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Infective endocarditis (IE) is a disease with an estimated annual in-
cidence of 3– 10 cases per 100,000 individuals and is characterized 
by high morbidity and mortality (approximately 30% during the first 

year of follow- up) (Cahill & Prendergast, 2016). Although IE is con-
sidered an eminently inflammatory process, its pathophysiology is 
based on bacterial invasion of the cardiac endothelium previously 

Received: 3 March 2022  | Revised: 6 April 2022  | Accepted: 21 April 2022

DOI: 10.1111/odi.14221  

S H O R T  C O M M U N I C A T I O N

Oral amoxicillin/clavulanate for the prevention of bacteremia 
following dental extractions

Márcio Diniz Freitas1  |   Maximiliano Álvarez Fernández2  |   Francisco Jose Vasallo Vidal2  |    
Jacobo Limeres Posse1  |   Pedro Diz Dios1  |   Javier Fernández Feijoo1

Clinical trial registration: The trial was registered at ClinicalTrials.gov with ID number NCT02783404. 

1Medical- Surgical Dentistry Research 
Group (OMEQUI), Health Research 
Institute of Santiago de Compostela (IDIS), 
University of Santiago de Compostela 
(USC), Santiago de Compostela, Spain
2Department of Microbiology, 
Microbiology and Infectology Research 
Group, Galicia Sur Health Research 
Institute (IIS Galicia Sur) SERGAS- 
Universidade de Vigo, Complexo 
Hospitalario Universitario de Vigo 
(CHUVI), Sergas, Vigo, Spain

Correspondence
Márcio Diniz Freitas, Department of 
Surgery and Medical- Surgical Specialties, 
Faculty of Medicine and Odontology, 
University of Santiago de Compostela, 
c/Entrerríos s/n, 15782-  Santiago de 
Compostela, Spain.
Email: marcio.diniz@usc.es

Funding information
This study was supported by internal 
funding

Abstract
This study aimed to evaluate the effectiveness of oral amoxicillin/clavulanate 
(AMX- CL) for the prevention of bacteremia following dental extractions. The study 
group (AMX- CLG) comprised 40 adults requiring dental extractions under general an-
esthesia who were administered a prophylactic regimen of 1875/125 mg of AMX- CL 
orally 1– 2 h prior to the surgery. Venous blood samples were collected from each 
patient at baseline and at 30 s and 15 min after dental extractions. Samples were 
inoculated into BACTEC Plus culture bottles and processed in the BACTEC 9240. 
Conventional microbiological techniques were used for subcultures and further iden-
tification of the isolated bacteria. The results for the AMX- CLG were compared with 
those of a control group (CG; no prophylaxis) and an amoxicillin group (AMXG; 2 g of 
amoxicillin orally), consisting of randomly selected patients from among those par-
ticipating in two clinical trials that we have previously published. The prevalence of 
bacteremia in the CG, AMXG, and AMX- CLG was 97%, 50%, and 15%, respectively, at 
30 s after completing the extractions, and 67%, 10%, and 4% at 15 min, respectively, 
after the last extraction. The prevalence of bacteremia in the AMXG and the AMX- 
CLG at 30 s and at 15 min after completing the extractions was significantly lower 
than that in the CG (p < 0.001 and p < 0.001, respectively; Fisher’s exact test). The 
prevalence of bacteremia in the AMX- CLG at 30 s after completing the extractions 
was significantly lower than that in the AMXG (p < 0.001; Fisher’s exact test). Based 
in the results of this preliminary study, oral AMX- CL could be an excellent option for 
preventing bacteremia secondary to dental procedures in patients at risk.
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damaged by valvular sclerosis, by rheumatic fever, or by the direct 
action of certain bacteria (Werdan et al., 2014). A number of series 
have indicated that bacteremia of oral origin is responsible for ap-
proximately 30% of all cases of IE (Delahaye et al., 2016). Oral bac-
teremia is mainly produced in relation to the basic activities of daily 
life such as toothbrushing, odontogenic infections, and dental ther-
apeutic procedures (Delahaye et al., 2016; Lockhart et al., 2008;).

The efficacy of antibiotic prophylaxis for preventing IE has not 
been definitively demonstrated, and its detractors point out the ad-
verse effects of the antibiotics, the development of resistance, and 
low cost- effectiveness. Although it is true that antibiotic prophylaxis 
significantly reduces the incidence of bacteremia secondary to den-
tal manipulations (Diz Dios et al., 2006), it is debatable whether these 
represent a consistent subrogate marker of IE (Cahill et al., 2017). 
There is also certain controversy regarding the impact of the restric-
tions in the prophylaxis guidelines on the incidence of IE (Williams 
et al., 2021). Although amoxicillin (AMX) is still the antibiotic of 
choice for patients who are not allergic to beta- lactams (Thornhill, 
2020), we have shown that the intravenous administration of amox-
icillin/clavulanate (AMX- CL) can be even more effective than AMX 
for preventing bacteremia secondary to dental procedures (Limeres 
Posse et al., 2016). The main criticism of this clinical trial was that the 
intravenous administration of drugs was a highly unusual practice in 
the dental setting. We, therefore, proposed this new study that con-
sisted of applying the same methodology but administering AMX- CL 
orally, with the aim of achieving a more realistic clinical scenario. The 
study was approved by the Clinical Research Ethics Committee of 
Galicia, Spain (project number PGIDIT05PXIB92501PR); in all cases, 
informed consent was obtained from the patients or from their legal 
representatives before their participation in the study.

The study group comprised 40 patients who, for behavioral rea-
sons, underwent tooth extractions under general anesthesia at the 
University Hospital Complex of Santiago de Compostela (Spain). To 
select the participants, we established the following exclusion cri-
teria: body weight lower than 40 kg, having taken antibiotics in the 
previous 3 months, routine use of oral antiseptics, presenting some 
type of congenital or acquired immunodeficiency or any other dis-
ease that might promote the onset of infections, having a congenital 
coagulopathy or consuming drugs that promote hemorrhagic com-
plications, and allergy or intolerance to beta- lactam antibiotics or to 
clavulanic acid.

The selected patients were administered a prophylactic regi-
men of 1875/125 mg of AMX- CL orally 1– 2 h prior to the surgery; 
these patients constituted the AMX- CL group (AMX- CLG). Based 
on the presentation available in Spain, this dosage was obtained by 
administering 1 g of AMX and 875/125 mg of AMX- CL. Although 
it does not correspond to the ideal AMX concentration (2 g), the 
dose facilitates the prescription and dosing of the patient (2 pack-
ets), without increasing the concentration of CL. The results for the 
AMX- CLG were compared with those of a control group (CG) and 
an amoxicillin group (AMXG), consisting of randomly selected pa-
tients from among those participating in two clinical trials that we 
have previously published (Diz Dios et al., 2006; Limeres Posse et al., 

2016). The CG consisted of 40 patients who were not administered 
any type of prophylaxis, while the AMXG consisted of 40 patients 
who were administered a standardized prophylactic regimen of 2 g 
of amoxicillin orally 1– 2 h prior to the surgery. The results of the 
present series (AMX- CLG) and those of the two previous trials (CG 
and AMXG) were obtained by applying the same methodology, and 
all procedures were performed by the same practitioners (anesthe-
siologists, dentists, and microbiologists).

To determine the prevalence and duration of the bacteremia, 
10 ml of peripheral venous blood was collected from each pa-
tient before performing the dental manipulation, at 30 s after 
completing the last extraction and at 15 min after the last ex-
traction. Each sample was injected into 2 bottles in equal parts 
with aerobic and anaerobic culture media (Bactec Plus, Becton 
Dickinson) and was processed in the Bactec 9240 blood culture 
system (Becton Dickinson). The conditions and culture media and 
subcultures, as well as the bacterial identification criteria, have 
been described in detail elsewhere (Diz Dios et al., 2006; Limeres 
Posse et al., 2016).

When comparing the 3 study groups (CG, AMXG, and AMX- 
CLG), we found no statistically significant differences in terms of 
age, sex, oral health grade (evaluated using a previously validated 
scale; Relvas et al., 2013), or in the number of extractions performed 
(Table 1). The prevalence of bacteremia in the CG, AMXG, and AMX- 
CLG was 97%, 50%, and 15%, respectively, at 30 s after completing 
the extractions, and 67%, 10%, and 4% at 15 min, respectively, after 
the last extraction (Figure 1). The prevalence of bacteremia in the 
AMXG at 30 s and at 15 min after completing the extractions was 
significantly lower than that in the CG (p < 0.001 and p < 0.001, 
respectively; Fisher's exact test). The prevalence of positive blood 
cultures in the AMX- CLG at 30 s and at 15 min after completing the 
extractions was significantly lower than that in the CG (p < 0.001 
and p < 0.001, respectively; Fisher's exact test). The prevalence of 
bacteremia in the AMX- CLG at 30 s after completing the extractions 

TA B L E  1  Age, sex, oral health status, and number of teeth 
extracted by study group

Control 
group

AMX 
group

AMX- CL 
group P

Agea (years) 25 ± 5 24 ± 4 24 ± 3 NS

Sex (no. [%] of patients)

Male 22 [55] 23 [57] 18 [45] NS

Female 18 [45] 17 [42] 22 [55]

Oral health status (no. [%] of patients)

Grades 0 and 1 7 [17] 12 [30] 7 [17] NS

Grade 2 16 [40] 13 [32] 19 [47]

Grade 3 16 [40] 15 [37] 14 [35]

No. of dental extractionsb 5 [7] 5 [6] 5 [6] NS

Abbreviations: AMX, amoxicillin; AMX- CL, amoxicillin/clavulanate; NS, 
not significant.
aThe mean and standard deviation are shown.
bThe median [interquartile range]) is shown.
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was significantly lower than that in the AMXG (p < 0.001; Fisher's 
exact test). Streptococcus spp. was the most frequently identified 
bacteria in the CG and AMXG (Table 2).

Although the general limitations of this study have already been 
discussed elsewhere (Diz Dios et al., 2006; Limeres Posse et al., 
2016), we should emphasize those inherent in the sensitivity and 
specificity of the microbiological tests employed, particularly for de-
tecting periodontal pathogens (Marin et al., 2017). Assuming these 
limitations, this study confirmed the efficacy of prophylactically ad-
ministering AMX to prevent postextraction bacteremia and showed 
that, in the blood samples drawn 30 s after completing the dental 
extractions, the AMX- CL combination was even more effective.

Staphylococcus aureus and Streptococcus viridans are the most 
common pathogens in the oral cavity and are responsible for most 
oral- maxillofacial infections (Meinen et al., 2021). More than 65% of 
Staphylococci (especially S. aureus) isolates in these infectious pro-
cesses are resistant to beta- lactam antibiotics (Meinen et al., 2021). 
Moreover, in more than half of patients with severe chronic peri-
odontitis, subgingival β- lactamase- positive bacteria species have 
been identified (Rams et al., 2013). Streptococcus viridans is the pri-
mary cause of IE of oral origin, especially in countries with a high 
incidence of rheumatic fever (Montano et al., 2021). Although the 
American Heart Association has focused its recent guidelines on 

F I G U R E  1  Prevalence of bacteremia (%) at baseline, at 30 s after 
completing the dental extractions and at 15 min after completing 
the dental extractions. AMX, amoxicillin group; AMX- CL, 
amoxicillin/clavulanate group Control, control group
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Bacterial genus Bacterial species
Control 
group

AMX 
group

AMX- CL 
group

Streptococcus S. mitis 27 8 - 

S. anginosus 14 2 - 

S. salivarius 5 - - 

S. mutans 1 - - 

S. pneumoniae - - 1

S. parasanguinis - - 1

S. viridans not identified 8 - - 

Staphylococcus S. coagulase- negative 4 2 - 

S. epidermidis 3 1 1

S. capitis 2 - - 

S. haemolyticus 1 - - 

S. auricularis 1 - - 

Neisseria N. cinerea 4 2 - 

N. mucosa 2 - - 

Prevotella P. corporis 3 1 - 

P. intermedia - 2 1

Peptostreptococcus P. micros 3 3 - 

Enterobacter E. aerogenes 2 - - 

E. faecalis - 2

Veillonella V. parvula 2 - 1

Fusobacterium F. nucleatum 2 1 - 

Aggregatibacter A. actinomycetemcomitans 1 1 - 

Gemella G. morbillorum 1 - - 

Bacteroides B. fragilis 1 1 - 

Eikenella E. corrodens - 2 - 

Lactobacillus L. rhamnosus - - 2

Abbreviations: AMX, amoxicillin; AMX- CL, amoxicillin/clavulanate.

TA B L E  2  Identification of bacterial 
isolates from positive blood cultures 
following dental extractions (30 s and 
15 min) in the study groups
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preventing viridans group Streptococcal IE (Wilson et al., 2021), a 
number of authors have indicated that, in general, the frequency 
of IE caused by Staphylococcus aureus is increasing (Thornhill et al., 
2016), especially in relation to advances in cardiac device develop-
ment (Wilson et al., 2021). Additionally, a number of cases of IE of 
oral origin are caused by bacteria of the HACEK group (Montano 
et al., 2021), which generally are AMX- CL- sensitive and, in a consid-
erable percentage, penicillin- resistant (Coburn et al., 2013). AMX- CL 
has significantly worse adverse drug reaction profiles than AMX 
(Thornhill et al., 2019). It has been suggested that AMX antibiotic 
prophylaxis is safe for patients without a history of AMX allergy, 
given that the adverse reaction rate is lower than previous estimates 
(Thornhill et al., 2015). To our knowledge, however, the adverse re-
action rate with the administration of a single dose of AMX- CL for 
preventing IE is still unknown. In short, in addition to emphasizing 
that promoting oral hygiene should be an indispensable element of 
the prevention guidelines for IE of oral origin (Carinci et al., 2018), 
oral AMX- CL could be an excellent option for preventing bacteremia 
secondary to dental procedures in patients at risk.
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