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Learning	Objec*ves	

•  CSF	examina*on	is	the	tool	for	diagnosis	of	
neurological	infec*ons.	

•  Obtaining	CSF	through	a	lumbar	puncture	is	
safe	and	essen*al.	

•  CSF	findings	are	the	best	guide	for	
management.	

•  There	are	some	contraindica*ons	for	lumbar	
puncture	in	acute	neurological	infec*ons.	



How	can	a	microbe	affect	CNS	func*on?	

•  Direct	
–  Invasion	of	parenchyma	of	brain	

•  Viral	encephali*s	
•  Cerebral	abscess	

–  Invasion	of	suppor*ng	structures	of	brain	
•  VZV	large-vessel	vasculopathy	



How	can	a	microbe	affect	CNS	func*on?	

•  Indirect	
–  Immune-mediated	CNS	damage	

•  Acute	disseminated	encephalomyeli*s	

–  Infec*on-triggered	metabolic	catastrophes	
•  Reye’s	syndrome	

– Toxin-mediated	diseases	
•  Tetanus	

– Consequence	of	systemic	sepsis	
•  Sep*c	encephalopathy	



Burden	of	neurological	infec*on	
“rare	complica,ons	of	common	infec,ons”	

	• 	Cerebral	malaria	–	es*mated	445,000	deaths	from	all	malaria	/	yr*	

• 	Tuberculosis	–	1/4	World’s	pop	infected	(for	which	5-10%	life*me	risk	of	
	 	 	 	 	 	falling	ill)*	

• 	Japanese	encephali*s	–	68,000	cases	/	yr	of	which	~30%	fatal*	
• 	Measles	–	es*mated	89,789	deaths	globally	yr*	

• 	Rabies	–	es*mated	55,000	deaths	/	yr	worldwide	&	15	million	post-exposure	
	 	 	 	treatments*	

• 	Tetanus	–	49,000	deaths	in	<5	years	old	worldwide*	
• 	Leprosy	–	in	2012	173,358	new	cases	worldwide	(reduced	from	804,000	in	

	 	1998)*	
*Source:	WHO	website	–	data	for	2015;	accessed	Jan	2014	



Classes	of	organisms	causing	CNS	infec*ons		

•  Viruses	–	mul*ple:	DNA	&	RNA	

•  Bacteria	–	aerobic	&	anaerobic	
•  Fungi	&	yeasts	–	e.g.	Cryptococcus	neoformans	

•  Protozoa	–	e.g.	Toxoplasma	gondii,	Naeglera		spp,	
	 	 	trypanosomes	&	malaria	

•  Helminths	(worms)	–	e.g.	Taenia	solium	&	 	 	
	 	Echinococcus	granulosus																																																										



How	do	CNS	infec*ons	cause	damage?	

•  Vicious	cycle	
– Microbial	invasion	causes	inflammatory	response	

•  Blood	brain	barrier	breakdown	
•  Cytokine	release	
•  Endarteri*s	&	microvascular	thrombosis															
	 	 	(e.g.	bacterial	meningi*s)	

– Raised	ICP	
•  Vasogenic,	inters**al	&	cytotoxic	cerebral	oedema	

– Direct	neuronal	injury	
•  Resul*ng	in	neuronal	necrosis	or	apoptosis	

	
	
	
	
	
	



Neuroinfec*on	Syndromes	

•  Acute:	
– Meningi*s	(Enterovirus,	mumps	&	HSV-2)	

– Ventriculi*s	(CMV	in	immunosuppressed)	

– Encephali*s	(including	arboviral)	
– Myeli*s	(e.g.	poliomyeli*s,	JE,	WNE,	&	Rabies)	

– Radiculi*s	&	ganglioni*s	
	 	 	(e.g.	shingles,	Bell’s	palsy)	



Neuroinfec*on	Syndromes	

•  Subacute	&	chronic	
– Subacute	sclerosing	panencephali*s	(measles)	

– Progressive	mul*focal	leucoencephalopathy	

• Human	polyoma	virus	JC	

– HIV	demen*a	(HIV	Neurocogni*ve	disorders	–	HAND)	

– Tropical	spas*c	paraparesis	(HTLV-1)	



Diagnosis	of	Neurological	Infec*on	

•  The	neurological	
formula*on:	
•  Anatomy	
•  Pathogene*c	mechanism	
•  Ae*ology	

•  The	ID	mantra:	
•  Why	did	this	person?	
•  From	this	place?	
•  At	this	*me,	get	this	
disease?	

THE BARE ESSENTIALS Infections of the nervous 
System. Practical Neurology 2011;11:121–131 



Acute	Infec*ous	Meningi*s	

•  Viral	causes	
–  Incidence	~11	/	100,000	/	year	
– Common	ae*ologies:	

–  Enteroviruses	(85-95%	cases)	
–  Herpes	simplex	virus	type-2	

– Mumps	(n.b.	current	epidemic	amongst	those	born	between	
1982-1990)	

– Predominantly	children	&	young	adults	
– Usually	benign	&	only	requiring	symptom	relief	



Acute	Infec*ous	Meningi*s	

•  Bacterial	causes	
–  Incidence	3-5	/	100,000	/	year	
– Ae*ologies	accoun*ng	for	85%	cases:	

–  Neisseria	meningi,dis	(Meningococcus)	

–  Streptococcus	pneumoniae	(Pneumococcus)	

–  Haemophilus	influenzae	

–  Rarer	causes	include	Listeria,	E.	coli,	TB,	Strept	suis	

– Different	organisms	in	different	age	groups	

– High	morbidity	&	mortality	



Inves*ga*on	of	suspected	CNS	infec*ons	

•  Anatomy	–	imaging	techniques	&	EEG	

•  Pathology	&	ae*ology	–	analysis	of	CSF	
•  Contraindica*ons	to	LP	(without	imaging):	

– Reduced	level	of	consciousness	
– Focal	neurological	signs	
–  Immunosuppression	
– Papilloedema	
– An*coagula*on	/	bleeding	disorder	

•  Nb	not	corrected	by	imaging!	





Davis	LE,	Con*nuum,	Neuroinfec*ous	Diseases;	Acute	Bacterial	meningi*s		2018:1264-83.	



CSF	Tests	
•  Cell	count	&	cytology	

–  Mononuclear	vs	polymorphs		

•  Gram	stain	(60-90%	+ve)	
•  An*gen	detec*on	(e.g.	Cryptococcus)	
•  Microbial	culture	

–  for	pyogenic	bacterial	meningi*s	
•  Pre-an*bio*cs	70-85%	+ve	&	post-an*bio*cs	50%	

–  Low	sensi*vity	for	viruses	
•  CSF/plasma	glucose	or	CSF	lactate	

•  CSF	[lactate]	>3.5	mmol/L	

•  Nucleic	acid	detec*on	(PCR)	
•  For	meningococcus	≈91%	sensi*vity	&	specificity	
•  Standard	for	many	viruses	

•  CSF	an*body	tests	
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Fig 2 Electronmicrograph showing blebbing (b) of the outer membrane of Neisseria meningitides
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Gram	Stain	available	in	4hrs	
60-90%	Number	of		
organisms	
	



Coloured	Scanning	electron	micrograph	of	streptococcus	pneumoniae	
Van	de	Beek	Lancet	2012;	380:1703	

Common	causes	of	Community	Acquired	BM	are	S	pneumoniae	and	N	menigi,des	
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Fig	2:	Cerebrospinal	Fluid	appearances	in	bacterial	meningi*s	
(A) Normal	CSF.	(B)	Yellow	trubid	CSF.	(C)	CSF	Gram-posi*ve	diplococci		
(Streptococcus	pneumoniae)	Brouwer	et	al	Lancet	2012;380:1684-92.	
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A.  Gram + diploccoci S pnumoniae 
B.  Neutrophils G – rods E coli 

C. CSF intracellular G+ cocci S suis 
D. Skin G+ S pneumonie 

E. Optochin Disc diffrentiate S pneumoniae 
F. Optochin Senstive S pneumoniae 

G. Spider web Pro>1.5 gm/L 
H. ZN stain Single AFB 

Scarborough&Thwaites Lancet Neurol 2008;7:637-648 







Takes	48hrs	

Takes	4hrs	
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Nucliec	acid	amplifica*on	test	 Modified	ZN	stain	



Accuracy	of	CSF	results	to	differen*ate	bacterial	meningi*s	,	in	
case	of	nega*ve	gram-stained	smear	

Ray	et	al	Am	J	Emerg	Med	2007;25:179-184	

•  CRP,	PCT,	CSF	WCC,	absolute	Neurtrophil	count	and	
CSF/blood	glucose,	CSF	protein,	levels	were	
significantly	higher	in	the	BM	group.		

•  However,	as	a	diagnos*c	indicators	of	BM,	none	of	
these	variables	except	PCT	was	more	efficient	that	
the	emergency	physician.		

•  CSF	results	have	a	modest	role	in	dis*nguishing	BM	
from	NBM	in	a	nega*ve	gram	stain	for	bacteria.			

•  PCT	serum	levels	seem	to	be	an	excellent	predictor	
of	BM.	
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Van	E{ekoven	et	al	Neurology	2019	





“The	evidence	supports	the	use	of	dexamethasone	at	the	ini*a*on	of	therapy	and	for	
the	first	4	days”.	

29	

The	iden*fica*on	of	and	eradica*on	of	the	pathogen	with	an*microbial		
therapy	is	the	easy	part.	
It	is	the	recogni*on	of	the	disorder,	the	understanding	of	which	diagnos*c	studies	to	
obtain	and	their	limita*ons,	and	the	management	of	the	neurologic	complica*ons	that	
require	the	exper*se	of	a	neurologist.	
	
Con$nuum	(Minneap	Minn)	2015;21(6):1679–1691.	
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Accuracy of Cerebrospinal Fluid Biochemical Analysis in Patients With Suspected Bacterial 
Meningitis



Key	message	and	conclusions	

•  Infec*on	can	cause	CNS	dysfunc*on	in	a	variety		of	
ways.	

•  Neurological	infec*ons	may	not	be	common	but	
have	high	morbidity	&	mortality.	The	economic	
burden	of	these	diseases	is	considerable.	

•  Examining	the	CSF	is	the	crucial	procedure.	

•  Early	treatment	is	essen*al	for	op*mum	outcome.	
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