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Educational Objectives:

(1) To provide general information on the biology and 

epidemiology of ZIKV infection 

(2) To describe the recent epidemic of ZIKV in Brazil 

(3) To present research findings on ZIKV mother to child 

transmission and maternal and neonatal outcomes 

(4) To present work in progress on ZIKV transmission 
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2015 Zika Virus Epidemic in Brazil 

•  In	early	2015,	health	authorities	
in	Natal,	state	of	Rio	Grande	do	
Norte	noted	the	presence	of	a	
syndrome	similar	to	dengue	in	
the	population.	The	serologic	
assays	were	negative	for	dengue	
and	Chikungunya	Fever.	In	
March	2015,	the	Oswaldo	Cruz	
Institute	identified	Zika	Virus	
from	blood	specimens.	
Sequencing	of	the	virus	
demonstrated	it	originated	in	
the	South	Pacific.		
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The virus was potentially introduced by tourists from the French Polynesia attending the World 
Cup Soccer Event in Brazil in July 2014 

Or the Va’a Canoe event held in Rio in  
August 2014  

2013	FIFA	Confederations	Cup	

Copa	das	Confederações	da	FIFA	
Brasil	2013	

Tournament	details	

Host	country	 Brazil	

Dates	 15–30	June	

Teams	 8	(from	6	confederations)	

Venue(s)	 6	(in	6	host	cities)	

Final	positions	

Champions	 	Brazil	(4th	title)	

Runners-up	 	Spain	

Third	place	 	Italy	

Fourth	place	 	Uruguay	

Tournament	statistics	
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Reinfestation by Aedes aegypti 
 1930s           1970             1998 

Distribuição dos Municípios Infestados por Aedes aegypti

Brasil - 1997/2000 (*)

Sem Infestação
Infestados

2.780 Mun. Infest.
3.592 Mun. Infest.

FUNASA
(*)Dados sujeitos à revisão
Fonte: CR’s/FUNASA/CENEPI/CGVAM/COFAB
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Microcephaly:  In 90% of cases, responsible for developmental delay, vision and 
hearing impairment, and a gamut of neurologic problems, including seizures.  

Sudden increase 
in the number of 
infants born with 
microcephaly in 
the state of 
Pernambuco in 
2015 with 
number of cases 
20 times greater 
than expected.   
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ZIKV identified by RT PCR in the 
amniotic fluid of 2 women from 
Paraiba, northeastern Brazil whose 
infants were born with microcephaly.  
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Courtesy Carlos Brito, Patricia Brasil 



2/26/19 

10 

What is Zika virus (ZIKV)?  

•  Zika virus is an arbovirus, a mosquito-borne ssRNA flavivirus. Known as ZIKV, 
the virus is in the same category as other flaviviruses such as dengue, yellow 
fever, Japanese Encephalitis and West Nile.  

•  Origin: Isolated from rhesus macaques in the Zika Forest, Uganda, in 1947, by 
the scientist GW Dick.  

 
•  Virus first identified in humans in Nigeria in the                                                          

1950s and 1960s. 

For over 60 years the virus caused 
sporadic outbreaks and few cases in 
humans were known. 
 
Until 2007/ 2013, virus identified in 
individuals from Africa and Asia, and 
studies showed antibody positivity in 
individuals from these areas.  
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Structure of ZIKV: Virion and genome 

Microbe Wiki, 2015 

ZIKV structure very similar to that of 
other flaviviruses: 
•   Nucleocapsid  25-30 nm in diameter 
surrounded by a host-membrane 
derived lipid bilayer containing 
envelope proteins E and M 
•  E protein covers most of the virion 
surface and is involved in replication 
such as host cell binding and 
membrane fusion 
 

The diagnostic conundrum… 

Retrospective serologic diagnosis not possible in dengue 
endemic areas- how to monitor asymptomatic infections? 
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Aedes aegypti 

•  ZIKV is transmitted by the infected female mosquito 

•  Transmitted through the saliva of the mosquito 

•  Primarily a daytime feeder 

•  Lives around human habitation 

•  Lays eggs and produces larvae preferentially in artificial containers 
 

Replication and Transmission 
of  Flaviviruses  

1. Virus transmitted 
    to human in mosquito 
    saliva 

2. Virus replicates 
    in target organs 

3. Virus infects white 
    blood cells and 
    lymphatic tissues 

4. Virus released and 
    circulates in blood 

3 

4 

1 

2 
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Replication and Transmission 
Flaviviruses 

5. Second mosquito 
    ingests virus with blood 

6. Virus replicates  
    in mosquito midgut  
    and other organs, 
    infects salivary 
    glands 

7. Virus replicates 
    in salivary glands 

6 

7 

5 

Prior Zika Virus Epidemics 

2007	Micronesia	

• An	epidemic	was	reported	in	
the	Yap	Islands,	one	of	the	4	
states	in	the	Archipelago	of	
Micronesia	in	the	Pacific	Ocean.		
Local	and	U.S.	Researchers	
identified	185	suspected	cases,	
of	which	49	were	confirmed	and		
59	were	considered	probable	
cases.	It	was	estimated	that	
5050	of	6892	islanders	>	3	years	
of	age	(73%	of	the	population)	
was	infected	during	the	
epidemic.	The	majority	of	
subjects	did	not	develop	clinical	
illness.			
	
	
	

2013	–	French	Polynesia	
•  In	October	of	2013,	French	Polynesia	
was	in	the	midst	of	a	serious	dengue	
outbreak	when	health	authorities	
idenfied	Zika	Virus	cases.		Over	8,500	
cases	were	identified,	with	
approximately	11%	of	the	population	
affected.	Forty	cases	of	Guillain-Barré	
Syndrome	were	reported.	Unclear	
how	Zika	reached	the	South	Pacific.		

• Until	this	outbreak,	no	serious	
consequences	of	Zika	Virus	had	been	
reported.	Other	affected		islands:	Cook	
Island,	Easter	Island,,	Vanuatu,	
Solomon	Island	and	New	Caledonia.	
Imported	cases	in	Japan,	Norway,		
France.	
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Guillain-Barré Syndrome:  
Zika virus has been associated 
with GBS (Acute immune-
mediated demyelinating 
polyneuropathy) An 
autoimmune process leding to 
destruction of the myelin 
sheaths. Treated with IVIG or 
plasmapheresis.  
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Dominican Republic 

•  As of December 2016, there were 
4,400 confirmed and probable Zika 
cases in the continental US.   

•  65% traveled to the Caribbean 

•  18% traveled to DR 
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•  A single serine to asparagine substitution (S139N) in the viral polyprotein 
increased ZIKV infectivity in human and mouse neural progenitor cells. 

•  More severe microcephaly in the mouse fetus 
•  Higher mortality in neonatal mice.  
•  Mutation arose before the 2013 epidemic in the French Polynesia.  

Potential Sexual Transmission of Zika Virus 
Didier Musso, Claudine Roche, Emilie Robin, Tuxuan Nhan, Anita Teissier, Van-Mai Cao-Lormeau 

Zika virus identified in semen of an infected patient in French Polynesia.  

           Emerging Infectious Diseases • Vol. 21, No. 2, February 2015  

Probable Non–Vector-borne Transmission of Zika Virus, 
Colorado, USA  
Brian D. Foy, Kevin C. Kobylinski, Joy L. Chilson Foy, Bradley J. Blitvich, Amelia Travassos da Rosa, Andrew D. Haddow, 
Robert S. Lanciotti, and Robert B. Tesh  

Emerging Infectious Diseases • Vol. 10, No. 2, May 2011                        

In 2008, a case of sexual transmission of Zika virus was documented. A 
university biologist from the Colorado State University Arthropod-borne and 
Infectious Diseases Laboratory, visited Senegal and acquired Zika Fever. A few 
days after returning to the USA he fell ill with Zika, but not before having 
vaginal intercourse with his wife. His wife subsequently showed symptoms of 
Zika infection 10 days later. 

Potential for breast milk and blood product transmission; virus excreted 
in saliva, semen, milk, urine 



2/26/19 

17 

During the  Zika virus outbreak in French Polynesia, 1505 asymptomatic 

blood donors were screened by molecular testing for ZIKAV viremia 

between November 2013 to February 2014: 42 (3%) were positive for ZIKAV. 

Blood banks should screen for ZIKAV in endemic areas. 

Euro Surveill. 2014;19(14):pii=20761. Available online: http://www.eurosurveillance.org/ 
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The Rio de Janeiro Cohort Study 
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The FIOCRUZFIOCRUZ InstituteFiocruz Institute 

From dengue surveillance efforts a study 
began… 

	
• Since	2012	at	Fiocruz	Manguinhos	
pregnant	women	and	their	infants	have	
been	followed	in	a	prospective	cohort	for	
the	study	of	incidence	of	dengue	in	this	
population.	
	

• In	late	2015	
following	identification	of	ZIKV	in	Rio	de	
Janeiro	the	cohort	study	was	modified	to	
actively	screen	for	ZIKV	by	RT-PCR	in	blood	
and	urine	of	pregnant	women	who	
presented	with	a	rash	within	the	last	5	
days.	

	

The FIOCRUZFIOCRUZ Institute
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A modeling study which 
evaluated rainfall and other 
environmental & behavioral 
conditions in the state of Rio de 
Janeiro in association with 
screening of 10,459 serum/
urine specimens for Zika, 
Chikungunya and Dengue by 
PCR (and also IgM serology for 
Chikungunya).  
 
 
 •  Zika cases were more prevalent in areas of Rio with < access to 

municipal water (water hoarding). 
•  CHIKV incidence increased with increasing land urbanization in 

specific neighborhoods.  
 

Rainfall Predicts Zika in Rio de Janeiro... 
• with	a	lead	time	of	three	weeks	

•  Social	and	environmental	variables	predict	the	number	of	cases	

•  The	shorter	latent	period	of	Chikungunya	(2	days)	in	the	mosquito	can	
explain	the	temporal	dynamics	of	Chikungunya	and	Zika	(8-10	days)	

• Chikungunya	outcompetes	Zika	in	the	environment	

• CHIKV	incidence	increased	with	%	of	urbanized	land	in	neighborhoods.		

Fuller et al, Plos One 2017 



2/26/19 

22 

Zika Virus  vs. Rubella  Symptoms 

• Arthralgias,	predominantly	of	
the	hands	and	feet			

•  Edema	of	the	hands	and	feet	

•  Low	grade	fever	(<	38.5ºC),	
• Patchy	erythema	

• Pruritus	
•  Eye	pain	
• Conjunctival	injection	
• Dizziness	
• Myalgias	

• Posterior	lymphadenopathy	

• GI	symptoms	may	occur,	but	are	
less	frequent.	
	

• Mild	fever	of	102	F	(38.9	C)	or	
lower	

• Headache	
• Conjunctival	injection		
•  Enlarged,	tender	lymph	nodes	at	
the	base	of	the	skull,	the	back	of	
the	neck	and	behind	the	ears	

• A	fine,	pink	rash	that	begins	on	the	
face	and	quickly	spreads	to	the	
trunk	and	then	the	arms	and	legs,	
before	disappearing	in	the	same	
sequence-	often	pruriginous	

• Aching	joints,	especially	in	young	
women	
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Proposed clinical case definition for 
suspected Zika cases:  

Presence of rash, pruritus, 
conjunctival hyperemia, absence of 
fever, no petechiae, no anorexia. 
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Cerebral calcifications patient # 24 
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Gestational	age	at	the	time	of	infection		(weeks)	

Ultrasound	and	Doppler	Findings	in	Pregnant	Women	with	Confirmed	ZIKV	

N = 42 patients; 12 abnormal US across gestational ages 
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US sensitivity 49% 
and specificity 68% 
for association with 
adverse neonatal 
outcome. For Zika-
specific adverse 
outcome sensitivity 
was 22% and 
specificity 98%. 
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* 125 pregnancies with 
known outcomes; 117 
live births in 116 
pregnancies (one set of 
twins) 
 
** 1 ZIKA+ mother with a 
miscarriage was co-
infected with 
Chikunguya; 2 ZIKV- 
mothers with fetal 
demise were infected 
with Chikungunya  
 
*** 3 infants of ZIKV- 
mothers were SGA at 
birth; one was born to a 
mother with confirmed 
Chikungunya infection. 
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125 pregnancies- 46% adverse pregnancy outcomes 

Of 117 babies born alive, 42% found to have abnormalities 
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5% rate of structural 
birth defects in registry 

10% rate of structural birth 
defects in registry 

Dec 2016 

Early Release / June 8, 2017 / 66  

Hoen, et al.  

Structural CNS 
abnormalities 
reported at birth 7% 
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n = 58/125 (46%) 

9 Miscarriages/ Stillbirths (7.2%) 

n = 49/117 (42%) in 116 pregnacies with live births- 1 set twins 

4 microcephalies (3.4%)                           
2 proportional/ 2 disproportional 
 

29 Other CNS findings (25%)            
abnormal neurologic exam w/ or without CNS 
abnormal imaging 
 

15 Abnormal CNS imaging (13%)  

1 Small for gestational age alone (0.8%)   
  without CNS findings 
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Late fetal demise: Placental vascular 
involvement/  Focal necrotic vasculitis 

Dr. Elyzabeth Avvad Portari, IFF, Fiocruz- RJ 

Chronic villitis with fibromuscular sclerosis; marked  
thickening of the vessel wall 
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A normal, non-infected monocyte, 
an African Zika virus-infected cell 
and an Asian Zika virus-infected 

cell, from left to right  
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15% decline in birth rates in the city of 
Rio de Janeiro between September and 

December 2016 as compared to the 
prior year.  

Lag time between start of the 
outbreak and decline in live 

births is a median of 40 weeks 

Eye Findings in Congenital Zika Virus Syndrome 
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(A) Retinal pigment 
epithelium (RPE) 
mottling of the macula, 
left eye.  

(B) Optic nerve hypoplasia 
and punched out, extra-
foveal RPE atrophy, left 
eye.   

(C) Punched out, foveal RPE 
atrophy, right eye.  

(D) Optic nerve hypoplasia 
and excavated 
chorioretinal lesion with 
surrounding RPE 
mottling, right eye.  

Zin et al, Jama Pediatrics 

Eye abnormalities in 24/112 (21.4%) 
children with PCR-confirmed congenital 
infection, the most common findings 
being optic nerve hypoplasia and 
chorioretinal atrophy. 

Number (%)	 OR [CI]	
Microcephaly	 14/24 (48.3)	 19.1 [6.0-61]	
Other CNS abnormalities	 16/24 (66.7)	 4.3 [1.6-11.2]	
Arthrogryposis	 7/24 (29.1)	 29 [3.3-256]	
First trimester infection	 14/24 (58.3)	 5.1 [1.9-13.2]	
Second trimester infection	 8/24 (33.3)	 0.46 [0.18-1.2]	
Third trimester infection	 2/24 (8.3) 	 0.26 [0.056-1.18]	
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J AAPOS. 2018 Dec;22(6):452-456.e1. doi: 10.1016/j.jaapos.2018.07.352. Epub 2018 Oct 22. 
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•  10.8% incidence of structural heart defects in 120 infants with PCR confirmed ZIKV exposure, 10 x 
the rate observed in the general population.  

•  No severe cardiac defects noted. 
•  Cardiac defects most frequently found in infants whose mothers had rash and had 2nd semester 

infection and infants with abnormal CNS imaging, but not necessarily microcephaly.   
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•  Analysis of 125 women with PCR+ Zika 
•  No association between Zika virus load in blood and urine 
and severity of maternal symptoms. 
•  No association between Zika virus load and pregnancy 
outcomes. 
•  No association between severity of symptoms and 
pregnancy outcomes.  
•  No association between prior dengue (IgG+ at Zika 
symptoms) and pregnancy outcomes: 43/98 (44%) IgG+ and 
7/14 (50%) IgG neg with abnormal outcomes.  
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Neurodevelopment	of	exposed	children	are	not	included	in	
most	funding	opportunities	

	-	We	may	miss	the	window	of	opportunity	to	do	something	for	
these	children	

	-	We	need	to	consider	the	neuroplasticity	in	early	life	

	-	Program	of	early	stimulation	can	improve	quality	of	life		
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Monkey study suggests Zika infection in infancy 
could cause brain damage	

•  Checked teratogenic capacity of 4 
arboviruses: WNC, Powasan virus, 
CHIKV and Mayaro Virus. 

•  All 4 viruses caused placental infection. 
WNV and POWV caused fetal demise 
and replicated in fetal explants. 

WNV caused 
fetal CNS 

malformations 
in mice 

Chloroquine inhibits ZIKV 
entry in vivo and in vitro 
and protects against 
microcephaly in mouse 
embryos 
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Among 131 ZIKV in utero 
exposed children with 

imaging, 
neurodevelopmental and/ or 

sensory organ 
assessments, 19 (14.5%) 
were found to have severe 
neurodevelopmental delay 

(-2SD) and/ or sensory 
organ dysfunction. 

Moreira, Nielsen-Saines, Brasil et al.  
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Association between Neurodevelopmental Testing (Bayley III) at 12 
to 18 months and Imaging Results in Zika Exposed Infants                   

+ Other Hearing and Eye Findings 

Moreira, Nielsen-Saines, Brasil, NEJM, Dec 12, 2018 

Although a significant association was noted between normal brain imaging and higher Bayley-III scores, 
neuroimaging failed to predict developmental delay in 16% of children and normal development in 2% of 
cases.  

Follow-up of babies potentially exposed to Zika during 
pregnancy: 

1.  Careful	assessment	of	birth	measures:		
•  Head	circumference,	birth	weight	(10%	babies	SGA),	length	

2.  Continuous	monitoring	of	head	circumference	in	the	first	year	of	life	
(secondary	microcephaly	has	been	demonstrated).	

3.  Follow	development	and	feeding	closely-	some	babies	develop	feeding	
difficulties	later	when	primitive	reflexes	are	lost.	Neurologic	follow-up	
needed	in	the	first	year.	Some	babies	have	seizures.		

4.  Trans-fontanel	ultrasound	recommended	for	babies	where	mothers	had	
suspected	Zika	or	had	problems-	noted	not	only	calcifications,	but	also	
hemorrhages	seen	in	our	cohort,	and	brain	structures	missing	in	serious	
cases-	if	US	abnormal	needs	additional	imaging	

5.  Hearing	assessment	recommended-	hearing	loss	reported	

6.  Funduscopic	eye	exam/	low	threshold	for	echocardiogram		

7.  Testing	of	infant-	ZIKA	PCR	in	serum	and	also	urine-duration	of	viral	
shedding	unknown/	IgM	testing	of	serum/	when	CSF	obtained-	IgM	in	
CSF	

8.  Long	term	follow-up	needed	(at	least	2	years	of	age)	with	hearing	and	
evaluation	for	later	monitoring	for	possible	learning	disabilities.		
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41 cases of Zika and 56 cases of microcephaly as per 
the Angolan Ministry of Health reported in October 
2018. 
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