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Abstract 
Background and Aim: Identification of harbored bacteria and their 
resistance profile is crucial to manage endodontic treatment. This study 
aimed to assess the nutritional types and drug resistance profiling of 
microbiota harboring dental root canal of patients with apical 
periodontitis.  
Materials and Methods: This cross-sectional study identified bacteria 
and their resistance profile in 10 samples taken from acute and chronic 
periodontitis patients using the VITEK 2 system.   
Results: A total of 49 bacteria belonging to 24 species were recovered 
from two sets of 10 samples together with a higher bacterial diversity in 
chronic periodontitis condition. Enterococcus, Clostridium, 
Streptococcus, Prevotella and Propionibacterium bacterial species were 
identified in both cases but Streptococcus, Enterococcus, 
and Propionibacterium were more prevalent in chronic patients. The 
prevalence of facultative anaerobes (51.02%) was the highest, and that 
of obligate aerobes (4.08%) was the lowest; obligate anaerobes 
accounted for 16.33%, while strict anaerobes accounted for 20.4% in 
both conditions. Microaerophilic organisms (Lactobacillus species) were 
found only in persistent apical periodontitis (8.16%); whereas, aerobes 
were predominant (7.14%) in acute conditions. The majority of the 
strains were resistant to tetracycline, cefoxitin, and oxacillin but the 
members of the four predominant genera (Enterococcus, Clostridium, 
Streptococcus, Propionibacterium) were resistant to penicillin, 
cefotaxime and cefoxitin. Very few strains exhibited resistance to 
ofloxacin, vancomycin and gentamycin. 
Conclusion: The present results showed that acute and chronic root 
canal infections were polymicrobial infections, with Enterococcus, 
Streptococcus and Propionibacterium species being the predominant 
ones. These predominant bacteria were resistant to penicillin, 
cefotaxime and cefoxitin.  
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Introduction 
Evidence shows that bacteria can initiate 

inflammation in pulpal and periapical tissues [1]. 
Apical periodontitis is a common infectious and 
inflammatory disease induced by biofilm 
formation by the bacteria around the root apex, 
resulting in an endodontic lesion. It possesses a 
heterogeneous etiology with involvement of 
multiple bacteria. The involvement of multiple 
bacteria in disease development and progression 
has been established. Thus, no single species is 
often responsible for lesion development [2]. 
Primary (acute) root canal infections ensue 
when bacteria gain access, invade the pulp 
tissue, colonize it, and impair its function [3].  

Treatment of these lesions is aimed at 
elimination of bacteria from the necrotic root 
canals. Secondary endodontic infections are due 
to the failure of the previously treated 
endodontic lesions, mainly because of the 
persistence of primary infecting microorganisms 
resisting intracanal antibacterial treatments and 
their survival in the root canal system post-
treatment [4,5]. Infected root canals are 
predominated by obligate anaerobes [2]. 
Primary root canal infections exhibit 
polymicrobial flora with a wide variety of 
combinations that are predominantly anaerobic 
and Gram-negative; whereas, in persistent or 
secondary endodontic infections, the causative 
bacteria are predominantly facultative 
anaerobes and Gram-positive species [6].  

Moreover, the types and numbers of bacteria 
present in these two conditions vary depending 
on race, gender, age, lifestyle, and food habits, 
including the geographic locations of patients. 
For a successful endodontic treatment or 
retreatment, prevention and eradication of 
infectious agents from the root and periodontal 
tissues is a primary objective. Therefore, 
complete information about the microbiota 
inhabiting these tissues is crucial. 

Although advanced molecular methods can 
reveal the presence of various taxa, including 
non-cultivable species in periapical disease, they 
still have pros and cons. The interference of dead 
bacteria's DNA may bring biased results, which 
might have played some ecological role through 
their amplification [7]. Furthermore, presence of 
some bacteria which access the root canal but 
cannot grow dynamically may add to the total 
count [8]. Therefore, although traditional and 
not free from limitations, the cultivable method 
of identifying the microflora using a single-step, 
faster and user-friendly globally accepted VITEK 
2 COMPACT system (Biomatrix, USA) may be the 
most sought-after option [9]. In any tertiary care 
hospital, these automated analytical methods for 
identification and antibiotic-resistant profiling 
are instrumental and, thus, preferred [9]. 

Since the past decade, human pathogens have 
been reported to develop resistance due to the 
non-judicious antibiotic prescriptions for 
treatment of various infections. Antibiotics at 
sub-inhibitory concentrations, when absorbed 
through circulation, may develop resistance in 
bacteria [2]. As dental infections are 
polymicrobial, broad-spectrum antibiotics are 
advised in addition to biomechanical canal 
preparation to decrease the load of infecting 
microorganisms. The resistant microbiome 
isolated from endodontic infections exhibits 
significant concern. Antibiotic resistance profiles 
of various endodontic bacterial species make 
their eradication more complicated. For an 
endodontic treatment to be successful, it is 
crucial to be aware of the harbored species of 
bacteria inside the root canal and to understand 
their resistance profile.  

In the present study, efforts were taken to 
estimate the differential predominance of 
bacteria, selecting 10 cases from each of the 
primary and secondary endodontic treatments 
from a university teaching dental care center in 
Odisha, India. Furthermore, the isolates were 
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subjected to antimicrobial susceptibility test to 
understand the prevailing resistance in them 
using a range of antibiotics. 
 
Materials and Methods 
Patient selection: 

Out of a total of 450 patients who visited the 
Outdoor Patient’s Department of the Institute of 
Dental Sciences, Siksha ‘O’ Anusandhan (Deemed 
to be University), Bhubaneswar, Odisha from 
October 2020 to March 2021, 94 were diagnosed 
with apical periodontitis and referred to the 
Department of Conservative Dentistry and 
Endodontics. They required root canal treatment 
or retreatment and were considered for further 
screening according to the inclusion and 
exclusion criteria of the present study.  
Inclusion criteria: 

The inclusion criteria for this study were as 
follows. For primary apical periodontitis, 
patients with a tooth with periapical 
radiolucency (single-rooted or multi-rooted) as 
seen on radiographs, aged from 20 to 70 years 
were included in this study. Similarly, for 
secondary apical periodontitis cases, patients 
with radiographs showing apical radiolucency of 
endodontically treated teeth performed at least 
two years earlier aged 20 to 70 years were 
included in this study. 

The periapical status of the infected tooth 
was assessed according to the periapical index 
(PAI) scoring system [10,11] using a scale 
ranging from 1 to 5, where score 0 indicates 
undisturbed or intact periapical bone structure, 
score 1 indicates periapical radiolucency with a 
diameter ranging from 0.5 mm to 1 mm, score 2 
indicates radiolucency with a diameter ranging 
from 1 mm to 2 mm, score 3 indicates 
radiolucency with a diameter ranging from 2 
mm to 4 mm, score 4 indicates radiolucency with 
a diameter ranging from 4 mm to 8 mm, and 
score 5  indicates  radiolucency with a diameter 
exceeding 8 mm (Figure 1).  

In the present study, 2 patients had acute 
apical periodontitis (A2, A4) with PAI score 1, six 

patients (A1, A3, A5, A7, A9, A10) had PAI score 
2, and 2 patients (A6, A8) had PAI score 3. Four 
patients (C1, C2, C7, C10) had chronic apical 
periodontitis with score 1, two patients (C5, C9) 
had score 2, and 4 patients (C3, C4, C6, C8) had 
score 3. 
Exclusion criteria: 

The exclusion criteria for primary apical 
periodontitis were i) having received antibiotics 
in the past 3 months, ii) presence of a systemic 
disease, iii) inability to isolate the involved tooth 
by rubber dam placement, iv) teeth with curved 
root in the apical third, v) infected teeth with a 
periodontal pocket depth more than 4 mm, and 
vi) pregnant women and lactating mothers. 
Nevertheless, patients with systemic diseases, 
either root canal treatment done in the past 2 
years or broken endodontic files in any canal, 
were excluded from the secondary apical 
periodontitis group.  

Based on the above-mentioned criteria, 60 
patients were eliminated out of 76 with acute 
apical periodontitis due to age below 20       
years (n=4), inability to perform rubber dam 
isolation (n=8), teeth with curved root in the 
apical third (n=7), not interested in participating 
in the study (n=6), narrow canals with difficult 
canal negotiation without solvents (n=8), 
presence of systemic diseases (n=12), antibiotic 
administration within the past 3 months (n=18), 
and periodontal pocket depth more than 4 mm 
(n=3). Similarly, in chronic apical periodontitis 
group, 8 patients were eliminated out of 18 from 
the study due to previous root canal therapy 
done within the past 2 years (n=2), broken 
endodontic file in involved teeth (n=3), 
antibiotic administration within the past 3 
months (n=2), and presence of systemic disease 
(n=1). Finally, out of 60 patients, 10 cases from 
each group of acute and chronic apical 
periodontitis were selected for inclusion in the 
present study. The preoperative radiographs of 
acute apical periodontitis (A1-A10) and chronic 
apical periodontitis (C1-C10) cases are 
illustrated in Figure 1. 
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Figure 1. Preoperative radiographs of acute apical periodontitis (A1-A10) and chronic apical periodontitis (C1-C10) cases 
 

Sampling: 
The selected teeth were isolated using a pre-

disinfected rubber dam, and samples were 
collected. The operating area (tooth and the field 
surrounding it) was cleaned using H2O2 (30%), 
swabbed with 2.5% NaOCl, and then inactivated 
with 5% Na2S2O3. The cavity was prepared, or 
old restorative material was removed using a 
sterile bur. The cleaned teeth were further 
disinfected before operating on the pulp 
chamber following the previous protocol. All 
routine aseptic conditions were maintained 
while collecting the samples [12,13]. 

In primary apical periodontitis, in order to 
enlarge the root canals, the ProTaper SX file was 
employed and then sterile K-files (08-15) were 
used to work up the peri-apical region of the 
canals. The K-files, after removing from the 
canals, were cut off at the point of handle by a 
pre-sterilized wire cutter and then placed in 

cryotubes filled with reduced transport fluid 
[12,13]. Similarly, the pre-sterilized paper points 
were inserted into the root canal up to the 
predetermined working length with the help of 
an electronic apex locator according to the 
radiographs. The paper points were kept inside 
the canal for approximately one minute and then 
transferred to the respective cryotubes. 

In secondary apical periodontitis cases, 
Gates-Glidden drills were used to remove the 
gutta-percha from the coronal part of the canal 
accessing the root canal orifice. An electronic 
apex locator was employed to establish the 
working length following radiography. Then, the 
canals were gradually enlarged sequentially 
reaching #30 file size, restricting the 
instrumentation to minimum use. No solvent 
was used. Finally, the collected apical gutta-
percha was placed in a sterile RTF vial. Similar to 
the acute cases, the paper points were kept 
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inside the canal for approximately one minute 
and then transferred to the respective 
cryotubes.  
Identification of microorganisms and antimicro-
bial susceptibility testing:  

The samples collected in sterile RTF vials 
were inoculated into dehydrated media 
purchased from HIMedia, India. They were 
subjected to identification and antibiotic 
susceptibility testing using an automated 
VITEK2 Compact system (bioMerieux, India) in 
the Central Laboratory of our University Medical 
College, Institute of Medical Sciences, 
Bhubaneswar. The antibiotic sensitivity testing 
was done against amoxicillin-clavulanate, 
oxacillin, penicillin, tetracycline, cefoxitin, 
cefuroxime, cefotaxime, ciprofloxacin, ofloxacin, 
vancomycin, gentamycin and metronidazole. The 
sensitivity profile outcomes were interpreted 
according to the guidelines of EUCAST 2020 and 
CLSI 2018 [14,15]. 
 
Results 

Out of 94 patients reported to the hospital for 
root canal therapy or re-treatment, 74 were 
excluded from the study following the previously 
mentioned stricter exclusion criteria. Ten were 
selected for root canal therapy or re-treatment. 
Forty-nine cultivable isolates were recovered 
from the collected samples, including aerobic 
and anaerobic bacterial strains belonging to 24 
different microbial genera. In primary 
endodontic infection cases, a total of 49 isolated 
bacteria belonged to 14 genera. Bacteria 
belonging to Enterococci sp., Clostridium sp., 
Streptococcus sp. and Prevotella sp. were found 
to be two in number whereas those belonging to 
Actinomyces sp., Bacillus sp., Bifidobacterium sp., 
Candida sp., Fusobacterium sp. and Propioni-
bacterium sp. were found to be single in number. 
Eleven of the total strains found in primary 
apical periodontitis cases were Gram-positive, 
and only three strains (Fusobacterium 

mortiferum, Prevotella intermedia, Prevotella 
corporis) were Gram-negative. Secondarily 
infected canals showed a much more diverse 
cultivable microbiota than primary infections. 
From such cases, 35 strains were isolated, the 
majority of which were comprised of 8 strains of 
Streptococcus sp. (22.85%) and 7 of Enterococcus 
sp. (20%), followed by Propionibacterium sp. 
(n=6, 17.14%), Lactobacillus sp.  (n=4, 11.43%), 
Clostridium sp. (n=3,8.57%) and Actinomyces sp. 
(n=3,8.57%). Candida albicans, which is a 
facultative anaerobic fungus, was present in both 
primary and secondary endodontic infections. 

Of a total of 49 isolates, only three were found 
to be Gram-negative (Fusobacterium sp., 
Prevotella intermedia, Prevotella corporis) and 
were present in primarily infected canals. 
Whereas, Gram-positive strains accounted for 
93.87% of the total isolates. Facultative 
anaerobes accounted for 51.02% of the total 
isolates, but their percentage of occurrence was 
42.86% out of the total isolates in primary cases, 
and 54.28% in secondarily infected canals. 
Obligate anaerobes accounted for 36.73% of the 
total; whereas, their percentage varied in 
primary (50%) and secondary (31.43%) 
infections. Obligate aerobes were minor in 
abundance and accounted for 4.08%. Four 
strains of Lactobacillus sp. were found in 
secondary infection cases that were 
microaerophilic or aerotolerant anaerobes 
(8.16%). 

The percentage of prevalence of microbial 
genera in primary and secondary endodontic 
infections was found to be viz; Streptococcus sp. 
(20.41%), Enterococcus sp. (18.37%), Propioni-
bacterium sp. (14.29%), Clostridium sp. 
(10.20%), Lactobacillus sp. (8.16%), Actinomyces 
sp. (8.16%), Candida albicans (4.08%), Prevotella 
sp. (4.08%), and Fusobacterium sp. (2.04%). 
Streptococcus sp., Enterococcus sp., Lactobacillus 
sp. and Propionibacterium sp. were found to be 
predominant in secondarily infected canals. 
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Prevotella sp., Fusobacterium sp., Candida 
albicans, and Clostridium sp. were found in 
approximately equal proportions in both 
primary and secondary infections (Figure 2). 
Antibiotic susceptibility: 

The susceptibility test of 4 major species 
recovered from primary and secondary 
infections was conducted against various 
antibiotics. It was found that Enterococcus sp. 
did not show resistance to ofloxacin, 
vancomycin, gentamycin and metronidazole; 
whereas, the majority of the strains were 
resistant to tetracycline, cefoxitin and oxacillin 
(Table 1). The Streptococci strains were sensitive 
to most antibiotics (β-lactams, cephalosporins, 

and quinolones) except vancomycin and 
metronidazole.  

None of the strains of Propionibacterium sp. 
showed resistance to amoxicillin-clavulanate, 
cefuroxime, ofloxacin and gentamycin; whereas, 
most strains showed resistance to 
metronidazole. Similarly, none of the Clostridium 
isolates resisted oxacillin, tetracycline, 
ciprofloxacin, vancomycin and gentamycin. Few 
members of all the four significant genera 
detected in the culture method showed 
resistance to penicillin, cefotaxime and cefoxitin. 
Very few strains resisted ofloxacin, vancomycin 
and gentamycin (Table 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Prevalence of isolated species from acute and chronic apical periodontitis cases 
 
Table 1. Resistance profile of predominant bacterial species 
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Discussion  
The pulp tissue of the root canal is initially 

invaded and colonized by various 
microorganisms, resulting in primary 
endodontic infection called acute apical 
periodontitis, more predominantly by anaerobic 
bacteria [16]. Whenever such infected root 
canals are subjected to treatment, some of the 
microorganisms of primary infection may 
survive, withstand the chemo-mechanical 
preparation procedures, and may sustain a 
nutrient-deprived phase leading to secondary or 
persistent infections called chronic apical 
periodontitis [16]. Several attempts are made to 
understand the microbiota identified through 
cultivable methods [17]. There are differences in 
bacterial composition of endodontic microbiota 
in patients, depending on geographical location, 
differences in nutritional habits, and lifestyle of 
patients [17,18]. In addition, variations in the 
microbiota composition largely depend on the 
type of irrigating procedure, type of root canal 
treatment, and variation in coronal leakage due 
to the quality of coronal seal, which plays a 
significant role in reinfection of the involved 
teeth [19]. 

In absence of reports on the prevailing 
microbiota of apical periodontitis patients from 
the eastern part of India, the samples were 
collected from those presenting to the Outdoor 
Patient’s Department and analyzed using the 
VITEK 2 COMPACT system (BioMérieux, USA) in 
the present study. Our surveillance focused on 
the cultivable method of identification of 
prevailing microflora in two different etiological 
states such as acute and chronic apical 
periodontitis and their resistance profiling for 
the most common antibiotics. Therefore, single-
step, fast and user-friendly VITEK 2 COMPACT 
system was used for the abovementioned 
purpose, as it is the most sought-after globally 
accepted option, while working in a tertiary care 
hospital, for both identification and antibiotic-

resistant profiling, although traditional [9]. 
However, attention must be given to timely 
upgradation through the replacement of recent 
diagnostic cards in the system to root out any 
biochemical bias. 

Recovery of 49 cultivable isolates belonging 
to 25 different microbial species indicates the 
polymicrobial nature of the infection in apical 
periodontitis [2]. In the present study, the 
diversity of microbiota was relatively higher in 
persistent chronic apical periodontitis infections 
(n=35) as compared to primary infections 
(n=14) or acute apical periodontitis. 
Enterococcus, Clostridium, Streptococcus, 
Prevotella and Propionibacterium bacterial 
species were found in both sample types but 
Streptococcus, Enterococcus, and Propioni-
bacterium were more prevalent in chronic apical 
periodontitis as compared to acute patients. 
However, the percentage of availability and 
oxygen concentration in dental tissues favor the 
multiplication of facultative anaerobes like 
Streptococcus and Enterococcus, resulting in 
reinfection of the same tooth [2]. Streptococcus 
sp. was the most predominant (22.86%) in 
secondary root canal infections. The revealed 
composition of bacteria could be due to the 
differences in prevailing nutrition and the 
environmental conditions around the root canal 
space [20]. The similar report on a shift towards 
a complex microbial community in secondarily 
infected canals with a more diverse and      
higher number of microorganisms like 
Propionibacterium, Lactobacillus, Clostridium, 
and Actinomyces species could be due to 
variations in treatment history, microbial 
succession and niche adaptation. In addition, the 
predominance of Streptococcus and Enterococcus 
species could be due to their persistence or re-
colonization in cases of secondary infection 
[7,21]. Primarily, one of the major reasons for 
the differential microbiota composition could be 
incomplete removal of bacteria from the root 
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canal during root canal treatment of primary 
infection that favors the growth and 
multiplication of some of the species [7]. In 
addition, there is a greater risk of invasion of 
infecting microorganisms through the canals to 
the periapical tissues in persistent root canal 
infections in teeth with defective or dislodged 
coronal restoration. The composition of 
microorganisms prevailing in the root canal in 
acute and chronic apical periodontitis cases 
differs based on their metabolic activities as well 
as their nutritional needs. Besides, the recovery 
of the facultative anaerobic fungus Candida 
albicans in both types of infections emphasizes 
on its detection and management while treating 
such cases [2]. 

While classifying the nutritional types, we 
found a higher prevalence of facultative 
anaerobes (51.02%), but obligate aerobes 
(4.08%) had the lowest prevalence. Similarly, 
the obligate anaerobes accounted for 16.33%, 
while strict anaerobes were 20.4% in both cases. 
Microaerophilic organisms (Lactobaci-
llus species) were found only in persistent apical 
periodontitis cases with a prevalence of 8.16%; 
whereas, aerobes were predominant (7.14%) in 
acute conditions [22, 23, 24]. In acute conditions, 
in response to infection, there is an influx of 
tissue breakdown products like peptides and 
polysaccharides due to inflammation. This 
reinforces mostly the facultative anaerobes like 
Streptococcus spp. and Enterococcus spp. as they 
can use oxygen and perform fermentation for 
energy production. Moreover, obligate 
anaerobes like Prevotella spp. and Fusobacterium 
spp. may be able to sustain in an anaerobic 
environment utilizing the organic substrates for 
their energy requirement. On the other hand, in 
the root canal of chronic apical periodontitis 
cases, tissue necrosis occurs, more often leading 
to apical granuloma and cyst formation. This 
results in accumulation of complex organic 
substrates like elastin, glycosaminoglycan, and 

collagen, which promote the growth of obligate 
anaerobes, although the presence of facultative 
anaerobes is not ruled out. The complexity of 
nutrition and environment encourages more 
diverse microbiota as compared to acute 
infection conditions. Different studies show a 
disparity in presence of Enterococcus faecalis in 
secondary endodontic infections [2,5,6, 24]. 
Some supported E. faecalis as a minor 
component, while others reported it as a 
significant component [2,6,7,24,25,26]. In the 
present study, E. faecalis ranked second among 
facultative anaerobic bacteria (20%). It has been 
understood that the types and numbers of 
bacteria present in these two conditions vary 
depending on race, gender, age, lifestyle, and 
food habits, including the geographic location of 
patients [2].  

Resistance profiling of Streptococcus sp. 
revealed that they were resistant to most 
antibiotics except to vancomycin and 
metronidazole (Table 1), which agrees with 
earlier published reports [21,23,25]. The present 
study supports the prescription of vancomycin 
and metronidazole for treatment of 
streptococcal infections. Enterococcus species 
were found to be resistant to a significant group 
of antibiotics (amoxicillin-clavulanate, 
tetracycline, cefoxitin, cefuroxime, oxacillin, 
penicillin etc.), which corroborates with other 
studies [3,9,23]. Previous reports on the 
susceptibility of Streptococcus species to such a 
wide spectrum of antibiotics match our outcome, 
which provides scope of recommending a wide 
range of antibiotics to eradicate these bacteria 
involved in apical periodontal infections 
[3,21,23]. It was also noted that Enterococcus sp. 
was sensitive to ofloxacin, metronidazole, 
vancomycin and gentamycin, which indicates 
that such drugs may be prescribed for chronic 
infective cases. 

Six species of Propionibacterium in the 
present study showed resistance to 
metronidazole. However, they were susceptible 
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to amoxicillin-clavulanate, cefuroxime, ofloxacin, 
and gentamycin, which provides a scope for 
their use against such infections. Also, two 
strains of Clostridium sp. were found in    
primary infections and three in secondary 
infections. The resistance profile showed 
that Clostridium species were resistant to 
amoxicillin-clavulanate, penicillin, cefoxitin, 
cefuroxime, cefotaxime, ofloxacin, and metro-
nidazole (Table 1).  

The advantage of performing antibiotic 
resistance profiling of the prevailing bacteria is 
to judiciously prescribe the most suitable 
antibiotic regimen for a specific infection type 
instead of opting for broad-spectrum or random 
multiple antibiotics in absence of a susceptibility 
report. Resistance profiling analysis highlights 
the existing complex interplay between apical 
periodontal bacterial species and antibiotic 
resistance patterns. It underscores paving a path 
for optimized treatment approaches for 
improved clinical outcomes. 

To the best of the authors’ knowledge, this 
study, although preliminary, is the first bacterial 
prevalence and antibiotic profiling study on 
apical periodontitis infections in a tertiary dental 
care center in the eastern part of India. A multi-
centric routine surveillance study is the need of 
the hour targeting a larger sample size and 
geographically different locations for a thickly 
populated state like Odisha, India for a better 
perceptible conclusion. 

 
Conclusion 

The study results showed that although both 
acute and chronic root canal infections were due 
to manifestations of polymicrobial infections, 
their microbial composition and nutritional 
requirements of the involved bacteria may vary 
based on the stage and severity of the infection 
because of the variability in metabolic activities 
of bacterial communities and the prevailing 
environment inside the root canal system. The 

majority of the bacterial species resisted major 
antibiotic classes (β-lactams, cephalosporins, 
quinolones). Understanding the differences in 
bacterial nutritional types and their resistance 
profile provides information about the possible 
treatment prescriptions for management of 
apical periodontitis infections. 
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