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g-lactamasee and periodontitis 

Abstract t 

Inn 23 untreated adult periodontitis patients, the occurrence of Ö-lactamase pro-
ducingg periodontal bacteria was determined. In addition to non-selective isola-
tionn media, selective isolation and growth of ö-lactamase positive subgingival 
bacteriall species was carried out on blood agar plates supplemented with 
amoxicillinn and plates with amoxicillin + clavulanic acid. Porphyromonas gingiva-
lis,lis, Prevotella intermedia, Actinobacillus actinomycetemcomitans, 
PeptostreptococcusPeptostreptococcus micros, Fusobacterium nucleatum, Bacteroides forsythus 
andd Campylobacter rectus isolates from the non-selective medium were tested 
forr Ö-lactamase activity by a nitrocefin disk method (DrySlide®) and by a labora-
toryy chromogenic nitrocefin-based test. Isolates from the amoxicillin plates that 
weree absent on the amoxicillin/clavulanic acid plates were identified and tested 
forr Ö-lactamase production. Based on the non-selective plates, 6 of 23 P. inter-
mediamedia isolates, 2 of 19 B. forsythus isolates and 3 of 23 F. nucleatum isolates 
weree Ö-lactamase positive. The ö-lactamase positive species Prevotella loe-
scheii,scheii, Prevotella buccae, Prevotella buccalis and Actinomyces spp were reco-
veredd from the selective amoxicillin plates. Ö-Lactamase positive subgingival 
speciess were recovered from 17 of 23 patients (74%) but usually comprised low 
proportionss of the subgingival microflora (range < 0.01-15%). Comparison of the 
DrySlide®® test and the nitrocefin-based laboratory test revealed full agreement of 
testt results. Ö-Lactamase activity in whole subgingival plaque was detected in 12 
patientt samples (52%). It was concluded that ö-lactamase activity in subgingival 
bacteriaa in adult periodontitis is a common feature. However, since the majority 
off the samples showed only low-level enzymatic activity, the clinical relevance of 
thiss observation with regard to therapy with unprotected enzyme-susceptible Ö-
lactamss is uncertain, though failure on the other hand, is difficult to rule out when 
aa mechanism of resistance is present. The majority of ö-lactamase positive 
strainss was found among species of the Prevotella genus. 

Introduction n 

Onee mechanism of bacterial resistance to ö-lactam antibiotics is enzymatic inac-
tivationn of the antimicrobial agent (Neu 1992, Jacoby & Archer 1991). Production 
off Ö-lactamases is mediated via either chromosomes or plasmids. Ö-Lactamase 
productionn may be constitutive or inducible. Induction after ö-lactam exposure 
cann result in significant increases in enzyme production (Philips et al. 1993). One 
off the first reports on plasmid-mediated resistance to a ö-lactam antibiotic was 
inn 1974 and since then an increase in ö-lactam resistance has been noted. Ö-
Lactamasess in Gram-negative bacteria such as Pseudomonas aeruginosa, 
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EnterobacterEnterobacter cloacae, Serratia species and Haemophilus influenzae have been 
reportedd (Kliebe et al. 1985). The clinical consequence of resistance can be the-
rapeuticc failure and relapse. 
Walkerr et al. (1987), testing whole subgingival plaque samples, found 6-lacta-
masee activity in 36% of all > 6 mm periodontal pockets in patients with adult 
periodontitis.. They also concluded that the subgingival concentration of the 
enzymee can be sufficiently high to degrade subgingival penicillin levels. 8-
Lactamasess have been detected in dark-pigmented Prevotella species, in 
HaemophilusHaemophilus and Capnocytophaga species in patients with adult periodontitis 
(Kinderr et al. 1986). Appelbaum et al. (1991) reported that the occurrence of 0-
lactamasee positive strains of Fusobacterium nucleatum from mainly non-oral 
sitess can be 21%. Inhibitors of 0-lactamases such as clavulanic acid can be 
combinedd with for instance amoxicillin resulting in a /^-lactamase resistant drug. 
Thiss combination has shown beneficial clinical effects in the treatment of active 
periodontitiss (Haffajee et al. 1995a+b) and refractory adult periodontitis (Collins 
ett al. 1993, Magnusson et al. 1994). 
Amoxicillin,, in combination with metronidazole has been used successfully in the 
treatmentt of severe Actinobacillus actinomycetemcomitans-assoc\ateó period-
ontitiss (Van Winkelhoff et al. 1989, 1992, Pavicic et al. 1994). Others have advo-
catedd the use of amoxicillin+clavulanic acid in combination with metronidazole 
(Kornmann et al. 1989). More information on the occurrence of penicillin-degra-
dingg subgingival bacteria in adult periodontitis is needed for proper selection of 
potentiall antimicrobial therapies. 
Thee purpose of this study was to determine the occurrence of ^-lactamase acti-
vityy in subgingival plaque from untreated periodontitis patients by testing purified 
bacteriall isolates as well as by testing of whole subgingival samples. 

Materialss & Methods 

Patients s 

Thee patients selected for this study fulfilled the following inclusion criteria 1) age 
>> 25 years, 2) > 3 teeth in each quadrant of the dentition, 3) > 1 site with a prob-
ingg pocket depth > 5 mm which bled upon probing with radiographic evidence 
off alveolar bone loss, 4) no periodontal treatment history, 5) willing to participa-
tee in the study based on a written informed consent. Exclusion criteria were 1) 
periodontall treatment history, 2) systemic or topical antimicrobial therapy within 
66 months prior to the study, 3) diabetes mellitus, 4) acute necrotizing ulcerative 
gingivitis/periodontitis. . 
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Sampling g 

Inn each quadrant the deepest site showing bleeding upon probing was selected 
forr microbiological sampling. After careful removal of supragingival plaque depo-
sitss and isolation of the sampling site with cotton rolls, two consecutive sterile 
paperr points (Fine, West Palm Beach, USA) were inserted to the bottom of the 
experimentall sites and left in place for at least 10 sec. Paper points from all four 
sitess were pooled in 2 ml of reduced transport fluid (Syed & Loesche 1972). 
Sampless were processed within 2 hours after collection. 

Microbiologicall procedures 

Tenfoldd serial dilutions were prepared in sterile phosphate buffered saline. 
Appropriatee dilutions were plated onto non-selective 5% horse blood agar pla-
tess (Oxoid no 2; Oxoid Ltd, Basingstoke, England) supplemented with haemin (5 
mg/l)) and menadione (1 mg/l, BA) and on trypticase soy-serum-bacitracin-van-
comycinn (TSBV) plates (Slots, 1980) for selective isolation and growth of A. acti-
nomycetemcomitans.nomycetemcomitans. For selective isolation of periodontal organisms relatively 
resistantt to amoxicillin based on ö-lactamases production, BA plates were sup-
plementedd with 3 jL/g/ml amoxicillin or with 3 ug/m\ amoxicillin and 0.75 /jg/ml 
clavulanicc acid (SmithKline Beecham Pharmaceuticals, Herts, U.K.). 
TSBVV plates were incubated at C in air + 5% CO2 for 5 days. Non-selective 
andd selective blood agar plates were incubated at 37 C in 80% N2,10% H2 and 
10%% CO2 for up to three weeks. The number of colony forming units on the 
selectivee and non-selective blood agar plates were determined and converted to 
cfu/ml.. On the basis of these data, the percentage of organisms resistant to 
amoxicillinn and amoxicillin/clavulanic acid at the test concentrations of 3 and 
3/0.755 ug/m\, respectively, achieved in gingival crevicular fluid, were calculated 
(Slotss & Rams 1990). The % of A actinomycetemcomitans was calculated on the 
basiss of the number of cfu on TSBV plates. 
IdentificationIdentification of isolates. The presence and proportions of Porphyromonas ging-
ivals,ivals, Prevotella intermedia, Fusobacterium nucleatum, Peptostreptococcus 
micros,micros, Bacteroides forsythus and Campylobacter rectus was determined on the 
non-selectivee BA plates. Colonies present on the BA + amoxicillin plate but 
absentt on the BA + amoxicillin/clavulanic acid were regarded as potential B-lac-
tamasee positive bacterial species. These isolates were all purified and identified 
too species level. Identification of strictly anaerobic species was based on Gram-
reactionn and the reaction profile in the API 32A system (Biomerieux, La Balme 
Less Grottes, France). Additional tests for identification included detection of a 
trypsin-likee activity based on the degradation of benzoyl-DL-arginine-2-naphty-
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lamidee (Sigma, St Louis, USA) for the identification of P. gingivalis {Van 
Winkelhofff et al. 1988) and B. forsythus (Tanner et al. 1986). Identification of A 
actinomycetemcomitansactinomycetemcomitans was based on the characteristic colony morphology 
(star-likee inner structure) on the TSBV plate, and a positive catalase reaction 
uponn exposure to 3% H2O2. 
8-Lactamase8-Lactamase testing. /^-Lactamase activity of the selected periodontal pathogens 
andd bacteria growing on the BA + amoxicillin plates but not on the BA + amoxi-
cillin/clavulanicc acid plates was tested after purification and identification of the 
isolates.. Nitrocefin disks (DrySlide®, Difco Laboratories, Detroit, USA) were ino-
culatedd with a small portion of growth from blood agar plates and observed for 
aa change in color from yellow to red. Disks which did not show color change wit-
hinn 10 min. at room temperature were additionally incubated for 60 min. at . 
Inn addition, all isolates were tested with a rapid chromogenic nitrocefin-based 
laboratoryy test (Schoenknecht et al. 1985). In short, a nitrocefin solution was pre-
paredd in phosphate buffer (pH 7.0) to a final concentration of 250, 500 and 1000 
fjg/mlfjg/ml Volumes of 100 u\ were mixed with 100 fj\ of a heavy bacterial suspension 
inn microdilution plates. Tests were read after 10 min. at room temperature and 
afterr 60 min. of incubation at C (Heimdahl et al. 1980). A test was considered 
positivee when the yellow color turned into orange. 

^-Lactamasee activity of whole subgingival samples 

Forr the detection of ö-lactamase activity in whole subgingival dental plaque 
samples,, the rapid chromogenic nitrocefin method was used. After processing 
thee samples for anaerobic cultivation, plaque samples were stored at - C until 
use.. After thawing at room temperature, samples were vortexed for 30 sec. and 
sonicatedd on ice 10 times for 2 sec. at an amplitude of 20 JLV. Aliquots of 100 u\ 
weree mixed with 100 /JI of a nitrocefin solution (1000 ^g/ml). Dilutions of pure 8-
lactamasee (500 units Ö-lactamase I and 50 units ö-lactamase II, E.C. 3.5.2.6., ICN 
Biomedicals,, Zoetermeer, The Netherlands) were tested in the nitrocefin test for 
comparison.. A 0-lactamase positive and a negative Staphylococcus aureus 
strainn were used as positive and negative controls in all assays. The reactions 
weree read after 10 min. of incubation at room temperature, after 60 min. of incu-
bationn at C and after 24 hours at . 
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Results s 

Thee occurrence and percentages of the selected periodontal bacteria on non-
selectivee blood-agar plates in the 23 patients is summarized in Table 1. All 23 

TableTable 1. Prevalence and proportions of selected periodontal bacteria in 23 adult periodontitis patients 
andd the prevalence of fl-lactamase positive strains isolated from non-selective blood-agar plates. 

No.. positive 
patients s 
(«=23) ) 

Meann % of the 
subgingival l 
plaquee (SD) 

No.. /^-lactamase 
positivee strains 

P.P. gingivalis 
P.P. intermedia 
A.A. actinomycetemcomitans 
B.B. forsythus 
F.F. nucleatum 
P.P. micros 
C.C. rectus 

133 (57%) 
233 (100%) 
33 (13%) 

199 (83%) 
233 (100%) 
166 (70%) 
22 (9%) 

25.88 (14.4) 
4.33 (5.0) 

0.088 (0.09) 
8.88 (4.7) 
6.44 (5.0) 
5.33 (5.2) 
1.11 (0.2) 

0 0 
66 (26%) 
0 0 
2(11%) ) 
33 (13%) 
0 0 
0 0 

patientss had detectable P. intermedia and F nucieatum. The species with the 
highestt mean subgingival percentage was P. gingivalis (26%). Ö-Lactamase acti-
vityy was detected in 6 of 23 (26%) P. intermedia isolates, in 2 of 19 (11 %) B. for-
sythussythus isolates and in 3 of 23 (13%) F nucleatum isolates. None of the P. gingi-
valisvalis and A. actinomycetemcomitans strains were fi-lactamase positive (Table 1). 
Tablee 2 summarizes the occurrence and mean percentages of Prevotella buccae, 
PrevotellaPrevotella buccalis and Prevotella loescheii that were isolated from blood agar 
platess supplemented with 3 ug/m\ amoxicillin and were absent on the amoxicil-
linn plus clavulanic acid plates. All these isolates appeared positive for ö-lacta-

TableTable 2. Bacterial species with fl-lactamase activity from 23 adult periodontitis patients isolated from 
bloodd agar plates supplemented with 3 pg/ml amoxicillin. 

Species s 

P.P. intermedia 
F.F. nucleatum 
B.B. forsythus 
PrevotellaPrevotella buccae 
PrevotellaPrevotella buccalis 
PrevotellaPrevotella loescheii 
Unidentified̂  ^ 

No.. patients 
positivee (%) 

6(26) ) 
3(13) ) 
2(8) ) 
5(22) ) 
2(9) ) 
4(17) ) 
3(13) ) 

Meann %a) 

5.1 1 
5.8 8 

13.2 2 
0.07 7 

<0.01 1 
0.02 2 
0.74 4 

SD D 

4.2 2 
6.2 2 
1.4 4 

(0.07) ) 
(0.002) ) 
(0.04) ) 
(0.71) ) 

Range e 

0.7-12.8 8 
1.3-14.6 6 

11.8-14.6 6 
0.004-0.2 2 
0.005-0.0001 1 

0.0003-0.1 1 
0.006-1.7 7 

** Mean percentage of the subgingival anaerobically cultivable microflora in positive patients. 
b»» Strains were not identifyable. One strain was an unknown Clostridium spp., while the two other 
strainss resembled A. naeslundii. 
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mase.. From 2 patients, a /^-lactamase producing Actinomyces species was iso-
lated.. None of these isolates could be identified to species level, but they 
resembledd A. naeslundii. One ö-lactamase positive isolate was identified as a 
ClostridiumClostridium spp. 
Thee mean number of colony forming units (cfu) on the non-selective blood agar 
platee was 11.1 x 107ml (SD 1.3 x 10s). The mean number of cfu on the BA plate 
withh 3 £/g/ml amoxicillin amounted 8.9 x 104/ml (SD 18 x 104) and was 1.6 x 104 

(SDD 1.5 x 104) on the BA with amoxicillin + clavulanic acid plate. In comparison 
too the total number of cfu on the non-selective BA-plates, the number of cfu on 
thee amoxicillin and the amoxicillin/clavulanic acid plates was reduced to < 
0.011 %. This indicates a high susceptibility towards amoxicillin with or without 
clavulanicc acid of the majority of the cultivable subgingival bacteria. 
Thee control test with pure ^-lactamase revealed that the minimum amount of 
enzymee to hydrolyze the nitrocefin within 10 min., 60 min. and 24 hours was 
0.215,, 0.027 and 0.0017 units/ml respectively. Table 3 shows the distribution of 
fi-lactamasefi-lactamase positive subgingival species among the 23 patients and the mini-
mumm amount of Ö-lactamase detected in whole subgingival plaque samples. Of 
thee 23 patients investigated, 17 (74%) had one or more subgingival bacterial 
speciess with detectable ^-lactamase activity. There was no relationship between 
thee presence of /^-lactamase positive bacterial species and a positive test out-
comee in whole plaque samples. 
Thee subgingival plaque samples did not show detectable /^-lactamase activity 
withinn 10 min., with exception of the sample from patient 9 (fl-lactamase positi-
vee P. intermedia and F. nucleatum). Incubation of the subgingival plaque samp-
less for 60 min. revealed 5 additional positive samples (< 0.215 > 0.027 units/ml). 
Afterr subsequent overnight incubation at , six more samples showed a color 
changee indicating low (< 0.054 > 0.0037 units/sample) 5-lactamase activity and 
bringingg the total of positive samples to 12/23 (52%). Striking was the absence 
off ö-lactamase activity in most samples with P. loescheii. 
Tablee 4 summarizes the results of the comparison between the commercially 
availablee test and the rapid chromogenic laboratory test. There was full agree-
mentt between the results of the DrySlide® test and the rapid chromogenic labo-
ratoryy test with exception of one strain of F. nucleatum which showed only a 
positivee reaction with the nitrocefin test at 250 /vg/ml. 
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TableTable 3. Distribution of ^-lactamase positive subgingival bacteria and the detection of ^-lactamase in 
wholee subgingival plaque samples. 

Patient t 
no. . 

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

10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 
17 7 
18 8 
19 9 
20 0 
21 1 
22 2 
23 3 

^-lactamasee positive 
species s 

P.P. intermedia, P. buccae 
P.P. buccalis 
F.F. nucleatum, Actinomyces spp. 
NI* * * 
B.B. loescheii 
P.P. buccae, Actinomyces spp. 
P.P. intermedia 
NI I 
P.P. intermedia, F. nucleatum 
P.P. buccae, F. nucleatum 
P.P. intermedia 
NI I 
NI I 
P.P. buccae 
NI I 
P.P. loescheii 
P.P. loescheii 
B.B. forsythus 
P.P. intermedia, P. buccalis, Actinomyces spp. 
P.P. buccae, P. loescheii 
B.B. forsythus 
NI I 
P.P. intermedia 

Minimumm activity (units/sample) 
inn whole subgingival 

plaquee samples 
ND* * 
0.054 4 
0.0034 4 
0.00347 7 
ND D 
ND D 
ND D 
ND D 

0.430 0 
0.0034 4 
0.054 4 
ND D 
ND D 

0.054 4 
0.0034 4 
ND D 
ND D 

0.054 4 
ND D 

0.0034 4 
ND D 

0.0034 4 
0.054 4 

NI**:: no ö-lactamase positive species isolated. 
ND*:: no 6-lactamase activity detected. 

TableTable 4. Comparison between the nitrocefin DrySlide® method and a chromogenic nitrocefin-based 
laboratoryy test. 

Bacteriall  species 

P.P. intermedia 
B.B. forsythus 
P.P. micros 
P.P. gingivalis 
P.P. buccae 
P.P. buccalis 
F.F. nucleatum 
P.P. loescheii 
A.A. actinomycetemcomitans 
Actinomyces Actinomyces 
ClostridiumClostridium spp. 

Noo strains 
tested d 

23 3 
19 9 
16 6 
13 3 
5 5 
2 2 

23 3 
4 4 
3 3 
2 2 
1 1 

DrySlide® ® 

6* * 
2 2 
0 0 
0 0 
5 5 
2 2 
3 3 
4 4 
0 0 
2 2 
1 1 

250 0 

6 6 
2 2 
0 0 
0 0 
5 5 
2 2 
3 3 
4 4 
0 0 
2 2 
1 1 

Nitrocefinn (jiVml) 

500 0 

6 6 
2 2 
0 0 
0 0 
5 5 
2 2 
2 2 
4 4 
0 0 
2 2 
1 1 

1000 0 

6 6 
2 2 
0 0 
0 0 
5 5 
2 2 
2 2 
4 4 
0 0 
2 2 
1 1 

** Number of strains positive for B-lactamase acitivity. 
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Discussion n 

inn this study we investigated the ö-lactamase activity of whole subgingival pla-
quee as well as the presence and proportions of subgingival Ö-lactamase produ-
cingg bacteria in adult periodontitis patients. For the isolation and growth of sub-
gingivall bacteria we used three different media: non-selective enriched BA pla-
tes,, BA + amoxicillin and BA + amoxicillin/clavulanic acid. The rational for this 
methodd was that ö-lactamase positive bacteria would grow on the BA + amoxi-
cillinn plates but not on the BA + amoxicillin/clavulanic acid plate, since clavula-
nicc acid neutralizes most of the ö-lactamase activity. We found this method to be 
effectivee in isolating ö-lactamase producing bacterial species from dental plaque 
samples. . 
Off the selected putative periodontal species, strains of P. intermedia, B. forsyt-
hushus and F. nucleatum were Ö-lactamase positive. 26% of the P. intermedia 
strainss was Ö-lactamase positive which is much lower than the 52% that has 
beenn reported earlier in strains from the USA (Appelbaum et al. 1991). The diffe-
rencee may be explained by the fact that Appelbaum et al. (1991) have tested also 
non-orall P. intermedia strains; it may however also be related to previous antibi-
oticc use (Heimdahl et al. 1981, Kinder et al. 1986). The same explanations may 
bee true for the low number of ö-lactamase positive F. nucleatum strains in the 
presentt study (13%). In comparison, Appelbaum et al. (1991) and Jacobs et al. 
(1990)) found a prevalence of 21 % and 23% respectively. 
Too our knowledge, this is the first report on ö-lactamase activity among B. for-
sythussythus strains. This observation may be of clinical relevance given the fact that 
mostt patients with destructive adult periodontal disease have subgingival B. for-
sythussythus (Haffajee & Socransky 1994). 
Inn the present study no Ö-lactamase acitivity among P. gingivalis strains was 
observed,, which confirms the findings of Pajukanta et al. (1993), who failed to 
showw Ö-lactamase activity among 104 P. gingivalis strains. However, these fin-
dingss are in contrast to results by Jacobs et al. (1990) and Legg & Wilson (1990). 
WeWe have no explanation for these different observations and this matter should 
bee subject of future research. 
Inn the present study, we found that most ö-lactamase positive isolates were 
Gram-negativee rods with P. intermedia as the most frequently enzyme positive 
species.. This observation confirms the results of Kinder et al. (1986). The mean 
recoveryy of P. intermedia in our study was 4.3 % (range 0.7-21 %) of the anaero-
bicc subgingival microflora. However, the proportions of the amoxicillin resistant 
P.. intermedia on the selective isolation medium was much lower, i.e. < 0, 1%. 
Thiss indicates that only part of the ö-lactamase-producing P. intermedia cells 
weree resistant to amoxicillin at the test concentration of 3 (jg/m\, which does not 
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guaranteee bacteriological success with amoxicillin or another unprotected Ö-lac-
tamase-susceptiblee ö-lactam. Ten of the 23 patients in this study had Ö-lacta-
masee positive Gram-negative species which are not considered periodontal 
pathogens,, i.e. P. loescheii, P. buccalis and P. buccae, but which nonetheless 
mightt protect recognized ö-lactamase-non-producing pathogens from being eli-
minatedd by virtue of their potential to release /5-lactam-degrading enzymes into 
thee periodontal pockets. Proportions of these species did not exceed 0.1% of 
thee cultivable subgingival microflora. These species have been reported earlier 
ass ö-lactamase positive (Appelbaum et al. 1991, Jacobs et al. 1990). 
Inn total, 17 of 23 patients (74%) had one or more species with detectable enzy-
mee production. However, the ö-lactamase activity of whole subgingival plaque 
sampless was low or was not detected, even when positive species were isola-
ted.. Walker et al. (1987), detecting ö-lactamase in whole subgingival plaque 
samples,, found 64% of adult periodontitis patients to be positive, however no 
attemptt was made to relate this activity to specific periodontal bacterial species. 
Thee lack of correlation between the isolation of ö-lactamase positive species and 
thee outcome of the whole plaque ö-lactamase tests may be explained by a low 
sensitivityy of the ö-lactamase test and by the inability to isolate and grow all Ö-
lactamasee producing bacterial species. 6-Lactamase testing for clinical applica-
tionn may be most reliably performed on purified isolates rather than on whole 
subgingivall plaque samples. 
Thee observation that the DrySlide® test for detection of ö-lactamase producing 
anaerobicc isolates showed excellent agreement with the laboratory-based nitro-
cefinn test can be relevant for clinical application. 
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