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Abstract
Intracranial complications secondary to ear infections is an established clinical condition. The
proximity of the brain compartments to the ear increases the chances of infections being
percolated to central nervous system. Early clinical and laboratory diagnosis of such infections
and better patient management strategies are required to minimize the intracranial and
extracranial complications. Acute and chronic suppurative otitis media (CSOM) have been
considered as risk factors for otogenic brain complications. Among the microbiological causes,
recently there has been an increase in the cases of otogenic brain abscess due to Streptococcus
spp. This review discusses the microbiological causes, implications, laboratory, diagnosis, and
management of otogenic complications of central nervous system.

Categories: Neurology, Infectious Disease
Keywords: otogenic brain abscess, streptococcus spp, intracranial complications of middle ear
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Introduction And Background
Brain abscess is defined as localized inflammation and infection of the brain parenchyma.
Although uncommon, brain abscess remains to be a serious and life threatening clinical
condition that warrants immediate medical attention to reduce the resultant morbidity and
mortality [1]. Previous studies have noted that there is no age predilection, but more than a
quarter of brain abscesses are seen in children and old-age groups [2]. Over the years, it was
observed that incidences of otogenic brain infections have come down due to increased use of
antimicrobial agents [3]. The availability of non-invasive laboratory techniques for a better
understanding of the involvement of brain parenchyma including the computed tomography
(CT scan) and magnetic resonance imaging (MRI) of brain have been instrumental in better
patient care and treatment outcome [4]. Aetiology of brain abscess is complex, which may
involve a single microbe (bacteria, fungi, parasite), polymicrobial, and involvement of
anaerobic bacteria. Otogenic brain infections have been noted both in immunocompetent and
immunocompromised individuals. The predisposing factors for brain abscess include repeated
upper respiratory tract infections, sinusitis, chronic suppurative otitis media, trauma, solid
organ transplant recipients, acquired immunodeficiency syndrome (AIDS) patients, dental
manipulations/infections, and post-neurosurgical procedures. Depending on the primary
infection site, the type of central nervous system (CNS) involvement can be understood.
Ethmoidal and sphenoid sinusitis results in infection of frontal lobe and temporal lobe
infection of brain, respectively. Infection of the middle ear and mastoids may spread to CNS
involving mostly the cerebellum and temporal lobes. Hematogenous spread of infection from
primary sites to CNS like the dental infections, lung abscess, and other solid organ infections
have been reported in literature [5]. Brain abscess involves four stages where, in the first stage,
the bacteria invades in to the brain tissue resulting in neutrophil, astrocytes and microglial cell
activation, edema, and tissue necrosis. The second stage involves spread of the infection to
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adjacent brain tissue and further invasion of macrophages, lymphocytes, and resultant
necrosis. The third stage is characterized by the development of a vascularised capsule
surrounding the lesion that appears on CT scan as a ring-enhancing lesion. The final stage of a
brain infection results in immune response resulting in the destruction of capsule and further
involvement of surrounding healthy brain parenchymal cells. The pathogenesis of brain
infection depends on the immune status of the patient, type/virulence of microbe involved, and
the use of antimicrobial agents [5].

Review
Microbiology of brain abscess
Brain abscess resulting from a contagious site of infection (ear infection, sinusitis) may most
often involve the colonized bacteria of the oral and upper respiratory tract. Anaerobic bacterial
flora forms a significant part of the colonized bacteria in the oral cavity (Fusobacterium spp,
Bacteroides spp, Prevotella spp, and the anaerobic Streptococci). Staphylococcus aureus,
coagulase-negative Staphylococci, Pseudomonas spp, enteric bacteria, Streptococcus spp, and
Clostridium spp are more common among the patients with sinusitis and trauma.
Hematogenous spread of bacteria to brain involving viridians Streptococci, Haemophilus, and
Enterococci may happen in patients with congenital heart disease. Fungal (Cryptococcus spp,
Aspergillus spp, Zygomycetes members, Histoplasma capsulatum, Blastomyces dermatitidis) and
parasitic (Entamoeba histolytica, Angiostrongylus spp, Tinea spp, and others) cause of brain
abscess is not uncommon and is most often seen in immunocompromised and debilitated
individuals [6-10].

Clinical manifestation of brain abscess
Clinical symptoms during a brain abscess depend on the type and location of the lesion, extent
of infection, type of microorganism involved, and the immune status of the patient. Headache
is the most common complaint during a brain abscess, and patients may present with/without
fever, nausea, vomiting, altered mental status, and lethargy. Patients may also present with
focal neurological deficits like hemiparesis, motor speech deficit, aphasia, papilledema, and
visual field defects. Spread of the infection to the meninges may result in symptoms like the
neck stiffness and seizures. Involvement of the cerebellum is observed as a most common
consequence in otogenic brain abscess; the clinical symptoms seen include ataxia, dysmetria,
and nystagmus [1, 5].

Laboratory diagnosis of brain abscess
Laboratory diagnosis of brain abscess involves both invasive and non-invasive procedures.
Non-invasive imaging techniques include computed tomography (CT scan) and magnetic
resonance imaging (MRI) of the brain, which may be very beneficial in studying the extent of
infection and also useful for prognosis. Microbiological evaluation includes the blood culture
that confirms hematogenous spread of infection. A lumbar puncture can be done to collect
cerebrospinal fluid (CSF) for microbiological and cellular analysis. Tests for antigen detection of
Cryptococcus spp, serological evidence of antibodies against Toxoplasma, and C-reactive
protein (CRP) estimation to evaluate the inflammatory condition can also be performed based
on their availability. CT-guided aspiration of abscess pus is the most common procedure
performed and the pus is evaluated microbiologically. Gram's stain, acid-fast stain, aerobic,
and anaerobic cultures are performed to confirm/rule out infection with bacteria and
Mycobacterium tuberculosis. When the patient is immunocompromised, additional staining and
culture methods are employed for isolation of rare microbial species like the Nocardia spp,
Rhodococcus spp, and others. Cytopathologic and histopathologic studies of the affected brain
tissue may be useful to rule out malignancy [11-13].
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Management of otogenic brain abscess
Otogenic brain abscess has been a cause for severe morbidity and mortality in the developing
world. The cost associated with the diagnosis, treatment, and management of the intracranial
complications of otogenic brain abscess should be considered as a cause of serious concern.
Clinical diagnosis of brain abscess followed by radiological confirmation is necessary to initiate
treatment and for assessing the prognosis. Conventionally, the management of otogenic brain
abscess involves aspiration of the pus from the abscess, microbiological, cytological, and
histopathological examination. Appropriate antimicrobial chemotherapy is initiated, followed
by a decision on the need to surgical intervention is taken. Depending on the extent of
involvement of the brain compartments, the size, and numbers of abscesses, neurosurgical
drainage is performed either through open craniotomy and drainage or by drainage through a
burr hole. Post-drainage, mastoidectomy can be done to avoid recurrence and remove the
source of infection. Identification of microbial cause and antimicrobial susceptibility profile
guided specific intravenous antibiotic treatment initiation was found to show better patient
prognosis [14-16].

Case study
A 29-year-old male patient presented to the emergency department with symptoms of nausea,
vomiting, severe headache, giddiness, difficulty in ingesting food, and difficulty in walking. The
patient gave a history of ear discharge since one month. The patient was apparently healthy one
month back. The ear discharge was from the left ear and was whitish in colour and foul
smelling. The patient revealed that he had on and off ear infections since childhood. The
patient was a non-smoker and used alcohol occasionally. There was no history of diabetes
mellitus, hypertension, asthma, or tuberculosis. He was non-reactive for human
immunodeficiency virus (HIV), hepatitis B virus (HBV), and hepatitis C virus (HCV). A CT scan,
5 mm slice thick, was taken in 128 slices without intravenous catheterization. The CT scan of
the brain revealed evidence of a hypodense lesion with surrounding perilesional oedema in left
cerebellar region. The CT scan also showed evidence of erosion of the sigmoid plate with
extension of collection of middle ear into the intracranial cavity.

A MRI was performed for a better study of the brain, which confirmed left CSOM with extension
into the left cerebellum with perilesional oedema causing compression of pons,
fourth ventricle aqueduct, and minimal middle line shift of the right side. The MRI also showed
evidence of a T1 hypointense and T2 hyperintense lesion in the left mastoidal cells, left
external ear, and middle ear cavity with extension to lateral part of the left cerebellum.
Perilesional oedema surrounding left cerebellum and vermis, causing mass effect in the form of
compression of the fourth ventricle aqueduct and pons with a minimal midline shift towards
right side, was confirmed. The remainder of the brain tissue was found normal. Based on the
clinical symptoms and results of the imaging studies, a diagnosis of otogenic cerebellar abscess
was made. Computer-guided aspiration of the abscess pus was performed and was sent for
microbiological analysis (Figure 1). Gram's stain of the pus showed occasional gram-positive
cocci in singles and pairs (Figure 2). Acid-fast staining for tubercule bacilli was negative. The
aspirated pus showed no growth of anaerobic bacteria. Culture for fungus was negative. Aerobic
culture revealed growth of pinpoint semi-translucent non-hemolytic bacteria on blood agar,
which on gram staining are confirmed as gram-positive cocci in pairs and chains.
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FIGURE 1: Growth of Streptococcus spp on blood agar

FIGURE 2: Gram's stain picture of Streptococci appearing in
pairs and chains
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There was no growth on MacConkey's agar. The bacteria were non-sporing, non-motile,
oxidase-negative, catalase-negative, and non-acid fast. Based on the biochemical and cultural
characters, the bacterium was identified as Streptococcus spp. The antimicrobial susceptibility
testing of the bacteria revealed sensitivity to linazolid, gentamicin, ofloxacillin, clindamycin,
co-trimoxazole, amoxycillin-clavulinic acid, azithromycin, and imipenem (Figure 3). The
isolated bacterium was resistant to cetftazidime, cefaperazone, and ceftriaxone.

FIGURE 3: Antimicrobial susceptibility testing of Streptococci
on blood agar

Due to the unavailability of antisera, the Streptococcus isolated was not identified to the species
level.

Otogenic brain abscess is defined as accumulation of pus in the cerebellum as a result of
recurrent middle ear infection. Appropriate clinical and laboratory diagnosis and prompt
initiation of antimicrobial chemotherapy is essential to reduce the resultant morbidity and
mortality. Mortality of the brain abscess cases is found to be more than 25% and, if the patients
are not properly managed, may lead to morbidity in 70% of the patients [17]. Otogenic CNS
infections have been reported both in acute and chronic cases of otitis media [18]. In a study
reported by Penido Nde, et al., a 15 year observation revealed that Proteus spp, Pseudomonas
spp, Streptococcus spp, and Haemophilus spp were commonly associated with intracranial
complications secondary to otitis media [19]. Another study has reported that chronic otitis
media is a risk factor for both intracranial and extracranial complications [20]. A retrospective
study by Dubey, et al. among patients suffering from chronic middle ear infection showed that
40.6% of patients were aged over 18 years and more than 30% of the patients were between 0-10
years. The same study has revealed that among the CNS involvement, 56.3% had single lesion
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intracranial complications and 43.7% had multiple intracranial complications. Meningitis was
the most common intracranial complication (43.7%), followed by lateral sinus thrombosis
(31.2%), cerebellar abscess (18.7%), epidural abscess (21.8%), perisinus abscess
(15.6%), cerebral abscess and interhemispheric abscess (6.2%), and subdural abscess, otitic
hydrocephalus, and otogenic cavernous sinus thrombosis patients (3.1%) [21]. Recently, the
most common microbiological cause for otogenic cerebellar abscess was found to be
Streptococcus spp, including the Enterococci as reported in the literature [22-26]. A recent study
from India has reported that among the 57 cases of brain abscess, Streptococcus spp
(36.8%) was the most common causative, followed by Staphylococcus aureus (22.8%) and
Pseudomonas spp (5.2%) [27]. Streptococci are a group of facultatively anaerobic gram-positive
cocci arranged in pairs and chains belonging to the family, Streptococcaceae. Members of
Streptococci are present as  normal flora in humans and animals and are recognized as potential
pathogens in humans. Laboratory identification of Streptococci depends mainly on the type of
the haemolysis they produce in sheep blood agar and the Lancefield serogrouping (A-V, except I
and J). Streptococci have been most commonly associated with sore throat, pharyngitis, and
tonsillitis (Group A Streptococcus/Streptococcus pyogenes). Skin infections (pyoderma- abscess,
erysipelas, impetigo, cellulitis, etc.), urinary tract infections, wound infections, endocarditis,
pneumonia, polyarthritis, septicaemia, and meningitis are other infections caused by various
Streptococcus spp. Predisposing factors for infections with Streptococci include cardiovascular
diseases, diabetes mellitus, liver and kidney diseases, and chronic infections [28]. As many
laboratories are ill-equipped to isolate anaerobic microorganisms, and since brain abscess may
involve both aerobic and anaerobic microorganisms, it is suggested that antimicrobial
chemotherapy should also include antibiotics against anaerobic organisms [29-31].

Conclusions
Brain abscess is a serious clinical condition, which, if not timely diagnosed, may result in
severe morbidity and mortality. Identification of predisposing factors and effective patient
management strategies are essential for better prognosis. Most cases of brain abscess have
been noted in patients with the primary infection of a different origin. Although
haematogenous spread of infection to the brain is not uncommon, the frequent cause of
intracranial invasion of microorganisms is from the ear infections. Therefore, physicians,
otologists, clinical microbiologists, and neurospecialists should consider all factors for the
better management of patients.
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