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ABSTRACT 

Objectives: Prevotella intermedia/nigrescens group bacteria are Gram-negative, 

non-motile, anaerobic rods abundant in the subgingival microbiome of human 

periodontitis patients, and relatively sparse in persons with periodontal health. Because 

P. intermedia/nigrescens may be inadequately suppressed in periodontal pockets with

conventional mechanical-surgical forms of periodontal therapy, short-term systemic 

antibiotic therapy is often recommended in the treatment of recalcitrant (refractory) 

severe periodontitis patients where high numbers of P. intermedia/nigrescens persist in 

the subgingival microbiota. 

Limited available data suggests that the antibiotic sensitivity profile of periodontal 

P. intermedia/nigrescens has changed over time among severe periodontitis patients in

the United States, with increasing levels of antibiotic resistance reported. These findings 

have potentially important clinical implications for dental professionals and their severe 

periodontitis patients which need further confirmation and clarification. To further 

expand knowledge on this clinically relevant issue, the purpose of the present study was 

to determine and compare over a 10-year period (2011 versus 2021) the prevalence of in 

vitro resistance of periodontal P. intermedia/nigrescens to the antibiotics amoxicillin, 

metronidazole, clindamycin, and doxycycline. 

Methods: A retrospective record review was carried out on 100 consecutive 

patient records each in years 2011 and 2021 from existing data found in the records of the 

Oral Microbiology Testing Service (OMTS) Laboratory at Temple University School of 

Dentistry, Philadelphia, Pennsylvania. Patient record inclusion criteria for the present 

study were that 1.) the patient was culture-positive for P. intermedia/nigrescens in 
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subgingival dental plaque samples obtained pre-treatment from at least 3 periodontal sites 

having ≥ 6 mm periodontal probing depths, 2.) the patient was between the ages of 35-88 

years (to exclude persons with early-onset forms of periodontitis, and those that are very 

elderly and less representative of the general adult population in the United States), 3.) 

the patient was diagnosed by a periodontist as having severe periodontitis, and 4.) the 

patient’s subgingival biofilm samples were subjected to in vitro antibiotic resistance 

testing to breakpoint concentrations of amoxicillin (8 mg/L), metronidazole (16 mg/L), 

clindamycin (4 mg/L), and doxycycline (4 mg/L). Data was collected from the identified 

patient records on patient age, gender, current smoking status, the presence and 

proportional cultivable recovery of P. intermedia/nigrescens, and the in vitro resistance 

of P. intermedia nigrescens to each of the tested antibiotic breakpoint concentrations. All 

data was extracted from OMTS Laboratory records by the OMTS Laboratory Director 

and entered without any patient identifiers into a Microsoft Excel spreadsheet. 

Descriptive analysis of the extracted data was performed on patient age, gender, smoking 

status, the proportional cultivable recovery of P. intermedia/nigrescens, and the presence 

and subgingival proportions of antibiotic-resistant P. intermedia/nigrescens per test 

antibiotic.  A Student’s t-test evaluated the mean age of persons identified and included 

in the 2011 versus 2021 patient groups. Fisher's exact test evaluated the 2011 and 2021 

patient groups relative to their number of males, current smokers, persons aged 65 years 

and older, and patients with P. intermedia/nigrescens resistant in vitro to either 

amoxicillin, metronidazole, clindamycin, or doxycycline. Logistic regression analysis 

evaluated the statistical relationships between P. intermedia/nigrescens antibiotic 
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resistance and patient age group, gender, and current smoking status. All data analysis 

required a 2-tailed P-value of ≤ 0.05 for a finding of statistical significance. 

Results: The 100 severe periodontitis patients in each study year (2011 and 2021) 

did not statistically differ in mean age, numbers of persons aged 65 years or older, gender 

distribution, or prevalence of current smokers (all P-values > 0.05).  In vitro resistance of 

P. intermedia/nigrescens to 8 mg/L of amoxicillin was found in 69% patients in 2021 and 

62% patients in 2011; to 4 mg/L of doxycycline in 17% patients in 2021 and 26% 

patients in 2011; to 4 mg/L of clindamycin in 51% patients in 2021 and 42% patients in 

2011; and to 16 mg/L of metronidazole in 1% patients in 2021 and 2% patients in 2011. 

None of the 2021 versus 2011 differences in P. intermedia/nigrescens antibiotic 

resistance were statistically significant from each other for any of the tested antibiotics 

(all P-values > 0.05). Logistic regression analysis found a statistically significant 

relationship between the presence of P. intermedia/nigrescens in vitro resistance to 4 

mg/L of clindamycin and current smoking (odds ratio = 7.3; 95% confidence interval = 

1.5, 34.7; P = 0.013) among severe periodontitis patients evaluated in 2021, even after 

controlling for gender and the numbers of persons aged 65 years or older versus those 

who were younger aged. 

Conclusions: No statistically significant 10-year differences between 2011 and 

2021 were found in the prevalence of subgingival P. intermedia/nigrescens exhibiting in 

vitro resistance to designated breakpoint concentrations of amoxicillin, doxycycline, 

clindamycin or metronidazole, as determined from severe periodontitis patients in the 

United States. As a result, antibiotic resistance among United States periodontal P. 

intermedia/nigrescens clinical isolates, in contrast to other putative periodontal bacterial 
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pathogens, did not appear to increase over the past decade to antibiotics most frequently 

employed in systemic periodontal antibiotic therapy of progressive human periodontitis. 
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CHAPTER 1 

INTRODUCTION 

Prevotella intermedia/nigrescens (P. intermedia/nigrescens) group bacteria are 

Gram-negative, non-motile, anaerobic rods abundant in the subgingival microbiome of 

human periodontitis patients, and relatively sparse in persons with periodontal health 

(Socransky et al. 1998, Krishnan et al. 2016, Rams & van Winkelhoff 2017, Abusleme et 

al. 2021). Elevated subgingival proportions (≥ 2.5%) of P. intermedia/nigrescens 

persisting after conventional mechanical-surgical treatment of severe periodontitis 

predisposes patients to a pronounced risk of further progressive periodontal breakdown 

(Bragd et al. 1987). P. intermedia/nigrescens may be inadequately suppressed in 

periodontal pockets with conventional mechanical-surgical forms of periodontal therapy 

(Rams et al. 1996, Rhemrev et al. 2006). Therefore, short-term systemic antibiotic 

therapy is often recommended in the treatment of recalcitrant (refractory) severe 

periodontitis patients where high numbers of P. intermedia/nigrescens persist in the 

subgingival microbiota (Slots 2004). 

Limited available data suggests that the antibiotic sensitivity profile of periodontal 
 

P. intermedia/nigrescens has changed over time among severe periodontitis patients in 

the United States, with increasing levels of antibiotic resistance reported. Rams et al. 

(2014), in a study of 320 severe periodontitis patients in the United States who were 

culture-positive for subgingival P. intermedia/nigrescens, found in vitro antibiotic 

resistance of the microbial species to amoxicillin at 8 mg/L in 108 (33.8%) patients, to 

metronidazole at 16 mg/L in 1 (0.3%) patient, to clindamycin at 4 mg/L in 12 (3.8%) 
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patients, and to doxycycline at 4 mg/L in 89 (27.8%) patients.  Subsequently, Rams et 

al. (2020), in an evaluation of 80 severe periodontitis patients in the United States who 

were culture-positive for subgingival P. intermedia/nigrescens, found in vitro antibiotic 

resistance of Prevotella intermedia/nigrescens to amoxicillin at 8 mg/L in 50.0% 

patients, to metronidazole at 16 mg/L in 1.3% patients, to clindamycin at 4 mg/L in 

58.8% patients, and to doxycycline at 4 mg/L in 47.5% patients. These findings of 

potentially increased antibiotic resistance in the subgingival microbiome on periodontal 

P. intermedia/nigrescens for a number of commonly-used antibiotics (i.e., amoxicillin, 

clindamycin, doxycycline) are consistent with recent reports of marked increases in the 

antibiotic resistance of anaerobic bacteria associated with medical infections at human 

body sites outside of the oral cavity (Hastey et al. 2016). These findings have potentially 

important clinical implications for dental professionals treating severe periodontitis 

patients, since use of a systemic antibiotic against an infection to which the pathogenic 

microorganisms are resistant to the antibiotic is contrary to sound therapeutic practice and 

unlikely to clear the infection. To further expand knowledge on this clinically relevant 

issue, the purpose of the present study was to determine and compare over a 10-year 

period (2011 versus 2021) the prevalence of in vitro resistance of periodontal P. 

intermedia/nigrescens to the antibiotics amoxicillin, metronidazole, clindamycin, and 

doxycycline. 
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CHAPTER 2 

MATERIALS AND METHODS 

Resources and Setting 
 

This retrospective record review study was performed using pre-existing, archived 

data obtained in 2011 and 2021 by the Oral Microbiology Testing Service (OMTS) 

Laboratory at Temple University School of Dentistry, Philadelphia, Pennsylvania. The 

2011 and 2021 records reviewed were in binders containing completed dental patient 

reports of periodontal microbiological culture analysis and in vitro antibiotic resistance 

testing of subgingival dental plaque specimens. The study did not involve any 

investigator-study patient contact, interaction, or intervention. Approval for this 

retrospective record review and secondary data analysis was granted by the Temple 

University Human Subjects Institutional Review Board (Protocol #29167). 

To generate the data reviewed and analyzed in this study, the OMTS Laboratory 

quantitatively cultured major putative periodontal bacterial pathogens in 2011 and 2021, 

and performed antibiotic susceptibility testing on them, from subgingival dental plaque 

biofilm specimens collected and submitted by practicing dentists geographically 

distributed throughout the United States. Microorganisms routinely examined for by 

microbial culture in the OMTS Laboratory in the subgingival samples included P. 

intermedia/nigrescens and the following microbial species: Aggregatibacter 

actinomycetemcomitans, Porphyromonas gingivalis, Tannerella forsythia, Parvimonas 

micra, Fusobacterium nucleatum, Campylobacter rectus, Streptococcus constellatus, 

Streptococcus intermedius, Enterococcus faecalis, gram-negative enteric rods/ 



 

 

pseudomonads, Staphylococcus aureus and other staphylococci, and Candida species 

(yeasts). 

Practicing dentists were instructed by the OMTS Laboratory to remove 

subgingival dental plaque biofilm samples from patients after first removing 

supragingival dental plaque from 3-5 periodontal sites with moderate (5-6 mm) to deep 

(≥ 7 mm) periodontal probing depths which had gingival bleeding on probing. These 

periodontal sites were then to be isolated with cotton rolls and air dried to exclude saliva 

contamination of the subgingival microbial samples. One to two sterile paper points were 

then to be placed with sterile forceps into each periodontal site for approximately 10 

seconds to collect a subgingival dental plaque biofilm specimen. The paper points for 

each patient were placed after sampling together into a single glass vial containing small 

glass beads plus 2.0 ml of pre-reduced, anaerobically sterilized and stored Möller’s 

VMGA III transport media (Möller 1966). 

After overnight shipping to the OMTS Laboratory, the VMGA III vials were 

warmed to 37ºC for 10 minutes to liquefy gelatin in the VMGA III transport medium. 

The sampled subgingival specimens were then mechanically dispersed from the paper 

points into the VMGA III medium with a Vortex mixer at the maximal setting for 45 

seconds. After that, serial 10-fold dilutions of the dispersed biofilm specimens were 

carried out in Möller’s VMG I anaerobic dispersion solution, composed of pre-reduced, 

anaerobically sterilized 0.25% tryptose-0.25% thiotone E peptone-0.5% NaCl (Möller 

1966). Using a sterile bent glass rod, 0.1 ml aliquots of selected dilutions were plated 

onto pre-reduced, enriched Brucella blood agar (EBBA) medium, composed of 4.3% 
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Brucella agar (BBL Microbiology Systems, Cockeysville, MD, USA) supplemented 

with 0.3% bacto-agar, 5% defibrinated sheep blood, 0.2% hemolyzed sheep red blood 

cells, 0.0005% hemin, and 0.00005% menadione. The EBBA inoculated plates were 

incubated at 37°C for 7 days in an upright heated incubator (Caron, Marietta, OH, USA) 

in anaerobic jars. An 85% N2-10% H2-5% CO2 anaerobic atmosphere was introduced 

into the anaerobic jars using an Anoxomat™ Mark II  automatic jar evacuation- 

replacement system (Advanced Instruments, Inc., Norwood, MA, USA) (Brazier & Smith 

1989). 

After incubation, the culture plates were evaluated by the OMTS Laboratory staff 

for total anaerobic viable counts, and the presence and levels of number of putative 

periodontal bacterial pathogens, including P. intermedia/nigrescens. P. intermedia/ 

nigrescens clinical isolates were recognized as autofluorescent red-positive, black- 

pigmented colonies exhibiting lactose MUG-test negative (Alcoforado et al. 1987) and 

trypsin CAAM test-negative reactions (Slots 1987), and represented both Prevotella 

intermedia and Prevotella nigrescens due to the inability of phenotypic identification 

methods to reliably differentiate between them (Rams et al. 2018). Proportional patient 

recovery of P. intermedia/nigrescens was calculated as the percent recovery of P. 

intermedia/nigrescens colony forming units (CFU) among the total cultivable subgingival 

anaerobic viable count as determined on EBBA primary isolation plates. 

In vitro antibiotic resistance screening was performed by the OMTS Laboratory 

on P. intermedia/nigrescens clinical isolates using non-susceptible therapeutic breakpoint 

levels of amoxicillin, metronidazole, clindamycin, and doxycycline.  This was carried out 
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by inoculating dilution aliquots of subgingival dental plaque biofilm samples onto 

EBBA culture plates supplemented with either 8 mg/L of amoxicillin, 16 mg/L of 

metronidazole, 4 mg/L of clindamycin, or 4 mg/L of doxycycline (all antibiotics obtained 

as pure powder from Sigma-Aldrich, St. Louis, MO, USA), followed by anaerobic 

incubation at 37°C for seven days. P. intermedia/nigrescens growth on antibiotic- 

supplemented media indicated in vitro resistance to the incorporated antibiotic 

concentration. The antibiotic concentrations represented non-susceptible/resistant 

breakpoint values against anaerobic bacteria for amoxicillin, clindamycin, and 

metronidazole as recommended by the Clinical and Laboratory Standards Institute 

(CLSI) (Clinical and Laboratory Standards Institute 2020), and for doxycycline as 

recommended by the French Society for Microbiology (Antibiogram Committee of the 

French Society of Microbiology 2010). Incorporation of non-susceptible antibiotic 

breakpoint concentrations into primary isolation culture plates for identification of 

antibiotic-resistant periodontal microorganisms has been documented to have excellent 

correlation (r2 = 0.99) with a CLSI-approved agar dilution susceptibility assay (Feres et 

al. 1999). Bacteroides thetaiotaomicron ATCC 29741, Clostridium perfringens ATCC 

13124, and a multi-antibiotic-resistant clinical periodontal isolate of F. nucleatum were 

used by the OMTS Laboratory as positive and negative quality controls for antibiotic 

resistance testing on antibiotic-supplemented EBBA plates. 

The OMTS Laboratory is the only nationally-based diagnostic periodontal 

microbiology testing service in the United States to routinely carry out antibiotic 

resistance testing on clinical isolates of periodontal bacterial pathogens, which provided a 
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unique database for the present study. Importantly, all laboratory culture media 

preparation, specimen inoculation, and culture analysis were carried out in a standardized 

fashion in both 2011 and 2021 by a single oral microbiology laboratory technician 

(Jackie Sautter), with oversight and review by the laboratory director (Dr. Thomas E. 

Rams). This enabled use of data collected during those two years for comparative 

analysis without encountering problems related to variability in the laboratory processing 

of microbial specimens. 

The OMTS Laboratory facilities in 2011 and 2021 were inspected and licensed by 

the Pennsylvania Department of Health for high-complexity bacteriological analysis - 

Clinical Laboratory Permit No. 021872 - in meeting the same proficiency and quality 

control standards required of hospital medical microbiology laboratories. The OMTS 

Laboratory is also CLIA-registered at a federal level - CLIA Certificate No. 39D0707385 

- with the United States Department of Health and Human Services. Dr. Thomas E. 

Rams is licensed by the Pennsylvania Health Department as the OMTS Laboratory 

director, and had legal access to the laboratory patient records reviewed in this study. 

OMTS Laboratory patient reports reviewed in 2011 and 2021 contained the name 

and contact information of the dental professional who submitted the subgingival dental 

plaque specimen for microbiological analysis, the patient name, patient date of birth, 

patient gender, patient smoking status, patient periodontal diagnosis, date of the sample 

submission, the laboratory accession number assigned to the sample (which determined 

the order by which the patient record was established and processed), the nature of recent 

periodontal treatment, location and periodontal probing depth of periodontal sites where 

7 
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the subgingival dental plaque biofilm samples were obtained, the proportions of culture- 

positive periodontal bacterial pathogens, their susceptibility to designated breakpoint 

concentrations of doxycycline, amoxicillin, metronidazole, and clindamycin, percentages 

of microscopic microbial morphotypes (if requested), testing payment information, and 

analytic comments about the sample results. 

Laboratory Data Extraction 
 

The first 100 consecutively-established and processed patient records starting 

from January 1, 2011, and the first 100 consecutively-established and processed patient 

records starting from January 1, 2021, in existing archived records in the Oral 

Microbiology Testing Service (OMTS) Laboratory at Temple University School of 

Dentistry, were reviewed and data extracted by OMTS Laboratory Director Dr. Thomas 

E. Rams, as approved by the Temple University Human Subjects Institutional Review 

Board, when the following patient identifiers were all present: 

1. The patient’s subgingival dental plaque specimen was culture-positive for P. 

intermedia/nigrescens. 

2. The patient was aged between 35-88 years. 
 

3. The patient was diagnosed by a periodontist as having severe periodontitis (box on 

laboratory request form which states “severe periodontitis” was checked). 

4. The patient’s dental plaque sample analyzed was obtained at pre-treatment (box on 

laboratory request form which states “pre-treatment” was checked). 

5. The patient’s dental plaque sample analyzed was obtained from at least 3 periodontal 
 

sites with ≥ 6 mm periodontal probing depths (sample sites identified on the laboratory 
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request form had probing depths listed and included at least 3 sites with ≥ 6 mm 
 

periodontal probing depths). 
 

6. The patient report included the patient’s birth year, gender, and smoking status at time 

of microbial sampling (box filled in on current smoking status of patient on laboratory 

request form). 

7. The patient report form included the percent cultivable P. intermedia/nigrescens 

recovered in the subgingival dental plaque biofilm specimen analyzed, and whether or 

not the P. intermedia/nigrescens isolates were resistant in vitro to breakpoint 

concentrations of either amoxicillin (8 mg/L), metronidazole (16 mg/L), clindamycin (4 

mg/L), or doxycycline (4 mg/L) (indicated on the patient report form as “S” to 100% 

inhibition of P. intermedia/nigrescens by the antibiotic threshold concentration, and as 

“R” when antibiotic resistance of the organism was detected). 

If one or more of the above patient identifiers were not present, then no data was 

extracted and recorded for the patient, including any patient identification numbers. 

When a qualifying patient record was identified, the following variables were directly 

entered by Dr. Rams into a PC-computer data spreadsheet (Microsoft Excel 2010, 

Microsoft Corporation, Redmond, WA, USA) maintained in a password-protected 

computer file: 

1. “age” - The patient age in years was calculated prior to data entry by subtracting with 

a hand-held calculator the patient’s birth year from the year of the laboratory report. 

Thus, for patient privacy purposes, the patient’s birthdate was not recorded. 
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2. “male?” - A score of “1” was entered into the study spreadsheet if the patient gender 

was identified as male, with a score of “0” entered for females. 

3. “smoker?” - A score of “1” was entered into the study spreadsheet if the patientwas 

identified as a current smoker, with a score of “0” otherwise entered. 

4. “% Pi” - The percent cultivable P. intermedia/nigrescens recovered in the subgingival 

dental plaque specimen analyzed was entered into the study spreadsheet. 

5. “R-dx” - A score of “1” was entered into the study spreadsheet if the letter “R” was 

listed for the P. intermedia/nigrescens patient strains under the response to doxycycline 

at 4 mg/L, with a score of “0” if the letter “S” was listed. 

6. “R-am” - A score of “1” was entered into the study spreadsheet if the letter “R” was 

listed for the P. intermedia/nigrescens patient strains under the response to amoxicillin at 

8 mg/L, with a score of “0” if the letter “S” was listed. 

7. “R-me” - A score of “1” was entered into the study spreadsheet if the letter “R” was 

listed for the P. intermedia/nigrescens patient strains under the response to metronidazole 

at 16 mg/L, with a score of “0” if the letter “S” was listed. 

8. “R-cl” - A score of “1” was entered into the study spreadsheet if the letter “R” was 

listed for the P. intermedia/nigrescens patient strains under the response to clindamycin 

at 4 mg/L, with a score of “0” if the letter “S” was listed. 

Operationally, each of the OMTS Laboratory patient records was reviewed by Dr. 
 

Rams as follows: 

1. Each of the 7 patient identifiers listed above were used to see if an OMTS Laboratory 

patient record met the required inclusion criteria. 
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2. For OMTS Laboratory patient records that did not meet one or more of the patient 

identifier inclusion criteria, no further record review took place, and no patient data was 

recorded into the computer data spreadsheet. When an OMTS Laboratory patient record 

met all 7 of the required patient identifier inclusion criteria, then the 8 variables listed 

above were assessed from the patient record by Dr. Rams and entered directly into the 

computer data spreadsheet. 

3. This process was repeated by Dr. Rams until the first 100 consecutively-established 

and processed patient records starting from January 1, 2011, and the first 100 

consecutively-established and processed patient records starting from January 1, 2021, in 

existing archived records in the OMTS Laboratory were identified as meeting the study 

inclusion criteria and reviewed. 

Data Analysis 
 

Data analysis was carried out by Kaitlin A. Chrobocinski, DMD. Descriptive 

analysis of the de-identified extracted data was performed on patient age, gender, 

smoking status, the proportional cultivable recovery of P. intermedia/nigrescens, and the 

presence and subgingival proportions of antibiotic-resistant P. intermedia/nigrescens per 

test antibiotic. A Student’s t-test evaluated the mean age of persons identified and 

included in the 2011 versus 2021 patient groups. Fisher's exact test evaluated the 2011 

and 2021 patient groups relative to their number of males, current smokers, persons aged 

65 years and older, and patients with P. intermedia/nigrescens resistant in vitro to either 

amoxicillin, metronidazole, clindamycin, or doxycycline. Logistic regression analysis 

evaluated the statistical relationships between P. intermedia/nigrescens antibiotic 
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resistance and patient age group, gender, and current smoking status. All data analysis 

required a 2-tailed P-value of ≤ 0.05 for a finding of statistical significance. The PC- 

based STATA/SE 16.1 for Windows (StataCorp PL, College Station, TX, USA) 64-bit 

statistical software package, as well as Microsoft Excel 2010 spreadsheet software 

(Microsoft Corporation, Redmond, WA, USA), was used in the data analysis. 



13  

 

CHAPTER 3 

RESULTS 

Patient Group Characteristics in 2011 and 2021 
 

Table 1 lists various demographic characteristics of the severe periodontitis 

patient groups microbiologically culture-positive for subgingival P. intermedia/ 

nigrescens in 2011 and 2021. 

Table 1.  Demographic Characteristics of 2011 and 2021 Patient Groups 
 

  Patient Group  
 

Item 2011 2021 P-value 
 
No. of Patients 

 
100 

 
100 

 

Age Range, Years 35-88 35-88  

Mean Age ± SD, Years 54.8 ± 12.8 58.1 ± 13.1 0.073 (NS) 

No. of Patients ≥ 65 Aged Years 22 30 0.259 (NS) 

No. of Males 53 45 0.322 (NS) 

No. of Current Smokers 22 15 0.275 (NS) 

 
Key to table:  NS = not statistically significantly different 

 
No statistically significant differences in mean patient age, number of patients 

aged 65 years or older, number of males, or number of current smokers were found when 

comparing the 100 severe periodontitis patients in 2011 to the 100 severe periodontitis 

patients in 2021 (all P-values > 0.05).  Subgingival P. intermedia/nigrescens averaged 

10.2 ± 10.3 (SD) % (% range = 1.0-60.7%) of the cultivable subgingival microbiota in 
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severe periodontitis patients in 2011, and 6.5 ± 6.2 (SD) % (% range = 0.9-32.0%) 

among severe periodontitis patients in 2021, which was a significantly lower proportional 

level (P = 0.002). 

In Vitro Antibiotic Resistance of Subgingival P. intermedia/nigrescens 
 

Table 2 lists the prevalence of subgingival P. intermedia/nigrescens with in vitro 

resistance to the four test antibiotics in the 2011 and 2021 severe periodontitis patient 

groups. 

Table 2. Patients with Subgingival P. intermedia/nigrescens Resistant In Vitro to 

Antibiotic Breakpoint Concentrations 

  
DOX 

 
CLIN 

 
AMOX 

 
MET 

Patient Group 4 mg/L a 4 mg/L 8 mg/L 16 mg/L 
 

2011 (N = 100 patients) 26 b 

 
42 

 
62 

 
2 

2021 (N = 100 patients) 17 51 69 1 

 
P-value (2011 vs. 2021) 0.168 (NS) 0.257 (NS) 0.372 (NS) 1.000 (NS) 

 

Key to table:  DOX = doxycycline, CLIN = clindamycin, AMOX = amoxicillin, 
 

MET = metronidazole, a Non-susceptible breakpoint concentration of antibiotic used in 

vitro, b No. (%) of severe periodontitis patients with subgingival P. intermedia/nigrescens 

demonstrating in vitro resistance to non-susceptible breakpoint concentration of 

antibiotic, NS = not statistically significantly different. 



15  

 

None of the differences in prevalence of P. intermedia/nigrescens in vitro 

antibiotic resistance between the 2011 and 2021 severe periodontitis patient groups were 

statistically significant from each other for any of the four tested antibiotics (all P-values 

> 0.05). 
 

The data comparing the occurrence of P. intermedia/nigrescens in vitro antibiotic 

resistance in the 2011 and 2021 severe periodontitis patient groups is graphically 

presented in Figure 1. 

 

Figure 1.  Prevalence of severe periodontitis patients in 2011 and 2021 with subgingival 
 

P. intermedia/nigrescens resistant in vitro to non-susceptible breakpoint concentrations of 

four antibiotics. 

In logistic regression modeling, a statistically significant relationship was found 

between the presence of P. intermedia/nigrescens in vitro resistance to 4 mg/L of 

clindamycin and current smoking (odds ratio = 7.3; 95% confidence interval = 1.5, 34.7; 
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P = 0.013) among severe periodontitis patients evaluated in 2021, even after controlling 

for gender and the numbers of persons aged 65 years or older versus those who were 

younger aged. No other statistically significant relationships were found between P. 

intermedia/nigrescens antibiotic resistance and patient age group, gender, and current 

smoking status (all other P-value relationships > 0.05). 
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CHAPTER 4 

DISCUSSION 

The present study findings indicate that in vitro antibiotic resistance of human 

subgingival biofilm strains of P. intermedia/nigrescens, an orange complex periodontal 

pathogen (Socransky et al. 1998) recovered from severe periodontitis patients in the 

United States, remained statistically unchanged between 2011 and 2021 with regard to 

amoxicillin, doxycycline, clindamycin and metronidazole. Among 100 species-positive 

severe periodontitis patients evaluated each year, in vitro resistance of P. intermedia/ 

nigrescens to 4 mg/L of doxycycline was found in 26% of patients in 2011, and in 17% in 

2021; to 4 mg/L of clindamycin in 42% of patients in 2011, and in 51% in 2021; to 8 

mg/L of amoxicillin in 62% of patients in 2011, and in 69% in 2021; and to 16 mg/L of 

metronidazole in 1 % of patients in 2011, and in 2% in 2021. For each of the four 

antibiotics tested, no statistically significant differences were found between the 2011 and 

2021 patient groups in their prevalence of antibiotic-resistant subgingival P. intermedia/ 

nigrescens isolates (all P-values > 0.05, Fisher's exact test).  However, it is noteworthy 

that there was a non-statistically significant trend towards greater P. intermedia/ 

nigrescens resistance in 2021 to clindamycin and amoxicillin, and less to doxycycline, as 

compared to 2011 levels. These findings with P. intermedia/nigrescens of non- 

statistically significant changes over time in antibiotic resistance are in contrast with 

other periodontal pathogens, such as Parvimonas micra and Porphyromonas gingivalis, 

where statistically significant longitudinal increases in antibiotic resistance have been 
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reported in United States severe periodontitis patients (Rams et al. 2020a, Rams et al. 

2022). 

Further interpretation of these data may be drawn by comparing them to previous 

in vitro antibiotic resistance studies of P. intermedia/nigrescens subgingival isolates from 

severe periodontitis patients in the United States. Two previously published studies of 

United States severe periodontitis patients originated from the same oral microbiology 

laboratory at Temple University School of Dentistry and employed identical 

methodology as in the present study (Rams et al. 2014, 2020b).  In the first study (Rams 

et al. 2014), where 320 severe periodontitis patients were microbiologically evaluated 

prior to 2010, the prevalence of P. intermedia/nigrescens in vitro resistance to 4 mg/L 

clindamycin was 3.8% among P. intermedia/nigrescens species-positive patients. This 

level of clindamycin resistance is markedly lower than the proportions of P. intermedia/ 

nigrescens in vitro drug resistance detected in 2011 (42%) and 2021 (51%) in the present 

study, and in early 2019 (58.8%) in a previous study (Rams et al. 2020b). This suggests 

that a marked increase in clindamycin resistance among subgingival P. intermedia/ 

nigrescens occurred sometime prior to 2011, and has continued to trend upwards, 

although not at differences that are statistically significant with the study patient sample 

sizes used in the present study. 

Support for the notion that subgingival P. intermedia/nigrescens in vitro 

clindamycin resistance in United States periodontitis patients was relatively rare prior to 

2011, in contrast to higher levels reported in the present study, can be found in older 

antibiotic resistance studies.  Mashimo et al. (1981) found negligible in vitro resistance to 



 

 

1 mg/L of clindamycin among tested subgingival anaerobic bacteria from United States 

periodontitis patients that included strains recognized today as P. intermedia/nigrescens. 

Walker et al. (1981) evaluated 23 strains of Bacteroides melaninogenicus subspecies 

intermedius from United States periodontitis patients, which would be phenotypically 

classified today as P. intermedia/nigrescens, and found in vitro growth of all 23 strains to 

be inhibited by ≤ 0.5 mg/L of clindamycin, which is markedly lower than the 4 mg/L 

threshold concentration for clindamycin resistance employed in the present study. 

Identical findings of bacteria now classified as P. intermedia/nigrescens from United 

States periodontitis patients were reported by Sutter et al. (1983) as also being all 

inhibited by ≤ 0.5 mg/L of clindamycin. Similarly, Walker & Gordon (1990) reported 

clindamycin highly active in vitro against P. intermedia clinical isolates from United 

States adults with progressive periodontitis refractory to periodontal surgery and systemic 

tetracycline therapy, with 90% of tested strains inhibited by ≤ 0.25 mg/L of clindamycin 

(MIC90 = 0.25 mg/L). In these patients, systemic clindamycin therapy (150 mg orally 

every 8 hours for 7 days in conjunction with full-mouth mechanical root instrumentation) 

was able to therapeutically reduce P. intermedia subgingival cultivable proportions from 

15.0% at baseline to 0.9% at 12-months post-treatment, clinically confirming the 

relevance of the in vitro clindamycin susceptibility findings (Walker & Gordon 1990). 

A similar low level of resistance of P. intermedia/nigrescens to clindamycin has 

been seen in subgingival biofilms of periodontitis patients residing outside of the United 

States in other geographic regions of the world.  A total of 100% of 24 Dutch 

periodontitis strains of P. intermedia/nigrescens, and 16 out of 18 Spanish periodontitis 
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strains of P. intermedia/nigrescens, were determined to be susceptible in vitro to 4 mg/L 

of clindamycin by van Winkelhoff et al. in 2005. More recently, Veloo et al. (2015) 

reported all 4 P. intermedia strains, and 7 of 8 P. nigrescens isolates, tested from Dutch 

periodontitis patients were susceptible in vitro to 4 mg/L of clindamycin. 

Reasons why there is a relatively higher level of clindamycin resistance in 

periodontal P. intermedia/nigrescens of United States origin is not presently known, but 

is likely related to greater antibiotic usage and exposure in the United States than in other 

regions of the world, like northern Europe, where antibiotic use and exposure is more 

strictly limited than in the United States (European Centre for Disease Prevention and 

Control et al. 2017). 

Interestingly, a statistically significant relationship was found in logistic 

regression modeling between the presence of P. intermedia/nigrescens in vitro resistance 

to 4 mg/L of clindamycin and current smoking (odds ratio = 7.3), even with controlling 

for patient gender and older patient age. However, this positive relationship was detected 

only within severe periodontitis patients evaluated in 2021, and not those in the 2011 

patient group.  The basis underlying this relationship is not known, but similar 

statistically significant positive relationships between clindamycin resistance and 

smoking have been reported in medical patients being treated for recurrent urinary tract 

infections (Lorenzo-Gómez et al. 2020) and hidradenitis suppurativa inflammatory skin 

lesions (Iannone et al. 2021). 

Periodontal P. intermedia/nigrescens amoxicillin resistance also showed a non- 

statistically significant increased trend between 2011 and 2021 in the present study, with 
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62% of severe periodontitis patients in 2011, and 69% in 2021, yielding subgingival P. 

intermedia/nigrescens resistant in vitro to 8 mg/L of amoxicillin. This level of species 

resistance is higher than the 50% of United States severe periodontitis patients reported in 

2020 with amoxicillin-resistant subgingival P. intermedia/nigrescens (Rams et al. 

2020b), and markedly higher than the 33.8% United States periodontitis patients detected 

prior to 2011 with P. intermedia/nigrescens resistant in vitro to 8 mg/L of amoxicillin 

(Rams et al. 2014). Similar to present study findings with clindamycin, it appears that a 

marked increase in amoxicillin resistance in periodontal P. intermedia/nigrescens 

occurred sometime prior to 2011, and has continued to trend upwards, as was found in 

the present study. Larger patient samples sizes than were evaluated in the present study 

are needed to better evaluate whether these increasing prevalence trends in clindamycin 

and amoxicillin in vitro resistance are statistically significant or merely non-significant 

variations in the data. β-lactamase enzyme production by P. intermedia/nigrescens, 

which is frequently detected in United States severe periodontitis patients (Rams et al. 

2013), is important in degradation of amoxicillin via hydrolysis of amide bonds within 

the four-membered foundational ring of beta-lactam antibiotics (Handal & Olsen 2000), 

and is likely to be a major determinant of amoxicillin resistance among P. intermedia/ 

nigrescens clinical isolates. 

Metronidazole, which has antimicrobial effects specifically targeting anaerobic 

bacteria like P. intermedia/nigrescens (Leitsch 2019), was quite robust against 

subgingival P. intermedia/nigrescens.  In vitro resistance among periodontal P. 

intermedia/nigrescens in the present study was found to be rare in United States severe 
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periodontitis patients in both 2011 (1%) and 2021 (2%), consistent with other studies of 

United States patients in 2020 (1.3%) (Rams et al. 2020b) and prior to 2011 (0.3%) 

(Rams et al. 2014). 

Doxycycline resistance among subgingival P. intermedia/nigrescens trended 

lower between 2011 (present in 26% of patients) and 2021 (present in 17% of patients), 

similar to United States severe periodontitis patients evaluated prior to 2011 (27.8% of 

patients) (Rams et al. 2014). However, a markedly high proportion of doxycycline in 

vitro resistance in United States severe periodontitis patients was found by Rams et al. 

(2020b) (47.5%). Further studies are needed to better understand these apparent 

differences in the prevalence in United States periodontitis patients of in vitro resistance 

of periodontal P. intermedia/nigrescens to 4 mg/L of doxycycline. 

The present study had strengths which reduced the potential for selection bias that 

could have potentially confounded the study outcomes. The same criteria were used in 

2011 and 2021 to enter severe periodontitis patients into the secondary data analysis. 

This resulted in no statistically significant differences between the 2011 and 2021 

population groups with regard to their age ranges, mean age, proportion of patients aged 

≥ 65 years old, gender distribution, and percentage of current smokers. In addition, 

identical microbiology methodology was performed by the same oral microbiology 

laboratory and same laboratory personnel for evaluating P. intermedia/nigrescens in vitro 

antibiotic resistance in both 2011 and 2021. 

Among limitations in the present study were the lack of more detailed information 
 

about the study patients relative to their past used and exposure to antibiotics, lack of 
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clinical calibration of the various periodontists who diagnosed and microbiologically 

sampled the study patients, lack of laboratory differentiation between P. intermedia and 

P. nigrescens in evaluated subgingival biofilms instead of the hybrid classification of P. 

intermedia/nigrescens, lack of any molecular determination of antibiotic resistance genes 

associated with phenotypic expression of bacterial growth inhibition, no determination of 

exact minimal inhibitory concentration values of P. intermedia/nigrescens clinical 

isolates instead of assessing resistance to a single specified threshold drug concentration, 

and lack of larger study patient sample sizes to increase the power of the performed 

statistical inference testing. Future studies should ideally be designed to better address 

these issues. 
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CHAPTER 5 

CONCLUSIONS 

No statistically significant 10-year differences between 2011 and 2021 were 

found in the prevalence of subgingival P. intermedia/nigrescens exhibiting in vitro 

resistance to designated breakpoint concentrations of amoxicillin, doxycycline, 

clindamycin or metronidazole, as determined from severe periodontitis patients in the 

United States. 

As a result, antibiotic resistance among United States periodontal P. intermedia/ 

nigrescens clinical isolates, in contrast to other putative periodontal bacterial pathogens, 

did not appear to increase over the past decade to antibiotics most frequently employed in 

systemic periodontal antibiotic therapy of progressive human periodontitis. 
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