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Abstract 

Background: Many oral bacterial species forming the normal flora present as 
a biofilm in the oral cavity. Dental caries results when there is an imbalance 
of pathogenic bacteria within these biofilms. Aim: This study sought to iso-
late and identify the bacterial species associated with extracted carious teeth 
and their susceptibility pattern towards commonly employed antimicrobial 
agents used at the Komfo Anokye Teaching Hospital (KATH). Methodology: 
A descriptive cross-sectional study carried out on thirty-three extracted ca-
rious teeth samples collected by convenient sampling from patients attending 
the Oral Health Directorate-KATH. All samples were collected from the 11th 
of March 2019 to the 6th of April 2019. Data was collected using 5 ml peptone 
water and a case study form. Analysis was done using SPSS version 25 and 
Microsoft Excel version 10. Results: Twenty (61%) samples were obtained 
from female patients and thirteen samples (39%) from male patients. Strep-
tococcus spp had the highest occurrence (32.25%) with the least isolated be-
ing Pseudomonas and E. coli spp (6.45%). Antibiotic susceptibility test re-
vealed Pseudomonas spp was resistant to all the eight antibiotics used in this 
study. All bacterial isolates were resistant to Cefuroxime and penicillin except 
Staphylococcus and Streptococcus spp. Conclusion: The commonest isolates 
associated with dental caries in KATH were Streptococcus, Bacillus and Sta-
phylococcus spp. In this study most of the isolated species were resistant to 
common antibiotics employed in the Oral Health Directorate in KATH 
(amoxicillin/clavulanic, ampicillin and penicillin). From the current study the 
most effective antibiotic observed was meropenem (23%) with penicillin (3%) 
being least effective in treating infections of caries. 
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1. Introduction 

The oral cavity extends from the lips to the opening of the trachea immediately 
behind the wisdom teeth and contains the tongue with numerous glands, the 
oral mucosa, the teeth and nearly 1000 identified bacterial species forming a dy-
namic ecosystem which may be inconsistent in its natural habitat [1] [2]. The 
oral environment is usually moist, enriched with compounds such as carbohy-
drates, lipids and proteins that provide conducive conditions for normal flora 
and occasionally serving as a medium of growth for some pathogenic bacteria 
[3].  

Dental caries or decay is commonly known in Ghana as “kaka” in Twi and Ga, 
and “aduvovo” in Ewe. It is a dynamic process characterized by an episodic de-
mineralization and remineralization of the hard tissues of teeth mainly enamel 
and dentin by bacterial activity over time. Dental caries is a significant, sugar 
dependent infectious disease worldwide affecting humans throughout their life-
time, from childhood through to senile years causing toothache tooth loss in the 
oral cavity and loss of productivity [4] [5] [6]. 

A main determining factor of dental caries is a lifestyle and starts at a point 
where oral hygiene and nourishment are neglected even for a period as short as a 
few weeks [7] [8]. The clinical presentation of dental caries differs from the stage 
of development although the risk factors are similar. The carious process can be 
stopped or reversed at an early stage. However, if left untreated the disease may 
cause dysfunctions of the masticatory system, systemic infections of odontogenic 
origin and sometimes death. 

Over the years, epidemiological studies have indicated a differential incidence 
of caries in various countries due to advancements such as water fluoridation, 
use of fluoride toothpaste, a healthier diet and oral health education leading to 
many developed countries having observed a reduction in the prevalence of the 
disease [9] [10].  

In developing countries such as Ghana, the prevalence of dental caries still 
remains high. Quist [11] found the prevalence of dental caries among patients 
attending the dental unit of the Tema General Hospital, in Ghana to be 81.3% 
with 92.3% having complete destruction of the tooth. Variation in prevalence 
pattern of dental caries is related to sex, age, socio-economic status, geographical 
location, race, dietary habits and oral hygiene practices [12]. Dental caries can be 
seen in the oral cavity by visual inspection, and aided by diagnostic methods 
such as radiographic imaging, Quantitative Light-induced Fluorescence, DI-
AGNOdent and electrical conductance in the detection of the less visible carious 
decay [13]. 
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Antibiotics are often prescribed as an adjunct in the treatment of dental caries 
with pulpal involvement or abscesses to localize or minimize the spread of infec-
tion. Antibiotic susceptibility testing measures antibiotic resistance pattern of 
bacteria and the preference of an antibiotic is usually based on published suscep-
tibility testing and previous clinical success [14]. Susceptibility testing prior to 
antibiotic administration could improve treatment outcomes in cases of infec-
tion. [15]. 

The aim of this study was thus to isolate and identify bacterial species asso-
ciated with dental caries and their susceptibility to commonly used antibiotics at 
the Komfo Anokye Teaching Hospital (KATH).  

2. Methods and Statistics 

This was a descriptive cross-sectional study to determine the bacteria associated 
with dental caries in KATH. The study sample was selected from the dental care 
seeking population using convenient sampling method, a non-probability sam-
pling technique amongst patients attending the dental clinic in the Oral Health 
Directorate of KATH. 

2.1. Sample Size Calculation 

General Dental care seekers at KATH in 2018 (1 yr) = 28,000 

Dental care seekers at KATH over 4 months = 4 28000 9333
12

× =  

Extractions due to dental caries over 4 months duration (from KATH records) 
= 179  

Prevalence of extractions resulting from dental caries
179 100 1.92% 2% 0.02
9333

= × = ≈ =
 

( )( ) ( )( )2 2

2 2

1 1.96 0.02 1 0.02
Sample size

0.05
30 10% attrition rate
30 3

 33

Z P P
d

− −
= =

= +
= +
=

 

where Z is the standard normal variate = 1.96 
Confidence interval = 95% 
P—Expected proportion in population due to previous studies 
d —Absolute error/precision  
For patients who consented to the study, a single extracted tooth was ob-

tained. The tooth sample was used for the study. 15 g of peptone powder was 
dissolved in 1 liter of distilled water. The solution was well mixed and an aliquot 
of 5 ml of peptone water was dispensed into falcon tubes and autoclaved at 
121˚C for 15 minutes to maintain sterility (Picture 1).  

All samples were collected from the 11th of March 2019 to the 6th of April 
2019. Sterile cotton swabs were used to acquire carious debris from extracted ca-
rious teeth by using a swab or scoop technique. This involved embedding the 
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swab stick into the area of carious lesion for two minutes, twisting the swab stick 
gently, then placing into 5 ml aliquot of sterile peptone water in falcon tubes 
(Picture 2). These were subsequently transported to the bacteriology laboratory 
of the Department of Microbiology in KATH. Nutrient agar was prepared by 
dissolving 11.2 g of agar in 400 ml of distilled water in a 500 ml conical flask. 
The solution obtained was heated on a hot stove till the entire agar was com-
pletely dissolved, poured into test tubes, covered with cotton and autoclaved for 
45 minutes at 121˚C. The sterile medium was then placed in a water bath to cool 
for 15 minutes. The preparation of media was done at the Microbiology De-
partment of KATH. 

2.2. Isolation of Bacterial Species 

A ration of suspension from each sample was streaked on sheep blood agar and 
MacConkey agar and incubated at 37˚C for 24 hrs (Picture 3). Gram staining 
was performed [16] to identify bacterial species based on their size, shape, color, 
surface characteristics of the colony. Discrete bacterial colonies from pure cul-
ture plates were subjected to oxidase, catalase and coagulase test to further iden-
tify specific bacterial species according to the United Kingdom standards for 
microbiology. Antibiotic susceptibility testing was done using the Kirby Bauer 
disc diffusion method on Muller Hinton Agar [17]. The antibiotics used in the 
susceptibility testing were Cefuroxime (30 µg), Erythromycin (15 µg), Ampicillin 
(10 µg), Penicillin (2 IU), Amoxicillin/Clavulanic acid (20/10µg), Meropenem 
(10 µg), Cotrimoxazole (1.25 µg), and Ciprofloxacin (5 µg).  

Each isolated bacterial strain was inoculated into Mueller-Hinton Agar with 
antibiotic disc and incubated at 37˚C for 24 hours. The zones of inhibition of 
each antibiotic disc against the different bacterial species were recorded and in-
terpreted according to the clinical laboratory standards institution guidelines 
(Picture 4). 

Data analysis was undertaken using Statistical Package for Social Sciences 
(SPSS) version 25 and Microsoft Excel version 10 to deduce and interpret results. 

Ethical approval for the study was obtained from the Committee on Human 
Research, Publications and Ethics of the Kwame Nkrumah University of Science 
and Technology, Research and Development Unit KATH, the Oral health direc-
torate KATH and the Bacteriology laboratory KATH. 

 

 

Picture 1. Sample bottle containing 
peptone water ×0.5. 
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Picture 2. Sample bottle containing 
swab with carious debris ×0.5. 

 

 
Picture 3. Picture showing bacterial 
growth on sheep blood agar ×0.5. 

 

 
Picture 4. Picture of bacterial isolate showing zone of inhibition and no zones of inhibi-
tion against selected antibiotics on Muller-Hinton agar ×0.5. 

3. Results  

A total of 33 extracted teeth samples were used for the study. 7 swab samples and 
26 scoops of carious lesions samples were collected representing a 100% sample 
size. In terms of bacteria isolate characterization, 10 isolates of Streptococcus 
spp. were obtained from the 33 cultured samples representing 31% of all attained 
isolates. The least isolates were E. coli and Pseudomonas spp each with 2 isolates 
each representing 6% of the total isolates.  

3.1. Colony Count 

The highest microbial isolates were recorded for the serial dilution factor of 106 
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with 12 samples representing 37%, 108 with 30%, 107 with 21% and the least was 
105 with 12% (Figure 1 and Figure 2).  

3.2. Susceptibility 

The susceptibility pattern for the antibiotics used was highest for Meropenem at 
23%, this was followed by Cefuroxime at 17%, Cotrimoxazole recorded suscepti-
bility at 16%, the susceptibility for Ampicillin was 12%, Amoxicillin/Clavulanic 
Acid had 11% susceptibility, 10% for Erythromycin, 8% for Ciprofloxacin and 
the lowest susceptibility percentage was 3% for Penicillin (Figure 3). 

 

 
Figure 1. Diagram showing microbial colony count. 

 

 
Figure 2. Diagram showing cultivated bacterial isolates.  

 

 
Figure 3. Antibiotic susceptibility pattern. 
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3.3. Resistance 

The resistance percentages for the isolated bacteria was found to be 17% of Peni-
cillin, 14% of both Erythromycin and Amoxicillin/Clavulanic acid, 13% of Ce-
furoxime, 12% of Ampicillin and Cotrimoxazole and the least resistance was 9% 
of Meropenem and Ciprofloxacin (Figure 4).  

4. Discussion 

The distribution of isolates observed is comparative with a study conducted at 
the Dental Unit of the General Hospital of Minna in Nigeria in which authors 
used tooth samples from 40 patients [17]. In this study, Staphylococcus aureus 
had the highest occurrence with 31 isolates, followed by Streptococcus mutans 
with 23 isolates, and Lactobacillus spp with 4 isolates [18]. 

This study disclosed Streptococcus spp had the highest occurrence with 10 
isolates, followed by Klebsiella spp and Staphylococcus spp with 6 isolates, Ba-
cillus spp recorded 5 isolates and the least isolates recorded was Pseudomonas 
spp and E. coli spp with 2 isolates each.  

Few species of Pseudomonas spp and E. coli spp were identified in some sam-
ples, but the predominant isolates were Streptococcus spp and Klebsiella spp. 
This submits that Klebsiella spp and Streptococcus spp were the most prevalent 
isolated bacterial species and significantly responsible for the development of 
dental caries observed in the study.  

The isolated bacterial species corroborate earlier reported cases in Nigeria and 
other parts of the world that documented Lactobacillus spp and Streptococcus 
mutans as the commonest bacteria associated with dental caries. In a similar 
study conducted at the Rajah Muthiah Dental College and Hospital Annamalai 
University, they isolated Streptococcus mutans, Klebsiella pneumoniae, Staphy-
lococcus albus, Proteus vulgaris and Pseudomonas aeruginosa as bacteria impli-
cated in dental caries [19].  

 

 
Figure 4. Antibiotic resistance pattern. 
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Equal number of isolates was realized for Gram positive bacteria (50%) and 
Gram-negative bacteria (50%) in dental caries (Table 1). Other authors recorded 
100% of bacterial isolates associated with dental caries being Gram-positive [20]. 
Yadav & Prakash reported 90% of isolates as being Gram-positive bacteria and 
10% being Gram-negative bacteria. In addition, study results of identifying fa-
cultative anaerobes (66.67%) and aerobes (33.33%) are consistent with findings 
by where author isolated 87 bacterial species, out of which 72.41% were faculta-
tive anaerobes and 27.59% were anaerobes giving credence to this study [11].  

With regards to the susceptibility pattern of antibiotics against bacterial iso-
lates, it was highest for Meropenem (23%), followed by Cefuroxime (17%), Co-
trimoxazole (16%), Ampicillin (12%), Amoxicillin/Clavulanic Acid (11%), Eryt-
hromycin (10%), Ciprofloxacin (8%) and Penicillin (3%), (Figure 3). Results 
from the study on resistance of bacterial isolates to antibiotics were highest for 
Penicillin (17%), with Erythromycin and Amoxicillin/Clavulanic acid following 
(14%), Cefuroxime being third (13%), Ampicillin and Cotrimoxazole fourth 
(12%) and lastly Meropenem and Ciprofloxacin being the least resistant (9%), 
(Figure 2). The resistance and susceptibility pattern in this study was similar to 
that of Dwivedi et al. [21], who found similar resistance percentages of bacterial 
isolates to penicillin V, erythromycin, penicillin V/amoxicillin and amoxicil-
lin/erythromycin. 

5. Limitations of Study  

This study did not take into account the degree of dental caries progression in 
each participant and the duration the participant had had the disease for thus 
limiting the full knowledge of bacterial isolates present as the disease dental ca-
ries progresses. Another limitation may be the operative errors in taking swab 
and scoop samples of caries debris from extracted teeth.  

6. Conclusions  

Majority of the bacterial isolates observed were Streptococcus spp whilst the 
least isolates were observed for Bacillus, Pseudomonas and E. coli spp. The 
number of bacterial isolates identified in this study was highest in the Oral and 
Maxillofacial Department of the Oral Health Directorate with Child Oral Health 
and Orthodontics Department recording the least isolates. Three of the isolates 
(Streptococcus, Bacillus and Staphylococcus spp) were found to be common in 
all departments the other two of which are Department of Adult Oral Health and  
 
Table 1. Table showing identification of different cultivated bacterial isolates. 

Gram positive isolates Gram negative isolates 

Streptococcus spp (Facultative anaerobe) Klebsiella spp (Facultative anaerobe) 

Bacillus spp (Aerobe) E. coli spp (Facultative anaerobe) 

Staphylococcus spp (Facultative anaerobe) Pseudomonas sppp (Aerobe) 
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Department of Oral Diagnosis making a total of four departments in the Oral 
Health Directorate of KATH. Four other bacterial isolates were also associated 
with dental caries but not common across all departments.  

The study revealed that most of the isolated species were resistant to the 
common antibiotics employed in the Oral Health Directorate in KATH (amox-
icillin/clavulanic, ampicillin and penicillin). The study reveals meropenem 
(23%) as being most effective antibiotic observed, followed by cefuroxime (16%) 
and cotrimoxazole (16%). The resistance pattern observed was highest for peni-
cillin. 

7. Recommendation 

A recommendation for a culture and sensitivity test prior to antibiotic treatment 
initiation in dental caries could help curb the antibiotic resistance often observed 
among patients. A larger sample size study is recommended in validating these 
findings. A future study on the determination of subspecies isolates can support 
the explanation of the pattern of resistance observed. 
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