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Abstract

Children with congenital heart diseases (CHD) are considered to be at higher risk of development
of a Bacterial Endocarditic (BE) from infectious diseases of the oral cavity and following dental
treatments. They represent the largest group of patients with special medical needs who appear in
the daily dental practice. Maintenance of oral health and oral hygiene is suitable to reduce the
incidence of bacteremia. Oral hygiene is more important in reducing the risk of BE than the
administration of antibiotic-prophylaxis before dental procedures. The purpose of this study was
to identify the strains of streptococci viridians group from dental plaque and their amoxicillin
resistance at children with congenital heart disease. The study was carried out in University Den-
tistry Clinical Center of Kosova, Department of Pediatric Dentistry in cooperation with the Micro-
biologic Department. Participants in this study (n = 90) were children between 6 - 15 years old,
divided in the control group of healthy children (n = 30), and two study groups, first group, child-
ren with CHD who have not taken antibiotics within last three months (n = 30) and second group,
children with CHD who have taken antibiotics within three months (n = 30). The gram positive
cocci were identified using the automated system, VITEK 2 (BioMerux), while for determining
amoxicillin resistance cocci the disc diffusion method was used. By analyzing the three groups of
children regarding isolated dental plaque streptococci, in general the Viridans group of strepto-
cocci (VGS) has dominated our results, with a higher percentage of streptococcus Mitis group
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(37.2%). The highest resistance of VGS against amoxicilin was in the group of children with CHD,
which have been using antibiotics within 3 months (23.3%). In the other two groups the resistance
against amoxicillin was found in a lower percentage (3.3%). Based on the results of our study we
can conclude that frequent use of amoxicillin may result in an increasing antimicrobial resistance
of streptococci.
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1. Introduction

Oral health has an important role in general health, especially in children with congenital heart disease (CHD),
who are considered to be at higher risk of development of a Bacterial Endocarditic (BE) from infectious diseases
of the oral cavity and following dental treatments. They represent the largest group of patients with special
medical needs who appear in the daily dental practice [1]. The initial factor for development of BE is bacteremia
which can be caused by bacteria passing from the oral cavity [2]. Therefore, antibiotic prophylaxis before dental
treatments is recommended for these patients. According to American Heart Association (AHA) guidelines pub-
lished in 1997, patients with CHD are classified in three groups based on the risk to acquire BE as follows
[3]-[5]:

High-risk category: Prosthetic cardiac valves, previous bacterial endocarditis, complex cyanotic heart dis-
ease (transposition of the great arteries, tetralogy of Fallot), and constructed systemic pulmonary shunts or con-
duits.

Moderate-risk category: Ventricular septal defect without surgical correction (VSD), Ductus Botalli, coarc-
tation of aorta, pulmonary valve stenosis, aortic valve stenosis, mitral valve prolapse with valvular regurgitation.

Low-risk category: Isolated atrial septal defect (ASD), surgical repair of VSD, ASD and Ductus Botalli
without residua beyond 6 months, mitral valve prolapsed without valvular regurgitation.

Dental procedures, prophylaxis recommended by AHA (1997) are: Dental extractions, periodontal sur-
gery procedures, scaling, root canal treatment beyond the apex, intraligamentary local anesthetic injections, sub
gingival placement of strips and initial placement of orthodontic bends but not brackets.

The new AHA guidelines for endocarditis prophylaxis were published in 2007 according to which antibiotic
prophylaxis is recommended for dental procedures that involve manipulation of the gingival tissues or periapical
tissue of teeth and perforation of the oral mucosa in patients presenting high risk factors [6]. The AHA recom-
mendations for preventive antimicrobial administration against BE are based on the causative microorganisms.
Approximately 80% of cases of BE are due to the gram-positive cocci, streptococci and staphylococci [7] [8].
The antibiotic most frequently described before dental treatment is amoxicillin in a dosage of 50 mg//kg 1 hour
before treatment for children or 2 g for adults.

In numerous recent studies antibiotic prophylaxis was considered a controversial issue, based on the fact that
bacteremia can be caused spontaneously even in the absence of dentistry treatment, from routine daily activities
in patients with poor oral hygiene. Recent studies suggest that amoxicillin therapy has a statistically significant
impact on reducing the incidence, nature and duration of bacteremia from dental treatment, but it does not elim-
inate bacteremia [9] [10].

Maintenance of oral health and oral hygiene can reduce the incident of bacteremia from daily activities. Oral
hygiene is more important in reducing the risk of BE than the administration of antibiotic-prophylaxis before
dental procedures.

The risk of antibiotic-related possible negative effects exceeds the benefit of prophylactic therapy. One of the
negative effects from frequent intake is the increase of resistant bacterial strains [11] [12].

The oral cavity contains the greatest variation of micro flora in the human body. The VGS represent the big-
gest population of oral bacteria and they are the main components of dental plaque (DP) [13]. Dental plaque
streptococci are not only the main causes for oral pathologies, but also for BE. They are a heterogeneous group
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of organisms and are classified into 6 major groups: st.mitis group, st.salivarius group, st.mutans group,
st.sanguinis group, st.anginosus group and st.bovis group [14]. The VGS are bacteria with a low virulence and
are isolated from dental plaque, sputum, root canal, carious lesion, periodontal tissue and radix of extracted teeth,
therefore the transient bacteremia can be caused from many oral procedures particularly on individuals with
poor oral hygiene [15]. The odontogenic bacteremias are transient in nature and in healthy individuals the bacte-
ria are eliminated from the bloodstream quickly by the immunity system. In patients with CHD, when there is
tissue trauma from dental procedures, the bacteria can pass into the systemic circulation and settle, near or in the
defect due to a slower blood-circulation [2]. Glucan, a metabolic product of streptococci, helps bacteria to attach
to a cardiac valve defect in the same way as in dental enamel [16].

2. Purpose of Study

Due to the high number of patients with CHD in our Department, the purpose of this study was:

1) Identify the strains of VGS from dental plaque at children with CHD;

2) Determine the incidence of amoxicillin resistance of VGS in children with CHD who have taken antibiotics
within the last three months;

3) Identify the amoxicillin-resistant bacterial strains.

3. Materials and Methods

Participants in this study (n = 90) were children of an age between 6 and 15 yrs. The entire group was divided
into the control group of healthy children (n = 30) and two study groups: the first study group were children with
CHD who have not taken antibiotics within last three months (n = 30) and the second study group were children
with CHD who have take antibiotics within three months (n = 30). The general anamnesis was taken from the
parents of the children. Additionally the anamnesis data that were of special interest for this study—such as the
type of anomaly, previous use and the type of antibiotic—were collected. The study was carried out in the Uni-
versity Dentistry Clinical Center of Kosova, Department of Pediatric Dentistry in cooperation with the Microbi-
ologic Department.

Microbiological method

The gram positive cocci were identified using the automated system, VITEK 2 (BioMerieux) and colorimetric
GP card for the identification of gram-positive cocci. After 6 - 8 hours incubation, reactions were read automat-
ically.

The samples were obtained from the dental plaque of the buccal surfaces of the first (deciduous or permanent)
molars of the lower jaw and incisors (deciduous or permanent) of the upper jaw using the sterile swab sticks and
were sent for microbiological analysis. The samples taken from dental plaque (DP) were firstly diluted in physi-
ological saline 0.9% and then placed on nutrient or blood agar plate. The nutrient agar plate for bacterial cultiva-
tion was placed in the microbiological incubator for 24 hours in temperature of 37°C. After the bacterial cultiva-
tion the material was taken from nutrient agar plate and placed in to the special beaker for creation of the bac-
terial suspension. Suspension was done by the mixed material with the saline 0.9% in the amount of 2 - 3 ml.
The suspension beakers were connected through a special tube with GP card. Through this tube the material
from the beaker is transferred to GP card and then the set of cards placed in apparatus of Vitek for identification
of bacterial strains. For determining of amoxicillin resistance cocci was used the disc diffusion method.

4. Results

From the three investigated groups we have isolated at least two dominant bacterial strains from dental plaque.
Between the groups there were not significant differences regarding bacterial strains (P > 0.05). In the healthy
group of children, Streptococcus mitis was isolated in 63.3% of the cases, in the group of children with CHD,
which have been using antibiotics within the last 3 months, in 70% of the cases and in the group of children with
CHD but without administration of antibiotics within the last 3 months in 73.3% of the cases. Streptococcus ora-
lis was isolated as follows: 60% in the healthy group, 66.7% in the group with CHD with antibiotics and 70% in
the group with CHD but without antibiotics (Table 1).

An amoxicillin-resistance of VGS was observed only in one patient from the healthy group (3.3%), and in one
patient from the group of children with CHD but without administration of antibiotics within the last 3 months
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(3.3%), while in the group of children with CHD with antibiotic treatment within the last 3 months seven pa-
tients showed an amoxicillin-resistance (23.3%) (Table 2).

In the dental plaque from all investigated children we have isolated strains of mitis group, (37.2%), non viri-
dans group of streptococci (8.6%), strains of sanguinis group (7.8%), strains of salivarius group (6.7%), strains
of anginosus group (3.3%), strains of mutans group (2.8%) and strains of bovis group (2.8%) (Figure 1).

Amoxicillin high level resistance was observed for streptococcus sanguinis (20%) , then streptococcus oralis
(13.6%), streptococcus mitis (12.9%) and streptococcus salivarius (11.1%) (Figure 2).

Table 1. Occurrence of VGS strains from dental plaque.

Healthy Gr. CHD with Ant.  CHD without Ant.
Group
N % N % N %
Total 30 100.0 30 100.0 30 100.0
Mitis 19 63.3 21 70.0 22 733
Oralis 18 60.0 20 66.7 21 70.0
Cristatus 1 33 1 33 1 33
Pneumonie 3 10.0 3 10.0 4 13.3
Anginosus 2 6.7 2 6.7 1 3.3
Constelatus 2 6.7 - - 1 33
Intermedius - - 1 33 - -
Salivarius 5 16.7 3 10.0 1 33
Thermophilus 2 6.7 2 6.7 - -
Vestibularis 3 10.0 2 6.7 - -
Mutans 1 3.3 1 3.3 1 3.3
Sobrinus 1 33 1 33 - -
Sanguinis 5 16.7 5 16.7 5 16.7
Parasanguinis 1 3.3 - - 1 3.3
Gordoni 1 33 2 6.7 1 33
Galolyticus 1 33 1 33 - -
Alactolyticus - - 2 6.7 1 3.3

Table 2. Incidence rate of amoxicillin resistant VGS in children’s groups Antimicrobial sensitivity:
I—inermediate, R—resistance, S—sensitive.

Healthy Gr. CHD Gr. with Ant. CHD Gr. without Ant. Total
Amoxicilin
No % No % No % No %
| 1 33 - - 2 6.7 3 33
R 1 33 7 233 1 33 9 10.0
S 28 93.3 23 76.7 27 90.0 78 86.7
Total 30 100.0 30 100.0 30 100.0 90 100.0
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Figure 1. Prevalence of VGS and other cocci isolated from dental plaque.
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Figure 2. Prevalence of bacterial strains resistant in amoxicillin.

5. Discussion

The objective of this study was to investigate the identification of dominant strains among VGS which are part
of microbial flora of dental plaque in children with CHD compared to healthy children. In addition, this study
has researched the VGS resistance against amoxicillin, since an antibiotic prophylaxis against BE is required at
CHD patients before dental treatment. The isolated dental plaque streptococci at the three groups of children
were analysed and compared. The results revealed a domination of the Viridans group of streptococci, with a
higher percentage of streptococcus mitis (37.2%) followed by the Sanguinis group with 7.8%, Salivarius with
6.7%, Anginosus group with 3.3%, Mutans and Bovis group both with 2.8%.

The results of our study regarding the identification and the dominance of streptococci from DP correspond
closely with the data published by other authors. The results published by Rozkeivicz D et al., suggest the pre-
valence of the DP-streptococci to be dominated by VGS in 72% of patients. St.mitis (27.3%) is isolated at the
highest rate followed by st.oralis (15.8%), st.salivarius (9.7%) st.sanguinis (8.3%) st.vestibullaris (4%) and st.
mutans (1%) [17].

According to results published by Smith et al. (2004) regarding the identification of bacterial species, from a
total of 155 isolated VGS strains, frequently isolated organisms were st.oralis strains (n = 67), st.mitis strains (n
= 66), st.sanguinis (n = 7), st.salivarius (n = 5), st.parasanguinis (n = 4), st.gordoni (n = 3) and st.mutans (n = 3)
[18].

Our study has investigated the resistance of isolated streptococci from DP against amoxicillin and has re-
ported a higher resistance of VGS strains in children with CHD which have been using antibiotics within the last
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3 months (23.3% of cases). In the other two groups, consisting of children with CHD, which have not used anti-
biotics within the last 3 months period, and the healthy group, the resistance against amoxicillin was in a lower
percentage (3.3% of cases). Our findings regarding the resistance against amoxicillin between the groups are
similar with the findings from author Koh.J et al. (1986), which have also obtained the supragingival plaque
samples from children with CHD and healthy children. The results of their research report a higher level of re-
sistance against amoxicillin for oral streptococci in children with CHD [19].

Conversely, Masuda K et al. (2012) investigated the resistance of the dental plaque streptococci against
amoxicillin in healthy children. Among 120 patients investigated in this study, 5 patients resulted with resistance
of VGS strains against amoxicillin. Furthermore, this study has shown the highest resistance for st.sanguinis,
st.oralis and st.mitis [7].

The results of our study have confirmed the findings of similar studies published by other authors worldwide.
According to our results, the resistance against amoxicillin from overall isolated of st.sanguinis strains was 20%,
for st.oralis strains 13,6%, st.mitis strains 12.9% and for st.salivarius was 11.1%. In comparison, Logman LP et
al. (1991), investigated the antimicrobial resistance of dental plaque streptococci against amoxicillin and eryt-
hromicin in suspected patients for development of BE and in 65 patients they have isolated the amoxicillin and
eritromicin resistant streptococci. Most resistant streptococci were strains of st.sanguinis, st.mitis and st.salviarius
[20]. In a study about the prevalence rate and antibiotic susceptibility of VGS in healthy children population,
Rozkiewics D et al. (2006), reports the resistance of isolated dental plaque streptococci against penicillin. Based
on their research results, the highest resistance was for streptococcus mitis (30.5%), followed by, st.oralis
(19.1%), st.salivarius (13.3%) and st.sanguinis (8.8%) [17]. Smith A. et al. (2004) reports significant differences
in sensitivity against antibiotics for VGS strains with higher resistance for st.oralis (27% against penicillin, 51%
against erythromycin and 6% against clindamicin) and for st.mitis (11% against penicillin, 40% against eryt-
hromycin and 3% against clindamicin) [18].

6. Conclusion

Based on the results of our study we can conclude that the frequent use of amoxicillin may increase the antimi-
crobial resistance of streptococci. Due to the importance of oral health in development of bacterial endocarditis
in children with CHD, it is healthier to encourage maintenance of oral hygiene and to apply prophylactic denti-
stry measures. The prophylactic measures are more crucial in reducing the risk of BE than the administration of
antibiotic-prophylaxis prior to dental procedures, as per the specific requirements. If the patient with CHD has
used amoxicillin during the previous three months, then prior to dental procedures we recommend the identifica-
tion of bacterial sensitivity isolated from the dental plaque by disc diffusion in antibiotics according to AHA-
recommendation—amoxicillin, clindamicin, cephalexin and erythromycin.
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