Emergence of Congenital Zika Syndrome
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Overview

Introduction of Zika into the Americas
What is congenital zika syndrome?

Does risk and severity vary across and
within populations?

How do you screen for and diagnose
congenital zika syndrome?

Questions and future challenges
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VA'CRYIS

SS +sense RNA virus
» Genus Flavivirus (DENV, YFV, WNV)
» High serologic cross-reactivity

1° transmission is mosquito-borne
» Aedes genus, including A. aegypti
» Documented sexual transmission

Limited to sylvatic setting
> |solated in 1947
» Sylvatic Aedes, non-human primates
» <20 human cases before 2007

Global pandemic and introduction
to the Americas in 2015

Spread of Zika Virus: 1947-2016

2004

;J-"‘jﬁDecad es Ago _

Outbreaks
Serologic evidence

|| Virus detection or confirmed human case Adapted from Weaver S, Antiviral Res, 2016

“Perfect Storm”: Global Distribution of Aedes aegypti
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Timeline of the Zika Outbreak in Salvador, Brazil

Outbreak of Exanthematous
Feb-Jun 2015: Outbreak of Illness Associated with Zika,

TN R C NN EIGIER [N Chikungunya, and Dengue
Viruses, Salvador, Brazil

Mar 2015: Zika detected Cristiane W. Cardoso,' Igor A.D. Paploski,’

Mariana Kikuti, Moreno S. Rodrigues,

! ] Monaise M.O. Silva, Gubio S. Campos,
AD”I'JUI 2015: CIUSter Of GBS Silvia |. Sardi, Uriel Kitron, Mitermayer G. Reis,

Guilherme S. Ribeiro

Jul-Set 2015: Obstetricians

identified abnormalities on Pl O semensconnn
routine UTS of pregnant women jas

Oct 2015: Increase detected of
newborns with microcephaly

1 15 1 L] ] 12
Feb Mar ar May

Date of medical care, 2015

Sarno Uts Ob Gyn, 2016



Grfico 1 - Distribuigio dos casos notificados de microcefalia e/ou alterasdes do SNC, por més de notificagio, segundo regides. Brasil, 2015 e
2016

. - - c 5 BRIEF REPORT .

Microcephaly Epidemic in Brazill -\ 10441 suspected microcephaly
| » 2,228 clinically confirmed

Zika Virus Associated with Microcephaly >437 laboratory confirmed

Case Reorts Jernej Mlakar, M.D., Misa Korva, Ph.D., Nata%a Tul, M.D., Ph.D.
. = Mara Po M.D., Ph.D., Mateja Polj&ak-Prijatelj, Ph.D., Jerica Mraz, M.Sc
Zika detected fetuses w/ abnormalities & atarina Resman Rus, M.Sc. Tna Vestaver Viponik, M.

(OI|Ve|ra |\/|e|0, U'[S Ob Gyn 2016) -I”I|| yslav F‘_.;'-::x-%-: I‘1 D. Ph IZ.ZI ar_-lfl-_at_-.'-\r'a AJ-;s Z_J_-:.-ar':: Ph.D.

RESEARCH ARTICLE

Aborted fetuses, stillbirths Zika Virus Infection and Stillbirths: A Case of e ot e e
(Mlakar, NEJM, 2016, Martines, MMWR 2016) CASOS NOTIFICADOS (1.775 municipios)

Hydrops Fetalis, Hydranencephaly and Fetal

» Hydrops fetalis and fetal demise Demise

Manoel Sarno'2, Gielson A. Sacramento?®, Ricardo Khouri®, Mateus S. do Rosario’,
(Sal’n o, P LOS NRED) - 2016) Federico Costa®®*, Gracinda Archanjo, Luciane A. Santos®, Nivison Nery, Jr.3,
Nikos Vasilakis®, Albert I. Ko®**, Antonio R. P. de Almeida'~

ORIGINAL ARTICLE

Epidemiological Studies

* 29% adverse fetal outcomes Zika Virus Infection in Pregnant Women
(Brasil, NEJM, 2016) in Rio de Janeiro — Preliminary Report

Patricia Brasil, M.D., Jose P. Pereira, Jr., M.D., Claudia Raja Gabaglia, M.D.,

. o Luana Damasceno, M.S., Mayumi Wakimoto, Ph.D., Legenda
1% risk of microcephaly after 15t Rita M. Ribeiro Nogueirs, M.D,, Patica Carvalho de Sequeira, Ph.D.
. André Macha queira , Liege Abreu de lho, M.D Casos notificados
trlmester eXpOSU re (Cauchemez Lancet 2016) C = Cotrim da Cu rl|u M.D., Guilherme A. Calvet, M.D 1 caso (763 municipios)
! ! izabeth S. N I_J , Maria E. Moreira, M.D., Ana E. Rodrigues Baiao, M.D., 2 a5 casos (690 municipios)
Paulo R. sar de C o, M.D., Carla Janzen, M.D., B 6 ou mais casos (322 municipios)

OR 56 for association of Zika and e

1->aines

m ICrocephaIy (de Aradjo, Lancet ID, 2016) Association between Zika virus infection and microcephaly 4

)

in Brazil, January to May, 2016: preliminary report of a
case-control study SPECIAL REPORT

Causal Association with Birth Defects S ———

.ﬂj' o ;_‘- ek, Maria de s ? \ Zika Virus and Birth Defects — Reviewing the Evidence
(Rasmussen, NEJM 2014) ¥ vl Pinto Brandia i, Mal TendrioCodere ez Do o for Causality

a
orres Azevedo Marque sjulol C IMOH Tu chi Martelli, on Eshmfa{u vestigators from Fc\‘lr roc E’phl\}Epid emic F‘E’ search
merican Health Or ganization, Instituto de Medicina Int gmuProfﬂ sor Fernando Figueira, Sonja A. Rasmussen, M.D., Der se J. Jamiesor

Ph.D., M.P.H., and Lyle R




Zika in Infants and Pregnancy (ZIP)

Brazil-Yale Studies on Zika Study |

M Sponsored by NIH and Oswaldo
Cruz Foundation (Fiocruz) of '

Microcephaly outbreak investigation in Salvador Brazil
> Enrolled and following >1000 mother-newborn pairs  Droghamt woman " study 01 10,000

» RIisk factors and prognosis for CZS B Following women for incidence of
Zika infection

B Following infants through at least
one year of age

Prospective studies of Zika-exposed pregnant _
. , ) B Key endpoints: pregnancy
women in Sao José do Rio Preto outcomes, congenital anomalies,

other developmental abnormalities
AS Fauci/NIAID

Fiocruz-Yale Community Site

NIH-Fiocruz ZIP Study e s\ L gt IR
> Nine international sites S Rt e WS S|
» 10,000 pregnant women in 15t trimester

Community-based cohort studies in Salvador
» Following 2,400 slum residents

» Transmission dynamics

» Role of pre-exisiting flavivirus immunity




What is Congenital Zika Syndrome?



Investigation of the Microcephaly

Outbreak in Salvador, Brazil
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Microcephaly Cases: Presentation at Birth

Characteristics No. No. (%) or
median (IQR)
Gestational age (wk) 40 39 (38-40)
Axial hypertonia 33 19 (58)
Uncoordinated swallowing 40 8 (20)

Lower extremity arthrogryposis 40 7 (18)

Talipes equivarus 40 3 (8%)
Abnormal OAE 31 14 (45%)
Ocular lesions 33 14 (42%)
Seizures 40 5 (12%)

In-hospital death 40 3 (8%)




Microcephaly Cases: Presentation at Birth  |&#

Original Investigation
Ocular Findings in Infants With Microcephaly
Associated With Presumed Zika Virus Congenital Infection

Characteristics No. No.(%)or  K—

nedian (IR
Gestational age (Wk) 40 39 (38-40) | R .
Axial hypertonia 33 19 (58) ; %
Uncoordinated swallowing 40 8 (20) A ;!
Lower extremity arthrogryposis 40 7 (18) ‘t ' ?
Talipes equivarus 40 3 (8%) @ . 3
Abnormal OAE 31 14 (45%) A
Ocular lesions 33 14 (42%) il
Seizures 40 5 (12%)

In-hospital death 40 3 (8%)




Findings Total (N=38)
Ventriculomegaly 34 (89%)
Subependymal cysts 14 (42%)
Parenchymal calcifications 35 (92%)
Subcortical 32 (84%)
Periventricular 12 (32%)
Basal ganglia 24 (63%)
Thalamic 17 (45%)
Brainstem 12 (32%)
Stippled 31 (82%)
Laminar 12 (32%)
Simplified gyral pattern 31 (82%)
Corpus callosum dysgenesis 24 (63%)
Reduced cerebellar volume 10 (29%)




Microcephaly Outbreak in Salvador, Brazil

Estimated Risk for

Case-Control Investigation
Vertical Transmission and Acquiring CZS

414 Live Births, 31/10/2015 - 09/01/2016 Pregnant women
/ during outbreak
— 1
62 (15%) with microcephaly 352 (85%) without microcephaly i 59.3 exposures per 100 women
— ‘\ | Zika-exposed
40 (65%) with |J| 17 (27%)without | | 5 (8%) othe /| pregnant women
1
suspected CZS suspecied CZS causes ! i 25.5 VT events per 100 exposures
S 16.3 cases per | -
23/38 (61%) 0/6 (0%) 3/77 (4%) 100 Iivebirtﬁs : Zika-exposed ? > Feta_l Io_SS
ZIKV IgM+ ZIKV IgM+ ZIKV IgM+ : fetuses and stillbirths
\ ? ?
\ A
0 0
100% of 34 mothers 55% of 45 mOthe'_‘S_ ‘\ Infants with CZS Infants with CZS
had ZIKV neutralizing and microcephaly without microcephaly

had ZIKV neutralizing

antibodies antibodies

Suspected cases: 9.7% total births
* 61% ZIKV IgM in cord blood
* 13% ZIKV RNA detected



Annals of Internal Medicine IDEAS AND OPINIONS

Emergence of Congenital Zika Syndrome: Viewpoint From the Front

Lines

Federico Costa, PhD; Manoel Sarno, MD, PhD; Ricardo Khouri, PhD; Bruno de Paulo Freitas, MD; Isadora Siqueira, MD, PhD;
Guilherme 5. Ribeiro, MD, PhD; Huge C. Ribeiro, MD; Gubio S. Campos, PhD; Luiz C. Alcdntara, PhD;
Mitermayer G. Reis, MD, PhD; Scott C. Weaver, PhD; Nikos Vasilakis, PhD; Albert |. Ko, MD; and Antonio Raimundo Almeida, MD

« High Zika exposure rates (60%) during the epidemic

 High rates of vertical transmission (25%) and severe
outcomes (16%) in Salvador and Northeast Brazil

* Distinct from other congenital infections
» Pathology restricted to CNS & placenta in contrast with TORCHS
» Severity and specific lesions (ocular, arthrogryposis, cysts)

* Prognosis is likely to be poor.

"% Congenital Glaucoma
De Freitas, Ophthalmology, 2016

Cal’

Onset of Seizures after Birth
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Does Risk and Severity of CZS Vary
Across and Within Populations?



SITUATION REPORT Table 3. Countries and territories that have reported microcephaly and/or CNS
malformation cases potentially associated with Zika virus infection

Number of microcephaly and/or CNS malformation
Reporting country or territory  cases suggestive of congenital Zika virus infections or
potentially associated with a Zika virus infection

World Health

Organization ZIKA VIRUS

MICROCEPHALY
GUILLAIN-BARRE SYNDROME

2 FEBRUARY 2017
DATA AS OF 1 FEBRUARY 2017

Probable location of
infection

Figure 1. Cumulative number of countries and territories by WHO region1 reporting
mosquito-borne Zika virus transmission for the first time by year (2007-2014), and by

month from 1 January 2015 to 1 February 2017
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El Salvador

El Salvador

French Guiana

French Guiana

French Polynesia

French Polynesia

Grenada

Grenada

Guadeloupe

Guadeloupe

Guatemala

Guatemala

Haiti

Haiti

Honduras

Honduras

Marshall Islands

Marshall Islands

Martinique

Martinique

Nicaragua

Nicaragua

Panama

Panama

Paraguay

Paraguay

Puerto Rico

Puerto Rico

Slovenia

Brazil

Spain

Colombia, Venezuela
(Bolivarian Republic of)

Suriname

Suriname

Thailand

Thailand

Trinidad and Tobago

Trinidad and Tobago

United States of America

Undetermined**

Viet Nam

Viet Nam

**The probable locations of three of the infections were Brazil {one case), Haiti (one case) and Mexico, Belize or Guatemala (one case).

MICROCEFALIA - GUINE-BISSAU, ASSOCIACAO COM O VIRUS ZIKA, CASOS CONFIRMADOS
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Uma mensagem / Una mensaje / de ProMED-PORT Data: Terga-feira, 05 de dezembro de 2016
A Guiné-Bissau registou 11 casos de microcefalia em recém nascidos desde o

inicio do ano

[2016] provocados pelos virus Zika,
hoje o diretor do Instituto Nacional de Saude do pais,

Dengue e chikungunya,
Pl4dcido Cardoso.

anunciou

10/5/2016 Thailand reports first wo cases of Zika birth defects | Global development | The Guardian

defects

Two babies born with ‘small heads' are first confirmed cases of microcephaly linked to the mosquito-borne

Zika virus in south-east Asia

guardian

Thailand reports first two cases of Zika birth




B Suspected Cases of ZIKV Infection, Guillain—Barré, and Microcephaly in Northeast Region

Variation in Severity and Risk
of Zlka Congenital Syndrome

ZIKV infection === Microcephaly
Guillain—Barré
10,000

Wk

8,000

nd Microcephaly per Wk

of Guillain—Barré per

Rio de Janeiro cohort (NEJM, 2016)

» 42% with adverse outcomes after symptomatic iliness
» 3% microcephaly among 117 live births

6,000

Cases

4,000

of ZIKV Infection a

o. of Excess

2,000

of Cases
N

-]
=z

Surveillance in Colombia (NEwm, 2016)
» 4 cases of microcephaly and no defects among ~600
newborns of women exposed in 3" trimester

0

At Birth

Surveillance In US (MMWR, 2017)
» 10% of 250 infants with Zika-associated birth defects

Smaller numbers of microcephaly cases as the
epidemic spread in Brazil in 2016 (NEJM, 2016)

Increasing reports of CZS in infants without
microcephaly and with less severe findings

MMWR, 2016



Reported Cases in Population

110 -
100 -
90 -

Prospective Study of Pregnant Women with Confirmed Zika Infection
S&o0 José do Rio Preto Outbreak, February-June, 2016

Timeline of the Outbreak

Suspected (pregnant )
s 1 = Confirmed (pregnant Q)
\ ==="-Suspected (pop.)
Confirmed (pop.)

-...__‘

1 3 5 7 9 1113 1517 19 21 23 25 27 29 31 33
Epidemiological Week

Population 442,548
1,674 pregnant women
54 confirmed Zika cases

- 30

- 25

Cases in Pregnant Women

No. Newborns

Exposure during Gestation

Without adverse birth outcomes
® With adverse birth outcomes

5 7 9 11 13 1517 19 21 23 25 27 29 31 33 35 37 39
Gestational week of ZIKV Exposure

Pl: Mauricio Nogueira, Faculdade de Medicina

140

120

[N
(=3

Timeline of Births

i rths from Zika infected mathers

=== Births in the City

1 3 5 7 9 11 13 15 17 19 21 23 25 27 2% 31 33 35 37 39 41 43 45 47 49 51 53

Epidemiological Week

de S&o José do Rio Preto (FAMERP)

o



Infant Outcomes of Zika-Exposed Pregnant Women, Sao Jose do Rio Preto
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Lenticulate vasculopathy Souza, CID 2016

Rates
28% (15/54)
25% (1/4)
15% (4/26)
42% (10/24)
35% (18/51)
53% (8/14)
25% (10/40)

Outcomes
Adverse birth outcomes
1st trimester exposure
2nd trimester exposure
3rd trimester exposure
ZIKV detected at birth
With adverse outcomes
Without adverse outcomes

Less severe presentations of CZS (N=15)

No adverse fetal outcomes

No microcephaly cases among newborns

Abnormal OAE (6)

Choroidoretinal atrophy (2)

Subependymal cysts, lenticulostriate vasculopathy (7)
Intracranial bleed (1)

VVVYVYVYVYY



Factors That May Influence Vertical Transmission and Clinical Outcomes?

« Strain-specific factors
» African vs Asian genotypes

» Exposure-related factors
» Herd immunity
» Timing of exposure during gestation
» Mosquito vs sexual exposures
» Symptomatic vs inapparent infections

* Host factors
» Cofactors: nutrition, co-infections
» Maternal and fetal innate response
» Transfer of maternal antibodies

* Prior flavivirus exposure protects

or enhances Zika infection?

» Implications for vaccine development

» No clinical correlates to date for
enhancement

Dengue Antibody
and Zika: Friend or
Foe?

Anna P. Durbin®*

Zika virus is a mosquito-borne Fla-
vivirus related to dengue that is
rapidly spreading through the
Americas. This outbreak is occur-
ring in dengue-endemic areas
where the population has acquired
antibodies to dengue. Recent stud-
ies reveal that preexisting dengue
antibodies may have opposite
effects on Zika infection, transmis-
sion, and clinical outcome. Dis-
cerning these effects is critical to
a better understanding of Zika
pathogenesis and the prevention
of future outbreaks.

Structural basis of potent Zika-dengue

virus antibody cross-neutralization

Dengue Virus Envelope Dimer Epitope Monoclonal Antibodies
Isolated from Dengue Patients Are Protective against Zika Virus

J. A. Swanstrom,a J. A. Plante,2 K. 5. Plante,? E. F. Young,a< E. McGowan,® E. N. Gallichotte,a¢ D. G. Widman,a M. T. Heise b:c
A. M. de Silva,® R. S. Baric®°©

Dengue virus sero-cross-reactivity drives antibody-
dependent enhancement of infection with zika virus

Enhancement of Zika virus pathogenesis by preexisting
antiflavivirus immunity

Susana V. Bardina,'* Paul Bunduc,'* Shashank Tripathi,"** James Duehr,'* Justin J. Frere,' Julia A. Brown,'
Raffael Nachbagauer,' Gregory A. Foster,” David Krysztof, * Domenico Tortorella,' Susan L. Stramer,” Adolfo
Garcia-Sastre,"**} Florian Krammer,'} Jean K. Lim'}




How Do You Screen for and Diagnhose
Congenital Zika Syndrome?



Diagnostic Needs for Zika Clinical Decision Making

« Acute disease and sequelae
» Acute iliness
» GBS and atypical neurological manifestations

 Blood bank security (cost, ~US$8 per unit)

« Congenital zika syndrome
« Counseling women of childbearing age
« Symptomatic illness during pregnancy
« Asymptomatic exposure during pregnancy
* Newborns with in utero exposure to Zika
* Infants exposed during gestation but not diagnosed at birth



Lack of Adequate Zika Diagnostics

Viral isolation: Limited to research purposes

RNA detection: 12 EUA approved kits in US

» Viremia not be prolonged in pregnant women
» Low sensitivity in newborns

IgM ELISA: Anti-whole virus, NS1 and E
» Low specificity with prior flavivirus exposure
» Low sensitivity (60%) in newborns
» Sensitivity lower for 18t trimester exposures

|gG assays: None approved

Plaque reduction neutralization titers (PRNT)
» Few laboratories can perform this assay
» Unclear specificity in dengue endemic regions

FIGURE. Updated interim guidance: testing and interpretation recommendations**5% for a pregnant woman with possible exposure to Zika

virus** — United States (including U.S. territories)

Assess for possible Zika virus expo:
Evaluate for signs and symptoms of Zi

« Symptomatic : <2 weeks after symptom onset, or » Symptomatic: 2-12 weeks after symptom onset, or
« Asymptomatic and NOT living in an area with active - Asymptomatic and NOT living in an area with active Zika virus
Zika virus transmission: <2 weeks after possible exposure transmission: 2—-12 weeks after possible exposure, or
- Asymptomatic and living in an area with active Zika virus
transmission: first and second trimester
Zika virus rRT-PCR
(serum and urine)
Zika IgM and dengue
virus IgM (serum)

Positive Zika virus rRT-PCR
(serum or urine): Recent
Zika virus infection Dengue virus IgM Zika virus IgM positive or Zika virus IlgM

positive or equivocal equivocal and any result and dengue virus
and Zika virus IgM on dengue virus IgM: IgM negative:
negative: Presumptive | | Presumptive recent Zika No recent Zika
denguevirus infection | | virus or flavivirus infection | | virus infection

- Symptomatic: Zika virus IlgM and
dengue virus IgM

+ Asymptomatic and NOT living in an
area with active Zika virus

transmission: Zika virus IgM Reflex Zika virus rRT-PCR
2-12 weeks after possible exposure (serum and urine)

Zika virus IgM and dengue Zika virus IgM or dengue virus IgM Negative Zika Positive Zika virus
virus IgM negative: No recent positive or equivocal: Presumptive virus rRT-PCR rRT-PCR on serum:
Zika virus infection recent Zika virus or dengue virus or

e > (serum) Recent Zika virus
flavivirus infection

infection

Zika virus PRNT =10 and Zika virus PRNT =10 and dengue virus Zika virus PRNT <10:
dengue virus PRNT <10: PRNT =10: Recent flavivirus infection, No recent evidence of
Recent Zika virus infection specific virus cannot be identified Zika virus infection



Suspected Zika cases, 2015-2017, PAHO

Congential Zika Syndrome: Questions

Why risk and severity varies significantly across
regions and within populations? Prior dengue
exposure?

Lack of diagnostics is the key barrier to mounting
effective screening & counseling.

New antivirals will be difficult to evaluate.

No effective prevention:
» Several vaccine candidates in clinical trials
» Use of monoclonal antibodies for prophylaxis?

Will Zika return to regions that experienced
epidemics due to herd immunity?

There remains large populations of susceptible
women of child bearing age in the Americas and
likely in Asia and Africa.




Salvador Zika Response Team
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