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ZIKA VIRUS (ZIKV)

m ZIKV is a single-stranded RNA virus of the Flaviviridae family,
Flavivirus genus (as DNV, YFV, JEV, WNV and SLE viruses).

m Two major lineages: African and Asiatic.
m Transmitted by arthropods, (Aedes genus).

m Other modes of transmission: transfusional, in utero and
sexual transmission (male and female partners who become infected

should use condoms for 6 months)'-2.

ZIKV was detected among Neotropical primates, anticipating
that they could act as reservoirs, similar to the sylvatic cycle of

yellow fever in Brazil Favoretto S et al. bioRxiv Apr. 20, 2016
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Clinical Manifestations

Asymptomatic presentations are frequent, but infection can
cause a broad range of clinical symptoms, presenting as a
“dengue-like” syndrome .

Fever, pruritic rash, arthralgia, conjunctival hyperemia. Other
symptoms include muscle pain, headache, edema of
extremities retro-orbital pain, and vomiting.

Comparison of symptoms for dengue fever. chikungunya, and Zika.
Clinique comparée de la dengue, du chikungunyva et du Zika.

Symptoms Dengue Chikungunya

0

++

++

0

++
Hepatomegaly 0 b 0
Leukopenia/thrombopenia +++ 0
Hemorrhage + 0 0

Adapted from Halstead, et al. and from the Yap State Department of Health
Services presentation.

loos et al. Médecine et maladies infectieuses 44 (2014)
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Laboratory Diagnosis

First symptoms
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Laboratory diagnosis by RT-PCR and serology (IgM and IgG) for Zika virus

« RT-PCR: During the first 5-7 days after the onset of symptoms,
(acute phase, viremic period) RNA can be detected in serum. In
urine ZIKV may persists longer.

« Serology (ELISA or inmunofluerescence): IgM or IgG can be
positive after 5 to 6 days following the onset of symptoms.

« Should be confirmed with neutralizing ZIKV antibody titers, at

levels =4-fold higher than those against dengue virus. (cross-
reactivity with other flaviviruses, especially dengue and yellow fever).

CDC, 2016




How Zika virus was introduced in Brazil?

2014 IVF Va“a World Sprint Four Pacific countries (French
ke Polynesia, New Caledonia, Cook
2011 CalgayCanada. W |slands, and Easter Island) in which
Wl ZIKV circulated during 2013-2014
8l had teams engaged in this contest.

ZIKV sequences obtained in Brazil
belonged to the Asian lineage and
showed 99% identity with a sequence
from a ZIKV isolate from French
Polynesia (KJ776791)

Campos et al. EID 2015

Phylogenetic and molecular clock analyses show a single introduction
of ZIKV into the Americas, estimated to have occurred between May-
Dec 2013. The estimated date of origin coincides with an increase in
air passengers to Brazil from ZIKV endemic areas, and with reported
outbreaks in Pacific Islands.

Faria N R et al., Science (2016).




Situacao Epidemiologica
In may 2015, autochthonous transmission was confirmed in Brazil.

In 2016, until week 32, Brazil reported 215,317 probable cases of

Zika, of which 130,701 confirmed.
Incidence of 105 cases/100.000 hab.? Mato Grosso, Tocantins,

Bahia e Rio de Janeiro
In 2017, only 1,320 cases confirmed until week 12 (incidence is 30

times lower comparing to 2016).
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MoH, Zika Webpage. 2017 Semana Epidemioclégica de Inicio de Sintomas




Epidemiologic Situation
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Global spread of Zika virus, 2016
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Regional climatic suitability as habitats for
A. albopictus and A. aegypti

Aedes aegypti

Much of central and
Mediterranean Europe is
¢ | potentially climatically suitable as
@ a habitat for A. albopictus.
- For A. aegypti, Mediterranean
~ | areas of Spain, France and ltaly
¥ as well as south-eastern Europe
could potentially be a suitable

i J

== habitat.

Climatic suitability of Dengue fever transmission
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Guillain-Barré Syndrome outbreak associated with Zika virus =@ ™ Q)
infection in French Polynesia: a case-control study

Van-Mai Cao-Lormeau®, Alexandre Blake*, Sandrine Mons, Stéphane “laudine Ro caVanhomwegen, Timothée Dub,
Laure Baudouin, Anita Teissier, Philippe Larre, Anne-Laure Vial, Christophe Decam, Valérie met, Susan K Halstead, Hugh | Willison, Lucile Musset,
Jean-Claude Manuguerra, Philippe Despres, Emmanuel Fournier, Henri-Pierre Mallet, Didier Musso, Arnaud Fontanet*, Jean Neil*, Frédéric Ghawché*

m Case control study providing evidence for Zika virus infection
causing Guillain-Barré syndrome.

m The incidence of GBS cases during the French Polynesian
outbreak was estimated to be 0.24 per 1000 Zika virus infections

m AMAN type, characterized by distal motor nerve involvement, the

absence of typical patterns and levels of anti-glycolipid antibodies.
(faster recovery).

Time between reported viral syndrome and
onset of neurological symptoms: 6 days (4-10)
Median age: 42 years (36—56)

Previous viral syndrome: (88%)

Duration of hospital stay: 11 days (7—20)
Duration of hospital stay for patients admitted
to intensive care: 51 days (16-70)

Lancet, 2016




NEW ENGLAND JOUBRNAL of MEDICINE

Zika Virus and the Guillain—-Barré Syndrome — Case Series
from Seven Countries

Cnlombia

m Significant increases in the
incidence of the Guillain—Barré
ﬂHﬂ syndrome compared with the
.l pre-ZIKV baseline incidence:

Case Series of ZIKV Disease and GBS Aligned to the Week of Peak Incidence ¢f ZIKV Disease

Bahia, Brazil (172%),

i Colombia (211%),
Dominican Rep (150%),

El Salvador (100%),
Honduras (144%),
Suriname (400%),
TR Y S o 7 Venezuela (877%)

Weeks from Peak of ZIKV Epidemic
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The incidence of the Guillain—Barré syndrome was 28% higher among males
than among females (rate ratio, 1.28; 95% CI, 1.09 to 1.50) and consistently

increased with age

Santos et al. NEJM 2016




In addition to its association with Guillain-
Barré syndrome, new data from endemic
areas suggests that ZIKV may be linked to
other neurological outcomes

m Acute Myelitis

Mecharles S et al. Lancet 2016

m Acute Disseminated Encephalomyelitis (ADEM)

Ferreira ML et al. Abstract at AAN, 2016




Guillain—-Barré Syndrome Associated
with Zika Virus Infection in Colombia

m Median age: 47 y (35-57)

Wk 32, 2015, to Wk 12, 2016

0 0-50 [ 51-100

- — ® Median duration of ZIKV
| infection symptoms: 4 days
(3-5)

m Median time from onset of
ZIKV infection symptoms to
onset of the GBS: 7 days (3—
10)

No. of Guillain-Barré Syndrome Cases

Parra B et al. NEJM, October 5, 2016




m In October, 2015 several pediatricians from the
northeast region started to observe a significant
increased number of newborns with a congenital
syndrome characterized by microcephaly and
other neurological malformations, without a

plausible cause.

m They postulated that those newborns could have
been infected in utero with ZIKV (a ZIKV
outbreak was occurring and several mothers
reported a febrile rash during pregnancy).
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Neurological findings include microcephaly, calcifications

: in the periventricular parenchyma and thalamic areas,

ventriculomegaly, lissencephaly with agenesis of corpus
callosum, cerebellar alterations and pachigyria.

Dr C Brito/KiEl












Typical Head Size Typical Head Size

Typicalhead size  Microcephaly Severe microcephaly

-Below average head size
Microcephaly -Sometimes failure of brain to grow at normal rate
-At birth head circumference less than 32 cm

FIGURE 2 | Association of ZIKV with microcephaly in pregnant mothers.




ZIKV Microcephaly Burden in Brazil

- By April/2017: 13,364 | Confirmed cases of microcephaly
suspected cases of and/or neonatal CNS alterations
microcephaly reported suggestive of congenital

infections

* 2,621 confirmed, with T,

211 lab-confirmed for —

ZIKV. " .
l o : f
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m Zika virus 1s highly neurotropic in
mice and no virus has been
recovered from tissues other than

the brains of infected mice

DICK GW, ZIKA VIRUS (II). PATHOGENICITY AND PHYSICAL
PROPERTIES. TROPICAL MEDICINE AND HYGIENE. 46 (5): 521-534.
No. 5. September, 1952




IgM ELISA for ZIKV in the

Zika  Dengue Zika Dengue Interpretation
virus  virus type virus  virus type

CSF of 30 neonates with e,

1day 206 2.9 2.4 Positive for Zikavirus

U — U lday 206 78 4.2 Zika virus cross-reacting
m I c roce p a y I n raZ I with dengue virus

1day 2 07 93 1.0 Positive for Zika virus

1day 2 17 163 34 Zika virus cross-reacting
with dengue virus

2days 6-2 15 Positive for Zika virus
2days : -9 27 Positive for Zika virus

m Samples of CSF and serum were o S st

2days 4 9 142 17 Positive for Zika virus

2 days 2 . Positive for Zika virus

tested for IgM specific for Zika virus |[Ees D o

3days - Positive for Zika virus

using capture ELISA based on CDC e 1 et

4days . ' -9 Positive for Zika virus

Emergency Use Authorization o woomn,

with dengue virus
7 days 9 0 2 Positive for Zika virus
prOtOCOl 7 days : 9 9 Positive for Zika virus
7 days -6 Positive for Zika virus

8 days 9 - : Positive for Zika virus

m Zika-specific IgM was detected in 30 [

11days 9 1 : 9 Negative for Zika virus

(97%) of 31 CSF samples and 1n 28

13days 15 ! 3 Positive for Zika virus

O 17 days 64 1 4 Positive for Zika virus
(90 A)) Of 3 1 Serum Samples . 17 days . . : Positive for Zika virus
22 days 4 : Positive for Zika virus

23 days 34 2 : Zika virus cross-reac
with dengue virus

36 days 2. 6 Positive for Zika virus
40 days 2. 11 . 0.8 Positive for Zika virus
ELISA values are patient optical densities divided by negative control densities (P/N);

values less than 2 were considered negative
CSF=cerebrospinal fluid.

equivocal, and more than 3 positive.

Table: 1gM against Zika virus and dengue virus in the serum and CSF of neonates

CO r'd e i ro M et a I . La n Cet , 2 O 1 6 with microcephaly, Pernambuco State, Brazil, 2015, by age (days) at testing
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BRIEF REPORT

Zika Virus Associated with Microcephaly

Jernej Mlakar, M.D., Misa Korva, Ph.D., Natasa Tul, M.D., Ph.D.,

Mara Popovi¢, M.D., Ph.D., Mateja Polj$ak-Prijatelj, Ph.D., Jerica Mraz, M.Sc.,
Marko Kolenc, M.Sc., Katarina Resman Rus, M.Sc., Tina Vesnaver Vipotnik, M.D.,
Vesna Fabjan Vodu3ek, M.D., Alenka Vizjak, Ph.D., JoZe PiZzem, M.D., Ph.D.,
Miroslav Petrovec, M.D., Ph.D., and Tatjana Av$i¢ Zupanc, Ph.D.
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Panel A shows numerous calcifications in various parts of the brain (some marked with arrows) and the dilated oc-
cipital harn of the lateral ventricle (Vp, marked with a measurement bar) as seen on transverse ultrasonography,
Panel B shows numerous calcifications in the enta. Panel C shows multifocal cortical and subcortical white cal-
cifications (arrows) and almost complete loss ration of the cortex, The basal ganglia are developed but poorly
delineated (black asterisks), and the sylvian fissures are widely open an both sides (arrowheads on the left). The
third ventricle is not dilated (white asterisk). Panel D shows dilated body of the lateral ventricles (white arrowheads); . . i K K
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Figure 1. Prenatal Ul hic Images and Pk phs of Coronal Slices of Brain.
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on electron microscopy. The complete genome of ZIKV was recovered from the NEJM. 2016

fetal brain. !




Pathology of congenital Zika syndrome in Brazil: a case series

lis Brasil Martines®

50 pm

igure 3: Case 4—histopathological and immunohistochemical findings of the placenta

Evidence that maternal ZIKV
infection during the first trimester
of pregnancy can result in
placental and fetal damage and
loss.

Lancet, August 2016




Association between Zika virus infection and microcephaly
in Brazil, January to May, 2016: preliminary report of a
case-control study

Cases (n=32) Controls (n=62) pvalue

RT-PCR orZika virus-specific IgM (cerebrospinal fluid or serum)
Pasitive 13 (41%) 0 <0-0001
Negative* 19 (59%) 62 (100%)

RT-PCR orZika virus-specific IgM (serum)

Positive 9 (28%) 0 <0-0001

Negative 23 (72%) 62 (100%)

Data suggest that the microcephaly epidemic 1s a result of

congenital Zika virus infection

Araujo T et al. Lancet Infect Dis 2016; 16: 1356-63




Zika virus in Brazil and
macular atrophy in a
child with microcephaly

m 3 infants with
microcephaly and
unilateral ocular
findings involving the
macular region.

Vbentura C. Lancet, 2016




A Time Lags between Exanthematous
lliIness Attributed to Zika Virus,
) Guillain-Barré Syndrome, and
Microcephaly, Salvador, Brazil
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Zika Virus Infection in Pregnant Women in Rio de Janeiro

116 ZIKV infected pregnant

women.
Abnormal clinical and/or

brain imaging findings in
42% of the live infants.

Figure 2. Pregnancy and Infant Outcomes According to the Week of Gestation at the Time of ZIKV Infection.

(55% of pregnancies had adverse outcomes after maternal
Infection in the first trimester, 52% after infection in the
second trimester, and 29% after infection in the third

trimester).

Brasil P et al. NEJM, 2016
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Prolonged Shedding of Zika Virus
Associated with Congenital Infection

Male, 2 months old. Born in 02/Jan/2016 at 40 weeks of gestation, with 3,095g;
48cm; HC 32.5cm. Mother reported a febrile rash around the 26t week of the
gestation. Her husband presented a similar disease 3 weeks earlier, after
returning from a trip to northeast Brazil.

>,

Positive results for ZIKV genome :
(PCR) in sera; saliva; urine and
plasma at 55 days and again at
70 days of life. IgM+ and IgG +

NEJM, 2016




This case report in intriguing since it brings to
discussion two key points:

1. The true burden of the congenital disease
associated with ZIKV is probably underestimated
assuming that it is likely that a significant proportion of
the affected newborns have subclinical manifestations
at birth, without microcephaly, preventing these infants

to be diagnosed by the current ascertainment
methods, at least until later stages of the childhood /
adolescence

2. If persistent viremia is present in these congenitally
Infected infants, can we expect further impact of the
virus on CNS, eyes, etc?




Why the occurrence of microcephaly and other neurological
congenital malformations related to maternal ZIKV infection during
pregnancy was not detected before the outbreak in Brazil?

In French Polynesia, the annual birth cohort
IS 4,000 newborns

Taking in account the baseline incidence of
microcephaly and assuming a 10-fold higher
incidence rate we would see only 4-8 cases per

In Brazil, the annual birth cohort is ~ 2.8
million newborns,
Capitals in the northeast are densely populated,

facilitating the identification of an increased number
of newborns with neurological malformations

Population in Brazil was naive to ZIKV, 100% susceptible to infection.
If ZIKV infection is associated with life long immunity, in places where the virus is
circulating for years, a proportion of the women in childbearing age is likely to be
previously infected, limiting the number of susceptible women.




Association between Zika virus and microcephaly in French
Polynesia, 2013-15: a retrospective study

Simon Couchemer, Monennegesnod Priscillic Bympaed, Timothée Duby, Prizco Coill armett o8 tur, Dermdnigre Bprodle Cuignot, Henrik Salje,

Maono D Van Keshove Vrdngue Aladie (othaiw Gord Arnoud Fostana®, Hem- Pieee Mol #*

Baseline Number of Risk ratio (95% CI)  p value® AlCcfor
prevalence of microcephaly model fitt
microcephaly per  cases per

S Sl The risk of microcephaly

period of risk

Trimester 1 95 (34-191) 534 (6:5-1061-2)  0-0007

e related to ZIKV infection

Trimesters1,2,  2(0-) 42 (13-86) 208 (21-4241) 0-0032 273
and 3

Trimester 2 4(0-12) B4(12-106)  232(14-4078) 0.0 576 WaS ~ 1 % fo r WO ' l n
Trimesters 2 4(0-13) 53 (0-135) 11.9 (0-177.5) 0.05 767

and 3

Trimester 3 10 (3-18) 0(0-251) 0(0-49:3) 10 1143

e om e o S infected in the first

Six scenarios were considered for the "period of risk” during pregnancy when infection of the mother with Zika virus
might increase the risk of microcephaly. A last scenario assumed no association between infection and microcephaly.

(]
AlCc=Akaike information criterion with a correction for small sample size. * Compared with no asseciation. TQuality of
fitincreases with decreasing value, with differences in values =4 indicating substantial improvement in fit* .

Table 2: Prevalence and risk of microcephaly associated with Zika virus infection for different periods of
risk during pregnancy

Lancet, 2016 Published online March 15, 2016




Table 3. Countries and territories reporting microcephaly and/or CNS malformation cases
votentially associated with Zika virus infection
Number of microcephaly and/or CN5S
Reporting country or  malformation cases suggestive of congenital Zika Probable location of
territory infections or potentially associated with a Zika infection
virus infection
Brazil 1857 Brazil

Cabo Verde Cabo Verde

Canada Lndetermined

Costa Rica Costa Rica

Colombia Colombia

Dominican Republic Dominican Republic

El 5alvador El Salvador

French Guiana French Guiama

French Palynesia French Polynesia

Haiti Haaiti

Honduras Honduras

Marshall Islands Marshall Islands

Martinigue Martinigque

Panama Pamama

Paraguay F'ara_gua'.r

Puerto Rico Puerto Rico

Slovenia Brazil

Colombia, Venezuela

spain (Bolivarian Republic of]

Suriname Suriname

United States of America* Undetermined**




Hearing Loss in Infants with Microcephaly and Evidence
of Congenital Zika Virus Infection —
Brazil, November 2015-May 2016

Among 70 infants with microcephaly and laboratorial evidence
of congenital ZIKV infection , 4 out of 69 (5.8%) presented
neuro-sensorial hearing loss without other possible causes.
Trend to increased risk in women infected during the first
trimester of pregnancy and in more severe microcephaly
cases

MMWR Morb Mortal Wkly Rep 2016;65:917-919




Pot

ential therapeutic interventions

m Chloroquine exhibited antiviral activity against ZIKV 1n

VERO,
stem cel

m Chlorog

human brain microvascular endothelial, and neural
Is.

uine reduced in vitro the number of ZIKV-

infected

| cells, virus production and cell death promoted by

ZIKV infection without cytotoxic effects

Delvecchio R et al. bioRxiv, May. 2, 2016



Broadly Neutralizing Activity of Zika Virus-Immune
Sera Identifies a Single Viral Serotype

e il ® Necutralization studies with

convalescent ZIKV-
immune sera identify a
single serotype

.. Se;;mildﬁuti-:ﬁ.r j B InfeCtiOn With a Single

JE y ZIKYV strain elicits broadly
: ]l neutralizing antibodies

Alrican Asian South
Amerlcan

Meutralization fiter

m Strain selection may not be
Neutralization studies identify a single serotype of a Crltlcal parameter for
Zika virus (ZIKW) .
ZIKYV vaccine development

Cell Reports 76, 14851481, August 9, 2016




Vaccines

v DNA-based vacines (NIH)
v Inactivated vacines
v’ Live attenuated, chimeric vaccines

SCience RESEARCH ARTICLES

Cite as: Abbink et al., Science
10.1126/science.aah6157 (2016).

Protective efficacy of multiple vaccine platforms against
Zika virus challenge in rhesus monkeys

urgent global health priority. Here we demonstrate that three different vaccine platforms protect against
ZIKV challenge in rhesus monkeys. A purified inactivated virus vaccine induced ZIKV-specific neutralizing
antibodies and completely protected monkeys against ZIKV strains from both Brazil and Puerto Rico.
Purified immunoglobulin from vaccinated monkeys conferred passive protection in adoptive transfer
studies. A plasmid DNA vaccine and a single-shot recombinant rhesus adenovirus serotype 52 vector
expressing ZIKV prM-Env also elicited neutralizing antibodies and completely protected monkeys against
ZIKV challenge. These data support the rapid clinical development of ZIKV vaccines for humans.




Key points

v' Co-circulation of dengue, zika and chikungunya occurred
for the first time in Brazil.

v' The only intervention currently available to decrease the
burden of ZIKV disease and other arboviruses is mosquito
control, which, for Aedes spp mosquitoes has been
unsuccessful in our setting.

v" The true burden of the congenital disease associated to
ZIKV is probably underestimated

v" The potential teratogenicity of the ZIKV was established in
Brazil for the very first time.

v We still have unanswered questions: the role of co-
infections, previous infections and other risk factors in the
neurological outcomes and for congenital disease.

v' Case-control and cohort studies are on going to address
these issues
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