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Abstract  

 

Objective: Intracranial abscesses are relatively uncommon, but can result in significant 

mortality and morbidity. Whilst many potential causes of brain abscesses are recognised, in 

many cases the origin of infection remains clinically unidentified. Our objective was to 

investigate the role of bacteria found in the oral cavity in the development of brain abscesses.  

 

Methods: A retrospective analysis was performed using data from 87 patients admitted to a 

single UK neurosurgical unit with brain abscesses over a 16-year period. Using microbiological 

data obtained from abscess sampling and peripheral cultures, species of bacteria were 

categorised in patients where no primary source of infection was identified (NSI) for their brain 

abscess (n=52), or where an infective source (ISI) was identified. The microbiological data 

was then screened to identify common oral bacteria in each group.  

 

Results: Brain abscesses from the ISI group (n=35) demonstrated a significantly lower 

preponderance of oral bacteria (n=8), than the NSI group (n=29) (p<0.05). Brain abscesses 

from the NSI group also had significantly higher counts of Streptococcus Anginosus compared 

to ISI (p<0.05), with brain abscesses being most common in the frontal and parietal lobes for 

both ISI and NSI. 

 

Conclusions: These findings suggest that the oral cavity could be considered as a source of 

occult infection in cases of brain abscess where no clear cause has been identified. Future 

studies should include oral screening and microbiome analysis to better understand the 

mechanisms involved and develop approaches for prevention. 

 

Clinical significance statement 

Oral bacteria may be an under-recognised cause of brain abscesses. Careful review of oral 

health in brain abscess patients may help establish causation, particularly in patients with no 

cause for their abscess identified. Good levels of oral health may help prevent the 

development of brain abscesses in some individuals. 
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Introduction 

 

Intracranial abscess is an uncommon but important condition that affects patients from 

childhood through to old age. Incidence is estimated at less than 1 per 100,000 of the 

population in higher income countries [1]. Brain abscesses may contain single or mixed 

bacterial populations and produce inflammation within the brain, leading to local cerebritis and 

neuronal damage [1]. Although the use of antibiotics has revolutionised treatment of the 

condition, there is still a significant associated mortality of around 15-20%, particularly in 

patients who are immunocompromised or have associated co-morbidities [1,2].  

 

Long term sequelae, including permanent neurologic deficits and seizures, occur at a rate of 

around 30% [1]. Aetiological factors include direct inoculation with bacteria following brain 

surgery or penetrating trauma; haematological spread, such as in the case of endocarditis; 

and contiguous spread in the context of middle ear or sinus infections. However, in up to 60% 

of brain abscesses, the primary origin remains unknown [3]. Although dental infections are a 

recognised cause of intracranial abscesses, and are typically identified in around 10% of 

intracranial abscesses [4] we hypothesise that they may be under-diagnosed as a primary 

source, and that the oral microbiome could act as a reservoir of infectious bacteria, 

contributing to a proportion of the brain abscesses with unknown origin. It is also proposed 

that subclinical oral infection could potentially result in seeding of bacteria from the oral 

environment into the intracranial cavity [5]. This is in the context of a recognised link between 

odontogenic infections and brain abscesses [6].  

 

Staphylococcal and especially Streptococcal species eg Streptococcus anginosus/milleri 

group are the most common bacterial species found in brain abscess and this is predominantly 

due to Streptococcus intermedius 

 [2]. These species are found within the oral cavity, but they do not normally cause harm to 

the human host [7]. However, harmonious coexistence is only valid as long microbes remain 

in their natural habitat and are not disseminated to other body sites, where they can cause 

disease. Periodontal (gum) disease can play a key role in systemic dissemination of oral 

microbes, as they can enter into the bloodstream through damaged oral tissue [8]. The role of 

the oral microbiome has not been investigated in the context of brain abscess and could 

potentially be an explanation for intracranial abscess development from an unknown source.  

 

The aim of this study was to review a retrospective single centre series of brain abscesses 

and explore the identity of micro-organisms detected in culture from patients who had no 

definite infective source identified. It was also explored whether these micro-organisms 



possessed a profile consistent with an oral source of infection. It was anticipated that the 

findings could help with understanding whether oral dysbiosis and subclinical dental disease 

potentially contribute to brain abscess formation.   

 

Materials and Methods 

 

Study design 

 

A retrospective case note review was carried out in patients admitted to a single neurosurgical 

unit in the South West of the United Kingdom for treatment of a brain abscess between June 

2002 and June 2018. Ethical approval was obtained from the Derriford Hospital audit office. 

Notes were identified through a key word search including “intracranial infection”, “cerebral 

abscess”, “intraparenchymal abscess” and cases which were not intracranial abscesses on 

review of the notes and imaging were then excluded. Cases involving subdural empyemas 

were also excluded to simplify the dataset to a single pathology.  Data including patient age, 

demographic details, risk factors for abscess, site of abscess, presenting features, surgical 

and antibiotic treatment and microbiological data were identified.  

 

Study population 

 

The total number of subjects identified by the retrospective case notes review was 87. Of 

these, there were 34 female and 53 male patients (61% male) and the mean age (+ standard 

deviation; SD) was 55 years (± 16.2). Patients were scored for risk factors for infection 

according to a modified Cierny Mader classification [9], given that no current validated risk 

score for brain abscesses exists. Factors noted were current alcoholism, intravenous drug 

use, malnutrition, active malignancy, diabetes, immunosuppression/immunodeficiency and 

chronic hypoxia, and patients were allocated a score out of 7 to represent the presence of 

these risk factors.  

 

The clinical protocol for patients admitted with brain abscesses included screening for potential 

infective sources including cardiac, ear nose & throat (ENT), oral and systemic infection. 

 

Sample acquisition 

 

For the patients who had abscess sampling performed, this was undertaken during admission 

to the neurosurgical centre, either via craniotomy or burrhole aspiration of the abscess. 



Samples were taken using sterile instruments, placed into a sterile sample pot and transferred 

to the microbiology lab for immediate processing. 

 

Microbiological sample processing 

 

All samples were processed in line with UK National Standards for Microbiology Investigations 

(UK-SMI) protocols. Prior to these standards, accepted good laboratory practice in a 

laboratory that has held UK Accreditation Service (UKSA) accreditation since 2016 and prior 

to that accredited with Clinical Pathology Accreditation (CPA). CSF samples were inoculated 

onto chocolate agar and incubated in a CO2 enriched environment for 48 hours whereas pus 

samples were inoculated onto chocolate agar plus a suitable commercial anaerobic agar. 

Gram’s stain was performed on pus and other operative samples either after sample 

centrifugation (e.g. cerebrospinal fluid) or directly on untreated viscous samples such as pus. 

Isolated microbes were identified prior to 2013 using an array of commercial phenotypic 

techniques and identification panels. After 2013, microbes were identified predominantly using 

Matrix-assisted laser desorption/ionization- time of flight techniques (MALDI-TOF), and there 

was potential for PCR-based 16S ribosomal RNA sequencing if required [10]. The 16S 

ribosomal RNA sequencing was carried out according to the methods developed by the 

reference laboratory “Micropathology Ltd, Coventry”. 

 

Patient stratification 

 

Retrospectively, patients were then split into two groups according to whether a source of the 

bacteria had been confirmed (infective source identified; ISI), or whether no source was 

identified (no source identified; NSI), with 35 samples obtained for the ISI group and 52 

samples obtained for the NSI group. Microbes within the two groups were analysed, and the 

bacteria from patients with no source identified were compared with the patterns of bacteria 

identified in abscesses with known aetiologies.  

 

In order to better understand what contribution bacteria associated with the oral cavity and 

oral/dental infections made towards the NSI and ISI subgroups, a list of pathogenic 

“oral/dental” bacteria traditionally associated with oral and dental infections was made from 

the total list of bacteria identified across all patients, based on published literature. This list 

included Streptococcus anginosus, Porphyromonas oris, Veillonella atypica, Porphyromonas 

gingivalis, Streptococcus viridans as well as species of the genus Fusobacterium, 

Aggregatibacter and Actinomycetes [5, 11, 12, 13].  

 



Statistics 

 

The incidence of ‘oral/dental’ pathogens in the ISI and NSI groups were compared, to explore 

whether there was a higher incidence of oral pathogens in the NSI group.  

 

Categorical data were compared with a Pearson’s chi square test. Continuous data were 

compared using t-tests. The threshold for statistical significance was p<0.05 unless otherwise 

stated. 

 

Results 

 

Demographic and baseline characteristics of the dataset 

 

The mean (+SD) Cierny Mader score was 0.586 (±0.87), indicating that the majority of the 

cohort had less than one risk factor. The median presenting Glasgow coma scale (GCS) [14] 

across the whole cohort was 15 (range 4-15, n = 81) and 20 patients had seizures as part of 

their presentation (23%). The mean white cell count within 24 hours of admission was 12.6 

10*9/L (± 6.25, n = 56) and the mean (± IQR) C reactive protein (CRP) level within 24 hours of 

admission was 79.3 mg/L (± 107.5, n = 56) (not all patients had WCC and CRP information 

available for within 24 hours of admission). 73 patients underwent at least one operation for 

drainage or aspiration of the abscess (83.9%).  

 

Characteristics of patients with infective source identified (ISI) versus no infective source 

identified (NSI) for their brain abscess. 

 

35 patients (40% of the cohort) had a primary source of their abscess identified or strongly 

suspected on clinical grounds and were allocated to the ISI group. 52 (60%) patients were 

allocated as NSI. Within the ISI group, there were 14 females and 21 males (60% male) and 

within the NSI group there were 20 females and 32 males (62% male). The male: female ratio 

was consistent between groups. There was no significant difference in the age of patients 

within the two groups (mean age 58.7 years for ISI group, and 52.6 years for NSI group).  

 

Clinical observations 

 

The median presenting GCS in the ISI group was 14, compared with median GCS at 

presentation of 15 for the NSI group. Of the patients without a pre-existing seizure disorder, a 

significantly higher proportion of the NSI group presented with seizures (19 patients from the 



NSI group presented with seizures compared with 1 patient from the ISI group) (p<0.001, Chi-

square test). The location of abscess was most commonly frontal in the ISI group and parietal 

in the NSI group (see table 1 and figure 2c). Temporal lobe abscesses were more common in 

the ISI group. 

 

In the ISI group, the identified sources of infection were endocarditis (n=5), previous 

neurosurgery/ penetrating head trauma (n=6), lung disease (n=3), mastoiditis/ear 

infection/cholesteatoma (n=8), sinus disease (n=6), dental (n=4), other (e.g. bowel, meningitis) 

(n=3) (table 2). 28 of these patients (80%) had samples which gave rise to positive 

identification of microbes on culture. Bacteria cultured are shown in Figure 1 and the 

breakdown of bacteria within bacterial subgroups are shown in Table 3. The four dental cases 

were removed from the ISI group for the further analysis. 

 

Presence of oral bacteria in ISI versus NSI groups 

 

The list of “oral/dental” bacteria was used to evaluate the ISI and NSI group for presence of 

oral microbes; after first removing the 4 dental cases from the ISI group, as these would be 

expected to contain oral/dental microbes and also removing all cases in either group in which 

there was no growth on culture. At least one “oral/dental” bacteria occurred within 29 cases of 

the NSI dataset (65.9% of the subgroup), and in 8 cases in the ISI dataset (32%) (figure 3). 

Occurrence of oral bacteria were thus significantly higher in patients in the NSI compared to 

the ISI group (p<0.05, Chi-square test, two sided).  A high proportion of this difference was 

contributed by the S. Anginosus group alone, making up 50% of the NSI group and 20% of 

the ISI group, with a significant difference between the groups (p < 0.05, Chi-square test, two 

sided). 

 

Discussion 

 

In our cohort of 87 patients, retrospective analysis of the microbial composition of brain 

abscesses from patients with either non-identifiable or identifiable sources of infection, 

demonstrated a significantly higher incidence of oral bacteria in the brain abscesses of the 

NSI group versus the ISI group. These findings suggest that the oral cavity should be 

considered as a source of occult infection in cases of brain abscess where no clear cause has 

been identified.  

 

Although it has long been proposed that oral infections can spread via deep facia and cranial 

veins into the cavernous sinus and brain [15], the literature with which to interpret these current 



findings is sparse. Oral pathogens may prove to be a more common cause of brain abscesses 

than previously suspected when modern sequencing technologies, such as next generation 

sequencing and metagenomics, have become available for more complex analysis of 

communities of bacteria within abscess tissue [16,17]. For example, a recent study has 

similarly reported that ‘oral/dental’ pathogens, such as Fusobacterium and S. Anginosus were 

prominent amongst mixed bacterial populations in brain abscesses [18]. Conversely, Bodilsen 

et al., demonstrated no association between dental visits/invasive dental procedures and the 

risk of brain abscesses caused by oral bacteria [19]. In the study by Bodilsen et al. however, 

the invasive dental procedures included root canal treatment, tooth extraction, cyst removal, 

and biopsies; procedures aimed to reduce oral infection. Rather, it would be useful to 

systematically investigate brain abscesses in the presence of oral diseases that increase 

infection, when attempting to link oral and brain microbiome communities.  

 

Therefore, as well as metagenomics analysis of oral/dental samples, whilst taking note of 

recent invasive dental procedures, assessment of the dentition (caries), periodontium 

(periodontal disease) and the oral cavity (chronic periapical periodontitis; abscess) could be 

employed in future studies, for determining possible infection at the same time as intracranial 

abscess presentation. This may take the form of a dental inspection and radiographic 

investigation of teeth and support structures in line with relevant guidelines [20]. In many 

neurosurgical units, basic investigations of oral health such as radiographic studies are indeed 

already required in patients presenting with brain abscesses. 

 

Another important consideration in the interpretation of the current study, is that many bacteria 

on the list of common dental/oral pathogens may also be present in other body areas, including 

in particular, the gastrointestinal (GI) tract, as part of the gut microbiome, the sinuses [16] or 

the pharynx/tonsils [21]. There was also some subjectivity involved in the classification of what 

constituted ‘oral/dental’ microbes. From this dataset alone therefore, it was not possible to 

exclude the possibility that the gut, sinus or other microbiome populations, represented an 

alternative source of bacterial seeding to the brain. Furthermore, we note that endocarditis 

can be related to dissemination of oral bacteria into the bloodstream [22] however, in the 

present series, the 5 cases of endocarditis did not appear to be related to oral pathogens.  

 

In this study no attempts have been made to address the potential mechanisms by which oral 

bacteria may cross the blood brain barrier and cause brain abscesses, but it is possible that 

alterations of blood brain barrier permeability, due to inflammatory processes mediated by 

bacteria themselves, could play a role [23,24]. Figure 3 demonstrates the location of 



abscesses assessed as part of this study, and warrants further investigation in future studies, 

as it may provide clues as to the route of transmission between sites. 

The current study has also commented on the higher incidence of seizures at presentation in 

the group of patients with no source identified. The underlying explanation for this is unclear. 

Fronto-parietal location of abscesses (identified as a risk factor for seizures) [25] were 

common in both groups (Figure 3), although arguably they may have made up a slightly higher 

proportion of the NSI group than the ISI group, however this difference was not statistically 

significant. The bacterial types were different across the two groups, with a higher proportion 

of streptococcal species in the NSI group, and a higher proportion of gram negative bacteria 

in the ISI group, both of which have been identified more commonly than other groups of 

pathogens in patients with brain abscesses who experienced seizures [25]. No clear single 

explanation however, was identified for this finding, which may in part be attributed to the 

relatively small dataset and retrospective nature of the study. This observation should be 

followed up by future prospective work. 

 

Limitations of the present study include the retrospective nature of the study, with some 

missing clinical data points as a result. In addition, the clinical screening for a source of 

abscess would not have been systematically followed in an identical fashion for each patient 

and in cases where a presumed source was identified, for example, the sinuses, further 

investigations of other sites such as the oral cavity may not have been performed. Another 

limitation is the fact that these data are presented in broad groupings of bacteria, and so the 

use of phenotypic or MALDI-TOF identification techniques will not have altered into which of 

these broad overall groupings individual isolates were placed. The strengths of the study were 

that it promoted a novel approach to investigate the potential link between the oral microbiome 

and intracranial abscesses. In addition, as a single centre study, many of the clinical and 

microbiological procedures remained relatively consistent over the course of the study. 

 

In conclusion, this present study demonstrates that bacteria usually found in the oral cavity, 

and associated with oral and dental disease, are also found in brain abscesses and make up 

a large proportion of bacterial subgroups in brain abscesses where no definite infective source 

could be been identified. S. anginosus was of particular interest. More studies need to be 

performed to determine the mechanisms by which oral pathogens can enter the CNS, and the 

physiologic/immunologic conditions in which they do so. Furthermore, oral screening and 

microbiome analysis could be incorporated into future studies of brain abscesses; to better 

understand the mechanisms involved and develop approaches for prevention. This study is a 

first step in identifying potential links between the oral microbiome and brain abscesses at the 



time of intracranial infection, and re-enforces what is already known; that poor oral health and 

a dysbiotic oral microbiome correlates with systemic disease, including within the CNS. 
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Figure captions 

 

Figure 1. Representation of the frequency of identification of different bacterial species in 

brain abscesses from patients with an identified source on infection (ISI) group (n=35), versus 

those with a non-identified source of infection (NSI) group (n=52). 

 

Figure 2. Levels of oral/dental pathogens in brain abscesses from patients with an identified 

source on infection (ISI) group (n=35) versus those with a non-identified source of infection 

(NSI) group (n=52). These demonstrate a significantly higher incidence of oral/dental 

pathogens in the NSI group compared with the ISI group, after dental infections were removed 

from the ISI group in this analysis) (p<0.05). Legend: Yes- oral pathogen, No- not oral 

pathogen. 

 

Figure 3. Locations of abscesses within brain from patients with an identified source on 

infection (ISI) group (n=35) versus those with a non-identified source of infection (NSI) group 

(n=52).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Tables 

 

Table 1. Brain areas occupied by cerebral abscesses in patients admitted to hospital for 
urgent care. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abscess location Source 
Unknown (%) 

Source 
Known (%) 

Frontal 28.1 28.6 

Parietal 31.3 18.4 

Temporal 10.9 26.5 

Occipital 12.5 8.2 

Posterior fossa 9.4 12.2 

Deep supratentorial (e.g. thalamic, 
periventricular) 

6.3 4.1 

Brainstem 1.6 2.0 



 

Table 2. Number of patients admitted to hospital with a cerebral abscess with a known 
source of infection identified (ISI group) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Known source Number 

Endocarditis 5 

Previous neurosurgery/penetrating head trauma 6 

Lung  3 

Sinus disease 6 

Ear infection/cholesteatoma/mastoiditis 8 

Dental  4 

Other (bowel, meningitis) 3 



 

Figure 3. Subgroup level classification of bacteria from patients admitted to hospital with 
cerebral abscesses in NSI and ISI groups 

 

 

 

 

 

 

 

 

 

Bacterial subgroup NSI 
group 

ISI 
group 

Actinomyces israelii 0 1 
Actinomyces meyeri 0 1 
Actinomyces odontolyticus 1 1 
Actinomyces turicensis 0 1    
   

Fusobacterium nucleatum 2 2 
Fusobacterium necroforum 1 0 
Undifferentiated 2 2    

Strep intermedius 10 5 
Strep anginosus 4 1 
Strep milleri 3 0 
Strep constellatus 6 1    

Staph aureus 2 5 
MRSA 0 1 


