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ABSTRACT  

The present study evaluates the susceptibility to antibiotics of three anaerobic bacteria; 

Prevotella intermedia, Prevotella nigrescens and Parvimonas micra, bacterial species 

commonly found in root canal infections. Strains from two different time periods were tested 

against benzylpenicillin, amoxicillin and metronidazole.  

There are two collections of each bacterial species in this study. One of the collections is from 

1976. Other collection includes the same bacterial species collected in recent years, (2009 to 

2014). To identify all three bacteria species, the PCR (Polymerase Chain Reaction) method with 

species specific primers was used. To identify the minimal inhibitory concentrations (MIC) of 

selected antibiotics Etest strips were used according to Eucasts recommendations.   

The MIC values differ for P. micra, P. intermedia and P. nigrescens when exposed to the 

selected antibiotics. The new collection of P. micra showed higher MIC-values for amoxicillin 

and metronidazole than the old collection. The recent collection of P. intermedia showed higher 

MIC values for metronidazole compared to the old collection. On the other hand P. nigrescens 

showed no difference in MIC values between the two collections, although one recently isolated 

strain of P. nigrescens showed noticeable difference in MIC-values for benzylpenicillin and 

amoxicillin antibiotics compared to the old collection. 

The results indicate a susceptibility change for the tested antibiotics. Antibiotics susceptibility 

has changed during a 40 -year period for the selected bacterial species and it also shows that 

different strains of bacteria, although belonging to the same species, can have different 

susceptibility to antibiotics.  
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INTRODUCTION  

After introducing antibiotics for treating infections, problems arose in form of bacterial species 

resistant to the antibiotics. Infections that in the past were easy to treat can today be life 

threatening due to the fact that antibiotic treatment is ineffective. The probable explanation of 

development of antibiotic resistance is that bacteria, due to overuse of antibiotics, have 

developed capacity to resist the effect of the antibiotics (Pallasch 2000).   

Bacteria can become resistant in several different ways, for example; by a genetic mutation or 

by genetic exchange with other resistance bacteria. This results in different kinds of antibiotic 

resistance (Davies 1994). Some genetic changes enable the bacteria to produce enzymes, which 

inactivate the antibiotics; other genetic changes affect membrane pumps and porins, which 

export the antibiotics outside of bacteria (Chopra and Roberts 2001). Swedish health care has 

strict instructions regarding the prescription of antibiotics resulting in relatively low resistance 

development compared with many other countries in Europe (Gossens et al., 2005; Goldsmith et 

al., 2015). One problem, however, is the spread of resistant bacteria through increased travelling 

to other countries (Travelers Spreading 2015).  

The development of antibiotic resistance results in that we no longer successfully can cure 

common infections. Methicillin -Resistant Staphylococcus (MRSA) is a well-known problem 

(National Nosocomial Infections Surveillance 2004), as well as vancomycin-resistant 

enterococci (Cetinkaya et al., 2000). The lung disease tuberculosis, caused by the bacteria 

Mucobacterium tuberculosis (Fonseca et al., 2015), has also been described as a major threat as 

the bacterium has become drug resistant. Several species of bacteria found in oral infections 

have developed resistance to antibiotics (Rocas and Siqueira, 2013).   

In endodontics a significant proportion of treatments involves eliminating infections. An 

infected root canal can lead to bone degradation (Kakehashi et al., 1965) and cyst development 

(Nair et al., 2008), and severe acute conditions (Seppanen et al., 2008). The treatment consists 

of chemical and mechanical cleaning of the root canal system with the purpose to eliminate 

bacteria and prevent the inflammatory process in the surrounding jawbone. Normally, antibiotic 

treatment is not necessary, but sometimes it is indicated to prescribe antibiotics. For example, 

when there is a risk of infection spread to the surrounding tissues or in the cases when the 

patient shows signs of general illness and fever. According to STRAMA (Swedish Strategic 

Programme for the Rational Use of Antimicrobial Agents and Surveillance of Resistance), 

dentists prescribe 7 % of all antibiotics in Sweden today (http://strama.se). 
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 Although the ambition is to reduce the use of antibiotics to a minimum, it sometimes is required 

and in these cases, it is imperative that the antibiotics are effective.   

The present study evaluates the susceptibility of the anaerobic bacterial species Prevotella 

intermedia, Prevotella nigrescens and Parvimonas micra, commonly found in infected root 

canals, to benzylpenicillin, amoxicillin and metronidazole. These antibiotics are commonly used 

in Swedish dental practice. Since the objective of this study was to elucidate a possible change 

of susceptibility among these bacterial species isolates originating from different time periods 

were used. 

 

MATERIALS AND METHODS  

Bacterial strains and growth conditions 

The selected bacterial species for this study are clinical isolates of Prevotella intermedia, 

Prevotella nigrescens and Parvimonas micra.There are two collections of each bacteria species 

in this study. One of the collections is from 1976. These bacteria were stored freeze dried in 

glass cylinders and kept cold over the past 40 years. The second collection includes the same 

bacterial species collected from similar infections in recent years (2009 to 2014).   

Ampoules with freeze- dried bacterial isolates were brought into an anaerobic box. 400 µL PYG 

(Peptone Yeast Glucose Furmate) was added to the ampoules which subsequently were 

incubated for two hours. 10 µL of the suspension was then plated on blood agar plates (FAA 

plates, Fastidious Anaerobic Agar) in an anaerobic environment with gas composition 85 % 

nitrogen, 10 % hydrogen and 5 % carbon dioxide. Bacteria were cultivated for 3 days and then 

replated on FAA-plates until preparation for the Etest as described below. The bacteria from the 

recent collection were stored in skim milk (20 %; - 80 °C). Tubes were thawed and bacteria 

were plated onto FAA-plates and incubated as above.   

PCR 

To confirm the identity of the bacterial species P. micra, P. intermedia and P. nigrescens, the 

PCR (Polymerase Chain Reaction) method was used.   

P. micra were dissolved in 50 µL water MQ then frozen (- 20 ºC) until use. P. intermedia and P. 

nigrescens were not easily disrupted in MQ and therefore DNA from these strains was extracted 

from cells using a bacterial genomic DNA kit, (Gene Elute, Sigma, Saint Louis, Missouri, USA) 

and eluted in Ultrapure water (sigma; 200 µL).Specific forward and reverse primers for P. 
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micra, P. intermedia and P. nigrescens were used for PCR amplification that produced a 1074 

bp PCR product for P. micra, a 575 bp product for P. intermedia and a 805 bp product for P. 

nigrescens.  

The PCR mixture consisted of H2O, 1 x HotStarTaq buffer, 10 mM dNTP mix, 1 U HotStarTaq 

polymerase (Qiagen, Germany) and 10 µM of each primer. PCR mixture was mixed with 5 µL 

from P. micra bacterial suspension or with 5 µl DNA from P. intermedia and P. nigrescens in a 

total volume of 25 µL. PCR conditions were as follows for P. micra: an initial denaturation step 

for 15 min at 95 °C; 30 cycles of amplification including 45 seconds denaturation at 94 °C, 1 

min annealing at 55 °C and 1.5 min elongation at 72 °C. The reactions were terminated with a 

final extension step for 10 min at 72 °C. The PCR conditions for P. intermedia and P. 

nigrescens was an initial denaturation step for 15 min at 95 °C; 35 cycles of amplification 

including 30 seconds denaturation at 94 °C, 1 min annealing at 55 °C and 2 min elongation at 72 

°C. The reactions were terminated with a final extension step for 10 min at 72 °C.  

The PCR products were analyzed by electrophoresis on a 1 % Agarose in 0.5 X TBE-buffer 

(Gibco Life Thechnologies, NY, USA).  

Antibiotic susceptibility assay  

The different bacterial isolates were suspended in sterile phosphate buffered saline (PBS A) and 

were diluted to an optical density of 0.2 (OD600). The bacteria solutions were then spread by 

sterile cotton swab on FAA-plates by using a "plate rotator"(Retro c80TM, Bio-Merieux). To 

determine the minimal inhibitory concentrations (MIC; µg/mL), Etest strips (Bio-Merieux, 

France) containing the selected antibiotic strips were applicated onto the FAA-plates with 

forceps, with MIC scale facing upwards and the maximum concentration nearest the rim of the 

FAA-plates according to EUCAST (European Committee on Antimicrobial Susceptibility 

Testing) recommendations (Etest®; Antimicrobial Susceptibility Testing, 2012). The antibiotics 

that have been selected for this study are benzylpenicillin, amoxicillin and metronidazole.  

MIC values are determined by reading where the bacterial growth intersect the strips after 

incubation of plates in an anaerobic environment for 3 days.  

Those tests have been performed once except for P. nigrescens isolate nr. 16 (benzylpenicillin 

and amoxicillin) which have been repeated once. 

To determine antibiotic resistance development, EUCAST clinical breakpoints table were used 

(www.eucast.org) (table 4). A clinical breakpoint is based on pharmacokinetic, dosage, MIC 

distributions, resistance mechanism and pharmacodynamics properties of the antibiotics. MIC 



6 
 

breakpoint has two values, the first (S) represents susceptible and the second (R) represent 

resistance. If the MIC value is less than, or equal to, the S value, it shows that the bacterial 

species is sensitive to the tested antibiotic. In contrast, if the MIC value is higher than the R 

value it indicates that the bacterial species is resistant to the tested antibiotic. 

Ethical considerations 

The Ethics Forum at the Department of Odontology, Umeå University has approved the ethical 

consideration as this study does not involve any patients or patient data. Bacterial isolates used 

in this study, taken from patients,  are not possible to trace to the specific individual. 

 Literature search 

The PubMed database (U.S National Library of medicine, USA) was used to search for papers. 

The MeSH terms antibiotic resistance, antibiotic resistance development, antibiotic 

susceptibility, endodontic infection, antibiotic consumption and antibiotic use in endodontic 

treatment. Further papers were found when reviewing reference lists from other studies.  

 

RESULTS  

The results of the MIC-determinations for the P. micra - isolates are shown in Table 1. 

Corresponding results for P. intermedia and P. nigrescens are shown in Table 2. In Table 3 it is 

shown that the range of susceptibility for P. micra to amoxicillin and metronidazole is slightly 

extended when the recently isolated isolates are compared with old isolates. This indicates that a 

minor susceptibility change for P. micra to amoxicillin and metronidazole has occurred. In 

contrast, no susceptibility change for P. micra to benzylpenicillin could be observed (Table  

3).   

Although a limited change of susceptibility could be observed for P. micra to amoxicillin and 

metronidazole, the MIC values for all tested isolates were far below the clinical breakpoints for 

strictly anaerobic bacterial species (Table 4).  

The two tested P. intermedia isolates were highly susceptible to benzylpenicillin, amoxicillin 

and metronidazole (Table 2). Of three tested P. nigrescens isolates, two were highly susceptible 

to all three antibiotics. However, the benzylpenicillin- and amoxicillin- MIC values for the third 

P. nigrescens isolate (no. 16) were higher than the clinical breakpoints for anaerobic Gram-

negative bacterial species (Table 4). 
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DISCUSSION  

In the present study susceptibility change to three anaerobic bacterial species, Parvimonas 

micra, Prevotella intermedia and Prevotella nigrescens was elucidated. A minor change of 

susceptibility for P. micra to amoxicillin and metronidazole was observed. In addition, one of 

the tested P. nigrescens - isolates were highly resistant to benzylpenicillin and amoxicillin.  

Benzylpenicillin is a beta-lactam antibiotic like penicillin V that is used to eliminate Gram-

positive and Gram-negative bacteria. In Swedish dental practice, penicillin V is the first choice 

of antibiotic for endodontic infections. In the present study, all three bacteria species from both 

the old and new collection showed susceptibility to benzylpenicillin according to defined break 

points (EUCAST clinical breakpoint table).  

Metronidazole is used to eradicate anaerobic bacteria and is mainly used as a complement to 

pencillin V. P. micra, P. intermedia and P. nigrescens from both the old and new bacterial 

collection in this study show susceptibility to metronidazole (Table 1 and 2). On the other hand 

there is an insignificant difference in MIC-value between the old and new collection of P. micra 

and P.intemedia where the new collection shows higher MIC values than the older collection.   

Amoxicillin, a broad-spectrum antibiotic, is mainly used as prophylactic treatment in patients 

where prophylactic antibiotic treatment is required due to medical reasons.Both the old and new 

collection of P. intermedia and P. nigrescens and P. micra were sensitive to this antibiotic but 

there is an insignificant difference in MIC-value between the old and new collection of P. micra 

where the new collection shows higher MIC values than the older collection (Table 3).  

One of the P. nigrescens isolate showed high MIC-value for benzylpenicillin and amoxicillin.  

This indicates that this P. nigrescens isolate has developed resistance to these two antibiotics.  

However, for treating bacteria resistant to these antibiotics metronidazole can usually be used.   

Antibiotic resistance is a global health care problem, and also bacteria commonly found in 

endodontic infections have shown development of antibiotic resistance (Al-Ahmad et al., 2014; 

Monaco et al., 2016). This health problem is not unique for Sweden, in many countries the 

development of antibiotic resistance is a major problem and the problem with resistant bacteria 

differs highly between different countries. The difference of antibiotic resistance is related to the 

use of antibiotics in general treatment of different diseases (Wybo et al., 2007; Kulik et al., 

2008; Liu et al., 2008). For example, antibiotic consumption in Switzerland is very low and this 

results in that the developing of antibiotic resistance is low (Filippini et al., 2006).  
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On the other hand, in Belgium, the antibiotic resistance development is higher than in 

Switzerland probably because of the unconsidered prescription of antibiotics in general 

treatments (Wybo et al., 2007). Nowadays people are traveling across the globe, resulting in a 

potential risk of spreading of resistant isolates between countries (Travelers Spreading 2015).   

This study, were bacteria from two different periods was investigated, was restricted because of 

the limited amounts of isolates. It was also difficult to cultivate the bacteria, especially the old 

collection that had been stored freeze dried in for the past 40 years.   

The current study shows that antibiotic susceptibility has changed slightly during the period for 

different bacterial species and it also shows that the same type of bacterial species has different 

susceptibility for different antibiotics. The lack of resistance development could be explained by 

that the antibiotic prescription is limited in Sweden compared with other countries (Struwe 

2008). Moreover, not only Swedish dentists but also the general population in Sweden is highly 

aware of the fact that careless antibiotic use can increase the risk of development of antibiotic 

resistance. As a result, antibiotic consumption is limited (Vallin et al., 2016).  In some European 

countries, for example in Italy, there is less awareness about antibiotic misuse and how this 

might increase the risk of antibiotic resistance development in the future (Napolitano et al., 

2013). 

In endodontic treatment it is sometimes justified to use antibiotics in specific cases. Endodontic 

infections can spread to the jawbone and this can lead to life-threatening situations, in these 

cases it is obligated to prescribe antibiotics. Thus, a previous study has shown that antibiotic 

prescription without an indication is present, probably due to lack of knowledge among dentists 

(Iqbal 2015). In endodontic conditions such as pulpitis, antibiotic is not at all justified, but still 

some dentists prescribe antibiotics in these cases (Whitten et al., 1996).      

Since development of antibiotic resistance is a global problem, there are many factors to heed. 

Dentists need to have knowledge about the proportion of antibiotic consumption/misuse and 

resistance development and should always follow the scientific guidelines for antibiotic 

prescription. Furthermore, it is essential to start community awareness programs for both health 

providers and the general population regarding antibiotic misuse and how it can influence 

antibiotic resistance.  

 

 



9 
 

ACKNOWLEDGMENTS  

The authors thank Professor Göran Sundqvist for the bacteria collections from 1976 and Carina 

Öhman for laboratory assistance.  

The authors declare no conflict of interest.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



10 
 

REFERENCES  

• Al-Ahmad A, Ameen H, Pelz K, Karygianni L, Wittmer A, Anderson AC et al. (2014). 

Antibiotic resistance and capacity for biofilm formation of different bacteria isolated from 

endodontic infections associated with root-filled teeth. J Endod 40;223-30. 

• Cetinkaya Y, Falk P, Mayhall CG (2000). Vancomycin-Resistant Enterococci. Clin 

Microbiol Rev p686-707. 

• Chopra I, Roberts M (2001). Tetracycline antibiotics: mode of action, applications, 

molecular biology and epidemiology of bacterial resistance. Microbiol Mol Biol Rev 

65;232-60. 

• Davies J (1994). Inactivation of antibiotics and the dissemination of resistance genes. Sci 

264;375-82.  

• Filippini M, Masiero G, Moschetti K (2006). Socioeconomic determinants of regional 

differences in outpatient antibiotic consumption: evidence from Switzerland. Health Pol 

78;77-92.  

• Fonseca JD, Knight GM, McHugh TD (2015). The complex evolution of antibiotic 

resistance in Mycobacterium tuberculosis. Int J of Infect Dis 32;94-100. 

• Goldsmith CE, Hara y, Sato T, Nakajima T, Nakanishi S, Mason C et al. (2015). 

Comparison of antibiotic susceptibility in viridans group streptococci in low and high 

antibiotic-prescribing General Practices. J of Clin Pharm and Ther 40;204-7. 

• Gossens H, Ferech M, Vander Stichele R, Elsevier’s M, Group Ep (2005). Outpatient 

antibiotic use in Europe and association with resistance: a cross-national database study. 

Lancet 365;579-87. 

• Iqbal A (2015). The Attitudes of Dentists Towards the Prescription of Antibiotics During 

Endodontic Treatment in North of Saudi Arabia. J Clin Diagn Res 9;ZC82-4.  

• Kakehashi S, Stanly HR, Fitzgerald RJ (1965). The Effects of Surgical Exposures of Dental 

Pulps in Germ-Free and Conventional Laboratory Rats. Oral Surg, Oral Med Oral Pathol 

20;340-9.  

• Kulik EM, Lenkeit K, Chenaux S, Meyer J (2008). Antimicrobial susceptibility of 

periodontopathogenic bacteria . J Antimicrob Chemother 61;1087–91. 



11 
 

• Liu CY, Huang YT, Liao CH, Yen LC, Lin HY, Hsueh PR (2008). Increasing trends in 

antimicrobial resistance among clinically important anaerobes and Bacteroides fragilis 

isolates causing nosocomial infections: emerging resistance to carbapenems. Antimicrob 

Agents Chemother 52;3161-8. 

• Monaco M, Pimentel de Araujo F, Cruciani M, Coccia EM, Pantosti A (2016). Worldwide 

Epidemiology and Antibiotic Resistance of Staphylococcus aureus. Part of the series Curr 

Top in Microbiol and Immunol pp 1-36.  

• Nair PNR, Sundqvist G, Sjögren U (2008). Experimental evidence supports the abscess 

theory of development of radicular cysts. Oral Surgery, Oral Med, Oral Pathol, Oral 

Radiol and Endod 106;294-303. 

• Napolitano F, Izzo MT, Di Giuseppe G, Angelillo IF (2013). Public knowledge, attitudes, 

and experience regarding the use of antibiotics in Italy. PLoS One 8;e84177. 

• National Nosocomial Infections Surveillance (NNIS) System Report, data Summary from 

January 1992 through June 2004 issued October 2004 (Editorial) (2004). Am J of Infect 

Control 32;470-85. 

• Pallasch TJ (2000). Global Antibiotic Resistance and Its Impact on the Dental Community. 

J Calif Dent Assoc 28; 215-33. 

• Rocas IN, Siqueira JF Jr. (2013). Detection of antibiotic resistance genes in samples from 

acute and chronic endodontic infections and after treatment. Arch Oral Biol 58;1123-8. 

• Seppanen L, Lauhio A, Lindqvist C, Suuronen R, Rautemaa R (2008). Analysis of systemic 

and local odontogenic infection complications requiring hospital care. J of Infect 57;116-22. 

• Struwe J (2008). Fighting antibiotic resistance in Sweden--past, present and future. Wien 

Klin Wochenschr 120;268-79.  

• The European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables for 

interpretation of MICs and zone diameters. Version 6.0, 2016. http://www.eucast.org  

• Travelers Spreading a Multidrug-Resistant Bacteria to the United States (Editorial) (2015). 

Dent Today 34;54. 

• Vallin M, Polyzoi M, Marrone G, Rosales-Klintz S, Tegmark Wisell K, Stålsby Lundborg C 

(2016). Knowledge and Attitudes towards Antibiotic Use and Resistance - A Latent Class 

Analysis of a Swedish Population-Based Sample. PLoS One11;e0152160. 



12 
 

• Whitten BH, Gardiner DL, Jeannsonne BG, Lemon RR (1996). Current trends in 

endodontic treatment: report of a national survey. J Am Dent Assoc 127;1333–41.  

 

• Wybo I, Piérard D, Verschraegen I, Reynders M, Vandoorslaer K, Claeys G et al. (2007). 

Third Belgian multicentre survey of antibiotic susceptibility of anaerobic bacteria. J 

Antimicrob Chemother 59;132–9.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



13 
 

Table 1. Susceptibility of P. micra isolated in 1976 and 2009 - 2014 to three antimicrobial 

agents (MIC; µg/mL) 

    Isolate no  Benzylpenicillin  Amoxicillin         Metronidazole 

 

 

 

1976 

1 

2 

3 

4 

5 

<0.016 

<0.016 

<0.016 

<0.016 

<0.016 

0.023 

0.032 

<0.016 

0.023 

<0.16 

0.023 

0.032 

<0.016 

<0.016 

<0.016 

2009    

to 

2014 

6 

7 

8 

9 

10 

11 

12 

<0.016 

<0.016 

<0.016 

<0.016 

<0.016 

<0.016 

<0.016 

0.064  

0.064  

    0.023  

    0.064  

    0.016  

    0.023 

0.016 

0.032  

0.064 

0.047 

<0.016  

 0.016 

<0.016 

0.016 
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Table 2. Susceptibility of P. intermedia and P. nigrescens isolated in 1976 and 2009 - 2014 to 

three antimicrobial agents (MIC; µg/mL) 

    Isolate no   Benzylpenicillin  Amoxicillin         Metronidazole 

1976 

P. intermedia no13 

P. nigrescens no 14 

<0.016 

<0.016 

<0.016 

<0.016 

0.016 

<0.016 

2009 

to  

2014 

P. intermedia no 15 

P. nigrescens no 16 

 

P. nigrescens no 17 

<0.016  

     8 

<0.016 

<0.016  

      8 

<0.016 

0.023 

<0.016 

 

  0.016 

 

 

 

 

 

 

 

 

Table 3. Range in susceptibility for P. micra isolated in 1976 and 2009 - 2014 to three 

antimicrobial agents (MIC; µg/mL) 

 

                Time period   Benzylpenicillin           Amoxicillin            Metronidazole 

 

 1976 <0.016 - <0.016   <0.016 - 0.032                   <0.016 - 0.032 

 2009-2014 <0.016 - <0.016                 0.016 - 0.064                     0.016 - 0.064 
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Table 4.MIC (µg/mL) breakpoint for antibiotic susceptibility for G+ and G- anaerobic 

bacteria according to EUCAST clinical breakpoints table. 

  

   
 Benzylpenicillin        Amoxicillin           Metronidazole 

G+ anaerobic bacteria      0.25 - 0.5    4 - 8          4 - 4 

(P. micra)  

G- anaerocic bacteria    

(P. intermedia; P. nigrescens)     0.25 - 0.5              0.5 - 2          4 - 4 

 


