A Short Description of the BANA Test as it would Relate to Clinical Dentistry.

Overview.

The BANA Test is a simple, inexpensive chairside in-vitro test which can be used in the dental office. The test is designed to detect the presence of one or more anaerobic bacteria commonly associated with periodontal disease, namely, Treponema denticola, Porphyromonas gingivalis, and Bacteroides forsythus in plaque samples taken from periodontally diseased teeth. This information may help the clinician in the choice of an antimicrobial agent specific for anaerobes in the case of an individual who presents with advanced periodontal disease of the severity that usually would require surgical intervention. The clinician might also use the presence of these BANA positive species to monitor the adequacy of treatment. The BANA test could alert the clinician to the present of a subclinical/clinical periodontal infection in smokers, or in individuals at risk to cardiovascular diseases.
Samples of tongue coatings are often positive in individuals with oral malodor (halitosis). As these individuals can not detect their own malodor the BANA test could be used to give them objective information of the presence of bacteria on their tongues which produce foul smelling sulfides and volatile fatty acids, such as butyric, valeric, etc. acids.

Background.

In the early l980's, researchers identified the role of certain gram negative anaerobic bacteria in the emergence and progression of adult periodontitis: The most comprehensive of these early studies implicated Porphyromonas (Bacteroides) gingivalis, and spirochetes as the species and bacterial types that could be statistically associated with periodontal disease (1). Subsequent studies implicated the cultivable spirochete, Treponema denticola and Bacteroides forsythus as also being involved in periodontal disease (2-11). Grossi et al. (5,8), in an epidemiological investigation involving over 1,300 adults, identified several risk factors for attachment and alveolar bone loss including the presence of subgingival P. gingivalis and B. forsythus, as well as smoking. This group did not monitor the third BANA positive species, T. denticola, but judging from the literature this species probable would also have been present, as it seems to co-exist with B. forsythus and P. gingivalis (4,7,10,11). In particular, Socransky and Haffajee in their extensive study involving over 10,000 plaque samples taken from over 100 patients, found the BANA positive species, T. denticola, P. gingivalis, and B. forsythus to have the highest prevalence and to be present in the highest levels compared to over 40 other plaque species that were evaluated by DNA probes (10,11).

Early studies suggested that Actinobacillus actinomycetemcomitans may also be involved in periodontal disease (2,12,13). But most investigators have failed to find a convincing association between this species and periodontal disease (1,4,5, 8-11). In particular, the Grossi et al, and Socransky et al. studies (5,8,10,11) , found no evidence that A. actinomycetemcomitans could be associated with periodontal disease. A 1998 AADR abstract could find no association between A. actinomycetemcomitans and periodontal disease when PCR techniques were used in plaque samples taken from over 300 periodontally disease or healthy individuals (14).

Thus the preponderance of evidence indicates that T. denticola, P. gingivalis, and B. forsythus are periodontal pathogens and because all are anaerobes, it would appear that periodontal disease is a chronic infection due to the overgrowth of certain anaerobic members of the plaque flora. This suggests that the BANA test can be used to detect in plaque samples the same three anaerobic species that have been associated with periodontal disease by investigators who have used DNA probes, cultural methods , and immunological reagents (2-11). While the test does not distinguish which of the three species are present, this distinction may be moot, as the three BANA positive species appear to exist together (7,9-11). In the management of an anaerobic periodontal infection, it does not matter which of the three species is present, or if all three are present, because the antimicrobial agent of choice, metronidazole is uniquely active against anaerobes (16,17).

Several groups have reported that tongue samples tend to be BANA positive in individuals with oral malodor (46-48). The correlations between the a positive BANA test and oral malodor is comparable to that detected with a monitor for sulfide detection. 

Characteristics of the BANA Test.

The BANA test is based on a modification of the BANA hydrolysis test of Loesche et al. (6,18-20), which in turn was an adaptation of the trypsin-like enzyme contained in the API-ZYM kit. The anaerobic bacteria Porphyromonas (Bacteroides) gingivalis, Bacteroides forsythus and/or Treponema denticola are unique in the subgingival flora in that they possess a trypsin-like enzyme which hydrolyzes the synthetic peptide benzoyl-DL-arginine-naphthylamide or BANA. ( 6,18,19). Fifty eight other cultivable species were BANA negative, and four species were weakly and variably BANA positive (6). The BANA enzyme is an argining hydrolase (21), and it is possible that its function in vivo is to allow these organisms to use arginine containing peptides derived from the breakdown of collagen. If this scenario is correct, then the BANA positive organisms would be elevated in plaque samples whenever there is increased levels of collagen breakdown products in the plaque environment. Given that these specific bacteria are linked to common forms of adult periodontitis, a test which detects their enzymatic activity in subgingival plaque samples at discrete sites can be a useful adjunct to clinical diagnosis and management of this disease.

The BANA test is a small plastic card to which is attached two separate reagent matrices, seen as strips on the card. The lower white reagent matrix is impregnated with N-benzoyl-DL-arginine-B-naphthylamide (BANA). Subgingival plaque samples are applied to the lower matrix, and then distilled water is applied to the upper matrix. Then the lower matrix is folded back to make contact with the upper matrix. The upper buff reagent matrix contains a chromogenic diazo reagent which reacts with one of the hydrolytic products of the enzyme reaction forming a blue color. The reaction occurs when the plastic strip is inserted into an incubator set at 35 degrees C for 5 minutes (22-24).

This enzyme activity is detectable in subgingival plaque samples when about 104 colony forming units (CFUs)of T. denticola, P. gingivalis, and B. forsythus are present. This high sensitivity allows the use of very small plaque samples of the magnitude that can be removed by a toothpick. When the BANA Test was compared to DNA probes and immunological reagents that were highly specific for these organisms, it detected them in plaque samples with a level of accuracy that was comparable to the DNA probes and the immunological reagents; i.e., 89% (BANA) versus 91.5% (DNA and antibody). The sensitivity of the BANA Test for these bacteria in over 200 samples from 67 patients was 90% (BANA) compared to 92% for the DNA probes and immunological reagents (7). 


PRINCIPLE OF THE TEST: Peptidases in certain bacteria can hydrolyze the peptide analog N-benzoyl-DL-arginine-2 naphthylamide (BANA). One of the hydrolytic products of this reaction is B-naphthylamide, which reacts with a diazo reagent Fast Black K producing a permanent blue color.T.denticola, P. gingivalis, and B. forsythus of over 60 plaque species that have been tested, have been found to possess significant amounts of BANA-hydrolyzing enzyme (6). Occasionally some strains of Capnocytophaga and Bacteroides were weakly BANA positive, but this was an inconsistent finding (6). These species appear to account for the BANA hydroylytic activity of dental plaque samples(1,4,6,7). Blood and saliva do not hydrolyze BANA and do not interfere with this test.(25). Different bacteria, such as Stomatococcus mucinalagenous and Rothia dentocariosa may be responsible for the the BANA hydrolytic activity of tongue samples in subjects with oral malodor.




Interpretation: The BANA Test will show a blue color if positive. The individual reactions for each sample site is described below:

Negative Reaction- No blue color. This indicates that the BANA positive species are below the detection level of 10,000 CFU in the plaque sample.

Positive Reaction- This appears as a distinct blue color over a small area or over the entire area of contact with the plaque. This indicates that one or more of the three BANA positive species are present at levels > 100,000 CFU.

Weak Positive Reaction- This appears as a faint blue color over a very small area or over the entire area of contact with the plaque. Thus color intensity indicates the presence of one or more of the BANA positive species. In the statistical models associating the BANA Test results with clinical gingivitis, a weak BANA test give higher values in the model when grouped with the BANA positive reactions than when grouped with the BANA negative reactions (22). This suggests that a weak positive BANA test behaved more like a positive BANA Test than a negative test.

The test results may have differing significance from patient to patient and should be considered from interval to interval for each patient within the context of the patient's clinical record of periodontitis, gingivitis, overall hygiene, compliance to home care, and overall general health. Dental professionals have to use their clinical judgment in interpreting test results. We consider an individual who has three or four BANA positive (weak positive) reactions from four sample sites as having a positive BANA Test. In individuals with advanced forms of periodontal disease, of the severity that normally would require surgical intervention 96% of the samples sites had BANA positive plaques and the other 4% had plaques which gave weak positive reactions (26,27), i.e. all subjects had a positive BANA Test.

Clinical utilities.

The intended use of the BANA test is to detect in plaque samples, one or more of three anaerobic species that have repeatedly been associated with periodontal disease. This information can be used by the clinician in several ways to help in his/her management of the patients periodontal condition.

Aid in the management of anaerobic periodontal infections.
We have interpreted the presence of three out of four, or four out of four BANA positive plaques in patients with overt clinical signs of disease as indicating that the patient has an anaerobic periodontal infection. In a logistic regression model incorporating clinical parameters and the BANA test, the BANA test along with mobility, and level of attachment loss were significantly associated with the clinician's decision to recommend periodontal surgery as treatment for that particular tooth (26).

Patients were entered into a double blind clinical trials of antimicrobial agents based upon clinical documentation of many deep pockets which would normally require periodontal surgery or extractions, and the presence of an anaerobic periodontal infection as determined by 3 or 4 of the 4 sampled plaques giving a BANA positive reaction. We used as our treatment outcome the reduced need for surgery or extractions. In two separate studies we found that debridement and metronidazole significantly reduced the surgical needs of the patients, when compared to debridement and placebo treatment( 16). In a third study we showed that about 90% of the initially recommended periodontal surgical needs could be avoided when patients were treated for two weeks with systemic metronidazole combined with local metronidazole treatment about specific teeth (27). In this last study 96% of the plaques obtained from 90 patients were BANA positive.

These studies were supported by grants from the National Institute of Dental research so that the cost to the patient was not a consideration. However we estimate that when this approach is transferred to the private sector, this treatment, in addition to being very user friendly, could save the patient from $2,000 to $3,000 compared to the traditional surgical approach. This magnitude of savings means that definitive periodontal treatment will be affordable by many individuals. The choice of metronidazole was predicated upon the observation that over 96% of the tested plaques in the individual had a BANA positive reaction.

Early Detection of patients at risk to develop periodontal disease

Most individuals normally harbor low levels of the three BANA-positive species. These organisms can be detected in dental sites without evidence of clinical disease by the BANA test system. (22). Early clinical studies which showed a poor specificity for the BANA test, i. e. BANA positive in the absence of gingival bleeding, were probably confounded by not adjusting for the smoking history of the patients, and by the fact that shallow sites in periodontal patients were used (28). We now know that shallow sites in patients have the same bacterial flora as deep sites in these patients (11,29). When the BANA test is performed on plaque removed from shallow sites in periodontally healthy subjects the specificity improves to about 80% (22,23). We have improved the specificity of the BANA test by lowering the temperature to 350C and incubating for 5 minutes (22).

Early detection of sites or patients at-risk to periodontal disease could lead to early, conservative therapy which may prevent the initiation of periodontal destruction. This would be a more cost effective and humane approach than waiting until after the destruction has begun and can be clinically diagnosed. The ability of the BANA Test to detect one or more of T. denticola, B. forsythus or P. gingivalis in plaque samples could be of importance in at least two groups of individuals.

Smokers. This may be particularly relevant in the case of smokers, who are known to be at risk to periodontal disease (5,30,31). Smokers do not exhibit the early telltale signs of a bleeding gingivitis, which could alert the subject or the dentist that he has a possible periodontal problem (32). However, smokers are likely to be colonized with B. forsythus and P. gingivalis (33). We have found that individuals who smoke are almost 10 times more likely to have BANA positive plaques that individuals who do not smoke (22). A positive BANA test in these individuals could alert a clinician of potential (actual) disease and cause him to be more diligent in his treatment of the patient.

Individuals with Cardiovascular Disease. In a surprising recent development several investigators have shown an association between dental disease and cardiovascular disease (34-40). We have found that in older patients with coronary artery disease that the BANA test was a significant independent risk indicator of coronary heart disease (CHD), using logistic regression models in which cholesterol levels, and body mass index were not significant (41). Patients with a diagnosis of CHD were 2.06 times more likely to have all 4 plaque samples testing BANA positive compared to subjects who did not have CHD.

This increase in the plaque BANA scores would indicate that periodontopathic species were elevated on the tooth surfaces of subjects with CHD. This implies some degree of periodontal pathology, which was documented by the significantly elevated level of gingivitis in the independent living subjects who had teeth (41). These BANA-positive species are gram-negative anaerobes, so that their elevation in the dental plaque would support the various hypotheses linking chronic bacterial infection to CHD via effects mediated by endotoxin or lipopolysaccharides [42-44].

If periodontal disease can be shown to be a significant risk factor for CHD this would be of great importance, as periodontal disease is or should be a modifiable risk factor. The role of the BANA test in identifying individuals at risk for periodontal disease and possibly CHD is speculative at this time, but its potential importance is great. If periodontal disease is a risk factor for cardiovascular disease it would be a modifiable risk factor, that could be reduced by the early treatment of periodontal conditions.

Individuals with Oral Malodor

Many individuals complain of oral malodor, and often seek treatment for such. About 90% of oral malodor originates from the tongue and reflects the proteolytic activity of oral anaerobes. These bacteria degrade peptides, and proteins releasing volatile sulfur compounds (VSCs), volatile fatty acids and other compounds such as putrescene which contribute to the oral malodor (45). The volatile sulfur compounds can be detected with a sulfide monitor called the Halimeter, but there is no way to detect the other malodorous compounds. The BANA bacteria in vitro produce a variety of foul smelling compounds such as VSCs, and fatty acids such as valeric, propionic, butyric and others. We and others (46-48) have found that small samples of tongue coatings are BANA positive in individuals with oral malodor. In fact a positive BANA test correlates with all the oral malodor parameters and when combined with the Halimeter readings improves the correlation of the combined readings with organoleptic scores (47). When patients are successfully treated to reduce and/or eliminate the oral malodor the tongue BANA scores convert from positive to negative (48). This finding suggests that the BANA test could be used to monitor treatment efficacy in reducing malodor.
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