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S U M M A R Y  
 
 
 Infective endocarditis (IE) is an important clinical disease in children with a mortality rate of 
11.6%. Prophylaxis with antibiotics is one of the most commonly used methods in children at risk of IE; 
therefore, the evaluation of antibiotic resistance seems necessary in view of its increasing trend. This study 
aimed to determine the antibiotic susceptibility pattern of oral viridans group streptococci (VGS) isolated 
from the dental plaque of children at risk of IE. 
 Fifty-one plaque samples were obtained from children aged 3 to 12 years old in the period from 
April to July 2018. Samples were obtained with sterile swabs and were transferred to the laboratory in 
Brain Heart Infusion (BHI) Broth. Samples were immediately cultivated on Columbia blood agar. After 
identifying VGS, antimicrobial susceptibility test (AST) was performed using Mueller-Hinton agar 
(MHA) with sheep’s blood and E-test strips for selected antibiotics. The minimum inhibitory 
concentration (MIC) was determined for each isolate and the results were reported as sensitive, 
intermediate and resistant. 
 Fifty-one VGS bacteria were isolated from children with an average age of 7.3 ± 2.5 years. The 
highest resistance was observed for azithromycin in 36 (70.6%) isolates and then cefazolin in 35 (68.6%) 
isolates. The highest susceptibility was observed for amoxicillin in 46 (90.2%) isolates. 

Based on the findings of this study, amoxicillin is the most effective option for prophylaxis in 
children. Furthermore, cefazolin should be used with caution because bacteria resistant to this antibiotic 
can transfer resistance genes to other bacteria. 
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I N T R O D U C T I O N  
 

Infective endocarditis (IE) is an important sys-
temic disease that may occur in patients with heart 
problems undergoing invasive dental procedures (1). 
This rare yet life-threatening disease has an overall 
mortality rate of 25%, even with the best treatments. 
Almost all structural heart disorders can be a risk 
factor for IE. Also, in developing countries, rheu-
matic heart disease (RHD) is the most prevalent 
predisposing factor for IE. Although Streptococci 
and Staphylococci together are responsible for ap-
proximately 80% of IE cases, the proportion of these 
two groups varies in different regions over time. In 
Asian and African countries, 32% of IE cases are 
caused by Streptococci and among them 23% is 
caused by the viridans group (2). Viridans group 
Streptococci (VGS) are gram-positive cocci and a 
major part of the mouth flora (3). They can cause 
bacteremia leading to IE following invasive dental 
procedures such as tooth extraction (1, 4). The prev-
alence of bacteremia caused by Streptococci and 
especially VGS following tooth extraction has been 
highly (18% - 85%) reported (5). Upon Streptococci 
entering the blood stream and causing bacteremia, 
the organism binds to the valvular endothelial site in 
predisposed patients, mediated by factors such as 
dextran and FimA (surface proteins known as ad-
hesions). Platelet aggregation occurs following vege-
tation on the heart valve, which plays an important 
role in the pathogenicity of IE (2). 

Despite recent therapeutic advances, IE dis-
ease in children is an important and complex clinical 
issue with a mortality rate of 11.6% (6). Recent 
studies have shown that 39.5% of IE cases in children 
are due to Streptococci. Also, Streptococci are the 
main cause of IE in children suffering from congen-
ital heart disease (CHD) (7). Due to the high prev-
alence and mortality rate of IE, prophylaxis with 
antibiotics is used as a preventive method with high 
risk patients. Owing to the role of VGS in IE, most 
preventive efforts are focused on oral health (2). 
According to protocols set by the European Society 
of Cardiology (ESC) and the American Heart Asso-
ciation (AHA), the most commonly prescribed anti-
biotic as prophylactic procedure is oral amoxicillin. 
In cases of allergies or the inability to receive oral 
medication, other antibiotics including cephalexin, 
clarithromycin, cefazolin, clindamycin, azithromycin 
and ceftriaxone are used (8, 9). On the other hand, 
various studies have shown different rates and pat-

terns of antibiotic resistance in VGS throughout the 
world (10 - 14). The possibility of increased resis-
tance to beta-lactams and other antimicrobial agents 
raises important concerns relating to this group of 
bacteria (15). In recent years, VGS have gained atten-
tion as antibiotic resistance gene reservoirs and car-
riers to other pathogenic organisms such as Strepto-
coccus pneumonia and Streptococcus pyogenes (10). 
Furthermore, the widespread use of antibiotics in 
medical and agricultural settings has led to the rise 
of multi-drug resistant (MDR) bacteria (16). 

Due to the limited number of published 
studies regarding resistance pattern of VGS and the 
antibiotics which are used in the prophylaxis of 
children at risk of IE, along with the increased rate of 
antibacterial resistance in this group of bacteria, this 
study aimed to determine the antibiotic suscep-
tibility pattern of VGS isolated from the dental 
plaque of children who are at risk of IE. 

 
PARTICIPANTS AND METHODS 

 
In this cross sectional study, the clinical spec-

imens obtained from dental plaque of 51 children at 
risk of IE aged from 3 to 12 years old were referred 
to Amirkola Children's Hospital (Babol University of 
Medical Sciences, Babol, Iran) and Rohani Hospital 
(Babol University of Medical Sciences, Babol, Iran) 
from April to July 2018, with written consent from 
their parents. Patients were selected according to 
AHA guidelines (17). The inclusion criteria was the 
lack of antibiotic use in the past two weeks. The 
protocol of this study was approved by the ethical 
committee of Babol University of Medical sciences, 
Babol, Iran (ethical number: IR.MUBABOL.REC. 
1397.005) 

Culture, isolation, identification and antibi-
otic susceptibility testing (AST): Dental plaque 
swabs in tubes containing 0.5ml of Brain Heart Infu-
sion (BHI) broth (Himedia, India) were transferred 
on ice to the microbiology laboratory at the faculty of 
Paramedicine, Babol University of Medical Sciences. 
In the laboratory, samples were immediately culti-
vated on Columbia blood agar (Merck, Germany- 
containing 5% sheep blood) and incubated for 24 to 
48 hours at 35˚C, with a CO2 pressure of 5 - 10%. 
Following growth, gram stain slides were prepared 
from suspected needle sized colonies which dis-
played α-hemolysis (18). Upon identifying gram-
positive cocci in diplococci or chain formations, bio-
chemical tests such as catalase (using the identi-
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fication of 3% hydrogen peroxide), susceptibility to 
optochin disk and bile solubility test were performed 
on the colonies. Gram-positive cocci that were 
catalase negative, resistant to optochin disk and 10% 
sodium deoxycholate [bile salts] were identified as 
viridans streptococci and underwent AST (19). 

To perform AST, E-test strips (Liofilchem®, 
Italy) were used for amoxicillin, cefazolin, ceftri-
axone (beta-lactams), azithromycin (macrolides), and 
clindamycin (lincosamide) on the isolated bacteria 
using standard protocols. First, a suspension equiv-
alent to 0.5 McFarland standard solution was 
prepared from each bacterial isolate and then lawn 
culture was carried out on Mueller-Hinton agar 
(MHA) (Himedia, India) with 5% sheep blood using 
a sterile swab. Subsequently, a strip for each type of 
antibiotic was placed on the culture medium and 
incubated for 20 - 24 hours at 350C (5 culture 
mediums for each bacterial isolate) (20). Following 
the incubation period, the minimum inhibitory 
concentration (MIC) was determined for each isolate 
and the results were reported as sensitive, inter-
mediate and resistant according to the manufac-
turer's guidelines. Based on the guidelines used in 
this study, there is no intermediate interpretation for 
amoxicillin and cefazolin. The Streptococcus 
pneumoniae (ATCC® 49619™) standard strain was 
used as a quality control measure in this study (20). 
Bacterial isolates that were resistant to at least three 
antibiotics from different families (beta-lactams, 
macrolides or lincosamide) were considered MDR 
(21). Data were statistically analyzed using SPSS22 
software. 

 
RESULTS 

 
In this study, 51 VGS bacteria were isolated 

from the dental plaque samples of 51 children, with 
the mean age of 7.3 ± 2.5 years, including 29 (56.9%)  

 
Table 1. Antibiotic resistance patterns of VGS isolated 

from the dental plaque of children 
 

Resistant 
N (%) 

Intermediate 
N (%) 

Sensitive 
N (%) 

Antibiotics 

3 (5.9) 3 (5.9) 45 (88.2) Ceftriaxon 
5 (9.8) * 46 (90.2) Amoxcillin 
5 (9.8) 1 (2) 45 (88.2) Clindamycin 

36 (70.6) 6 (11.8) 9 (17.6) Azitromycin 
35 (68.6) * 16 (31.4) Cefazolin 

girls and 22 (43.1%) boys. AST results based on the 
MIC values obtained from the isolated bacteria are 
shown in Table 1. 

The highest resistance was towards azithro-
mycin in 36 (70.6%) isolates and the highest suscep-
tibility was observed for amoxicillin in 46 (90.2%) 
isolates. Seven (13.7%) isolates were susceptible to all 
antibiotics. Twenty-eight (54.9%) isolates were resis-
tant to at least two antibiotics from different families 
(azithromycin and cefazolin) and four (7.8%) isolates 
were MDR. 

DISCUSSION 
 
VGS are predominant part of the mouth flora 

and may act as opportunistic pathogens in immuno-
compromised patients, particularly patients at risk of 
IE (3). Despite recent therapeutic advances, this 
disease had a mortality rate of 11.6% in children (6). 
Oral Streptococci are the cause of 39.5% of bacterial 
IE cases in children (7). All strategic committees 
throughout the world suggest antibiotic prophylaxis 
for high risk patients undergoing invasive dental 
procedures and reports have shown that the lack of 
antibiotic prophylaxis implementation can heighten 
the incidence rate of IE (9). However, a universal 
antimicrobial treatment protocol for IE in children 
has not been recommended and international 
cooperation seems to be necessary in this regard (7). 

In the current study, the highest resistance to 
antibiotics was for azithromycin (70.6%). Azithro-
mycin is the most commonly used macrolide in the 
treatment of lower respiratory infections in children 
(22) and is used as an alternative or complementary 
antibiotic with amoxicillin for the treatment of myco-
plasma respiratory infections in children over five 
years of age (23). Azithromycin‘s half life is high, so 
the chances of expanding bacterial resistance (due to 
the presence of the ermB gene, the production of 
inactivating enzymes, or the presence of efflux 
systems coded by mef or msr genes) increase (19, 24). 
Each of the aforementioned reasons can be a possible 
explanation for the high resistance of the isolates 
against azithromycin in this study. The results of a 
study performed by Dhotre et al. are in line with the 
present study (25). Research performed on the 
antibiotic susceptibility of oral VGS from 2005 to 
2018 throughout the world show the increasing 
resistance to the antibiotics investigated in the 
present study. It is noteworthy that a sudden 
increase in resistance to clindamycin and ceftriaxone  
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was observed from 2009 to 2011, while a decrease in 
resistance to amoxicillin and azithromycin was seen 
during the same period. Nevertheless, after 2011, the 
resistance to amoxicillin and azithromycin increased 
more rapidly in comparison with the resistance to 
clindamycin and ceftriaxone (10, 11, 14,15, 24 - 31). It 
seemed that alterations in the type and amount of 
the used antibiotics in these years led to this trend. 
In the present study, the relatively high suscep-
tibility of the VGS isolates to amoxicillin (90.2%) 
shows that the resistance to this group of antibiotics 
is not prevalent in this region. Amoxicillin and 
possibly other penicillin (e.g. ampicillin) can be 
effective on VGS, thus making them trustworthy 
options for treatment and prophylaxis. Chunduri et 
al. in India and William et al. in Uganda have 
performed similar studies, where 90% and more 
than 60% of the studied VGS isolates were sus-
ceptible to amoxicillin, respectively (32-33). Nev-
ertheless, Suzuk et al. in Turkey reported high re-
sistance to beta-lactams (ampicillin and penicillin) 
(3). Beta-lactams are the most prevalent antibiotics 
for treatment in society. Their receptors (PBP) on the 
bacterial cell wall can undergo changes due to trans-
formation and homologous recombination which 
can lead to the emergence of resistant strains from 
this group. These strains have great significance due 
to the fact that these resistant strains can be gene 
carriers and transfer resistance genes to other similar 
groups such as pneumococci and other pathogenic 
bacteria (3, 31, 33). Cefazolin, a type of beta-lactam, 
is the drug of choice for parenteral prophylaxis 
before surgery due to its desirable properties such as 
the beneficial effect on microorganisms (34). The in-
creased resistance to cefazolin (68.6%) in this study 
may be due to changes in PBPs, as a result of exces-
sive consumption. 

In the current study, the resistance rate to 
clindamycin is low (9.8%). The use of clindamycin is 
beneficial. Since it can be administered orally or 
intravenously, it has great oral absorbance, good 
circulation within soft tissues and the ability to 
inhibit toxin production and virulence factors in 
several bacterial species. Based on the high rate of 
susceptibility observed in this work (88.2%), it 
would seem that clindamycin is a suitable alternative 
in cases with penicillin allergy (35). Chunduri et al. 
similarly found that 85% of VGS are susceptible to 
clindamycin (32). However, Kim et al. showed that 
less than 70% of Streptococci isolates are susceptible 
to clindamycin in Boston, USA (35). 

Emerging MDR strains of VGS, as important 
pathogens, cause great difficulty in the treatment of 
infections (36). Over the years, many different re-
ports about the prevalence of MDR strains of this 
group have been published. In a study performed by 
Dhotre et al., 11% of VGS isolates were resistant to 
eight antibiotics (37). Also, William et al. reported 
that approximately 14% of viridans Streptococci 
were resistant to more than two antibiotics (33). In 
the present research, 7.8% of the studied isolates 
were MDR. Given the importance of their role as the 
cause of IE, these strains not only make general 
prophylaxis difficult but also further complicates the 
antibiotic resistance pattern in this region (30). Also, 
regular oral hygiene and dental prophylaxis, per-
forming dental procedures after disinfecting the oral 
environment and determining the susceptibility 
patterns of antibiotics in high risk patients is 
essential (38 - 40). This study has some limitations 
that need to be addressed. A relatively small sample 
size is a limitation of the current study. Lack of 
correct information about the patients' antimicrobial 
use history, a factor which may have influenced 
antimicrobial susceptibility, was another limitation. 
Such evaluation should be included in future 
studies. 

 
CONCLUSION 

In conclusion, the present study showed that 
VGS in children who are at risk for IE is susceptible 
to amoxicillin, which is the first choice of antibiotic 
and an effective option for prophylaxis. Also, due to 
the high prevalence of resistance to some antibiotics 
such as azithromycin and cefazolin, it is crucial to 
determine the antibiotic susceptibility patterns of the 
bacteria in this region. Also, to prevent the emer-
gence and evolution of resistant strains, the pre-
scription and appropriate use of antibiotics must be 
carefully managed.  
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S A Ž E T A K  
 

 
Infektivni endokarditis (IE) je važno kliničko oboljenje dece, sa stopom mortaliteta od 11,6%. 

Profilaksa antibioticima jedna je od najčešće korišćenih metoda kod dece sa rizikom od ove bolesti. Stoga je 
procena antibiotske rezistencije neophodna u pogledu povećanja ovog trenda. Cilj ove studije bilo je 
određivanje obrasca osetljivosti oralnih viridans streptokoka izolovanih iz dentalnog plaka dece sa rizikom 
od infektivnog endokarditisa. 

Pedeset jedan uzorak plaka dobijen je od dece uzrasta od tri godine do dvanaest godina, u periodu od 
aprila do jula 2018. godine. Uzorci su uzeti sterilnim brisem i prebačeni u laboratoriju u moždano-srčanom 
infuzionom agaru. Uzorci su odmah kultivisani na Kolumbija krvnom agaru. Nakon identifikovanja 
viridans streptokoka, urađen je test antimikrobne osetljivosti (AST) na Mueller-Hinton agaru (MHA) sa 
ovčijom krvlju i E-test trakama za određene antibiotike. Minimalna inhibitorna koncentracija (MIC) 
određena je za svaki uzorak i dobijeni rezultati ocenjeni su kao osetljivi, intermedijarno osetljivi i 
rezistentni. 

Izolovana je 51 bakterija iz grupe viridans od dece prosečne starosti 7,3 godine ± 2,5 godina. Najveća 
rezistencija zabeležena je za azitromicin u 36 (70,6%) izolata, a potom za cefazolin u 35 (68,6%) izolata. 
Najveća osetljivost uočena je za amoksicilin u 46 (90,2%) izolata. 

Na osnovu nalaza ove studije, amoksicilin je najefikasnija opcija za profilaksu dece. Štaviše, cefazolin 
treba koristiti oprezno, jer bakterije koje su rezistentne na ovaj antibiotik mogu biti prenosioci rezistentnih 
gena drugim bakterijama. 
 
Ključne reči: endokarditis, bakterije, nega zuba kod dece, viridans streptokoke, test mikrobne osetljivosti, 
antibakterijski agensi 
 

 

 
 
 

 


