
MEDICINA - Volumen 77 - Nº 3, 2017214

CLINICAL AND CEREBROSPINAL FLUID FINDINGS CONTRIBUTE TO THE EARLY 
DIFFERENTIATION BETWEEN INFECTIOUS AND NONINFECTIOUS ENCEPHALITIS

MIGUEL WILKEN1, LUCÍA AMEGHINO1, ÁNGEL CAMMAROTA1, MARTÍN A. NOGUÉS1,
MARCELO DEL CASTILLO2, MAURICIO F. FAREZ3

1Departamento de Neurología, 2Departamento de Infectología, 3Centro para la Investigación de Enfermedades 
Neuroinmunológicas (CIEN), Instituto de Investigaciones Neurológicas Dr. Raúl Carrea (FLENI), Buenos Aires, Argentina

 
Abstract	 Early	 recognition	and	prompt	specific	 treatment	are	crucial	 factors	 influencing	 the	outcome	of	pa-
	 tients	with	 acute	 encephalitis. The	 aim	 of	 this	 study	was	 to	 determine	 the	main	 causes	 of	 acute	
encephalitis	in	our	population	and	to	find	predictors	that	may	lead	to	specific	diagnosis.	Adult	patients	admitted	
to	our	hospital	with	suspected	diagnosis	of	encephalitis	in	the	period	2006-2013	were	included.	One	hundred	and	
five	medical	records	were	analyzed.	Eighty-two	patients	with	infectious	encephalitis	were	identified	(78%	of	total	
cases),	53	(65%)	men	and	29	(35%)	women,	mean	age	47.8	years.	The	most	common	microorganisms	identi-
fied	were:	HSV-1	(11%),	VZV	(10%),	HSV-2	(5%)	and	EBV	(5%).	Twenty-three	patients	(22%	of	the	series)	had	
non-infectious	encephalitis.	Headache	(p <	0.0001)	and	fever	(p =	0.008)	were	more	frequent	in	encephalitis	of	
infectious	origin.	Protein	levels	and	white	blood	cell	counts	in	the	cerebrospinal	fluid	were	significantly	higher	in	
patients	affected	by	infectious	encephalitis	than	in	those	affected	by	noninfectious	encephalitis	(OR	95%	CI	12.3	
[2.9-51.7]	and	OR	95%	CI	7.4	[2-27],	respectively).	Identifying	specific	causal	agents	of	acute	encephalitis	remains	
a	major	challenge.	Cerebrospinal	fluid	markers,	as	well	as	specific	clinical	findings,	may	however	contribute	 to	
initial	differentiation	between	infectious	and	noninfectious	causes.	
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Resumen Las características clínicas y del líquido cefalorraquídeo permiten la diferenciación temprana
 entre encefalitis infecciosas y no infecciosas. El reconocimiento temprano y la instauración del 
tratamiento	adecuado	son	dos	elementos	de	gran	relevancia	en	el	pronóstico	de	las	encefalitis	agudas.	El	obje-
tivo	del	presente	trabajo	es	determinar	las	principales	causas	de	encefalitis	aguda	en	nuestro	medio,	así	como	
buscar	predictores	que	permitan	orientar	a	un	diagnóstico	determinado.	Se	revisaron	de	manera	 retrospectiva	
las	historias	clínicas	de	 todos	 los	pacientes	adultos	que	consultaron	en	nuestro	centro	entre	2006	y	2013	con	
el	diagnóstico	presuntivo	de	encefalitis.	Ciento	cinco	pacientes	 fueron	finalmente	 incluidos	en	nuestro	estudio.	
Se	 identificaron	82	pacientes	con	encefalitis	de	origen	 infeccioso	(78%),	53	(65%)	fueron	hombres	y	29	(35%)	
mujeres,	 con	una	edad	promedio	 de	47.8	 años.	 Los	 agentes	 infecciosos	más	 frecuentes	 fueron	 virus:	HSV-1	
12	 (11%),	VZV	11	 (10%),	HSV-2	5	 (5%)	 y	EBV	5	 (5%).	Se	diagnosticó	encefalitis	 no	 infecciosa	en	23	 (22%)	
pacientes.	 La	 cefalea	 (p <	 0.0001)	 y	 la	 fiebre	 (p =	 0.008)	 fueron	más	 frecuentes	 en	 las	 encefalitis	 de	 origen	
infeccioso.	Además,	los	niveles	de	proteínas	y	células	en	el	LCR	fueron	significativamente	mayores	en	los	casos	
de	etiología	infecciosa	que	en	los	de	etiología	no	infecciosa	(OR	12.3	95%CI	[2.9-51.7]	y	OR	7.4	95%CI	[2-27],	
respectivamente).	La	identificación	de	la	etiología	específica	de	las	encefalitis	agudas	continúa	siendo	un	gran	
desafío	 y	en	 la	mayoría	de	 los	 casos	no	se	 identifica	el	 agente	causal.	Determinados	marcadores	en	el	 LCR	
pueden	contribuir	a	la	identificación	inicial	de	las	encefalitis	de	etiología	infecciosa	versus	no	infecciosa.	
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Encephalitis	 is	 defined	 as	 a	 disease	 process	 that	
involves	 cerebral	 inflammation	 causing	 neurological	
dysfunction	of any degree1.	Over	a	hundred	different	mi-
croorganisms	can	cause	infectious	encephalitis,	including	
viruses,	bacteria,	fungi,	and	even	parasites2.	It	should	be	
highlighted	that	the	prevalence	of	infectious	encephalitis	

of	certain	etiologies	varies	from	one	geographical	region	
to	 the	next.	Therefore,	 the	 knowledge	both	of	 regional	
epidemiology	and	recent	patient	travel	history	can	contrib-
ute	to	diagnosis.	Interestingly,	even	using	state	of	the	art	
diagnostic	methods,	the	etiology	of	a	significant	number	
of	cases	remains	undetermined3.	

In	noninfectious	encephalitis,	significant	advances	in	
the	characterization	of	autoimmune	causes	have	allowed	
the	identification	of	new	autoantibodies	and	their	antigens4.	
This	subtype	of	encephalitis	may	show	identical	clinical	
presentation	 to	 infectious	 forms,	 but	 treatment	 differs	
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radically,	and	a	favorable	response	can	be	observed	with	
immunosuppressive	therapy,	underscoring	the	need	for	a	
swift	and	correct	identification	of	the	etiology.

The	aim	of	the	present	study	was	to	provide	a	detailed	
description	of	causes,	clinical	presentations,	demographic	
characteristics,	diagnostic	approximation	and	prognosis	
of	encephalitis,	in	a	neurological	center	in	Buenos	Aires,	
Argentina.	In	addition,	we	aimed	to	assess	whether	any	
particular	aspect	of	the	initial	clinical	presentation,	or	of	
the	general	approach	to	patient	management,	helped	to	
predict	etiology	and/or	case	prognosis.

Materials and methods

Medical	records	of	all	patients	18	years	or	older	with	presump-
tive	diagnosis	of	encephalitis	admitted	between	July	1,	2006	
and	July	1,	2013	were	reviewed.	The	terms	“encephalitis”	and/
or	 “meningoencephalitis”	 were	 identified	 in	 admission	 forms	
and	case	files	of	adult	inpatient	charts	during	the	above	men-
tioned	period.	In	addition,	symptoms	that	could	be	associated	
with	encephalitis	(such	as	seizures,	sensory	impairment	and	
focal	 neurological	 deficit)	 were	 subjected	 to	 double	 cross-
referencing	on	every	admission	record	corresponding	to	this	
time	period,	in	order	to	avoid	selection	bias.	

Encephalitis	was	defined	 following	 the	diagnostic	 criteria	
proposed	 in	 the	 “Consensus	Statement	 of	 the	 International	
Encephalitis	Consortium”	 in	 2013,	 as	 altered	mental	 status	
(altered	 level	 of	 consciousness	 or	 personality	 change)	 last-
ing	more	than	24	hours,	with	no	 identified	alternative	cause;	
associated	with	 3	 or	more	 of	 the	 following:	 fever,	 seizures,	
focal	neurological	signs,	cerebrospinal	fluid	(CSF)	white	blood	
cell	(WBC)	count	>	5/µl	and	suggestive	magnetic	resonance	
imaging	(MRI)	or	electroencephalogram	(EEG)	findings.	When	
meningeal signs were present, it was regarded as meningo-
encephalitis.

Data	extracted	from	medical	records	belonging	to	19	635	
patients	admitted	in	the	study	period	were	reviewed	(Fig.	1).	
The	initial	search	was	made	to	include	every	patient	18	years	
of	 age	 or	 older	 admitted	 to	 the	Neurology	Department	with	
probable	 diagnosis	 of	 encephalitis	 or	meningoencephalitis,	
defined	clinically	as	described	above.

Eight	 hundred	 and	 fifty	 patients	 presenting	 neurological	
deficit	 not	 due	 to	 cerebrovascular	 disease,	 demyelinating	
disease,	 tumors	 or	 seizures,	were	 included	 and	 their	medi-
cal	histories	 reviewed.	Patients	with	meningitis	and	no	CNS	
compromise	were	excluded.	Only	 those	with	definitive	diag-
nosis	of	encephalitis	or	meningoencephalitis	were	analyzed.	
This	 information	was	compared	to	results	 from	an	electronic	
search	in	our	 institute’s	database	of	every	discharge	form	in	
which	the	terms	“encephalitis”	or	“meningoencephalitis”	were	
reported	as	definitive	diagnosis.	Finally,	one	hundred	and	five	
patients	met	our	inclusion	criteria.

Abnormal	CSF	was	defined	using	our	laboratory	reference	
ranges	as	follows:	CSF	white	blood	cell	counts	greater	than	10	
cells/µl,	glucose	concentration	less	than	50%	of	serum	level,	
and/or	 protein	 concentration	 over	 50	mg/dl.	 An	 alternative	
definition	of	abnormal	CSF	was	used	for	comparison	purposes:	
white	blood	cell	counts	greater	than	5	cells/µl,	glucose	concen-
tration	less	than	40%	of	serum	level,	and/or	protein	concentra-
tion	over	60	mg/dl.	There	were	no	significant	changes	in	the	
classification	of	abnormal	CSF	or	in	the	comparison	between	
infectious	and	noninfectious	encephalitis	when	the	alternative	
cutoff	was	used	(data	not	shown).	

Brain	MRIs	were	 reviewed,	considering	hyper	 intense	 le-
sions	on	T2	and	FLAIR	sequence	images,	associated	(or	not)	
with	areas	of	bleeding	and	perilesional	edema,	as	compatible	
pathological	changes5.	It	is	worthy	of	note	that	certain	etiolo-
gies	presented	characteristic	distribution	of	lesions	(temporal	
lobe	in	herpetic	encephalitis	or	mesial	temporal	lobes	in	limbic	
encephalitis).	 In	 addition,	 contrast-enhanced	 images	were	
considered	 to	 be	 compatible	 with	 encephalitis	 after	 ruling	
out	 other	 potential	 causes	 such	 as	 demyelinating	 diseases	
or	brain	tumors.

On	EEG	analysis,	not	only	were	electroencephalographic	
seizures	considered	pathological,	but	also	paroxysmal	or	focal	
alterations	(epileptogenic	waves),	or	presence	of	considerable	
disturbances	in	baseline	recordings	(non-epileptogenic	waves).

The	diagnosis	of	pathogen-specific	infectious	encephalitis	
was	made	using	all	available	resources	including	PCR,	cul-
ture	and	or	antibody	determination.	All	diagnostic	procedures	
for	 infectious	 encephalitis	 are	 listed	 in	 the	 Supplementary	
Table.

For	prognostic	evaluation,	we	selected	the	modified	Rankin	
Scale	(mRS),	used	in	cerebrovascular	disease.	Patients	with	
no	sequelae	were	scored	0-1,	with	increasing	scores	assigned	
as	degree	of	disability	progressed,	for	a	maximum	of	6	points.

Differences	 between	 etiologies	 as	well	 as	 in	 clinical,	 ra-
diological	and	demographic	variables	were	investigated	using	
Fisher´s	exact	test	and	Kruskal	Wallis	test	followed	by	Dunn’s	
multiple	comparison	test.	Factors	associated	with	infectious	or	
noninfectious	origin	were	addressed	using	multivariable	logistic	
regression.	 Every	 variable	with	 a	 p	 <	 0.25	 in	 the	 univariate	
analysis	was	included,	stepwise,	in	a	final	model,	calculating	
odds	ratio	(OR)	and	95%	confidence	interval	(CI).	

The	present	 research	protocol	was	submitted	 to	and	ap-
proved	by	the	institutional	Ethics	Committee	and	have	there-
fore	been	performed	in	accordance	with	the	ethical	standards	
laid	 down	 in	 the	 1964	Declaration	 of	 Helsinki	 and	 its	 later	
amendments.	

Results

One	hundred	and	five	patients	met	inclusion	criteria,	64	
(61%)	men,	median	age	of	48	years,	with	no	significant	
differences	between	genders	regarding	age-related	dis-
tribution.	Demographic,	clinical,	radiological	and	electro-
encephalographic	features	are	summarized	in	Table	1.

We	identified	82	patients	with	infectious	encephalitis	
(78%	of	total	cases);	53	(65%)	were	men	and	the	mean	
age	was	47.8	 years.	 In	 this	 subcategory,	 64/82	 cases	
(78%)	were	of	suspected	or	confirmed	viral	origin,	12/82	
(14%)	 had	 bacterial	 etiology,	 3/82	 (3.6%)	 had	 fungal	
disease	and	1/82	(1.2%)	had	parasitic	disease.	The	re-
maining	two	cases	remained	of	undetermined	origin.	The	
clinical	presentation	was	dominated	by	fever	and	head-
ache,	and	only	10%	had	normal	CSF	values	(Table	1).

CSF	samples	were	submitted	for	viral,	bacterial	and	
fungal	PCR	or	culture,	and	positive	results	were	obtained	
in	47/82	(57%)	patients.	The	 identified	etiologies	were:	
Herpes	Simplex	Virus	1	(HSV-1),	Varicella	Zoster	Virus	
(VZV),	Herpes	Simplex	Virus	 2	 (HSV-2),	Epstein	Barr	
Virus	 (EBV),	Mycoplasma pneumoniae, Cryptococcus 
neoformans, Mycobacterium tuberculosis, enterovirus,	
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Fig.	1.–	Diagnosis	in	patients	presenting	acute	encephalitis	between	2006	and	2013.
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Neiseria meningitidis, JC	 virus,	Herpes	Simplex	Virus	
(HSV-6)	and	leptospiras,	in	descending	order	of	frequency.	
Age	distribution	showed	that	EBV	and	HSV-1	were	more	
common	in	young	patients	(Fig.	2).

	In	35/82	(43%)	of	the	infectious	cases,	a	specific	causal	
agent	could	not	be	determined	(negative	PCR,	cultures	
and/or	serology).	Patients	with	unknown	etiology	within	
this	group	were	considered	to	have	an	infectious	origin	as	
a	result	of	the	analysis	of	the	clinical	presentation,	workup	
(CSF,	Serum,	MRI	and	EEG)	and	outcome	after	receiving	
antiviral	or	antibiotic	treatment.	The	percentage	of	patients	
in	whom	the	etiology	could	not	be	determined	remained	
constant	throughout	the	study	period	(data	not	shown).

Regarding	 treatment,	 63	 out	 of	 82	 (77%)	 patients	
received	treatment	with	acyclovir,	of	which	41/63	(65%)	
were	discharged	without	sequelae	(mRS	0-1),	while	13	pa-
tients	had	minimum	sequelae	(mRS	=	2).	Only	6	patients	
required	further	rehabilitation.	Nineteen	out	of	eighty	two	
(23%)	patients	received	antibiotics	and	13/19	(68%)	were	
discharged	with	no	sequelae	(mRS	0-1),	while	4/19	(21%)	
presented	minimal	alterations	(mRS	2)	on	discharge.	No	
patient	required	rehabilitation.

Twenty-three	patients	(23/105,	22%	of	the	series)	had	
noninfectious	encephalitis;	the	mean	age	was	50	years	

and	11	(48%)	were	males.	In	this	subcategory,	4/23	(17%)	
patients	 required	 admission	 to	 the	 intensive	 care	 unit	
(ICU).	A	total	of	20	cases	corresponded	to	probable	auto-
immune	origin,	while	the	remaining	3	were	paraneoplastic.

Clinical	presentation	of	this	subgroup	was	dominated	
by	 seizures,	 behavioral	 changes	 and	 altered	 state	 of	
awareness	(see	Table	1).	During	workup,	only	5/15	(33%)	
presented	abnormalities	in	the	EEG,	while	10/22	(45%)	
presented	 typical	 brain	MRI	 changes	and	14/23	 (61%)	
had	normal	CSF	biochemistry.

All	patients	with	noninfectious	encephalitis	had	nega-
tive	results	on	viral	and	bacterial	PCR	in	CSF	samples,	as	
well	as	negative	CSF	bacterial,	fungal	and	mycobacterial	
cultures.	Immunologic	tests	were	performed	(both	in	serum	
and	CSF),	obtaining	positive	results	in	3/23	cases	(13%):	
2	patients	with	potassium	channel	autoantibodies	in	both	
serum	and	CSF,	and	one	patient	with	anti	Ma-2	antibodies	
in	serum	only.	Multislice	computerize	 tomography	 (CT)	
imaging	of	the	neck,	chest,	abdomen	and	pelvis	was	also	
performed	(with	both	oral	and	IV	contrast),	and	positive	
findings	were	found	in	2	cases	(lung	cancer	and	teratoma).	

In	18/23	(78%)	of	cases	of	noninfectious	encephalitis,	
no	causal	agent	could	be	identified,	a	proportion	that	has	
remained	unchanged	throughout	the	study	period	(data	

TABLE	1.–	Demographic, clinical, imaging and electroencephalographical characteristics of 105 cases of acute encephalitis 
in adults, 2006-2013

Variable*	 All		 Infectious	 Noninfectious	 HSV-1	 vzv	 EBV	 HSV-2	 Mycoplasma	 p		value¶ 

	 encephalitis

	 n	=	105	 n	=	82	 n	=	23	 n	=	12	 n	=	11	 n	=	5	 n	=	5	 n	=	4	

Age,	yrs	 48	±	1.7	 47.4	±	1.9	 50.1	±	3.6	 37.5	±	5.3	 53.3	±	6.7	 44.8	±	4.4	 57.4	±	7.4	 37.7	±	5.7	 0.23€

Woman	 41/105	(39)	 29/82	(35)	 12/23	(52)	 5/12	(42)	 6/11	(55)	 2/5	(40)	 2/5	(40)	 1/4	(25)	 0.935

Length	of	stay,	

days	(range)	 7	(0-67)	 6	(0-45)	 8	(2-67)	 7	(1-25)	 6	(4-16)	 6	(3-45)	 8	(6-24)	 5.5	(5-6)	 0.46€

ICU	required		 18/103	(17)	 14/80	(17)	 4/23	(17)	 3/10	(30)	 1/11	(9)	 1/5	(20)	 2/5	(40)	 0/4	(0)	 0.595

Fever	 50/103	(49)	 44/80	(55)	 6/23	(26)	 6/11	(54)	 6/10	(60)	 2/5	(40)	 2/5	(40)	 4/4	(100)	 0.0078

Headache	 63/103	(61)	 58/80	(73)	 5/23	(22)	 8/11	(73)	 10/10	(100)	 5/5	(100)	 2/5	(40)	 4/4	(100)	 <	0.0001

Mind	alteration		 28/104	(27)	 19/81	(23)	 9/23	(39)	 3/11	(27)	 2/11	(18)	 0/5	(0)	 2/5	(40)	 0/4	(0)	 0.4

Behaviour	changes	 33/104	(32)	 23/81	(28)	 10/23	(43)	 3/11	(27)	 2/11	(18)	 0/5	(0)	 2/5	(40)	 0/4	(0)	 0.282

Seizures	 25/104	(24)	 14/81	(17)	 11/23	(48)	 1/11	(9)	 3/11	(27)	 1/5	(20)	 2/5	(40)	 0/4	(0)	 0.171

Focal	deficit	 86/104	(83)	 66/81	(81)	 20/23	(87)	 9/11	(81)	 8/11	(73)	 3/5	(60)	 5/5	(100)	 3/4	(75)	 0.564

EEG	changes	 31/71	(44)	 26/56	(46)	 5/15	(33)	 4/8	(50)	 2/8	(25)	 3/4	(75)	 0/3	(0)	 1/2	(50)	 0.388

MRI	findings	 27/99	(27)	 17/77	(22)	 10/22	(45)	 6/12	(50)	 2/10	(20)	 2/5	(40)	 0/4	(0)	 0/4	(0)	 0.207

Abnormal	CSF	 83/105	(79)	 74/82	(90)	 9/23	(39)	 9/12	(75)	 10/11	(90)	 5/5	(100)	 4/5	(80)	 4/4	(100)	 0.006

Favorable	prognosis	 57/105	(54)	 53/82	(65)	 4/23	(17)	 7/12	(59)	 9/11	(82)	 4/5	(80)	 3/5	(60)	 3/4	(75)	 0.001

mRS 0-1 

*With the exception of age and length of hospital stay, values for all variables are expressed as number of positive patients/total patients with 
data (%)
¶Comparison using Fisher’s exact test and Kruskal-Wallis test (€) between non infectious encephalitis and most frequent causes of infectious 
encephalitis.
HSV-1: Herpes Simplex 1; HSV-2: Herpes Simplex 2; VZV: Varicella Zoster Virus; EBV: Epstein Barr virus; ICU: Intensive Care Unit; EEG: 
Electroencephalogram; CSF: Cerebrospinal fluid; mRS: modified Rankin Scale 
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not	shown).	Following	the	same	algorithm	as	in	infectious	
encephalitis,	those	patients	with	unknown	causal	agent	in	
this	group	were	regarded	as	having	a	noninfectious	origin	
as	they	presented	a	compatible	presentation,	brain	MRI	
and/or EEG, response to immunosuppressant treatment, 
and	the	clinical	picture	could	not	be	better	explained	by	
an	infectious	origin.

	 Fifteen	 out	 of	 the	 23	 noninfectious	 patients	 (65%)	
received	immunosuppressant	treatment:	gammaglobulin	
(IV	 Ig)	 (3	 patients),	methylprednisolone	 pulses	 (11	pa-
tients)	 and	plasmapheresis	 (PLEX)	 (3	 patients).	 Three	
patients	received	both	IVIG	and	methylprednisolone.	The	
remaining	6	patients	received	symptomatic	treatment	(no	
specific	treatment).	Four	of	these	23	noninfectious	patients	
presented	minimal	sequelae	on	discharge,	while	the	rest	
presented	 significant	 deficit	 on	 discharge	 (mRS	≥	2).	
Thirteen	patients	(out	of	23)	required	rehabilitation.	Dur-
ing	outpatient	 follow	up,	only	5/23	were	entirely	 free	of	
sequelae,	while	5/23	presented	minimal	deficits.

We	 then	 compared	 clinical	 and	 workup	 features	
between	 infectious	 and	 noninfectious	 encephalitis,	 in	
order	 to	 establish	 predictors	 prior	 to	microbiological	
confirmation.	As	expected,	headache	 (p	<	0.0001)	and	
fever	(p	=	0.008)	–as	presenting	symptoms–		were	more	
prevalent	 in	encephalitis	of	 infectious	origin.	Moreover,	

CSF	of	patients	with	infectious	encephalitis	had	higher	pro-
tein	concentration	(p	=	0.009)	and	pleocytosis	(p	=	0.09)	
when	compared	to	noninfectious	encephalitis	(Table	2).

Statistical	analysis	was	completed	with	a	multivariate	
logistic	regression	of	abnormal	CSF	parameters,	to	see	
whether	they	could	help	to	predict	a	specific	etiology.	We	
observed	that	an	increase	in	CSF	protein	concentration	
increased	the	likelihood	of	infectious	etiology	12.3	times	
(95%	CI	2.9-51.7),	while	the	presence	of	pleocytosis	did	
so	7.4	 times	 (95%	CI	2-27).	A	mRS	>	1	on	admission	
increased	need	for	ICU	care	(95%	CI	1.45-4.64)	(Table	3).

Discussion

The	clinical	 involvement	of	 the	central	nervous	system	
during	 infections	 or	 autoimmune	disorders	 constitutes	
a	true	medical	emergency,	making	early	diagnosis	and	
prompt	treatment	key	factors	to	improve	patient	outcomes.	
On	the	other	hand,	despite	all	diagnostic	efforts	and	the	
application	of	multiple	currently	available	tests,	the	causal	
agents	often	remain	undetermined.

The	 predominant	 etiologies	 (both	 determined	 and	
undetermined)	vary	greatly	from	region	to	region3,	6.	Prior	
knowledge	on	potential	agents	 is	fundamental	 to	orient	
diagnostic	efforts	and	start	early	treatment,	in	particular	
in	settings	with	limited	resources.	In	Latin	America,	infor-
mation	regarding	prevalence	of	different	etiologies	(both	

Fig.	 2.–	 	 Age	 distribution	 according	 to	 etiology.	Numbers	 inside	 columns	 represent	 total	
number	 of	 patients	 in	 each	group.	Herpes	Simplex	Virus	 1	 (HSV-1),	Herpes	Simplex	
Virus	2	(HSV-2),	Varicella	Zoster	Virus	(VZV),	Epstein	Barr	Virus	(EBV),	non-infectious	
(Non...),	and	unknown	origin	(Unknown).

Fig.	2	can	be	appreciated	in	colour	in	www.medicinabuenosaires.com



CAUSES OF ENCEPHALITIS: A RETROSPECTIVE COHORT STUDY 219

infectious	and	noninfectious)	is	sorely	lacking,	and	was	
the	main	reason	for	conducting	the	present	study.	

	 In	 our	 study,	 78%	 of	 the	 patients	 presented	 in-
fectious	 encephalitis,	 while	 the	 remaining	 22%	 cor-
responded	 to	 either	 autoimmune	 or	 paraneoplastic	
disorders.	Among	infectious	cases,	the	great	majority	
responded	to	viral	origin.	Different	tests	recommended	
by	 the	European	Federation	of	Neurological	Societ-
ies	 (EFNS)	were	used	 for	standard	workup	 in	 these	
patients:	lumbar	puncture	(recommendation	2A),	se-
rologic	assessment	(2B),	CSF	PCR	(recommendation	
1A),	EEG	 (3C)	 and	 brain	MRI	 (2B)	6,	 7.	 The	 etiology	
remained	undetermined	in	43%	of	the	infectious	cases,	
a	result	consistent	with	most	series	reported	from	other	
parts	of	the	world3,	8,	9.

	Regarding	encephalitis	of	known	infectious	origin,	the	
microorganisms	diagnosed	most	often	in	our	population	
were	 (in	 descending	 order):	HSV-1,	VZV,	HSV-2	 and	
EBV.	Age	had	an	impact	in	the	specific	microorganism:	
EBV	and	HSV-1	were	more	common	in	young	patients.	
This	may	relate	to	the	epidemiology	of	both	infections	and	
future	studies	are	required	to	address	 its	significance.		
Our	results	correlate	with	those	published	in	other	stud-
ies,	 in	which	 it	 has	 been	 clearly	 established	 that	 the	
microorganisms	 listed	are	not	geographically	bound10.	

In	England,	 for	 example,	 a	prospective	 study	 showed	
that	 the	microorganisms	most	 frequently	 identified	
were	HSV-1,	VZV	and	M. tuberculosis,	while	37%	had	
unknown	causes3.	The	analysis	of	 the	surveillance	for	
viral	encephalitis	and	meningitis	in	Europe9	showed	that	
the	proportion	of	cases	of	unknown	etiology	ranged	from	
30	to	80%,	while	the	cases	of	known	pathogen	differed	
from	country	to	country.	The	most	frequent	pathogens	
associated	with	viral	meningitis/encephalitis	were:	VZV,	
HSV	and	enteroviruses	in	Finland;	HSV,	VZV,	EBV	and	
mumps	virus	in	the	UK;	borrelia,	enteroviruses,	HSV	and	
VZV	in	Germany;	HSV,	VZV,	EBV,	and	HSV-6	in	France,	
to	mention	some.	Of	note,	we	were	unable	 to	 test	 for	
several	viruses	that	are	known	to	cause	encephalitis	and	
are	present	in	our	country,	such	as	St.	Louis	encepha-
litis,	 a	 flavivirus	known	 to	have	produced	encephalitis	
outbreaks	 in	our	area11.	Noticeably,	we	did	not	detect	
HIV	infection	or	significant	immunosuppression	among	
our	infectious	cases	that	could	favor	disease	progression	
and/or	predispose	to	certain	microorganisms.	

Significant	advances	have	been	made	in	recent	years	in	
the	understanding	of	noninfectious	encephalitis.	The	clini-
cal	presentation	can	often	be	indistinguishable	from	that	of	
infectious	cases,	and	both	entities	mighty	even	share	some	
underlying	pathophysiologic	mechanisms12, 13.	Still,	 treat-

TABLE	2.–	Cerebrospinal fluid characteristics on admission

	 All	 Infectious	 Noninfectious	 HSV-1	 VZV	 EBV	 HSV-2	 Mycoplasma	 p	value*
	 n	=	105	 n	=	82	 n	=	23	 n	=	12	 n	=	11	 n	=	5	 n	=	5	 n	=	4	

Opening pressure,
H2O	cm	 19.3	±	1.4	 20.2	±	1.5	 14.7	±	2.7	 26.2	±	8.9	 16.5	±	1.3	 20.3	±	2.6	 14	±	4.6	 18.5	±	0.5	 0.39
Protein,	mg/dl	 105.6	±	13.4	 122.3	±	16.7	 45.9	±	7.6	 109.9	±	22	 112.9	±	17	 85.6	±	21	 117	±	36	 114.2	±	47	 0.001	[1]
White	blood
cell	count,	n/µl	 157.2	±	52	 198.6	±	66	 9.3	±	4.6	 252.4	±141	 101.7	±	27	 118.6	±	22.3	 79	±	46	 249.7	±	135	 <	0.001	[2]
Glucose,	<	0.4
of	serum	level	 7/105	(7%)	 7/82	(9%)	 0/23	(0%)	 0/12	(0%)	 0/11	(0%)	 1/5	20%)	 0/5	(0%)	 0/4	(0%)	 0.08

*Comparison using Kruskal-Wallis test between noninfectious (NI)encephalitis and the most frequent causes of infectious encephalitis.[1] Dunn’s 
multiple comparison test with Sidak correction: NI vs HSV-1 (P = 0.05), NI vs VVZ (0.047), NI vs VEB (0.9), NI vs HSV-2 (P = 0.2), NI vs. 
Mycoplasma (0.4). [2] Dunn’s multiple comparison test with Sidak correction: NI vs HSV-1 (P = 0.03), NI vs VVZ (0.8), NI vs VEB (0.9), NI vs 
HSV-2 (P = 0.9), NI vs. Mycoplasma (0.6).
HSV1: Herpes Simplex 1; HSV-2: Herpes Simplex 2; VZV: Varicella Zoster Virus; EBV: Epstein Barr virus 

TABLE	3.–	Predictors of specific encephalitis etiologies

	 Infectious	 Known	cause	vs.		 ICU	required	not
	 vs.	noninfectious	 unknown	cause	 vs.	ICU	required
	 OR	(95%	CI)	 p	value	 OR	(95%	CI)	 p	value	 OR	(95%	CI)	 p	value

CSF	high	protein	level	 12.3	(2.9-51.7)	 0.001	 1.6	(0.5-4.7)	 0.42	 0.89	(0.20-4.90)	 0.91
CSF	pleocytosis	 7.4	(2.0-27.0)	 0.003	 0.95	(0.35-2.50)	 0.9	 1.45	(0.33-6.30)	 0.62
Patient's	age	 0.99	(0.94-1.0)	 0.62	 1	(0.98-1.03)	 0.9	 1.01	(0.98-1.10)	 0.48
mRS	on	admission	 0.69	(0.39-1.2)	 0.21	 0.96	(0.70-1.30)	 0.8	 2.6	(1.45-4.64)	 0.001

ICU: Intensive Care Unit; CSF: Cerebrospinal fluid; mRS: modified Rankin Scale
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ments	are	 radically	different	making	early	 identification	
of	 causal	 agent	 important	 in	 order	 to	 offer	 therapeutic	
advantages.	 If	we	 compare	our	methodology	with	 that	
presented	in	European	or	North	American	studies,	it	can	
be	observed	that	they	managed	to	minimize	the	num-
bers	of	undetermined	case	by	applying	a	much	broader	
serological	battery.	A	multicenter	study	performed	by	
Ambrose	et	al.	reported	a	decrease	of	almost	20%	in	
patients	with	encephalitis	of	unknown	cause	as	a	result	
of	applying	these	methods8.

The	California	Encephalitis	 Project	 concluded	 that,	
although	 the	 cause	 of	 encephalitis	may	 remain	 unde-
termined	in	most	cases,	recognition	of	particular	clinical	
profiles	prevalent	among	patients	with	the	disease	may	
help	 focus	efforts	 towards	early	recognition	of	etiology,	
pathogenesis,	as	well	as	evolution	and	management	of	
this	syndrome14.	Our	study	has	endeavored	to	determine	
whether	certain	clinical,	laboratory	(CSF	analysis),	imaging	
(MRI)	or	functional	(EEG)	pattern,	might	predict	etiology,	in	
order	to	accelerate	diagnostic	interpretation	in	the	future,	
and	consequently	improve	prognosis	through	early	treat-
ment.	Of	note,	we	found	that	CSF	analysis	can	provide	
with	early	clues	 to	differentiate	between	 infectious	and	
noninfectious	 causes:	 having	 raised	 concentrations	 of	
proteins	or	cells	in	CSF	increases	the	chance	of	having	
encephalitis	of	infectious	origin.	Thus,	a	normal	CSF	in	a	
patient	presenting	with	encephalitis	(in	particular	several	
days	after	 onset)	 should	 raise	 suspicion	of	 an	autoim-
mune	or	paraneoplastic	origin.	Early	treatment	in	these	
cases	can	have	a	significant	impact	on	recovery	and	risk	
of	permanent	sequelae.

This	 study’s	 retrospective	 design	 yields	 an	 obvious	
limitation,	as	 it	does	not	allow	for	any	ad hoc	analysis.	
Furthermore,	the	development	of	new	methods	for	study-
ing	these	patients	has	increased	in	recent	years,	as	there	
are	now	more	diagnostic	tests	available.	

	Large	cohort	studies	encompassing	different	popula-
tions	from	South	America	are	needed	to	determine	clinical	
profiles	and	complementary	studies	that	may	help	guide	
etiologic	diagnosis	with	greater	certainty,	before	results	of	
specific	tests	are	known.	Thus,	patient	prognosis	would	
improve,	preventing	persistent	 long-term	sequelae	and	
the	resultant	severely	affected	quality	of	life15.
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SUPPLEMENTARY TABLE

Infectious	agent	 Diagnostic	method	used
Viral	encephalitis

Herpes	Simplex	Virus	1	 CSF	 Nested	PCR.	First	reaction:	MIB1-F	5´ext	ATC	ACG	GTA	GCC	CGG	CCG	TGT	
GAC	A´3,	MIB2-R	ext	5´CAT	ACC	GGA	ACG	CAC	CAC	ACA	A-3´,	second	
reaction	MIB3-F	5int´CCA	TAC	CGA	CCA	CAC	CGA	CGA´3	y	MIB4-R	5´	GGT	
AGT	TGG	TCG	TTC	GCG	CTG	CTG	CC	´3

 Serum ELISA

Herpes	Simplex	Virus	2	 CSF	 Nested	PCR.	First	reaction	MIB5-F	5´TCA	GCC	CTA	CCT	CCT	TCG	GCA	GTA-
3´	and	MIB5-R	5´GAT	CTG	GTA	CTC	GAA	TGT	CTC	CG´3;	second	reaction	
MIB7-F	5´AGA	CGT	GCG	GGT	CGT	ACA	CG-3´		y	MIB8-R	5´GGC	GCG	GTC	
CCA	GAT	CGG	CA´3.

 Serum ELISA

Varicella	Zoster	Virus	 CSF	 Nested	PCR.	First	reaction:	F	ext	5´-ACG	GGT	CTT	GCC	GGA	GCT	GGT´3	R	
ext´3-AAT	GCC	GTG	ACC	ACC	AAG	TAT	AAT´5,	Second	reaction	F	int	5´ACC	
TTA	AAA	ACT	CAC	TAC	CAG	T´3			R	int	3´CTA	ATC	CAA	GGC	GGG	TGC	AT´5.

Herpes	Simplex	Virus	6	 CSF	 Nested	PCR.	First	reaction:	F	ext	5´-AAG	CTT	GCA	CAA	TGC	CAA	AAA	
ACAG´3	R	ext´3-CTC	GAG	TAT	GCC	GAG	ACC	CCT	AATC´5,	Second	reaction	
F	int	5´TCC	ATT	ATT	TTG	GCC	GCA	TTC	GT´3			R	int	3´TGT	TAG	GAT	ATA	
CCG	ATG	TGC	GT´5.

Epstein-Barr	virus	 CSF	 Nested	PCR.	First	reaction:	F	ext	5´-AAG	GAG	GGT	GGT	TTG	GAA	AG´3	R	
ext´3-AGA	CAA	TGG	ACT	CCC	TTA	GC´5,	Second	reaction	F	int	5´ATC	GTG	
GTC	AAG	GAG	GTT	CC´3			R	int	3´ACT	CAA	TGG	TGT	AAG	ACG	AC´5.

 Serum ELISA

Cytomegalovirus	 CSF	 Nested	PCR.	First	reaction:	F	ext	5´-TGA	GGA	TAA	GCG	GGA	GAT	GT´3	R	
ext´3-ACT	GAG	GCA	AGT	TCT	GCA	GT´5,	Second	reaction	F	int	5´AGC	TGC	
ATG	ATG	TGA	GCA	AG´3			R	int	3´GAA	GGC	TGA	GTT	CTT	GGT	AA´5.

	 Serum	 Chemiluminescence

HIV	 Serum	 Electro-chemiluminescence

JC	Virus	 CSF	 Nested	PCR.	First	reaction:	F	ext	5´-GTA	TAC	ACA	GCA	AAA	GAA´3	R	ext´3-
GCT	CAT	CAG	CCT	GAT	TTT	GG´5,	Second	reaction	F	int	5´AGT	CTT	TAG	
GGT	CTT	CTA	CC´3			R	int	3´-GGT	GCC	AAC	CTA	TGG	AAC	AG´5.

Enterovirus	 CSF		 PCR	REAL	TIME

Bacterial	encephalitis
Mycoplasma	 CSF	 Nested	PCR.	F	ext	5´-AAA	CTA	TGA	AAG	CTG	GTA	AT´3	R	ext´5	CTTCATCGC	

CTA	TTA	GTG	CCA	AGG	CAT´3
 Serum ELISA

Tuberculosis	 CSF	 Lowenstein-Jensen	culture
	 	 Nested	PCR.	F	ext	5´GGC	TGT	GGG	TAG	CAG	ACC´3,	5´GCC	CAG	GTC	TAC	

CGA	ACG´3
  ADA

Syphilis	 Serum	 Flocculation	(VDRL)

Chlamydia	 Serum	 ELISA

Common	germs	 CSF	 Chocolate	Agar,	Blood	Agar	culture	and	BHI.	37	°C	during	48	hours.	

Anaerobium	 CSF	 Thioglycolate	culture.	37	°C	during	48	hours
Fungal	encephalitis

Fungal	encephalitis	 CSF	 BHI	and	Lactrimel	cultures,	both	25	°C	and	35°C	during	30	days.
Other	encephalitis

Toxoplasma	spp.	 CSF	 Nested	PCR.	TB1F-EXTf	5´GGA	ACT	GCA	TCC	GTT	CAT	GAG	3´;	TB1-EXTr	
5´TCT	TTA	AAG	CGT	TCG	TGG	TC´3;	TB1-INTf	5´	TGC	CAT	AGG	TTG	CAG	
TCA	CTG	3´;	TB1-INTr	5´GGC	GAC	CAA	TCT	GCG	AAT	ACA	CC	3

	 Serum	 IFI	and	electro-chemiluminescence


