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Learning	objecMve	
•  To	understand	the	spectrum	of	neurologic	
consequences	of	Arbovirus	infecMons,	mainly,	
Dengue,	Zika	and	Chickingunya	



Arbovirus	
•  The	term	arbovirus	includes	several	families	of	RNA	
viruses	that	are	spread	by	arthropod	vectors,	most	
commonly	mosquitoes,	Mcks,	and	sand	flies.	

•  	The	families	of	viruses	included	in	the	arbovirus	
group	are	Flaviviridae,	Togaviridae,	Bunyaviridae,	
and	Reoviridae	

•  Beckham	JD,	Tyler	KL.	Arbovirus	InfecMons.	ConMnuum	(Minneap	Minn).	2015	Dec;21(6	NeuroinfecMous	Disease):1599-611.	



Climate Change: Endemic and epidemic ranges of Aedes 
mosquito transmission (Aedes aegyptie and Aedes albopictus)  

Caminade et al Global risk model for vector-borne transmission of Zika virus reveals the role of El Niño 2015 
Proc Natl Acad Sci U S A. 2017 Jan 3; 114(1): 119–124. 
 
 Attaway et al Zika virus: Endemic and epidemic ranges of Aedes mosquito transmission Journal of Infection and Public Health 2017 10, 120-123 



In	2016	WHO	Declared	Zika	Virus	a	
Global	Public	Health	Emergency		

	On	February	1st,	2016	the	World	Health	OrganizaMon		declared	Zika	virus		infecMon	
an		internaMonal	public	health	emergency	due				to	2015		reports		from	Brazil	of	cluster	
of	microcephaly	cases	and	other		neurological	disorders	,	following	a	cluster		of	
Guillain	Barre	Syndrome	cases	in	French	Polynesia	in		2014.	
	
	
	
	
	
	
	
WHO	2016	



WFN	Zika	Working	Group	

•  	heps://www.wfneurology.org/commieees?slideId=19023	



ZIKA:		UGANDA	IN	1947	



	Zika	virus		Phenotype	and	Genotype	findings			

	
Rodriges-Faria	et	al.	Zika	virus	in	the	Americas:	Early	epidemiological	and	geneMc	findings		Science.	2016	Apr	
15;352(6283):345-349	
Anfasa	F,	et	al	Phenotypic	Differences	between	Asian	and	African	Lineage	Zika	Viruses	in	Human	Neural	Progenitor	Cells.	
mSphere.	2017	Jul		26;2(4)	



Zika	Clinical	ManifestaMons	of	the	Asian	
Lineage	

•  Duffy	et	al	Zika	virus	outbreak	on	Yap	Island,	Federated	States	of	Micronesia.	N	Engl	J	Med.	2009	Jun	
11;360(24):2536-43	







NEW	SPECTRUM	OF	THE	NEUROLOGIC	CONSEQUENCES	OF	ZIKA	
Zika	virus	infecMon	has	become	a	new	emergent	neuropathological	
agent	with	several	neurological	complicaMons.	
	
	
Medina	and	Medina-Montoya	Journal	of	the	Neurological	Sciences	2017	



Neurologic	Consequences	of	Zika	
•  A)	Congenital	Zika	Syndrome	by	affecMng	the	neural	
stem	cells	of	the	human	fetal	brain	

•  B)	Guillain-Barré	Syndrome	by	an	autoimmune	
response	against	peripheral	myelin	and/or	axonal	
components	or	probable	direct	inflammatory	
reacMon;		



Neurologic	Consequences	of	Zika	
•  C)	EncephaliMs/meningoencephaliMs	and	myeliMs	by	
a	direct	viral	inflammatory	process	on	the	central	
nervous	system;	

•  	D)	Sensory	neuropathy	by	infecMng	directly	the	
peripheral	neurons	and	causing	substanMal	cell	
death	and	pathogenic	transcripMonal	dysregulaMon;		



Neurologic	Consequences	of	Zika	
•  E)	Acute	Disseminated	EncephalomyeliMs	and	opMc	
neuropathy;		

•  F)	Seizures	and	Epilepsy	
		
•  G)	Childhood	arterial	ischemic	stroke	by	probable	
inflammatory	reacMon	and	endothelial	injury.	



	Microcephaly	in	Brazil	
2010-2014	rates	versus	2015	rates			

	
	PAHO	2016	
	Miranda-Filho		et	al.	IniMal	DescripMon	of	the	Presumed	Congenital	Zika	Syndrome.	Am	J	Public	Health.	
2016	Apr;106(4):598-600 	 		



	Congenital	Zika	virus	Syndrome	
•  The	WHO	esMmates	that	nearly	100	million	people,	and	
more	than	1		million	pregnant	women	in	the	Americas,	
could	be	infected,	suggesMng	that	tens	of	thousands		of	
children	may	have	the		congenital	Zika	virus	syndrome	
and	a		main	concern	is	the		Non-microcephalic	infants		

				(	the"Iceberg”	worst-case	scenario)	

	England	J.		World	Neurology		Aug	2017	
	Aragao	et	al	.	Nonmicrocephalic	Infants	with	Congenital	Zika	Syndrome	Suspected		Only	arer	Neuroimaging	

EvaluaMon	Compared	with	Those	with	Microcephaly	at	Birth	and	Postnatally:	How	Large	Is	the	Zika	Virus	
"Iceberg"?	AJNR	Am	J	Neuroradiol.	2017	Jul;38(7):1427-1434	



Zika	virus	associated	with	microcephaly	

Mlakar			et	al	Zika	Virus	Associated	with	Microcephaly.	N	Engl	J	Med.	2016	Mar	10;374(10):951-8	

	



•  	McGrath	et	al	DifferenMal	Responses	of	Human	Fetal	Brain	Neural	Stem	Cells	to	Zika	Virus	InfecMon.	Stem	Cell	
Reports,	2017;	DOI:	10.1016/j.stemcr.2017.01.008	



		

	
	
	Cao-Lormeau		et	al	Guillain-Barré	Syndrome	outbreak	associated	wit	Zika	virus	infecMon	in	French	Polynesia:	a	

case-control	study.	Lancet.	2016	Apr		9;387(10027):1531-1539	



ZIKV	and	GBS	



	 	Zika	Sensory	Polyneuropathy	
(August	2016)	

A	62	year	old	male	Honduran	resident	was	neurologically	evaluated	in	
Venezuela		with	complaints	of	an	erythematous	papular	rash		and	mild	
fever	that	started	on	27	January	2016.	He	experienced	intense	pruritus	on	
chest,	abdomen,	upper	and	lower	limbs	that	lasted	for	four	days.	
AddiMonally,	he	had	arthralgias	and	edema	of	both	hands	and	feet.	
Neurological	examinaMon	during	the	first	week	of	February	2016	was	
remarkable	for	hypoalgesia	in	a	glove	stocking	paeern,	and	a	nerve	
conducMon	study	showed	reducMon	of	velocity	on	the	ler	sural	nerve.	

	
Medina	MT,	England	JD,	Lorenzana	I,	Medina-Montoya	M,	et	al	Zika	virus	associated	with	sensory	
polyneuropathy.	J	Neurol	Sci.	2016	Oct	15;369:271-2	



Zika congenital infection syndrome	
microcephaly, arthrogryposis in arms and or legs etc



	Brain	MalformaMons	



NEWBORN		AND	ZIKA	
from	WHO	2017	



Acute	Disseminated	EncephalomyeliMs		

	
	
•  	Niemeyer	B,	Niemeyer	R,	Borges	R,	Marchiori	E.	Acute	Disseminated	EncephalomyeliMs	Following	Zika	Virus	

InfecMon.	Eur	Neurol.	2017;77(1-2):45-46	



Zika	Virus	associated	with	
MeningoencephaliMs	

•  An	81-year-old	man	was	admieed	to	the	intensive	
care	unit	(ICU)	10	days	arer	he	had	been	on	a	4-
week	cruise	in	the	area	of	New	Caledonia,	Vanuatu,	
the	Solomon	Islands,	and	New	Zealand.	

Carteaux	G	et	al	Zika	Virus	Associated	with	MeningoencephaliMs.	N	Engl	J	Med.	2016	Apr	
21;374(16):1595-6	



	Acute	MyeliMs	
•  		
	
•  January,	2016,	a	15-year-old	girl	was	admieed	to	
hospital	in	Pointe-à-Pitre,	Guadeloupe,	with	ler	
hemiparesis.	

	
Mécharles		et	al.	Acute	myeliMs	due	to	Zika	virus	infecMon.	Lancet.	2016	Apr	

2;387(10026):1481	

Mecharles	et	al	Lancet	2016	



Seizures/Epilepsy	and	Zika	



Zika	y	Epilepsia	



ZIKA	vasculi-s:	a	new	cause	of	stroke	in	children?	
By:	Anne	Landaisa,	Audrey	Césaireb,	Manuel	Fernandezc	,	SébasMen	Breurecdef	,	

Cécile	Herrmannd,	Fréderique	Delionb		Philippe	Desprezb		
Journal	of	the	Neurological	Sciences	2017		In	Press		



•  	Frequent	Co-circulaMon	of	mulMple		virus	and	
serotypes	(hyperendemnicity)		
	



	Neurologic	ComplicaMons	Chikungunya	Virus		

•  The	Chikungunya	virus	(CHIKV)	is	a	single-chain	
linear	RNA	arbovirus	that	is	transmieed	to	humans	
primarily	by	the	Aedes	aegypM	and	Aedes	albopictus	
mosquitoes	

	
	
1.Samra	et	al		Journal	of	Child	Neurology	2017	
2.GuMerrez-Saravia	E,	GuiMerrez	CE.		J	Pediatr	Infect	Dis	Society.	2015;4:103.		
3.	Ritz	N,	Hufnagel	M,	Gerardin	P.		Pediatr	Infect	Dis	J.	2015;34:789-791.	



Chikungunya	
•  CHIKV	infecMon	was	first	detected	in	southern	
Tanzania	in	1952.	The	name	Chikungunya	is	Swahili	
for	“that	which	bends	up,”3	since	the	classic	clinical	
symptoms	include	fever	and	joint	pain.	Joint	pain	
can	persist	for	months	to	years	arer	infecMon,	
causing	paMents	to	adopt	a	bent,	stooping	posture.	

1.	GuMerrez-Saravia	E,	GuiMerrez	CE.		J	Pediatr	Infect	Dis	Society.	2015;4:103.			2.	Ritz	N,	Hufnagel	M,	Gerardin	P.		Pediatr	Infect	Dis	J.	2015;34:789-91		



Chikungunya	
•  Following	the	bite	of	an	infected	mosquito,	
chikungunya	virus	causes	a	characterisMc	febrile	
syndrome	manifested	by	headache,	rash,	and	severe	
arthralgia.	PaMents	can	develop	a	poly-arMcular	
large-joint	arthriMs	during	acute	infecMon,	and	
symptoms	of	joint	pain	can	linger	for	months	
following	infecMon	

1.Samra	et	al		Journal	of	Child	Neurology	2017	
2.GuMerrez-Saravia	E,	GuiMerrez	CE.		J	Pediatr	Infect	Dis	Society.	2015;4:103.		
3.	Ritz	N,	Hufnagel	M,	Gerardin	P.		Pediatr	Infect	Dis	J.	2015;34:789-791	



Chikungunya	
•  By	the	end	of	2014,	1	million	suspected	and	20,	000	confirmed	
cases	of	autochthonous	transmission	of	CHIKV	were	idenMfied	
in	15	countries	in	North,	South,	and	Central	America.	

•  	InternaMonal	travel	exposures	have	contributed	to	the	spread	
of	the	virus,	and	confirmed	autochthonous	cases	have	been	
idenMfied	in	the	United	States.	

1.Samra	et	al		Journal	of	Child	Neurology	2017	
2.GuMerrez-Saravia	E,	GuiMerrez	CE.		J	Pediatr	Infect	Dis	Society.	2015;4:103.		
3.	Ritz	N,	Hufnagel	M,	Gerardin	P.		Pediatr	Infect	Dis	J.	2015;34:789-791	



Chikungunya	
•  Associated	neurologic	clinical	manifestaMons	of	chikungunya	
virus	have	included	meningiMs,	encephaliMs,	and	
encephalomyeloradiculiMs.		Diagnosis	of	chikungunya	virus	
infecMon	can	be	made	with	serology	using	acute	and	
convalescent	serum,	and	cases	of	chikungunya	virus–
associated	CNS	disease	have	been	confirmed	following	
detecMon	of		Reverse	TranscripMon-PCR		and	anM–
chikungunya	virus	IgM	in	the	CSF.		
	 	 	 	 	1.Samra	et	al		Journal	of	Child	Neurology	2017	
	 	 	 	 	2.GuMerrez-Saravia	E,	GuiMerrez	CE.		J	Pediatr	Infect	Dis	Society.	2015;4:103.		
	 	 	 	 	3.	Ritz	N,	Hufnagel	M,	Gerardin	P.		Pediatr	Infect	Dis	J.	2015;34:789-791	



Chikungunya	
•  	Chikungunya	virus	has	been	idenMfied	as	an	
infecMon	that	can	cause	significant	nervous	system	
morbidity	globally,	especially	in	young	children.		

•  The	2006	CHIKV	outbreak	in	India	revealed	the	
neurologic	manifestaMons	of	CHIKV,	including	
meningoencephaliMs,	seizures,	Guillain-Barre´	
syndrome,	and	myelopathy	or	myeloneuropathy.			

	
1.GuMerrez-Saravia	E,	GuiMerrez	CE.		J	Pediatr	Infect	Dis	Society.	2015;4:103.		
2.	Ritz	N,	Hufnagel	M,	Gerardin	P.		Pediatr	Infect	Dis	J.	2015;34:789-791	



CHIKV	
•  Few	observaMonal	studies	have	detailed	the	clinical	
manifestaMons	of	CHIKV	in	children,	but	those	that	
do	support	the	fact	that	children	may	have	a	clinical	
presentaMon	different	from	adults.	

1.Samra	et	al		Journal	of	Child	Neurology	2017	
		



Chikungunya	
•  	Our	study	of	the	clinical	features	and	neurologic	
complicaMons	of	235	pediatric	cases	of	CHIKV	
needing	hospitalizaMon	during	the	2015	outbreak	in	
Honduras		

	
1.Samra	et	al		Journal	of	Child	Neurology	2017	
		



CHIKV	

1.Samra	et	al		Journal	of	Child	Neurology	2017	



Chikungunya	

1.Samra	et	al		Journal	of	Child	Neurology	2017	
		



Chikungunya	
•  Chikungunya	virus	has	been	known	to	cause	
mother-to	child	transmission	since	the	first	case	of	
verMcal	transmission	CHIKV	was	idenMfied	in	2005	
on	La	Reunion	Island	in	the	Indian	Ocean.		

1.Samra	et	al		Journal	of	Child	Neurology	2017	
2.GuMerrez-Saravia	E,	GuiMerrez	CE.		J	Pediatr	Infect	Dis	Society.	2015;4:103.		
3.	Ritz	N,	Hufnagel	M,	Gerardin	P.		Pediatr	Infect	Dis	J.	2015;34:789-791	



Chikungunya	EncephaliMs	in	Adults	
•  Perivascular	Inflamatory	reacMon	in	a	Honduran	
paMent	

•  OrMz	et	al	WCN	2017	



Dengue	
•  Dengue	virus	is	an	Arbovirus	member	of	the	
Flavivirus	genus	of	the	family	Flaviviridae.	

•  	There	are	4	geneMcally	and	anMgenically	disMnct	
serotypes	of	dengue	(DENV	1–4).		

•  Frequent	Co-circulaMon	of	mulMple	serotypes	
(hyperendemnicity)		

•  Gubler	D.	2006.	Dengue/dengue	haemorrhagic	fever:	history	and	current	status.	NFS	.	Vol.277,	pp.3–16.	



Dengue	
•  In	2009,	WHO	adjustments	in	the	classificaMon	of	
the	disease	resulted	in	the	recogniMon	of	two	main	
presentaMons	of	dengue:	

•  Dengue	Fever	and	Severe	Dengue.		
•  Neurological	dengue	is	classified	as	a	form	of	Severe	
Dengue	

		
WHO		Dengue:	Guidelines	for	diagnosis,	treatment,	prevenMon	and	control.	World	Health	OrganizaMon	
and	Special	Programme	for	Research	and	Training	in	Tropical	Diseases,	2009.		



Dengue	
•  Dengue	virus	infecMon	causes	an	acute	self-limited	
febrile	syndrome	characterized	by	headache,	
retroorbital	pain,	rash,	nausea,	vomiMng,	diarrhea,	
myalgia,	and	arthralgia.	In	individuals	with	prior	
exposure	to	dengue	virus,	reexposure	to	another	
serotype	places	the	individual	at	increased	risk	for	
severe	dengue	

WHO		Dengue:	Guidelines	for	diagnosis,	treatment,	prevenMon	and	control.	World	Health	OrganizaMon	
and	Special	Programme	for	Research	and	Training	in	Tropical	Diseases,	2009.		



Severe	Dengue	
•  Severe	Dengue	(dengue	hemorrhagic	fever)	is		
characterized	by	increased	vascular	permeability,	
thrombocytopenia,	hypotension,	and	hemorrhagic	
manifestaMons.	

WHO		Dengue:	Guidelines	for	diagnosis,	treatment,	prevenMon	and	control.	World	Health	OrganizaMon	
and	Special	Programme	for	Research	and	Training	in	Tropical	Diseases,	2009.		



Lab	methods	for	dengue	diagnosis	

•  WHO	2009	
•  Pok	et	al		2010	



Diagnosis	

•  According to the CDC due to cross-reaction 
with other flaviviruses (i.e., Zika and Dengue 
infections) and possible nonspecific reactivity, 
results may be difficult to interpret. 
Consequently, presumed positive tests must 
be forwarded for confirmation by plaque-
reduction neutralization test (PRNT)   

•   https://www.cdc.gov/zika/hc-providers/types-of-tests.html	



DENGUE	
•  Outbreaks	of	dengue	have	been	documented	in	the	
Eastern	Mediterranean	Region	since	1799	in	Egypt.	
William	Smart	documented	descripMons	of	
neurological	manifestaMons	of	dengue	as	early	as	
1827.		



Severe	Dengue	
•  An	example	of	such	documentaMon	is	demonstrated	
in	the	excerpt	which	follows:		“In	children,	the	aeack	
may	be	ushered	in	with	convulsions,	and	the	
resoluMon	may	be	aeended	by	sensorial	depression,	
approaching	more	or	less	to	“demenMa“,	which	last	
condiMon	may	aeend	the	stage	of	resoluMon	of	the	
disease	in	elderly	persons	also”	(Smart,	1877).			



DENGUE	AND		NEUROLOGIC	
COMPLICATIONS	

•  Neurologic	involvement	occurs	in	4%-5%	of		confirmed	
dengue	cases	(Puccioni-Sohler	et	al.,	2009).	The		
incidence	of	dengue	infecMon	in	paMents	with	
suspected	central	nervous	system		(CNS)	infecMon	is	
noted	to	range	from	4.2%	in	southern	Vietnam	
(Solomon	et	al.,	2000)	to	13.5%	in	Jamaica	(Jackson	et	
al.,	2008)	mainly	encephaliMs,	meningiMs,	mieliMs,	GBS,	
etc		

Beckham	JD,	Tyler	KL.	Arbovirus	InfecMons.	ConMnuum	(Minneap	Minn).	2015	Dec;21(6	NeuroinfecMous	Disease):1599-611	



	Key	messages	
1.  The	Zika,	Dengue	and	Chikungunya	arbovirus	infecMons	and	

its	neurologic	consequences	represent	a	major	global	health	
problem.	

2.  	Zika,	Dengue	and	Chikungunya	arbovirus	infecMons	have	a	
wide	spectrum		of		neurologic	consequences	and		represent		
neuropathological	agent	with	several	neurological	
complicaMons.	

3.  3.	The	ZVI,	mainly	the	Asian	lineage,	has	a	neurotropism	that	
affects		the	Human	Fetal	Brain	Neural	Stem	Cells	producing	
Congenital	Zika	Syndrome.	



Key	messages	
4.  The	Zika,	Dengue	and	Chikungunya		infecMons	can	produce	an	

autoimmune	response	(i.e.,		Glycolipids	in	GBS)	
5.  	ZVI	directly	infects	Peripheral	Neurons	and		causes	substanMal	cell	

death	and	pathogenic	transcripMonal	dysregulaMon	(	i.e.,	Sensory	
neuropathy)	

6.  Zika,	Dengue	and	Chikungunya		infecMons	have	a	direct	viral	
inflammatory	process	on	CNS	(MeningoencephaliMs,	encephaliMs,	
acute	myeliMs,	etc	)		

7.  Zika	Virus	infecMons	may	produces	vasculiMs		by	primary	human	brain	
microvascular	endothelial	cells	damage	


