gingivalis, to 
be higher in current smokers than in 
non-smokers. Perhaps the failure of 
other investigators to associate puta- 
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tive periodontal pathogens with smok- 
ing reflected that their choice of bac- 
terial species to  monitor did not in- 
clude either B. forsythus or T. 
denticola, i.e., A.  actinomycetemcomit- 
ans, P. intermedia, and P. gingivalis 
(Preber et al. 1992), and A. acrino- 
mycetemcomitans, P. intermedia, P gin- 
givalis, E. corrodens and F. nucleatum 
(Stoltenberg et al. 1993). The New 
York study included some of these 
species and found that the prevalence 
of P. intermedia, F. nucleatum. and A. 
actinomycetemcomitans could not be 
significantly associated with smoking. 
Thus by not looking for B forsythus 
and T. denticola along with P. gingi- 
valis, these investigators were not 
searching for those species most likely 
t o  be associated with periodontal dis- 
ease. 

The BANA testing procedure for 4 
representative interproximal plaque 
samples takes only a few minutes and 
the results are known after a 5-min in- 
cubation period. The toothpick sam- 
pling method assures that a standard 
amount of plaque is removed from 
each site allowing standardized com- 
parisons between sites and individuals. 
The sampled plaque would be a mix- 
ture of both supragingival and subgin- 
gival plaque, so that a t  first approxi- 
mation it is surprising that this type of 
sample, reflecting the bacterial flora 
about the gingival margin, would yield 
useful bacteriological information on 
the level of infection with periodontal 
pathogens. However, there are reports 
indicating that the putative peri- 
odontal pathogens can be detected in 
plaques associated with gingival health 
and with gingivitis in periodontally 
diseased individuals (Amalfitano et  al. 
1993, Riviere et al. 1996, 1998, Tanner 
et al. 1998), and that these plaques re- 
flect the flora found in periodontal 
pockets. 

Our finding that smokers, both cur- 
rent and previous, are almost univer- 
sally colonizedinfected with one or 
more of the BANA-positive species, 
i.e., P. gingivalis, T. denticola and B. 
forsythus, suggests that the BANA test 
may be useful in evaluating the peri- 
odontal status of smokers. The pres- 
ence of three or four BANA-positive 
plaques out of the four samples taken 
could alert the clinician of the pres- 
ence of these bacterial risk factors for 
periodontal disease, which in turn 
could lead to  a more thorough peri- 
odontal examination and possibly to 

the use of interceptive treatments. The 
emerging epidemiological data linking 
periodontal disease with cardiovascu- 
lar disease (Mattila et al. 1995, DeSte- 
fano et al. 1993, Beck et al. 1996, 
Grau  et al. 1997) suggests that the ex- 
tent of periodontal disease in cardio- 
vascular patients should be deter- 
mined. In this regard a positive BANA 
test and an increased PBS were inde- 
pendent risk indicators for a medical 
diagnosis of coronary heart disease 
among older United States veterans 
(Loesche et  al. 1998). This suggests 
that the BANA test and the PBS 
could be simple means of identifying 
cardiovascular patients with inflam- 
matory periodontal disease. 
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Zusarnrnenfassung 

Die Prdvalenz vim BANA-hydrolysierenden 
parodonralpaihogenen Bakterien bei Rauchern 
Rauchen wurde identifiziert als Risikofaktor 
ftlr die Entwicklung einer Parodontalerkran- 
kung und als Ursache ftlr den MiBerfolg ei- 
ner Behandlung bei Parodontitispatienten. 
Diese Studie untersuchte 172 Patienten, die 
eingeteilt wurden in aktuelle Raucher (n=  
55), frtlhere Raucher (n=38) oder Personen, 
die nie geraucht hatten (n=79). lnsgesamt 
wurden 670 approximale Plaqueproben mit 
einem Zahnholz gewonnen und hinsichtlich 
der Hydrolyse des synthetischen Trypsinsub- 
strats Benzoyl-DL-Argin~n-Naphtylamid 
(BANA) analysiert. UngefAhr 95% der 
BANA-Hydrolyse durch Plaque wird verur- 
sacht durch das Vorhandensein eines oder 
mehrerer der Parodontalpathogene, P. gingi- 
valis, T. denticola oder B. forsyrhus. Die Ent- 
ztlndungsfreiheit det Gingiva wurden mittels 
des Papilla-Bleeding-Scores (PBS) gemessen. 
Aktuelle Raucher hatten weniger Gingiva- 
blutung als frtihere Raucher oder Personen, 
die nie geraucht hatten (20% bzw. 41% und 
25%). Bei Plaque, die von nicht-blutenden 
Stellen bei aktuellen Rauchern entfernt wur- 
de, bestand im Vergleich mit Plaque, die von 
nicht-blutenden Stellen bei Personen die nie 
rauchten entfernt wurde, eine 1 I-fach hahere 
Wahrscheinlichkeit fur das Vorkommen einer 
BANA-positiven Reaktion. Es besteht eine 
signifikante positive Korrelation nvischen 
Rauchen und der Besiedelung durch BANA- 
Parodontalpathogene. Das Rauchen k6nnte 

diese Spezies in der Plaque selektieren und 
k6nnte ein Grund daftlr sein, daB Rauchen 
ein Risikofaktor fur die Entwicklung einer 
Parodontalerkrankung ist. 

RBsurn6 

PrPvulence des bactiries pathogPnes pour le 
parodonte hyilrolysant BANA che; les fu- 
mews 
Le fait de fumer a ete identifie comme un 
facteur de risque de developpement de mala- 
die parodontale et un puissant indicateur 
d’echecs du traitement parodontal. La pre- 
sente etude concerne 172 patients classes 
comme fumant actuellement (current. n=55) .  
ayant fume anterieurement (quit, n=38)  ou 
n’ayant jamais fume (never, n=79). Une ana- 
lyse de I’hydrolyse du substrat de trypsine sy- 
nthetique, la benzoyl-DL-arginine naphtyla- 
mide (BANA), a ete faite pour en tout 670 
prklevements interproximaux de plaque, re- 
cueillis avec un cure-dent en bois. Environ 
95% de I’hydrolyse de BANA par la plaque 
sont dus ii la presence d’ un ou de plusieurs 
des pathogines parodontaux, P. gingivalis. T. 
denticola ou B. forsythus. La santk gingivale 
a Cte mesuree a I’aide du score de saignement 
papillaire (PBS). Les patients fumant actuel- 
lement avaient moins de saignement gingival 
que ceux ayant fume anterieurement ou ceux 
n’ayant jamais fume (20% versus respective- 
ment 41% et 25%). La probabilitk que les 
echantillons de plaque recueillis dans les sites 
sans saignement chez les patients fumant ac- 
tuellement donnent une reaction BANA po- 
sitive Ctait l l fois plus grande que pour les 
tchantillons recueillis dans les sites sans sai- 
gnement chez les sujets n’ayant jamais fume. 
Une relation positive significative existe entre 
le fait de fumer et la colonisation par les pa- 
thoghes parodontaux hydrolysant BANA. 
Le fait de fumer peut effectuer dans la plaque 
une selection de ces espkces pathogenes pour 
le parodonte, ce qui peut expliquer pourquoi 
il reprksente un facteur de risque dans le dC- 
veloppement de la maladie parodontale. 

References 

Amalfitdno J., de Fillippo, A. B, Bretz, W. 
A. & Loesche, W. J. (1993) The effects of 
incubation length and temperature on the 
specificity and sensitivity of the BANA (N- 
benzoyl-DL-arginine-naphthylamide) test. 
J. Periodontol. 64, 848-852. 

Ashimoto, A., Chen, C., Bakker, 1. & Slots. 
J. (1996) Polymerase chain reaction detec- 
tion of 8 putative periodontal pathogens in 
subgingival plaque of gingivitis and ad- 
vanced periodontitis lesions. Oral Micro- 
biology and Immunology I I ,  266-273. 

Beck, J .  D., Garcia, R. I., Heiss, G., Vokonas, 
P S. & Offenbacher, S. (1996) Periodontal 
disease and cardiovascular disease. Journal 
of Periodontology 67, 1123-1 137. 

Bergstrom, J. & Floderus-Myrhed, B. (1983) 
&-twin control study of the relationship 
between smoking and some periodontal 



820 Kazor el a[. 

disease factors. Community Dentistry and 
Oral Epidemiology 11, 1 13-1 16. 

Bergstrom, J., Persson, L. & Preber, H. 
(1988) Influence of cigarette smoklng on 
vascular reaction during experimental gin- 
givitis. Scandinavian Journal of Dental Re- 
search 96. 34-39. 

Bergstrom, J. & Preber, H. (1994) Tobacco 
use as a risk factor. Journal of Periodonto- 
IORY 65 (SUPPI). 545-550. 

Bergstrom, J. (1990) Oral hygiene compli- 
ance and gingivitis expression in cigarette 
smokers. Scandinavian Journal of Dental 
Research 98, 497-503. 

DeRouen, T. A., Mancl, L., Hujoel, I? (1991) 
Measurement of associations in peri- 
odontal diseases using statistical methods 
for dependent data. J Perio Res 26, 218- 
229. 

DeStefano, E, Anda, R. E, Kahn, H. S., Wil- 
liamson, D. E & Russell, C. M. (1993) 
Dental disease and risk of coronary heart 
disease and mortality. British Medical 
Journal 306, 688-89 I .  

Feldman, R. S., Bravacos, J. S. & Rose, C. 
L. (1983) Association between smoking 
different tobacco products and peri- 
odontal disease indexes. Journal of Period- 
ontology 54,481487. 

Grau, A. J., Buggle, E, Ziegler, C., Schwarz, 
W., Meuser, J., Buhler, A,, Benesch, C., 
Becher, €1. & Hacke, W. (1997) Associ- 
ation between acute cerebral vascular is- 
chemia and chronic and recurrent infec- 
tion. Stroke 28, 17141729. 

Grossi, S. G., Genco, R. J. & Machtei, E. E. 
et al. (1995) Assessment of risk for peri- 
odontal disease. 11. Risk indicators for al- 
veolar bone loss. Journal of Periodontology 
66, 23-29. 

Grossi. S. G.. Zambon, J. J. & Ho, A. W. et 
al. (1994) Assessment of risk for peri- 
odontal disease l. Risk indicators for 
attachment loss. Journal of Periodontology 
65, 260-267. 

Haber, J., Wattles. J.. Crowley, M., Mandell, 
R., Josipura, K. & Kent, R. L. (1993) Evi- 
dence for cigarette smoking as a major 
risk factor for periodontitis. Journal of 
Periodontology 64, 1623. 

Haffajee. A. D., Cugini, M. A., Tanner, A., 
Pollack, R. I?, Smith. C., Kent, R. L. Jr. & 
Socransky, S. S. (1998). Subgingival micro- 
biota in healthy. well-maintained elder and 
periodontitis subjects. Journal of Clinical 
Periodontology 25, 346-353. 

Haffajee. A. D. & Socransky. S. S. (1994) Mi- 
crobial etiological agents of destructive 
periodontal disease. Periodontology 2000 
5. 78-1 I I .  

Harvey, R. A. & Champe, F! C. (1992) Phar- 
mucology. Philadelphia: Lippincott, pp. 
102- 104. 

Ismail, A. I., Burt, B. A. & Eklund. S. A. 
(1983) Epidemiologic patterns of smoking 
and periodontal disease in the United 
States. American Dental Association 
Journal 106, 617421. 

Jette, A. M., Feldman, H. A. & Tennstedt, S. 
L. (1993) Tobacco use: a modifiable risk 

factor for dental disease among the elderly. 
American Journal of Public Health 83, 

Kardachi, B. J. R. & Clarke, N. G. (1974) 
Aetiology of acute necrotising ulcerative 
gingivitis: a hypothetical explanation. 
Journal of Periodontology 45, 830-832. 

Loe, H., Anerud, A., Boysen, H. & Smith, 
M. (1978) The natural history of peri- 
odontal disease in man: The rate of peri- 
odontal destruction before 40 years of age. 
Journal of Periodontology 49, 607- 
620. 

Loesche, W. J., Bretz, W. A., Kerschensteiner, 
D., Stoll, J. A., Socransky, S. S., Hujoel, I? 
I? & Lopatin, D.E. (1990) Development of 
a diagnostic test for anaerobic periodontal 
infections based on plaque hydrolysis of 
benzoyl-DL-arginine-naph thylamide. 
Journal of Clinical Microbiology 28, 1551- 
1559. 

Loesche, W. J., Kazor, C. E. & Taylor, G. W. 
(1997) The optimization of the BANA test 
as a screening instrument for gingivitis 
among subjects seeking dental treatment 
Journal of Clinical Periodontology 24, 718- 
726. 

Loesche, W. J., Lopatin, D. E., Giordano, J., 
Alcoforado, G. & Hujoel, I? (1992) Com- 
parison of the benzolyl-DL-arginine- 
naphthylamide (BANA) test, DNA probes 
and immunological reagents for ability to 
detect anaerobic periodontal infections 
due to Porphyromonas gingivalis, Trepone- 
ma denticola and Bacteroides forsythus. 
Journal of Clinical Microbiology 30, 427- 
433. 

Loesche, W. J., Lopatin, D. E., Stol, L. J., 
Van Poperin, N. & Hujoel, I? I! (1992) 
Comparison of various detection methods 
for periodontopathic bacteria: Can cultur- 
ing be considered as the primary reference 
standard? Journal of Clinical Microbiology 
30,42@426. 

Loesche, W. J., Schork, A., Terpenning, M. 
S., Chen, Y.-M., Dominguez, B. L. & 
Grossman, N. (1998) Assessing the re- 
lationship between dental disease and 
coronary heart disease in elderly US vet- 
erans. American Dental Association 
Journal 129, 30 1-3 1 I . 

Loesche, W. J. (1993) Bacterial mediators in 
periodontal disease. Anaerobic bacteria 
and anaerobic infections. Clinical Infec- 
tious Diseases 16 (suppl4), S203-2 10. 

Loesche, W. J. (1990) Rationale for the use 
of antimicrobial agents in periodontal dis- 
ease. International Journal of Technology 
Assessment in Health Care 6,  403- 
417. 

Loesche, W. J. (1987) The bacterial etiology 
of periodontal disease: The specific plaque 
hypothesis. In: Clinical dentistry. ed. 
Clark, J. W, Ch. 2, pp 1-1 1. Philadelphia: 
JP Lippincott. 

Loesche, W. J. (1979) Clinical and microbio- 
logical aspects of chemotherapeutic agents 
used according to the specific plaque hypo- 
thesis. Journal of Dental Research 58, 
240424 1 2. 

1271-1276. 

Loesche, W. J. (1994) Periodontal disease as a 
risk factor for heart disease. Compendium: 
Continuing Education in Dentistry 15, 976- 
991. 

Makinen, K. K., Makinen, I?-L., Loesche, W. 
J. & Syed, S. A. (1995) Purification and 
general properties of an oligopeptidase 
from Treponema denticola ATCC 35405. A 
human oral spirochete. Archives Biochem- 
istry Biophysics 316, 689-698. 

Marks, R. G., Magnusson, I., Taylor, M., 
Clouser, B., Maruniak, J. & Clark, W. B. 
(1993) Evaluation of reliability and repro- 
ducibility of dental indices Journal of 
Clinical Periodontology 20, 54-58. 

Mattila, K. J., Valtonen, V. V., Nieminen, 
M. & Huttunen, J. K. (1995) Dental infec- 
tion and the risk of new coronary events: 
prospective study of patients with docu- 
mented coronary artery disease. Clinical 
Infectious Diseases 20, 588-592. 

Moore, W. E. & Moore, L. V (1994) The bac- 
teria of periodontal diseases Periodonto- 
logy 2000 5,  66-77. 

Papapanou, €? N., Baelum, V, Luan, W. M. 
et al. (1997). Subgingival microbiota in 
adult Chinese: prevalence and relation to 
periodontal disease progression. J Peri- 
odontol68,651666. 

Preber, H., Bergstrom, J. & Linder, L. E. 
(1992) Occurrence of periopathogens in 
smoker and non-smoker patients. Journal 
of Clinical Periodontology 19, 667471. 

Preber, H. & Bergstrom, J. (1985) Occurrence 
of gingival bleeding in smokers and non- 
smokers patients. Acta Odontologica Scan- 
dinavica 43, 3 15-320. 

Riviere, G. R., Smith, K. S., Carranza, N.. 
Jr., Tzagaroulaki, E., Kay, S. L. & Dock, 
M. (1995). Subgingival distribution of 
Treponema denticola, Treponema socran- 
skii, and pathogen-related oral spiro- 
chetes: prevalence and relationship to peri- 
odontal status of sampled sites. J. Peri- 
odontol66,829-837. 

Riviere, G. R., Smith, K. S., Tzagaroulaki, 
E., Kay, S. L., Zhu, X., DeRouen, T. A. & 
Adams, D. E (1996). Periodontal status 
and detection frequency of bacteria at sites 
of periodontal health and gingivitis. J. 
Periodontol 67, 109-1 15. 

Simonson, L. G., Robinson, I? J., Pranger, R. 
J., Cohen, M. E. & Morton, H. E. (1992) 
Treponema denticola and Porphyromonas 
gingivalis as prognostic markers following 
periodontal treatment. Journal of Period- 
ontology 63,270-273. 

Socransky, S .  S., Haffajee, A. D. & Cuglini, 
M. A. et al. (1998) Microbial complexes 
in subgingival plaque. Journal of Clinical 
Periodontology 25, 134144. 

Stoltenberg, J. L., Osborn, J. B., Pihlstrom, 
B. L. et al. (1993) Association between 
cigarette smoking, bacterial pathogens, 
and periodontal status. Journal of Period- 
ontology 64, 1225-1230. 

Syrjanen, J. (1990) Vascular diseases and oral 
infections. Journal of Clinical Periodonto- 
logy 17.497-500. 

Tanner, A., Maiden, M. E J., Macuch, I? J., 



Smoking and B A N A  periopathogens 821 

Murray, L. L. & Kent, R. L. Jr. (1998) 
Microbiota of health, gingivitis and initial Journal of Periodontology 67 (suppl), J. Loesche 
periodontitis. J. Clinical Periodontol. 25, 
85-98. 

Zambon, J. J., Grossi, S. G., Machtei, E. E., 
Ho, A. W., Dunford, R.  & Genco, R. J. ous outcomes. Biomeirics 42, 121- Ann Arbor, M148109-10,8 
(1996) Cigarette smoking increases the risk 30. USA 

for infection with periodontal pathogens. 

1050-1054. 
Zeger, S. L. & Liang, K.-Y. (1986) Longitudi- 

nal data analysis for discrete and continu- 

Address: 

University of Michigan 
School ofDenrisrry ,o,, N ,  university 


