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ABSTRACT 
  
 

Objectives:  Systemic antibiotics are generally recognized as providing a 

beneficial impact in treatment of both aggressive and chronic periodontitis.  Since strains 

of periodontal pathogens among periodontitis patients may vary in their antibiotic drug 

resistance, the American Academy of Periodontology recommends antimicrobial 

susceptibility testing of suspected periodontal pathogens prior to administration of 

systemic periodontal antibiotic therapy, to reduce the risk of a treatment failure due to 

pathogen antibiotic resistance.  E-test and MIC Test Strip assays are two in vitro 

antimicrobial susceptibility testing systems employing plastic- and paper-based, 

respectively, carriers loaded with predefined antibiotic gradients covering 15 two-fold 

dilutions.  To date, no performance evaluations have been carried out comparing the E-

test and MIC Test Strip assays in their ability to assess the in vitro antimicrobial 

susceptibility of periodontal bacterial pathogens.   

As a result, the purpose of this study was to compare the in vitro performance of 

E-test and MIC Test Strip assays in assessing minimal inhibitory concentration (MIC) 

values of four antibiotics frequently utilized in systemic periodontal antibiotic therapy 

against 11 fresh clinical subgingival isolates of the putative periodontal pathogen, 

Prevotella intermedia/nigrescens, and to compare the distribution of P. 

intermedia/nigrescens strains identified with interpretative criteria as “susceptible” and 

“resistant” to each of the four antibiotics using MIC values determined by the two 

antimicrobial susceptibility testing methods.      
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Methods:  Standardized cell suspensions, equivalent to a 2.0 McFarland turbidity 

standard, were prepared with 11 fresh clinical isolates of P. intermedia/nigrescens, each 

recovered from the subgingival microbiota of United States chronic periodontitis 

subjects, and plated onto to the surfaces of culture plates containing enriched Brucella 

blood agar.  After drying, pairs of antibiotic-impregnated, quantitative, gradient diffusion 

strips from two manufacturers (E-test, bioMérieux, Durham, NC, USA, and MIC Test 

Strip, Liofilchem s.r.l., Roseto degli Abruzzi, Italy) for amoxicillin, clindamycin, 

metronidazole, and doxycycline were each placed apart from each other onto the 

inoculated enriched Brucella blood agar surfaces, so that an antibiotic test strip from each 

manufacturer was employed per plate against each P. intermedia/nigrescens clinical 

isolate for antibiotic susceptibility testing.  After 48-72 hours anaerobic jar incubation, 

individual MIC values for each antibiotic test strip against P. intermedia/nigrescens were 

read in µg/ml at the point where the edge of the bacterial inhibition ellipse intersected 

with the antibiotic test strip.  MIC50, MIC90, and MIC range were calculated and 

compared for each of the test antibiotics, with essential agreement (EA) values 

determined per test antibiotic for the level of outcome agreement between two 

antimicrobial susceptibility testing methods.  In addition, the identification of antibiotic 

“susceptible” and “resistant” strains among the P. intermedia/nigrescens clinical isolates 

was determined for each test antibiotic using MIC interpretative criteria from the MIC 

interpretative standards developed by the European Committee on Antimicrobial 

Susceptibility Testing (EUCAST) for gram-negative anaerobic bacteria for amoxicillin, 
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clindamycin, and metronidazole findings, and from the French Society of Microbiology 

breakpoint values for anaerobic disk diffusion testing for doxycycline data. 

 

Results:  For amoxicillin, higher MIC50 and MIC90 values against the P. 

intermedia/nigrescens strains were found with the MIC Test Strip assay than with E-test 

strips, resulting in a relatively low EA value of 45.5% between the two susceptibility 

testing methods.  A higher percentage of amoxicillin “resistant” P. intermedia/nigrescens 

strains (72.7%) were identified by MIC Test Strips as compared to E-test strips (54.5%), 

although both methods found the same proportion of amoxicillin “susceptible” strains 

(27.3%).  For clindamycin, both susceptibility testing methods provided identical MIC 

values (EA value = 100%), and exactly the same distributions of “susceptible” and 

“resistant” strains of P. intermedia/nigrescens.  For metronidazole, only very poor 

agreement (EA value = 9.1%) was found between the two susceptibility testing methods, 

with MIC Test Strips exhibiting markedly higher MIC50 and MIC90 values against P. 

intermedia/nigrescens as compared to E-test strips.  However, the distribution of 

“susceptible” and “resistant” P. intermedia/nigrescens were identical between the two 

susceptibility testing methods.  For doxycycline, relatively good agreement (EA value = 

72.7%) was found in MIC concentrations between the two susceptibility testing methods, 

although generally lower MIC values were associated with MIC Test Strips.  In addition, 

identical distributions of “susceptible” and “resistant” P. intermedia/nigrescens were 

provided by both susceptibility testing methods.        
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Conclusions:  Relative to MIC values measured against periodontal strains of P. 

intermedia/nigrescens, MIC Test Strips gave higher MIC values with amoxicillin and 

metronidazole, equal MIC values with clindamycin, and lower MIC values with 

doxycycline, as compared to MIC values measured with the E-test assay.  Relative to the 

identification of antibiotic “susceptible” periodontal P. intermedia/nigrescens strains, 

both susceptibility testing methods provided identical findings, suggesting that both 

methods appear to be interchangeable for clinical decision making in regard to 

identification of antibiotic-sensitive strains of periodontal P. intermedia/nigrescens.  

However, for epidemiologic surveillance of drug susceptibility trends, where exact MIC 

values are important to track over time, the relatively higher proportion of non-exact MIC 

differences between the two susceptibility testing methods argues against using them 

interchangeably.  Instead, one or the other method should be used consistently for such 

studies.  Further comparative studies of the E-test and MIC Test Strip assays are 

indicated using other periodontopathic bacterial species besides P. intermedia/nigrescens, 

and to assess the reproducibility of MIC values provided by both in vitro susceptibility 

testing methods over time.      
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CHAPTER 1 
 

INTRODUCTION 
 

Systemic antibiotics are generally recognized as providing a beneficial impact in 

treatment of both aggressive and chronic periodontitis when utilized in conjunction with 

thorough mechanical root debridement, meticulous supragingival plaque control, and 

systematic periodontal maintenance care provided at regularly-scheduled intervals (1-7).   

However, resistance to antibiotics may vary among targeted bacterial pathogens 

in polymicrobial biofilms comprising subgingival dental plaque in periodontal pockets 

(8-14), with different geographic areas of the world frequently yielding region-specific 

antimicrobial susceptibility and resistance patterns among periodontal bacterial pathogens 

(11-13).  In the presence of antibiotic-resistant subgingival pathogens, clinical treatment 

failures may occur in periodontitis patients if antibiotic therapy is administered to which 

the targeted pathogens are not susceptible.  Examples of this risk were reported in two 

adult patients where refractory periodontitis occurred as a result of tetracycline-resistant 

subgingival Aggregatibacter actinomycetemcomitans overgrowing secondary to long-

term systemic tetracycline-HCl therapy and multiple periodontal flap surgeries, and high 

subgingival levels of erythromycin-resistant Staphylococcus aureus developing in 

disease-active periodontitis lesions secondary to prolonged systemic erythromycin 

therapy and multiple periodontal surgeries (15).   

As a result, the American Academy of Periodontology, in a position paper 

published in 2004 (3), recommended evaluation of antimicrobial susceptibility patterns of 
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suspected periodontal pathogens prior to administration of systemic periodontal 

antibiotic therapy. 

Several laboratory methods are available to test the antibiotic susceptibility of 

cultivable periodontal bacterial pathogens.  Agar dilution, broth macro-dilution, broth 

micro-dilution, and disk diffusion assays are traditionally used as the “gold standard” in 

antibiotic in vitro susceptibility testing of bacterial pathogens, but each possesses 

drawbacks that limit their routine use in assessing antibiotic resistance among periodontal 

bacterial pathogens.  Agar dilution and broth dilution methods require expensive, time-

consuming, and labor-intensive media set-ups involving a multitude of culture plates, 

tubes or trays in order to cover the potential range of inhibitory antibiotic concentrations.  

Disk diffusion testing is limited by the availability of only certain antibiotic concentration 

values, and is less efficient when slow-growing species, such as anaerobic bacteria, are 

being tested. 

To overcome some of these limitations, the Epsilometer test (E-test) assay was 

developed in early 1990s as an alternative method to determine minimal inhibitory 

concentrations (MIC) of antimicrobials in vitro against bacteria (16).  The E-test employs 

an impervious plastic 5 x 50 mm strip loaded with a predefined antibiotic gradient 

covering 15 two-fold dilutions.  E-test strips are placed onto an inoculated agar plate, 

where, after appropriate incubation, MIC values are identified as the point where the edge 

of the drop-shaped bacterial inhibition zone intersects the strip (16).  E-test strips have 

the advantage of being easy to employ, and test bacterial strains against a wide range of 

antibiotic concentrations on a single culture plate.  Comparative evaluations 
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demonstrated a high level of agreement between antibiotic MIC values against various 

periodontal bacterial pathogens as determined with the traditional agar dilution antibiotic 

susceptibility assay, and those measured with E-test strips (17).  However, E-test strips 

are relatively expensive (approximately $3 USD each), which has hampered their use in 

clinical microbiology laboratories. 

MIC Test Strips are a new lower-cost (approximately $1.82 USD each) alternative 

product, similar in concept and function as E-test strips, that uses paper instead of plastic 

as the antibiotic carrier.  Since no performance comparisons have been reported to date 

between E-test and MIC Test Strip assays, it is not known if MIC values measured, and 

identification of “susceptible” versus “resistant” bacterial strains, are similar or markedly 

different between the two in vitro antibiotic susceptibility testing products, particularly in 

regard to assessment of periodontal bacterial pathogens.   

As a result, this study compared the in vitro performance of E-test and MIC Test 

Strip assays in assessing MIC values of four antibiotics frequently utilized in systemic 

periodontal antibiotic therapy against 11 fresh clinical subgingival isolates of the putative 

periodontal pathogen, Prevotella intermedia/nigrescens.  In addition, the distribution of 

antibiotic “susceptible” and “resistant” P. intermedia/nigrescens strains to each of the 

four antibiotics was compared between the E-test and MIC Test Strip assays.    
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CHAPTER 2 

MATERIALS AND METHODS  

Laboratory Facilities 

All laboratory procedures were performed in the Oral Microbiology Testing 

Service (OMTS) Laboratory, located in Room 365-A of Building 600, which is part of 

the Temple University Maurice H. Kornberg School of Dentistry on the Temple 

University Health Sciences Center campus in Philadelphia, PA.  The OMTS Laboratory 

facilities are 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 federally-certified by the 

United States Department of Health and Human Services - CLIA Certificate No. 

39D0707385 - to be in compliance with Clinical Laboratory Improvement Amendments 

(CLIA)-mandated proficiency testing, quality control, patient test management, personnel 

requirements, and quality assurance standards required of clinical laboratories engaged in 

diagnostic testing of human specimens in the United States (18).  All culture media 

preparation, specimen inoculation, and plate evaluations were carried out in a 

standardized fashion by the principal investigator and the same OMTS Laboratory staff 

personnel for all of the study bacterial strains. 

Test Bacterial Strains 

A total of 11 fresh clinical isolates of P. intermedia/nigrescens, isolated from 

subgingival sites of 11 chronic periodontitis patients, and in the bacterial collection of the 
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OMTS Laboratory, were used in the in vitro antibiotic susceptibility comparisons.  The 

strains comprised a mean 5.7 ± 1.7 (standard error) % (range % = 0.1 to 20.2) of the 

cultivable subgingival microbiota in the sampled chronic periodontitis patients.  The P. 

intermedia/nigrescens strains were identified as gram-negative, non-motile, anaerobic 

rods forming black colonies on anaerobically-incubated enriched Brucella blood agar 

(19). The colonies additionally exhibited an autofluorescent brick red color under long-

wave ultraviolet light illumination (20), and were MUG test-negative for lactose 

fermentation (21), and CAAM test-negative for trypsin-like protease activity (22).  No 

attempt was made to further phenotypically or genetically differentiate the identity of the 

strains between those taxonomically classified as Prevotella intermedia from one 

classified as Prevotella nigrescens.  

In Vitro Antibiotic Susceptibility Testing 

Pure cultures of each P. intermedia/nigrescens clinical isolate were grown in vitro 

on pre-reduced, nonselective, enriched Brucella blood agar plates (23), comprised of 

4.3% Brucella agar supplemented with 0.3% bacto-agar, 5% defibrinated sheep blood, 

0.2% hemolyzed sheep red blood cells, 0.0005% hemin and 0.00005% menadione.  

Inocula of each of the test bacterial strains were scraped off of the enriched Brucella 

blood agar plates, and standardized cell suspensions were prepared in sterile physiologic 

saline, equivalent to a 2.0 McFarland turbidity standard, which provided approximately 6 

x 108 organisms/ml cell density of the P. intermedia/nigrescens strains.  Using a sterile 

cotton-tip swab, the P. intermedia/nigrescens suspensions for each of the 11 clinical 

isolates were separately applied to the surfaces of fresh, pre-reduced, enriched Brucella 
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blood agar plates.  After drying, E-test strips (bioMérieux, Inc., Durham, NC, USA), and 

MIC Test Strips (Liofilchem s.r.l., Roseto degli Abruzzi, Italy), each containing 

predefined gradient concentrations of either amoxicillin, clindamycin, metronidazole or 

doxycycline, were both applied, apart from each other, onto the inoculated media 

surfaces, followed by anaerobic jar incubation at 35ºC for 48-72 hours (Figure 1).  

 

                                    

Figure 1.  E-test strips and MIC Test Strips.  E-test strips made of plastic (left), and MIC 

Test Strips made of paper (right), both contained a predefined antibiotic gradient 

covering 15 two-fold dilutions from 0.016 to 256 mg/L of an antibiotic. 

 
A Nema C88 vacuum pen (bioMérieux, Inc., Durham, NC, USA) was used to 

apply the two antibiotic susceptibility testing strips onto the inoculated enriched Brucella 

blood agar plates.  The applicator pen has a suction cup, vacuum level regulator, and 

switch control.  After adjusting the vacuum level to facilitate efficient pick-up and release 

of the antibiotic-containing strips, the applicator was held like a pen, with the evacuation 
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hole covered with a fingertip to create suction in order to lift up the antibiotic strip, 

position it onto the agar plates, and release it into place by removal of the fingertip from 

the pen evacuation hole.  The antibiotic-containing surfaces of the test strips were applied 

down onto the inoculated agar, with the printed MIC interpretive scale side of the strip 

facing up, permitting the preformed exponential gradient of the antimicrobial agent to 

diffuse into the enriched Brucella blood agar matrix.  After 48-72 hours of anaerobic jar 

incubation, a symmetrical inhibition ellipse centered along the strip was noted when test 

antibiotic inhibition of the P. intermedia/nigrescens clinical isolates occurred.  The MIC 

value associated with the bacterial inhibition was read in mg/L directly from each of the 

antibiotic-eluting strip drug scales at the point where the edge of the bacterial inhibition 

ellipse intersected with the test strip.  The MIC values were scored following directions 

of the manufacturer, and well as guidelines previously described (16).  The antibiotics 

tested with both E-test and MIC Test Strips for MIC values per P. intermedia/nigrescens 

clinical isolate were amoxicillin, clindamycin, metronidazole, and doxycycline.   

Data Analysis 

MIC50 and MIC90 values, defined as the MIC level that completely inhibited 50% 

and 90%, respectively, of the tested subgingival clinical isolates, and the MIC range, and 

were determined for both test assays among the four antibiotics evaluated. 

The distribution of MIC Strip test results that differed by one or more two-fold 

drug dilutions from E-test results were tabulated for each antibiotic, with essential 

agreement (EA) values calculated (the % of agreement between the two test methods 

within ± 1 two-fold antibiotic dilution) (24).  
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 MIC interpretative standards developed by the European Committee on 

Antimicrobial Susceptibility Testing (EUCAST) for gram-negative anaerobic bacteria 

were used to categorize the in vitro inhibitory activity of amoxicillin, clindamycin, and 

metronidazole against the P. intermedia/nigrescens test isolates (25).  French Society of 

Microbiology breakpoint values for anaerobic disk diffusion testing were used for the 

doxycycline in vitro susceptibility test results (26).  The proportional distribution of the 

P. intermedia/nigrescens test strains among the MIC interpretative categories was 

determined for each of the four antibiotics. 
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CHAPTER 3 

RESULTS 

In Vitro Antibiotic Susceptibility Testing 

For amoxicillin, higher MIC50 and MIC90 values against the P. intermedia/ 

nigrescens strains were found with the MIC Test Strip assay than with E-test strips (Table 

1).     

 
Table 1.  Amoxicillin MIC Values (mg/L) of Two Antibiotic Susceptibility Test Methods             
               Against P. intermedia/nigrescens Clinical Isolates 
 
_______________________________________________________________________ 

Method MIC range MIC50 MIC90 

 E-test < 0.016 - > 256 4 24 

 MIC Test Strip < 0.016 - > 256 12 64 

_______________________________________________________________________ 

 
 
MIC50 concentrations were three times higher (12 mg/L versus 2 mg/L), and 

MIC90 values were 2.7 times higher (64 mg/L versus 24 mg/L), for MIC Test Strips as 

compared to E-test strips.  

A relatively low EA value of 45.5% between the two susceptibility testing 

methods was found based on the distribution of MIC values between the two methods 

that differed by one or more two-fold antibiotic dilutions (Table 2). 
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Table 2.  Distribution of Amoxicillin MIC Values Measured by MIC Test Strips That  
               Differed from E-Test Values by One or More Two-Fold Antibiotic Dilutions 
 
_______________________________________________________________________ 

Number of MIC Test Strip results different from E-test 

values by number of two-fold antibiotic dilutions 

> -2 -2 -1 0 +1 +2 > +2 

0 0 0 4 1 1 5 

_______________________________________________________________________ 

 
A higher percentage of amoxicillin “resistant” P. intermedia/nigrescens strains 

(72.7%) were identified by MIC Test Strips as compared to E-test strips (54.5%), 

although both methods found the same proportion of amoxicillin “susceptible” strains 

(27.3%) (Table 3). 

 

Table 3.  Distribution of EUCAST Interpretative Category Classifications Among the 11   
               P. intermedia/nigrescens Test Strains for Amoxicillin Susceptibility (Antibiotic  
               Breakpoint Concentration Values) 
 
_______________________________________________________________________ 

 

Method 

% susceptible 

 (≤ 0.5 mg/L) 

% intermediate  

(> 0.5 to ≤ 2 mg/L) 

% resistant  

(> 2 mg/L) 

 E-test 3 (27.3%) 2 (18.2%) 6 (54.5%) 

 MIC Test Strip 3 (27.3%) 0 8 (72.7%) 

_______________________________________________________________________ 
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Representative photographs of amoxicillin susceptibility testing of P. 

intermedia/nigrescens with the two antibiotic gradient diffusion assays are presented in 

Figures 2-5. 

                                

Figure 2.  Amoxicillin MIC results for Prevotella intermedia/nigrescens strain 212.  Both 

amoxicillin test results = < 0.016 mg/L (both methods agree). 

 

                                

 

Figure 3.  Amoxicillin MIC results for Prevotella intermedia/nigrescens strain 230.  Both 

amoxicillin test results = 0.38 mg/L (both methods agree). 
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Figure 4.  Amoxicillin MIC results for Prevotella intermedia/nigrescens strain 227.  Both 

amoxicillin test results = > 256 mg/L (both methods agree). 

 

                              

Figure 5.  Amoxicillin MIC results for Prevotella intermedia/nigrescens strain 221.   

E-test result = 2 mg/L, MIC Test Strip result = 8 mg/L (higher MIC value with MIC Strip 

vs. E-test). 

 

For clindamycin, both susceptibility testing methods provided identical MIC 

values (EA value = 100%) (Tables 4-5), and exactly the same distributions of 

clindamycin “susceptible” and “resistant” strains of P. intermedia/nigrescens (Table 6).     
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Table 4.  Clindamycin MIC Values (mg/L) of Two Antibiotic Susceptibility Test  
               Methods Against P. intermedia/nigrescens Clinical Isolates 
 
_______________________________________________________________________ 

Method MIC range MIC50 MIC90 

 E-test < 0.016 - > 256 > 256 > 256 

 MIC Test Strip < 0.016 - > 256 > 256 > 256 

_______________________________________________________________________ 

 
 

 
Table 5.  Distribution of Clindamycin MIC Values Measured by MIC Test Strips That  
               Differed from E-Test Values by One or More Two-Fold Antibiotic Dilutions 
 
_______________________________________________________________________ 

Number of MIC Test Strip results different from E-test 

values by number of two-fold antibiotic dilutions 

> -2 -2 -1 0 +1 +2 > +2 

0 0 0 11 0 0 0 

_______________________________________________________________________ 
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Table 6.  Distribution of EUCAST Interpretative Category Classifications Among the 11   
               P. intermedia/nigrescens Test Strains for Clindamycin Susceptibility (Antibiotic  
               Breakpoint Concentration Values) 
 
_______________________________________________________________________ 

 

Method 

% susceptible 

 (≤ 4 mg/L) 

% resistant  

(> 4 mg/L) 

 E-test 3 (27.3%) 8 (72.7%) 

 MIC Test Strip 3 (27.3%) 8 (72.7%) 

_______________________________________________________________________ 

 
Representative photographs of clindamycin susceptibility testing of P. 

intermedia/nigrescens with the two antibiotic gradient diffusion assays are presented in 

Figures 6-9. 

 

                                         

Figure 6.  Clindamycin MIC results for Prevotella intermedia/nigrescens strain 212.   

Both clindamycin test results = < 0.016 mg/L (both methods agree). 
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Figure 7.  Clindamycin MIC results for Prevotella intermedia/nigrescens strain 221.   

Both clindamycin test results = < 0.016 mg/L (both methods agree). 

 

                                       

Figure 8.  Clindamycin MIC results for Prevotella intermedia/nigrescens strain 225.   

Both clindamycin test results = < 0.016 mg/L (both methods agree). 
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Figure 9.  Clindamycin MIC results for Prevotella intermedia/nigrescens strain 213.   

Both clindamycin test results = > 256 mg/L (both methods agree). 

 

For metronidazole, only very poor agreement (EA value = 9.1%) was found 

between the two susceptibility testing methods, with MIC Test Strips exhibiting markedly 

higher MIC50 and MIC90 values against P. intermedia/nigrescens as compared to E-test 

strips (Tables 7-8).   

 

Table 7.  Metronidazole MIC Values (mg/L) of Two Antibiotic Susceptibility Test  
               Methods Against P. intermedia/nigrescens Clinical Isolates 
 
_______________________________________________________________________ 

Method MIC range MIC50 MIC90 

 E-test < 0.016 - > 256 0.125 0.38 

 MIC Test Strip < 0.016 - > 256 0.25 1 

_______________________________________________________________________ 

 



 

 

 

17

 
 

Table 8.  Distribution of Metronidazole MIC Values Measured by MIC Test Strips That  
               Differed from E-Test Values by One or More Two-Fold Antibiotic Dilutions 
 
_______________________________________________________________________ 

Number of MIC Test Strip results different from E-test 

values by number of two-fold antibiotic dilutions 

> -2 -2 -1 0 +1 +2 > +2 

0 0 0 1 0 7 3 

_______________________________________________________________________ 

 
 

However, the distributions of metronidazole “susceptible” and “resistant” P. 

intermedia/nigrescens were identical between the two susceptibility testing methods 

(Table 9). 

 
Table 9.  Distribution of EUCAST Interpretative Category Classifications Among the 11   
               P. intermedia/nigrescens Test Strains for Metronidazole Susceptibility  
               (Antibiotic Breakpoint Concentration Values) 
 
_______________________________________________________________________ 

 

Method 

% susceptible 

 (≤ 4 mg/L) 

% resistant  

(> 4 mg/L) 

 E-test 10 (90.9%) 1 (9.1%) 

 MIC Test Strip 10 (90.9%) 1 (9.1%) 

_______________________________________________________________________ 
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Representative photographs of metronidazole susceptibility testing of P. 

intermedia/nigrescens with the two antibiotic gradient diffusion assays are presented in 

Figures 10-13. 

                                            

Figure 10.  Metronidazole MIC results for Prevotella intermedia/nigrescens strain 213.   

E-test result = 0.125 mg/L, MIC Test Strip result = 0.25 mg/L (higher MIC value with 

MIC Test Strip vs. E-test). 

 

                                         

Figure 11.  Metronidazole MIC results for Prevotella intermedia/nigrescens strain 221.   

E-test result = 0.38 mg/L, MIC Test Strip result = 1 mg/L (higher MIC value with MIC 

Test Strip vs. E-test). 
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Figure 12.  Metronidazole MIC results for Prevotella intermedia/nigrescens strain 225.   

E-test result = 0.125 mg/L, MIC Test Strip result = 0.5 mg/L (higher MIC value with 

MIC Test Strip vs. E-test). 

 

                                         

Figure 13.  Metronidazole MIC results for Prevotella intermedia/nigrescens strain 227.   

E-test result = 0.094 mg/L, MIC Test Strip result = 0.38 mg/L (higher MIC value with 

MIC Test Strip vs. E-test). 
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For doxycycline, relatively good agreement (EA value = 72.7%) was found in 

MIC concentrations between the two susceptibility testing methods, although generally 

lower MIC values were associated with MIC Test Strips (Tables 10-11).  

 
Table 10.  Doxycycline MIC Values (mg/L) of Two Antibiotic Susceptibility Test  
                 Methods Against P. intermedia/nigrescens Clinical Isolates 
 
_______________________________________________________________________ 

Method MIC range MIC50 MIC90 

 E-test 0.023 - 8 0.75 3 

 MIC Test Strip < 0.016 - 6 0.5 2 

_______________________________________________________________________ 

 
 

 
Table 11.  Distribution of Doxycycline MIC Values Measured by MIC Test Strips That  
                 Differed from E-Test Values by One or More Two-Fold Antibiotic Dilutions 
 
_______________________________________________________________________ 

Number of MIC Test Strip results different from E-test 

values by number of two-fold antibiotic dilutions 

> -2 -2 -1 0 +1 +2 > +2 

0 3 4 4 0 0 0 

_______________________________________________________________________ 

 
  In addition, identical distributions of “susceptible” and “resistant” P. 

intermedia/nigrescens were provided by both susceptibility testing methods (Table 12). 
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Table 12.  Distribution of French Society of Microbiology Interpretative Category  
                 Classifications Among the 11 P. intermedia/nigrescens Test Strains for  
                 Doxycycline Susceptibility (Antibiotic Breakpoint Concentration  
                 Values) 
 
_______________________________________________________________________ 

 

Method 

% susceptible 

 (≤ 4 mg/L) 

% resistant  

(> 8 mg/L) 

 E-test 10 (90.9%) 1 (9.1%) 

 MIC Test Strip 10 (90.9%) 1 (9.1%) 

_______________________________________________________________________ 

 

Representative photographs of doxycycline susceptibility testing of P. intermedia/ 

nigrescens with the two antibiotic gradient diffusion assays are presented in Figures 14-

15. 

                                   

Figure 14.  Doxycycline MIC results for Prevotella intermedia/nigrescens strain 230.   

E-test result = 1 mg/L, MIC Test Strip result = 0.5 mg/L (lower MIC value with MIC 

Test Strip vs. E-test). 



 

 

 

22

                                   

Figure 15.  Doxycycline MIC results for Prevotella intermedia/nigrescens strain 221.   

Both doxycycline test results = 3 mg/L (both methods agree). 
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CHAPTER 4 

DISCUSSION 

The present study is the first to compare the performance outcomes of E-test 

strips and MIC Test Strips in assessing MIC values of antibiotics in vitro against the 

major periodontal bacterial pathogen, P. intermedia/nigrescens.  The major findings are 

that, relative to MIC values measured against periodontal strains of P. intermedia/ 

nigrescens, MIC Test Strips gave higher MIC values with amoxicillin and metronidazole, 

equal MIC values with clindamycin, and lower MIC values with doxycycline, as 

compared to MIC values measured with the E-test assay.  In addition, both methods 

provided exact findings relative to the identification of antibiotic “susceptible” 

periodontal P. intermedia/ nigrescens strains.     

Several limitations need to be recognized in regard to the applicability of these 

findings to periodontal pathogen antimicrobial susceptibility testing.  First, only 11 

clinical strains of periodontal P. intermedia/nigrescens were evaluated, largely due to the 

lack of additional clinical strains being readily available to evaluate.  It is not known if 

the trends identified in MIC value measurement with the two antibiotic susceptibility 

testing methods would continue to be apparent with a larger number of clinical strains, 

which would more readily permit use of statistical significance testing to help assess 

possible differences in outcomes between E-test and MIC Test Strip results.   

Second, the P. intermedia/nigrescens clinical strains were not subjected to 16S 

ribosomal DNA sequencing to differentiate which of them were P. intermedia, and which 

were P. nigrescens.  It is possible that a more varied distribution of MIC values among 
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the antibiotics tested may have been detected if only one of the species was evaluated, 

since other studies indicate that P. intermedia and P. nigrescens strains may differ in their 

in vitro antibiotic susceptibility to beta-lactam antibiotics (27). 

Third, since only P. intermedia/nigrescens clinical strains were evaluated, it is not 

known if other periodontal anaerobic and facultative bacterial pathogens would show 

similar performance differences between E-test and MIC Test Strips.  Future studies are 

needed where a wider array of periodontal bacterial pathogens are utilized in comparative 

assessments of E-test and MIC Test Strip assays. 

Finally, the reproducibility of the two antibiotic susceptibility test systems was 

not evaluated in the present study.  As a result, it is not known if replicate plates of the 

test organisms with the two antibiotic gradient strips would provide similar or divergent 

MIC test results. 

In terms of handling characteristics, it was noted that the MIC Test Strips were 

easier to manipulate in positioning them onto the P. intermedia/nigrescens inoculated 

enriched Brucella blood agar test plates, primarily due to their increased paper thickness 

and stiffness in comparison to the thinner and more flexible plastic E-test strips.  Since 

the MIC Test Strips are a relatively new product, it is possible that variability in 

manufacturing may account, in part, for the differences noted between the MIC values 

provided by the MIC Test Strips in comparison to the E-test strips. 

Since both methods provided identical findings relative to the identification of 

antibiotic “susceptible” periodontal P. intermedia/nigrescens strains, using EUCAST 

and/or French Society of Microbiology interpretative criteria, it is possible that both E-
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test and MIC Test Strips may be used interchangeably for clinical decision making in 

regard to identification of antibiotic-sensitive strains of periodontal P. intermedia/ 

nigrescens.  However, additional evaluation of a larger number of clinical isolates is 

needed to confirm this possibility.  

In contrast, for epidemiologic surveillance of drug susceptibility trends, where 

exact MIC values are important to track, the relatively higher proportion of non-exact 

MIC differences between the two methods argues against using them interchangeably.  

Instead, one or the other method should be used consistently for such studies.  The long-

standing availability of E-test strips over the past 20 years suggests a greater degree of 

confidence in their utilization in such studies as compared to MIC Test Strips.  
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CHAPTER 5 

CONCLUSIONS 

This study compared the in vitro performance of E-test and MIC Test Strip assays 

in assessing MIC values of four antibiotics frequently utilized in systemic periodontal 

antibiotic therapy against 11 fresh clinical subgingival isolates of the putative periodontal 

pathogen, Prevotella intermedia/nigrescens, and compared the distribution of P. 

intermedia/nigrescens strains identified with interpretative criteria as “susceptible” and 

“resistant” to each of the four antibiotics using MIC values determined by the two 

antimicrobial susceptibility testing methods.  

Relative to MIC values measured against periodontal strains of P. intermedia/ 

nigrescens, MIC Test Strips gave higher MIC values with amoxicillin and metronidazole, 

equal MIC values with clindamycin, and lower MIC values with doxycycline, as 

compared to MIC values measured with the E-test assay.   

Relative to the identification of antibiotic “susceptible” periodontal P. intermedia/ 

nigrescens strains, both E-test and MIC Test Strips provided identical findings, 

suggesting that both methods appear to be interchangeable for clinical decision making in 

regard to identification of antibiotic-sensitive strains of periodontal P. intermedia/ 

nigrescens.   

However, for epidemiologic surveillance of drug susceptibility trends, where 

exact MIC values are important to track over time, the relatively higher proportion of 

non-exact MIC differences between the two susceptibility testing methods argues against 
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using them interchangeably.  Instead, one or the other method should be used 

consistently for such studies.   

Further comparative studies of the E-test and MIC Test Strip assays are indicated 

using other periodontopathic bacterial species besides P. intermedia/nigrescens, and to 

assess the reproducibility of MIC values provided by both in vitro susceptibility testing 

methods over time. 
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