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ABSTRACT

BACKGROUND: Intracranial abscesses have been a diagnostic and therapeutic challenge since time immemorial for both the microbiolo-
gists and the neurosurgeons. There is paucity of detailed studies documenting the infecting organism causing brain abscesses in South
India.

AIMS: The study aimed at identifying and assessing the prevalence of aerobic, anaerobic bacteria and fungi associated with brain abscesses
at a tertiary care hospital in South India.

METHODS AND MATERIAL: Eight years data was collected from the records of culture reports from 2007 to 2010 and 2013 to 2018. The
corresponding clinical case records were retrieved for the assessment of risk factors. Risk factors of brain abscess development were
assessed based on clinical cases records.

RESULTS: Data from 140 brain abscess cases obtained over a period of 8years were analyzed. Out of the 140 samples, 66 (47.14%) were
culture positive in which 33 (50%) had single aerobic/facultative anaerobic bacteria, 20 (30.3%) had mixture of more than one aerobic/fac-
ultative anaerobic bacteria, 12 (18.18%) had single obligate anaerobic bacteria and 1(1.5%) sample had Mycobacterium tuberculosis iso-
lated. Among the total 92 isolates, Pseudomonas aeruginosa (21/92, 23%) and Staphylococcus aureus (20/92, 22%) predominated.
Bacteroides fragilis group was the most common obligate anaerobe isolated. There were no fungal isolates. As there were various isolates
isolated, hence there is heterogeneity of isolates detected Neuroanatomically, parietal lobe (45/140, 32%) was the most common location.
Otogenic infection was the major risk factor for parietal and temporal lobe abscess (P value <.05).

CONCLUSIONS: It has become essential for the microbiologists to be aware of unusual isolates from brain abscess and its complex nature.

Obscurity and difficulty in their microbiological diagnosis calls for more such detailed studies.
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Introduction

Intracranial abscesses are serious life-threatening condition
and include brain abscess, subdural empyema, and intracranial
epidural abscess.! Brain abscess is an intraparenchymal collec-
tion of pus. It can occur due to spread of infection from a con-
tiguous focus, hematogenous seeding from a distant source, as
a sequelae of head trauma or neurosurgical procedure.! In 25%
of cases, an etiology cannot be identified.? The incidence of
brain abscesses is approximately 8% in developing countries
and 1% to 2% in western countries.3 Although several aerobic
bacteria such as microaerophilic cocci, gram-negative bacilli
and gram-positive bacilli, Streptococcus species, S aureus, and H
influenzae were isolated in several instances, the recovery of
mainly anaerobic bacteria from the brain abscesses suggests the
chronic nature of their infection.” Brain abscesses due to rare
organisms have gained importance in the recent years. There is
paucity of detailed studies documenting the infecting organism

in brain abscesses in South India and rather new and oppor-
tunistic pathogens, are emerging.! In this study we will be test-
ing the hypothesis whether rare organisms which were once
thought to be only part of normal flora like the obligate anaer-
obes, significantly cause brain abscess.

Material and Methods

A hospital-based retrospective study was conducted at a ter-
tiary care hospital, which is a 1000 bedded hospital (Central
government autonomous institute) in South India. The hospi-
tal mainly receives patients from Pondicherry, where it is situ-
ated in and from other 2 neighboring states (Tamil Nadu and
Andhra Pradesh). As it is a Central Institute, it also receives
patients from North India also. The study commenced after
obtaining approval from the institute ethics committee
(JIPMER), IEC—NO. RC14568. But we asked for waiver
of consent, as it was a retrospective record based study.
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We analyzed 140 brain abscess materials (purulent aspirates
and/or tissue/CSF) that were received for culture between
2007 and 2010 and 2013 to 2018 (2011 and 2012 data was not
available). Culture reports of all the samples received from
cases of brain abscesses were retrieved from the microbiology
records maintained as a database in the institute. The demo-
graphic and clinical information of the patients were retrieved
from the medical records section. Relevant data was collected
which included the age and sex of the patients, intracranial
location of the abscesses, the probable primary source of the
infectious agents leading to the formation of the abscesses and
the possible risk factors. Significant association of risk factors
was determined by calculating the Pvalue. Pvalue less than .05
was taken as significant. The study was approved by the
JIPMER Ethics committee (Institutional Ethics committee).

S pecimen processing

Direct microscopy was performed by Gram stain to look for the
presence of bacteria and inflammatory cells and potassium
hydroxide mounts for the presence of fungal elements in all the
specimens. Zeihl Neelsen’s (ZN) stain for acid fast bacilli (AFB)
was performed only in cases clinically suspected of Mycobacterial
infection. Aerobic and anaerobic bacterial culture and fungal
culture was performed for all the samples. Aerobic cultures were
performed on 5% sheep blood agar and MacConkey agar and
was incubated at 37°C for 48hours, before being reported as
sterile. Anaerobic cultures were performed on 5% sheep blood
agar, neomycin blood agar, and phenylethyl alcohol (PEA)
blood agar and incubated using Himedia GasPak and Anoxomat
automated systems. Robertson cooked meat broth was used as
an enriching media and was incubated up to 7days following
which subculture is done on the above mentioned solid medias.
Fungal culture was performed on Sabouraud’s Dextrose Agar in
2 sets and incubated at 25°C and 37°C each for a maximum
period of 4weeks before declaring as sterile. All the positive cul-
tures were further identified using either conventional bio-
chemical tests or automated system like Phoenix BD.
Antimicrobial susceptibility was performed by Kirby-Bauer
disk diffusion method according to CLSI guidelines.

Results

A total of 140 brain abscess cases were analyzed during a span
of 8years. The age of the patients ranged from 1month to
80years, with males being affected the most (100/140, 71%).
Age distribution of the cases has been depicted in Table 1.
Majority of the patients belonged to the age group >40years
(38%). Most of the patients presented with the symptoms sug-
gestive of elevated intracranial pressure such as headache
(123/140, 88%) and vomiting (93/140, 66%). Other manifesta-
tions included fever, convulsions, neck stiffness, hemiparesis
etc. The symptom triad of headache, fever, and vomiting was

present in 82 (58.5%) patients. A 6month old child with

Table 1. Distribution of brain abscesses cases based on the age of
the patient, location of the abscess, and clinical manifestations.

PARAMETERS NUMBER (TOTAL = 140) PERCENTAGE
Age of the patients
0-1y 1 8
2-20y 40 29
21-40y 36 26
40y and above 53 38
Location of the brain abscess
Frontal 10 714
Temporal 30 21.42
Parietal 45 32.14
Temporoparietal 20 14.28
Frontoparietal 13 9.28
Cerebellum 22 15.71
Signs and symptoms
Headache 123 87.86
Vomiting 93 66.42
Fever 86 61.43
Convulsions 37 26.43
Neck stiffness 8 5.71
Hemiparesis 6 4.28
Hydrocephalus 1 0.71

congenital heart disease (tetralogy of fallot) presented with the
features of hydrocephalus. All the cases except one had a single
abscess and cerebrum was the most common location (118/140,
84%). Neuroanatomically, parietal lobe (45/140, 32%) was the
most common location. Multiple abscess was observed in a sin-
gle case involving frontal, temporal, and thalamic regions.
Distribution of cases based on their clinical manifestations and
location of the abscess has been depicted in Table 1. Majority
of the brain abscesses were nontraumatic (137/140, 98%), 3
(2%) cases were posttraumatic (following penetrating head
injury). Most common predisposing condition associated with
the occurrence of brain abscess was otogenic infections (75/140,
53.6%) which included chronic suppurative otitis media, acute
suppurative otitis media, mastoiditis, and sinusitis. All 30 tem-
poral brain abscesses and all 45 parietal brain abscesses were
associated with otogenic infection. This association was found
to be statistically significant with a P value <.05. No identifi-
able cause was determined in 23.6% of cases. The distribution
of cases according to the probable predisposing factors are rep-
resented in Table 2.
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Table 2. Distribution of predisposing factors among the cases.

PREDISPOSING FACTORS NUMBER OF PERCENTAGE
CASES (N=140) (%)
Otogenic infections 75 53.57
Preterm birth 7 5
Diabetes mellitus 7 5
CHD (Congenital heart 6 4.28
disease)
Organ transplant 5 3.57
Chemotherapy 4 2.85
Trauma 3 2.145
Cryptogenic 33 23.57

Microbiological spectrum

Majority of the samples received were pus (71.4%) followed by
tissue bit (22.9%) and CSF (5.7%). Out of the total 140 sam-
ples, inflammatory cells and bacteria were observed by direct
microscopy in 48 (34%) samples, all were negative for fungal
elements by direct potassium hydroxide mount. Sixty-six sam-
ples (47.14%) were culture positive, out of which 46/66 (70%)
were monomicrobial and 20 /66 (30%) were polymicrobial.
Majority of the samples yielded aerobes or facultative anaer-
obes (54/66, 81.8%) among which one of the sample had
Mycobacterium tuberculosis. Anaerobic bacteria were isolated
as a single pathogen from 12/66 (18.2%) of the samples.
Polymicrobial infections constituted of only aerobes/facultative
anaerobes. None of the samples yielded fungus on culture. All
the culture positive samples yielded a total of 92 isolates. Gram
negatives were more compared to gram positive organisms.
Among the 92 isolates, P aeruginosa (21/92, 23%) and
Staphylococcus aureus (20/92, 22%) were the predominant ones.
Other organisms, like Burkholderia pseudomallei (single isolate)
and Streptococcus oralis (single isolate, secondary to a monkey
bite) were also obtained. Most common anaerobic bacteria iso-
lated were of Bacteroides fragilis group. None of the samples
yielded fungus on culture. The detailed spectrum of organisms
isolated is represented in table 3 and Table 4. Table 3 represents
the more detailed distribution of the isolates with regards to
the cases and whether they were single or mixed.

Management

Abscess drainage was performed in 30% (n=42) of cases to
limit the abscess spread. The use of antibiotics was mentioned
in 63.5% (n=89) of the case reports. The bacterial brain
abscesses were treated with antibiotics like Penicillins,
Cephalosporins and Carbapenems. For anaerobic coverage
Metronidazole was added to the regimen. Antibiotic treatments
were administered for up to 4weeks. A variety of antibiotics

were prescribed to treat the patients with combination therapies
prescribed in 79.7% (n=66), and a single antibiotic treatment
was prescribed in 20.3% (n=23) of the cases. In most of the
combination therapies most commonly prescribed antibiotic
regimens were a combination of ceftriaxone, imipenem and
metronidazole (23%; n=20), or the latter 2 combined with van-
comycin (23%; n=20). Moreover, the prescribed antibiotic regi-
men was changed during the course of infection for 32.9%
(n=33) of the patients; the antibiotic treatment prescribed upon
hospital admission was most frequently changed to include
metronidazole (30.8%; n=28), ceftriaxone (19.2%; n=17), or
meropenem (15.4%; n=14). During the entire course of treat-
ment, the most commonly prescribed antibiotic was metronida-
zole (64.6%; n=>58) followed by: ceftriaxone (39.2%; n=35),
meropenem (13.9%; n=13), vancomycin (12.8%; n=12), peni-
cillin (10.2%; n=9), clindamycin (8.7%; n=10), and ampicillin
(2.7%; n=3). Nevertheless, the excessive use of antibiotics is
alarming and favors the emergence of drug resistance especially
with vancomycin and carbapenems (meropenem).

Tubercular brain abscess was treated with antitubercular
drugs where the ATT (Anti-Tubercular Treatment) regimen
was followed. All the 140 cases recovered after treatment.
There were no deaths.

Discussion and Conclusion

Brain abscesses increase mortality rates and prolong hospitali-
zation, that pose diagnostic and therapeutic challenge to both
neurologists as well as microbiologists. Most of the time the
clinical presentation of patients with brain abscess are atypical,
only a few presents with the classical triad of headache, fever,
and focal neurological deficits.? Many a times even radiological
features could be misinterpreted as brain tumors.* Most of the
time, toxic and systemic features are absent owing to the neu-
roanatomy and blood brain barrier which prevents the spill of
the organisms in to the CSF or blood, which adds to the confu-
sion.* Microbiological methods for the identification of the
pathogen are being evolved over the time. Yield of pathogens
from culture has been variable, negative cultures have been
reported to range from 9% to 63% in various studies.’

The current study with 140 cases in 6 years span exemplifies
that brain abscess still continues to pose a significant problem
with an average of 23 cases per year. This is a little higher com-
pared to the average number of cases per year observed in
recent Indian studies ranging from 9% to 15%.! In an earlier
study, the investigators analyzed 715 cases of brain abscess over
a span of 7years with an average of 102 cases per year, docu-
menting a high incidence of brain abscess.’ The current study
revealed that brain abscess can occur at any age ranging from
few months old to elderly population (Figure 1). Even though
occurrence of brain abscesses in infants is very rare,® we came
across 11 cases in this age group. First and second decade of age
are known to be more commonly affected.” But in our study
the most affected age group was 40years and above (38%),
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Table 3. Organisms isolated from the positive cultures.

NATURE OF ISOLATE

Aerobic Single species

Total

Aerobic mixed species

ORGANISMS ISOLATED
Staphylococcus aureus (MSSA)
Staphylococcus aureus (MRSA)
Coagulase negative staphylococcus
Streptococcus species

Beta hemolytic streptococci group F
Streptococcus oralis

Pseudomonas aeruginosa

Klebsiella pneumoniae

Burkholderia pseudomallei

Pseudomonas aeruginosa + Enterobacter species

Klebsiella pneumoniae + P. aeruginosa

Pseudomonas aeruginosa + MRSA + Klebsiella pneumoniae
Pseudomonas aeruginosa + Escherichia coli + Providencia species.
Proteus mirabilis + Enterococcus faecalis

Enterococcus faecalis + Escherichia coli +Pseudomonas aeruginosa

NO. OF CASES (OUT OF 66)
11 (out of 16)
3 (out of 4)
3
5
3
1
4 (out of 21)
2 (out of 5)
1

33

Proteus mirabilis + Escherichia coli

Pseudomonas aeruginosa + MSSA
Total
Obligate anaerobes Bacteroides fragilis group
Peptostreptococcus species
Clostridium bifermentans
Total

Mycobacterium Mycobacterium tuberculosis

12

Abbreviations: MRSA, Methicillin resistant Staphylococcus aureus; MSSA, Methicillin sensitive Staphylococcus aureus.

followed by 2 to 20years (29%) age group. Male preponderance
was observed in our study, irrespective of the age group, which
is concordant with most of the studies.!356:89

In this study, cerebrum was the most common location of
the abscesses out of which majority were in the parietal lobe
(Figure 2). Location of the abscess was mostly affected by the
predisposing factors present in the patients. All the cases with
a parietal or temporal lobe abscesses were associated with oto-
genic infections. But unlike many other studies where otogenic
infections leads to temporal lobe abscess,»?¢ in our study
majority were In the parietal lobe followed by temporal lobe.
Frontal lobe abscess was most commonly seen in patients
with congenital heart disease. Cerebellar abscess was present in
16% of the cases, which is concordant with the general trend.’

They are usually predisposed by middle ear infections,® where
as in our study majority did not have any identifiable risk factor.
Multiple brain abscesses are usually encountered in metastatic
abscesses following spread from a primary foci of infection as
well as in immunosuppressed individuals.3 Surprisingly, there
was only one patient with multiple abscesses and the predis-
posing factor present was congenital heart disease.

Most common clinical presentations were fever, headache,
and vomiting, symptoms which are consistent with that
observed in the literature. Most common risk factor associated
with brain abscess were otogenic infections(53.7%) which is
similar to many other earlier studies.!3>-710 Next common
predisposing factors observed were preterm birth and diabetes
mellitus. Congenital heart disease is well known risk factor for
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Table 4. Spectrum of isolates.
ORGANISM NUMBER (%) N=92

Aerobic/Facultative anaerobic bacteria

Pseudomonas aeruginosa 21 (23)
Staphylococcus aureus 20 (21.74)
Streptococcus species 9(9.78)
Escherichia coli 7 (8)
Klebsiella pneumoniae 5(5.4)
Enterobacter species 4 (4.3)
Coagulase negative staphylococcus 3(3.3)
Enterococcus faecalis 3(3.3)
Proteus mirabilis 3(3.3)
Providencia species 3(3.3)
Burkholderia pseudomallie 1(1.1)
Mycobacterium tuberculosis 1(1.1)
Anaerobic bacteria
Bacteroides fragilis group 8(9)
Peptostreptococcus species 3(3.3)
Clostridium bifermentans 1(1.1)

developing brain abscess, especially tetralogy of fallot. People
with congenital heart disease are found to be having 10 times
higher risk of developing brain abscess.3 The current study had
only 6 patients (4.3%) with congenital heart disease. Organ
transplantation and chemotherapy were the other notable risk
factors observed. These are commonly associated with fungal
etiology than bacterial causes, unlike in our study, where all
were bacterial agents.? Similarly very few patients had trauma
or previous neurosurgical procedures as a predisposing factor,
contrary to other studies.®!! Hematogenous spread from a pri-
mary foci of infection, most commonly pulmonary infections
and endocarditis are well known predisposing factors for the
development of brain abscess.? Surprisingly, none of the
patients in our study had such known foci of infections. But
around one-fourth of the cases did not have any notable pre-
disposing factors and majority of these were located in the
temporoparietal region. Such cases known as cryptogenic brain
abscesses are not uncommon and have an incidence of 15% to
22% in several studies comparable to that of ours.!

Direct microscopy plays an important role in Microbiology,
as it is the preliminary clue which can be given to the clinician
regarding the presence of an infection or the etiology. But in
our study, the yield of organisms on direct microscopy was only
48/140 (34%) of the total samples and all these samples were
culture positives also. Among the total culture positive samples
18/66 (27.3%) did not show any organism under direct

40 38%

0-1 2-20 21-40 > 40

Age of patients (in years) —

Figure 1. Distribution of brain abscesses cases based on the age of the
patient.22-25
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microscopy. A South Indian study has yielded positive direct
microscopy findings in 92.7% of cases of brain abscesses, which
is very high compared to ours.! Even though sensitivity of
direct microscopy depends on the load of the organisms pre-
sent in the sample, better methods are required in this field of
technique.

Yield of culture was only 47% in the present study. Most of
the studies attribute, prior administration of antibiotics as the
major cause of high number of sterile cultures despite all the
evidences of brain abscess.>® Another possibility could be
infections due to non cultivable or difficult to cultivate bacte-
ria. Less commonly parasites like Entamoeba histolytica, free
living ameba etc. can also cause brain abscess which were not
looked into.! All the culture positives were bacterial agents,
even though we have looked for fungal agents as well. Majority
were monomicrobial similar to most of the other studies.!8
However, isolation of multiple pathogens from abscess mate-
rials is not uncommon.® The polymicrobial nature of brain
abscess ranges from 4% to 23%.2 Facultative anaerobes were
predominant agents followed by obligate aerobes, then by
obligate anaerobes. Gram negatives are predominant com-
pared to gram positives, contrary to other studies.h>!2
Pseudomonas aeruginosa (21/92,23%) and Staphylococcus aureus
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(20/92,22%) were the most common isolates in our study. All of
them were isolated from patients with otogenic infections
(CSOM/ASOM/sinusitis).  Streptococcus species were the
most common organisms encountered in many of the other
studies,>36%10 where as in ours study it is the third common
cause. Rare organisms like Burkholderia pseudomallei was iso-
lated from a 63 years old man who had met with a road traffic
accident and had a penetrating head injury. Melioidosis pre-
senting as brain abscess is rare, with less than 30 cases reported
in the last 50years.!3 Streptococcus oralis was isolated from a
2month old infant, who had acquired infection following a
monkey bite over the head. It was a single abscess but multi-
loculated and was located in the frontal lobe. An earlier study
also documented Streptococcus oralis brain abscess in a 12-year-
old girl who was a known case of congenital heart disease.!*

Tuberculous brain abscess is an unusual and rare manifesta-
tion of tuberculosis of central nervous system, and considered to
be a result of altered host response.!® But there are studies where
tuberculous abscess predominated compared to pyogenic
abscess.3 In our study we have isolated Mycobacterium tuberculosis
from only a single case, where the patient was a chronic alcoholic
with uncontrolled Type 2 diabetes mellitus. Commonly
Mycobacterium tuberculosis gains access to brain through
hematogenous route from a distant primary site of infection
which was not present in this case.! But, immunocompromised
individuals as well as HIV patients has shown higher incidence
of TB brain abscess even without a primary focus of infection.’

Obligate anaerobes are well known agents causing brain
abscess. There are studies which has shown obligate anaerobes
outnumbering aerobes and facultative anaerobes.® In this study,
Bacteroides fragilis group (8/12) were the most common obli-
gate anaerobes isolated followed by Peptostreprococcus. These 2
organisms were commonly isolated from many of the earlier
studies as agents of anaerobic brain abscess."”

Fungal brain abscesses are rare, but extremely fatal especially
in immunocompromised patients. A good clinical suspicion as
well as a meticulous diagnostic approach is required for reducing
the morbidity and mortality.1® Agents reported in earlier studies
include Aspergillus species,! Zygomycetes,\? Cladophialophora ban-
tiana,"® Candida species,\>*0 Scedosporium apiospermum?® etc. But
in this study, none of the samples grew fungus in culture.

The current study highlights that, brain abscess is a signifi-
cant central nervous system infection in developing countries.
The microbiological diagnosis of the brain abscesses has
become challenging because of the emergence of a variety of
new etiological agents like anaerobes which were once a upon
a time thought to be a part of normal flora. Role of direct
microscopy and culture for the identification of causative
agents cannot be underestimated, but the high rate of culture
negative cases implies the need for advanced and more sensi-
tive diagnostic methods. The organisms causing brain abscess
are difficult to isolate by conventional techniques and hence,
there is a need to implement PCR based molecular typing and

NGS sequencing for the identification and molecular charac-
terization of the brain abscess associated pathogens.

Author Contributions
Conception of idea: MC, BK. Study design: MC, BK. Drafting:
MC, SS, GMS. Drafting of the manuscript: KR.

ORCIDiD

Meghna Chetty (12} https://orcid.org/0000-0001-5386-9998

REFERENCES

1. Lakshmi V, Umabala P, Anuradha K, et al. Microbiological spectrum of brain
abscess at a tertiary care hospital in South India: 24-year data and review. Patho-
log Res Int. 2011;2011:1-12.

2. Patel K, Clifford DB. Bacterial brain abscess. Neurohospitalist. 2014;4:196-204.

3. Muzumdar D, Jhawar S, Goel A. Brain abscess: an overview. Int J Surg.
2011;9:136-144.

4. Kothari M, Goel A, Muzumdar D. Brain abscess: heuristics, principles, patho-
biology, practice. Neurol India. 2015;63:329-337.

5. Prasad KN, Mishra AM, Gupta D, Husain N, Husain M, Gupta RK. Analysis
of microbial etiology and mortality in patients with brain abscess. Infect J.
2006;53:221-227.

6. Menon S, Bharadwaj R, Chowdhary A, Kaundinya DV, Palande DA. Current
epidemiology of intracranial abscesses: a prospective 5 year study. ] Med Micro-
biol. 2008;57:1259-1268.

7. Sudhaharan S, Chavali P, Vemu L. Anaerobic brain abscess. Iran | Microbiol.
20165;8:120-124.

8. Zhang C,Hu L, WuX, Hu G, Ding X, Lu Y. A retrospective study on the aeti-
ology, management, and outcome of brain abscess in an 11-year, single-centre
study from China. BMC Infect Dis. 2014;14:311.

9. Lu CH. Bacterial brain abscess: microbiological features, epidemiological trends
and therapeutic outcomes. Q/M. 2002;95:501-509.

10. Sonneville R, Ruimy R, Benzonana N, etal. An update on bacterial brain
abscess in immunocompetent patients. Clin Microbiol Infect. 2017;23:614-620.

11.  Tonon E, Scotton PG, Gallucci M, Vaglia A. Brain abscess: clinical aspects of
100 patients. Internet J Infect Dis. 2006;10:103-109.

12.  Yang SY. Brain abscess: a review of 400 cases. J Neurosurg. 1981;55:794-799.

13.  Hesstvedt L, Reikvam DH, Dunlop O. Neurological melioidosis in Norway pre-
senting with a cerebral abscess. IDCases. 2015;2:16-18.

14. Solanki R, Subramanian S, Lakshmi V, Bhushanam V, Kumar A. Brain abscess
due to Streptococcus oralis in an immunocompetent patient. Indian | Med Micro-
biol. 2014;32:179-180.

15.  Ansari M, Jha S. Tuberculous brain abscess in an immunocompetent adolescent.
J Nat Sci Biol Med. 2014;5:170-172.

16.  Gavito-Higuera J, Mullins CB, Ramos-Duran L, Olivas Chacon CI, Hakim N,
Palacios E. Fungal infections of the central nervous system: a pictorial review.
Clin Imaging Sci. 2016;6:24.

17. Luthra G, Parihar A, Nath K, et al. Comparative evaluation of fungal, tubercu-
lar, and pyogenic brain abscesses with conventional and diffusion MR imaging
and Proton MR spectroscopy. Am J Neuroradiol. 2007;28:1332-1338.

18.  Aljuboori Z, Hruska R, Yaseen A, Arnold F, Wojda B, Nauta H. Fungal brain
abscess caused by “Black Mold” (Cladophialophora bantiana) - a case report of
successful treatment with an emphasis on how fungal brain abscess may be differ-
ent from bacterial brain abscess. Surg Neurol Int. 2017;8:46.

19.  Bassiri-Jahromi S, Iravani K. Fungal brain abscess: report of three cases and
review of literature. Asian Pac J Trop Dis. 2014;4:5854-5859.

20. Zhu Z, Huang Z, Li Z, Li X, Du C, Tian Y. Multiple brain abscesses caused
by infection with Candida glabrata: a case report. Exp Ther Med. 2018;15:
2374-2380.

21. Wilson HL, Kennedy KJ. Scedosporium apiospermum brain abscesses in an
immunocompetent man with silicosis. Med Mycol Case Rep. 2013;2:75-78.

22. Issa E, Salloum T, Tokajian S. From normal flora to brain abscesses: a review of
Streptococcus intermedius. Front Microbiol. 2020;11:826.

23. DouZZ, Guo LY, Liu LL, et al. Clinical characteristics and outcome analysis of
94 children with brain abscess in Beijing: a Single-center Retrospective Study.
Pediatr Infect Dis J. 2021;40:109-115.

24. Issa E, Salloum T, Panossian B, Ayoub D, Abboud E, Tokajian S. Genome min-
ing and comparative analysis of streptococcus intermedius causing brain abscess
in a child. Pathogens. 2019;8:22.

25.  Yakut N, Kadayifci EK, Karaaslan A, et al. Brain abscess due to Streptococcus
intermedius secondary to mastoiditis in a child. Springerplus. 2015;4:809.


https://orcid.org/0000-0001-5386-9998

