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1 	 | 	 INTRODUCTION

A	brain	abscess	is	a	site	of	focal	infection	and	inflamma-
tion	that	has	crossed	the	blood-	brain	barrier.	Over	the	past	
five	decades,	the	rate	of	patients	that	make	a	full	recovery	
from	a	brain	abscess	has	risen	from	33%	to	70%.1,2	Despite	
these	 successes,	 significant	 morbidity	 and	 mortality	 re-
mains	 associated	 with	 brain	 abscesses	 requiring	 clinical	
optimization.

Patients	 with	 a	 brain	 abscess	 classically	 present	 with	
a	triad	of	headache,	fever,	and	focal	neurological	deficits.	

Importantly,	this	symptom	triad	occurs	only	in	20%	of	pa-
tients.	The	majority	of	patients	who	develop	a	brain	ab-
scess	have	a	predisposing	condition	(86%),	such	as	otitis,	
mastoiditis,	 sinusitis,	 and	 meningitis.2	 Brain	 abscesses	
rarely	 develop	 in	 patients	 without	 any	 predisposing	 fac-
tors,	or	previous	neurosurgical	intervention.2

In	 immunocompetent	patients,	approximately	95%	of	
brain	abscess	cases	are	of	bacterial	origin,	usually	polymi-
crobial.	 The	 most	 commonly	 identified	 microorganisms	
are	 streptococci	 (i.e.,	 S.  mitius,	 S.  mutans,	 S.  salivarius),	
staphylococci	(i.e.,	S. aereus),	anaerobes	(i.e.,	actinomyces,	
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Abstract
Previously	viewed	as	a	culture	contaminant,	Propionibacterium Acnes	can	cause	
infection	 following	 neurosurgical	 intervention.	 Its	 role	 in	 brain	 abscess	 in	 the	
immunocompetent,	surgically	naïve	population	has	been	infrequently	reported.	
Herein,	we	describe	an	immunocompetent	55-	year-	old	man	with	no	risk	factors	
found	to	have	a	thalamic	abscess	with	intraventricular	rupture.
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bacteroides),	 and	 Enterobacteriaceae.3	 As	 a	 result,	
standard-	of-	care	empirical	medical	treatment	calls	for	the	
use	 of	 a	 third-	generation	 cephalosporin	 and	 metronida-
zole.	 Neurosurgical	 intervention,	 in	 the	 form	 of	 abscess	
aspiration	and	placement	of	an	external	ventricular	drain	
(EVD),	can	serve	a	dual	purpose:	collection	of	sample	fluid	
for	diagnostic	analysis,	and	relief	of	intracranial	pressure	
caused	 by	 the	 abscess.	 Despite	 these	 actions,	 upward	 of	
1/3	of	patients	have	culture-	negative	specimens.

1.1	 |	 Use of 16S sequencing in brain 
abscess characterization

For	patients	with	culture-	negative	specimens,	16S	rRNA	
sequencing	has	presented	an	alternative	diagnostic	strat-
egy	to	identify	causal	microbes.4–	9	16S	rRNA	sequencing	
works	 by	 amplifying	 bacterial	 genes	 directly	 from	 clini-
cal	samples;	however,	like	most	laboratory	methods,	16S	
sequencing	 is	not	 foolproof.5	16S	sequencing	 is	prone	 to	
environmental	 contaminants	 introduced	 during	 sample	
collection	 and	 processing.	 Finally,	 to	 identify	 species	 of	
fungal	origin,	additional	sequencing	methods	need	to	be	
used	 like	 29S	 rRNA	 sequencing	 or	 internal	 transcribed	
sequencing	 (ITS).10–	12	 Similar	 to	 standard	 culture	 meth-
ods,	 use	 of	 sequencing	 for	 detection	 of	 causal	 microbes	
requires	clinical	correlation.

1.2	 |	 Propionibacterium Acnes 
brain abscesses

Previously	 thought	 of	 as	 primarily	 a	 culture	 contami-
nant,	 P.  acnes	 has	 been	 more	 recently	 recognized	 as	 an	
infrequent,	 and	 often	 indolent,	 cause	 of	 infection	 after	
neurosurgical	 intervention.	 P.  Acnes	 is	 a	 gram-	positive	
bacterium	that	is	a	known	colonizer	of	the	skin.	Typically,	
these	 infections	 have	 a	 wide	 degree	 of	 variance	 in	 pres-
entation	 (i.e.,	 extradural,	 subdural	 infections,	 brain	 ab-
scesses,	 and	 meningitis)	 and	 in	 temporality	 (i.e.,	 weeks	
to	 years	 after	 neurosurgical	 procedures).13–	17	 There	 are	
only	three	reports	of	P. Acnes	causing	a	brain	abscess	in	a	
patient	without	known	risk	factors	(i.e.,	immunosuppres-
sion),	 and	 without	 prior	 instrumentation	 or	 neurosurgi-
cal	 intervention	 (Table  1).18,1918,19,24	 Herein,	 we	 describe	
a	case	of	an	 immunocompetent	man	without	prior	neu-
rosurgery,	and	predisposing	factors	who	presented	with	a	
P. Acnes	brain	abscess	with	intraventricular	rupture.

2 	 | 	 ILLUSTRATIVE CASE

A	55-	year-	old	man	with	a	past	medical	history	significant	
of	hypertension	presented	to	an	outside	hospital	with	four	

days	 of	 worsening	 throbbing	 headache,	 vomiting,	 and	
feeling	 nauseated.	 At	 the	 outside	 hospital,	 imaging	 was	
obtained.	Head	CT	showed	a	hypodensity	in	his	left	thala-
mus	with	surrounding	edema.	He	was	subsequently	trans-
ferred	for	emergent	neurosurgical	evaluation.

At	 presentation,	 the	 patient	 was	 febrile	 to	 101.7°F,	
endorsing	 several	 days	 of	 throbbing	 bifrontal	 headache,	
nausea,	 and	 vomiting.	 He	 did	 not	 have	 a	 history	 of	 re-
cent	 illness,	 travel,	 immune	 compromise,	 malignancy,	
environmental	exposures,	intravenous	drug	use,	previous	
instrumentation,	 neurosurgical	 intervention,	 or	 dental	
procedures.	He	was	 in	a	 sexually	monogamous	relation-
ship.	 His	 review	 of	 systems	 was	 unremarkable.	 On	 ex-
amination,	 the	patient	had	no	focal	neurological	deficits	
and	was	alert	and	oriented.	While	in	the	ER,	he	was	hy-
ponatremic	(128 mEq/L),	and	had	a	mildly	elevated	white	
count	 (11.9  ×  103/µl).	 He	 was	 started	 on	 3%	 hypertonic	
saline	for	his	gross	hyponatremia.

MRI	 imaging	 confirmed	 a	 left	 caudate	 head	 abscess	
(1.7 × 1.0 × 1.1 cm)	with	left	lateral	ventriculitis,	moderate	
vasogenic	edema	around	the	ruptured	abscess,	and	left	lat-
eral	ventriculomegaly	(Figure 1).	The	patient	underwent	
an	extensive	toxicology	and	infectious	disease	workup	in-
cluding	 peripheral	 blood	 cultures.	 His	 toxicology	 results	
were	unrevealing,	and	he	was	later	found	to	be	negative	
for	HIV,	syphilis,	tuberculosis,	gonorrhea,	chlamydia,	and	
toxoplasmosis.	The	patient	was	admitted	to	the	neurologi-
cal	intensive	care	unit,	and	empirically	started	on	ceftriax-
one,	metronidazole,	and	vancomycin.

2.1	 |	 Differential diagnosis, 
investigations, treatment

The	 patient	 spent	 a	 total	 of	 24-	days	 in	 critical	 care,	 and	
thirty	 total	 days	 hospitalized.	 On	 hospital	 day	 (HD)	 1,	
the	 patient	 was	 newly	 confused,	 somnolent,	 and	 with	 a	
pronator	 drift	 on	 the	 right	 side.	 The	 patient	 was	 emer-
gently	brought	to	the	operating	room	for	placement	of	an	
extra-	ventricular	drain,	and	to	obtain	a	specimen	of	CSF	
for	 infectious	 etiology	 workup.	 A	 left	 frontal	 EVD	 was	
placed,	aspirate	obtained,	and	the	patient	improved	post-	
operatively,	with	no	focal	neurologic	deficits.

A	lumbar	puncture	(LP)	was	subsequently	performed	
on	hospital	day	(HD)	2.	Analysis	of	the	cerebrospinal	fluid	
(CSF)	 from	HD2	was	 suggestive	of	a	bacterial	 infection:	
hypoglycemia	(11 mg/dl),	hyperproteinemia	(881 mg.dl),	
and	an	elevated	white	blood	cell	count	(12,222	cells/mm3)	
with	 a	 neutrophil	 predominance	 (94%);	 no	 organisms	
were	seen.

Five	days	after	EVD	placement,	an	additional	LP	was	
performed,	 and	 CSF	 was	 sent	 for	 16S	 rRNA	 and	 fungal	
28S,	 ITS	 sequencing.	 An	 interval	 MRI	 was	 concerning	
for	 intraventricular	 spread,	 and	 he	 was	 continued	 on	
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ceftriaxone,	 metronidazole,	 and	 vancomycin	 while	 cul-
tures	were	pending.	On	HD9,	 the	cerebral	aspirate	 from	
EVD	placement	grew	Propionibacterium Acnes.	His	anti-
biotics	were	de-	escalated	to	IV	penicillin	for	specific	cov-
erage	of	P. Acnes.

On	HD11,	 the	patient	experienced	acute	aphasia	and	
was	 found	to	be	seizing.	His	EVD	was	not	draining.	His	

EVD	 was	 flushed,	 and	 he	 was	 started	 on	 levetiracetam.	
His	aphasia	resolved,	and	he	did	not	have	any	subsequent	
seizures	 following	 levetiracetam	 administration.	 Out	
of	 an	 abundance	 of	 caution,	 he	 was	 restarted	 on	 broad-	
spectrum	antibiotics.

The	 following	 day,	 HD13,	 the	 ITS	 and	 16S	 rRNA	 ri-
bosomal	 sequencing	 returned	 with	 Cladosporium,	 and	

F I G U R E  1  Magnetic	resonance	
imaging	at	patient	presentation	shows	left	
caudate	abscess	with	left	ventriculitis.	(A–	
D)	Representative	axial	sections.	FLAIR,	
T1	and	T2 sequence,	respectively.	T1	Rim	
enhancing	lesion	10.6 m
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non-	aeruginosa pseudomonas,	 respectively.	 Infectious	
disease	felt	that	both	specimens	isolated	were	unlikely	the	
cause	of	his	 infection,	and	 inconsistent	with	his	clinical	
picture.	However,	given	the	morbidity	and	mortality	asso-
ciated	with	Cladosporium	infection,20	coverage	was	conser-
vatively	expanded	to	include	the	anti-	fungals	voriconazole	
and	amphotericin	B	in	the	regimen.	Specific	coverage	for	
non-	aeruginosa pseudomonas	was	not	started.	The	patient	
developed	acute	kidney	injury	on	HD15.	Amphotericin	B	
was	stopped.	Repeat	CSF	cultures	were	obtained	from	the	
EVD	and	were	sent	for	sequencing.	Yet,	neither	of	these	
samples	returned	evidence	of	any	organisms,	suggesting	
that	initial	16S	and	ITS	results	were	contaminants.

2.2	 |	 Outcome and follow- up

From	 HD14	 to	 HD24,	 the	 patient	 continued	 to	 improve	
with	reduction	in	headaches,	no	focal	findings	on	exami-
nation,	and	minimal	drainage	from	his	EVD.	Once	on	the	
floor,	 the	patient	was	continued	on	 IV	ceftriaxone,	met-
ronidazole,	vancomycin,	and	oral	voriconazole.	The	sur-
veillance	head	CT	was	stable.	With	the	recommendation	
of	 the	 infectious	 disease	 service,	 he	 was	 discharged	 on	
HD30	 with	 IV	 ceftriaxone,	 metronidazole,	 vancomycin,	
and	oral	voriconazole	for	six-	eight	weeks	of	IV	treatment,	
and	1–	2 years	of	oral	voriconazole	treatment,	respectively.

At	 his	 2-	month	 follow-	up,	 infectious	 disease	 discon-
tinued	 the	 IV	 antibiotics,	 but	 recommended	 continuing	
with	oral	voriconazole	for	1–	2	additional	years	given	the	
severe	morbidity	and	mortality	associated	with	an	unlikely	
Cladosporium	 infection.	 11,20	 Imaging	 at	 2  months	 post-	
discharge	 showed	 both	 resolution	 of	 enhancement	 and	
DWI	 restriction,	 no	 hydrocephalus	 suggestive	 of	 resolu-
tion	of	the	abscess	(Figure 2).	To	date,	the	patient	is	recov-
ering	well	with	no	seizures	or	focal	deficits.

3 	 | 	 DISCUSSION

Herein,	we	describe	 the	case	of	a	55-	year-	old	previously	
well	man	with	a	past	medical	history	significant	only	of	
hypertension,	 and	 no	 predisposing	 risk	 factors,	 present-
ing	with	fever,	vomiting,	and	throbbing	headache	found	
to	have	a	left	thalamic	abscess	with	interventricular	rup-
ture.	 Cerebral	 aspirate	 obtained	 from	 placement	 of	 the	
frontal	EVD	of	the	abscess	grew	P. Acnes	on	hospital	day	
9.	Indeed,	return	of	positive	bacterial	culture	was	consist-
ent	with	the	findings	of	 the	lumbar	puncture	performed	
on	day	2,	marked	by	 low	glucose,	and	leukocytosis	with	
a	 neutrophil	 predominance	 that	 indicated	 an	 infection	
of	 bacterial	 origin.	 Furthermore,	 the	 return	 of	 P.	 Acnes	
on	 day	 9,	 seemingly	 late,	 is	 consistent	 with	 the	 indolent	

nature	 of	 P.  Acnes,	 which	 has	 been	 previously	 reported	
by	multiple	groups.17	Importantly,	the	slow	growth	of	the	
P. Acnes	 culture	 is	neither	necessarily	 indicative	of	con-
tamination	nor	signaling	poor	reliability	of	the	culture	re-
sults	to	clinicians.

In	 this	 circumstance,	 bacterial	 and	 fungal	 rRNA	 se-
quencing	 did	 not	 further	 clarify	 the	 clinical	 picture.	
Specifically,	 initial	 results	 returned	 Cladosporium	 spe-
cies,	while	repeat	sequencing	four	days	later	was	negative,	
suggesting	that	the	finding	was	likely	a	contaminant.	The	
discrepancy	 in	 sequencing	 results	 presented	 a	 signifi-
cant	 conundrum.	The	 significant	 morbidity	 and	 mortal-
ity	 (reaching	 70%11,20)	 associated	 with	 cerebral	 infection	
of	 Cladosporium	 prompted	 treatment	 of	 systemic	 anti-	
fungals	 (i.e.,	 amphotericin	 B,	 voriconazole).	 However,	 it	
is	 important	to	note	that	this	 intervention	is	not	benign.	
It	is	associated	with	a	host	of	systemic	toxicities,	perhaps	
most	 prominently,	 significant	 nephrotoxic	 and	 hepato-
toxic	effects.

In	 this	 case,	 it	 was	 determined	 that,	 despite	 the	 low	
likelihood	of	a	true	fungal	infection,	the	patient	should	be	
treated	 as	 if	 the	 first	 fungal	 sequencing	 result	 was	 posi-
tive	due	to	the	potentially	high	mortality	of	an	untreated	
Cladosporium	infection.	While	the	patient's	initial	LP	was	
presented	classically	for	a	bacterial	infection,	the	sensitiv-
ity	and	 specificity	of	 fungal	 sequencing	 in	brain	abscess	
needs	 further	 investigation.	 One	 report	 suggests	 that	 in	
90 mixed	clinical	samples,	the	concordance	between	IFS	
sequencing	and	fungal	culture	was	94%.21	Indeed,	ampho-
tericin	need	to	be	stopped	for	this	patient	due	to	nephro-
toxicity,	and	the	patient	continued	on	voriconazole.

Specifically,	 reports	 of	 16S	 RNA	 sequencing	 sensitiv-
ity	and	specificity	across	clinical	specimens	seem	to	vary	
greatly,	 likely	due	to	sample	collection,	preparation,	and	
bioinformatics	 technical	challenges.	For	example,	across	
multiple	 clinical	 specimens	 including	 joint	 aspirates,	
brain	abscess,	and	prosthetic	valves,	Akram	et	al	found	a	
sensitivity	of	58%	(CI	28.59%–	83.5%)	and	specificity	of	85%	
(61.13%–	96%)	 for	 16S	 RNA	 sequencing.22	 Indeed,	 other	
groups	have	reported	low	specificity	and	sensitivity	of	16S	
RNA	sequencing.	Given	the	variability	in	16S	sensitivity,	
the	 absence	 of	 P.  Acnes	 in	 the	 patient's	 initial	 sequence	
results	was	unsurprising.	Further,	prior	 to	 the	collection	
of	 CSF	 samples	 for	 sequencing,	 the	 patient	 was	 treated	
with	P. Acnes	sensitive	antibiotics.	Finally,	most	standard	
protocols	regularly	filter	out	P. Acnes	as	a	contaminant	if	it	
represents	less	than	10%	of	the	isolated	population.23

This	case,	and	the	few	other	reports	of	P. Acnes	infec-
tion	in	an	immunocompetent	adult	bring	several	import-
ant	points	for	consideration	including:	what	is	the	route	of	
translocation	for	P. Acnes	in	an	immunocompetent	patient,	
should	 standard	 empirical	 treatment	 of	 brain	 abscesses	
include	 P.  Acnes	 coverage,	 and	 when	 should	 16S	 rRNA	
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sequencing	 be	 employed	 in	 a	 patient	 with	 an	 unknown	
infection	 source?	 As	 discussed	 previously,	 P.  Acnes	 is	 a	
part	of	the	normal	flora	of	the	skin,	and	more	importantly	
the	scalp.	P. Acnes	may	translocate	across	small	breaks	in	
the	skin,	 fragile	or	porous	bone,	and	 infect	a	proportion	
of	 people	 who	 are	 either	 genetically	 susceptible	 or	 have	
subclinical	 immunodeficiencies.	 Luckily,	 most	 reports	

of	 P.  Acnes	CNS	 infections	demonstrate	 that	 P.  Acnes	 is	
nearly	always	sensitive	to	penicillin.	Furthermore,	cepha-
losporins,	vancomycin,	and	clindamycin	provide	adequate	
coverage.15

In	 summary,	herein	we	 report	a	 case	of	an	 immuno-
competent	man	found	to	have	a	P. Acnes	left	thalamic	ab-
scess	with	interventricular	rupture.	This	case	adds	to	the	

F I G U R E  2  Follow-	up	magnetic	
resonance	imaging	show	resolution	of	
left	caudate	abscess	with	residual	edema.	
(A–	E)	Representative	axial	serial	sections,	
FLAIR,	T1,	T2,	respectively
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current	paucity	of	literature	demonstrating	that	P. Acnes	
can	cause	CNS	infection	in	an	immunocompetent	patient	
and	should	be	considered	in	the	differential	for	the	cause	
of	cerebral	abscess.	Further,	clinicians	should	be	aware	of	
the	relative	delay	in	culturing	P. Acnes.	It	can	take	upward	
of	 ten	days	 for	positive	cultures	 to	return.	Finally,	while	
16S	rRNA	sequencing	is	not	routinely	performed	on	every	
brain	abscess,	we	do	recommend	that	it	maintains	utility	
in	cases	where	initial	cultures	remain	negative	for	greater	
than	10 days,	or	 if	 the	patient	 is	worsening	despite	ade-
quate	coverage	of	standard	microorganisms.
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