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Zika virus: Discovery
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Zika virus: Discovery

Rockefeller Foundation dedicated to arbovirus
discovery 1947 (sentinel macaque),

1948 (mosquito),
1954 (human)

Adapted from Nation: y
presentation by R. Rosenberg
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Zika virus: Genetics

A member of the Flaviviridae family of RNA viruses

Genome is single positive strand of RNA ~ 10,600
nt Transmitted by mosquitoes

Virus particle contains a lipid bilayer, one genome
RNA, and three distinct types of viral proteins, : 1.
E - envelope protein 2. M - membrane protein/prM
— premembrane protein 3. C - capsid or core
protein

Adapted from National Academy
presentation by R. Kuhn
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Zika virus: Genetics

Zika virus: Genetics
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Pattas mollkev

Primates  Vervet mcnkey
Rijggeous patas Chlorocebus sabaeus
(wadi or hussar monkey)

Rodents?

gerbils, Tutex indica,
jirds, Meriones hurriunue
a Sheep and goats?,

Ae. aegypti
Ae. africanus, Ae. apicoargenteus, Ae. dalzleh Ae. albopictus
Ae. furcifer (Inc males), Ae. hirsutus, Ae. luteocephalus, Ae. hensilli 2
Ae. metallicus, Ae. unilinaetus, Ae. vitattus.

ZIKV Getting to the Americas
1947 to 2014

Anopheles coustani, An. gambiae s.|
Mansonia uniformis, Culex perfuscus
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Zika virus: Spread

1947
Discovery

S Adapted from National Academy
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Zika virus: Spread

1947 1954 1954-2007
Discovery 1* Human Asia
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Zika virus: Spread

1947 1954
Discovery 1* Human
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Zika virus: Spread

Yap Island,
Federated States of Micronesia

1947 1954-2007 2007
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Zika virus: Yap Island Zika virus: Yap Island (2007)

The NEW ENGLAND JOURNAL of MEDICINE

|| ORIGINAL ARTICLE ”

Zika Virus Outbreak on Yap Island,
Federated States of Micronesia

Mark R. Duffy, D.V.M., M.P.H., Tai-Ho Chen, M.D.,
W. Thane Hancock, M.D., M.P.H., Ann M. Powers, Ph.D.,

Jacob L. Kool, M.D., Ph.D., Robert S. Lanciotti, Ph.D., Moses Pretrick, B.S.,
Maria Marfel, B.S., Stacey Holzbauer, D.V.M., M.P.H.,
Christine Dubray, M.D., M.P.H., Laurent Guillaumot, M.S., Anne Gri

Martin Bel, M.D., Amy J. Lambert, M.S., Janeen Laven, B.S., C
Amanda Panella, M.P.H., Brad ). Biggerstaff
and Edward B. Hayes, M.D.
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Zika virus: Yap Island Zika virus: Yap Island

T T— L e

49 conflr_med and 59_pr<_)bab|e cases of Zika virus disease. Aedes hensillas a Potental ector of Chikungunya and_ @
Most patients had mild illness. Zika Viruses

Rash, fever, arthralgia, and conjunctivitis were common
symptoms. No hospitalizations, hemorrhagic

manifestations, or deaths due to Zika virus were reported. o e e e s 2 0 i e
Estimated that 73% of Yap residents 3 years of age or AT S T R T e
older were infected with Zika virus (more than 900 people e
in total). TmEmLTE IS \/|RUS INFECTION | DISSEMINATION
= RATE RATE
The mosquito vector was not identified but Aedes hensilli ;f‘_::______ﬁ _____ = z:?(UNGUNYA ::: :Z;{'
was the predominant mosquito species identified. —— =
DENGUE 20% 17%
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Zika virus: Spread Zika virus: South Pacific Outbreaks

2013 — French Polynesia
* Estimated 28,000 (11% population)

— clinically similar to Yap, but...
* First suspect association Guillan-Barré syndrome
+ 2015 retrospective case review: increase in
microcephaly

» 2014 — New Caledonia, Cook Islands, Solomons,
Easter Island
* Asian genotype — Yap, Cambodia

1947 1954-2007 2007-2014
Discovery Asia Pacific

Adapted from National Academy
presentation by R. Rosenberg

Adapted from National Academy
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Zika virus: Perinatal transmission Zika virus: Guillain-Barre
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Detection of Zika virus in saliva
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Zika virus: Spread Zika Virus in Brazil, May 2015
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Zika Case Distribution: February
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Cope Verde &
[t cozat
Virus Is In The PusaBis oo
: [ Hoii
Americas StV
Countries and territaries Honduros Aﬂrﬂ
with COC trawel alerts Gavtemalo . “-I
related 1o the Tika virus Biohodor ri‘-:
P Venenasts ) "‘L
feame
Tika virus is transmisted: b Frnct
fokadr

y mosquitos of the Aedes genus
The same masquitos that sprecd Brast
\\ dergie e chkngunyn vinaes

4tamon Sothne
lisksnet in
From mother to child the Pocie] r

s rave, but o woman infected
writh ik e s thie viress b
b chald during bivth, ar passibly
o the fetus during pregnancy.

Passibly theough bload or sexal contact
Thwia vk 72 nod confirmed,

UNIVERSITY

Zika virus: Up to four million
Zika cases dicted

®CBSNEWS

Treno 10 foue

poopia could be
s in the

youe, the Worid Mealth
ot (WHO) prodiets.

UNIVERSITY

Zika ™ . Zika-linked WHO
losively,” global declares global emergency
health experts drecep ereci
wat P aT
Watchdog questions b A dineasa bnkod 1o he Zika vins =
Woundad Warrior Project’s Latin Amarica poses a global public

outlays

10 METES 460

Pealih emargency requrng & united
Ferspanes, sy the Workd Health
Organization

Zika virus: Human infections

ial Sexual Tr

ission of Zika Virus

Dies Mo, Chossies Rischa, [l B, Tiwnn Wi, Aaits Totouier, Yt Ml 0 L o




DO 103201401709, 101939
Suppested cilation for thiz article: Foy BD, Kebylinski KC, Foy JLC, Blitvich BJ, Travassos da
Rosa A, Haddow AD, et al, Probable pnon-vector-borne transmussaon of Zika virus, Colorado,

USA. Emeng Infect Dis. 2011 May, [Epub abead of prin]

Probable Non-Vector-borne Transmission 2 O 1 6 I n U S

of Zika Virus, Colorado, USA

Enan 0. Foy, Kevin C. Kobylinskl, Joy L. Chitson Foy, Bradiey J. Bitvich,
Amelia Travassos da Rosa, Andrew D. Haddow, Robert S Lanciotti, and Robert B. Tesh
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Zika virus; First case in US January 11, 2016 First sexually transmitted case in US February 2, 2016

First Zika Virus Case in Continental United States USATODAY
Cenfirmed in Texas

Texas reports first case in the USA of sexually

= ._n . . _- , . Traveler from El transmitted Zika virus

Salvador to Harris
County, Houston,
Texas
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Zika Case Distribution by Week: March 9, 2016

193 travel
associated
cases

0 locally
transmitted
cases
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Zika Case Distribution by Week: April 20, 2016

388 travel
associated
cases

0 locally
transmitted
cases
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Zika Case Distribution by Week: March 30, 2016

312 travel
associated
cases

0 locally
transmitted
cases
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Zika Case Distribution by Week: April 27, 2016

426 travel
associated
cases

0 locally
transmitted
cases
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Zika Case Distribution by Week: May 4, 2016

472 travel
associated
cases

0 locally
transmitted
cases
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Zika Case Distribution by Week: July 20, 2016

1,404 travel
associated
cases

0 locally
transmitted
cases
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15 July 2016

New York reports first female-to-male
Zika transmission via sex
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st 3, 2016 Local transmission of Zika in Miami

Last week, the Centers for Disease Control and Prevention
reported something it had been anticipating for months:

el

Carlos Varas, a Miami-Dade County mosquito inspector, sprays around homes in the Wynwood area of

Miami on Tuesday. Emily Michot/Miami Herald/TNS via Getly Images
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Zika Case Distribution by Week: August 3, 2016

1,819 travel
associated
cases

6 locally
transmitted
cases
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Zika Case Distribution by Week: August 24, 2016

s
B

W E 2,488 travel
associated

cases
29 locally

transmitted
cases
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Zika Case Distribution by Week: August 10, 2016

1,956 travel
associated
cases

6 locally
transmitted
cases
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Zika Case Distribution by Week: September 14, 2016

3,132 travel
associated
cases

43 locally
transmitted
cases
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Zika Case Distribution by Week: October 12, 2016

DC (25)
103)

3,808 travel

associated
cases
(66 NC)
Puerto Rico 128 locally
25,355 transmitted

cases
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Patas monkey
Erythrocebus patas
(wadi or hussar monkey)

Primates  Vervet monkey
Chlorocebus sabaeus

Rodents?

gerbils, Tutex indica,
jirds, Meriones hurriunue
Sheep and goats?,
=

Ae. aegypti
Ae. africanus, Ae. apicoargenteus, Ae. dalzieli, Ae. albopictus
Ae. furcifer (Inc males), Ae. hirsutus, Ae. luteocephalus, Ae. hensilli 2
Ae. metallicus, Ae. unilinaetus, Ae. vitattus.

Anopheles coustani, An. gambiae s.|
Mansonia uniformis, Culex perfuscus

KANsAs STATE

UNIVERSITY

MOSQUITO
INFECTIONS
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Zika virus: Vectors

The first isolation of Zika virus from mosquito samples
was made in 1948 from Aedes africanus.,

Lately, many other Aedes species have been
surveyed for the detection of Zika virus, and thus far,
Zika virus has been detected by RT-PCR or isolated

from many mosquito species, human beings, and
non-human primates.

Adapted from Natios
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Zika virus: Vectors

Zika virus: Vectors

' Ae. oegypti ) Known vector of O Yellow fever
:m:::o ® Chikungunya
oot @ Dengue

Aedes aegypti the Yellow Fever Mosg
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Zika virus: Vectors

Zika virus: Vectors
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Zika Virus in Gabon (Central Africa) — 2007: A New Threat
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Aedes albopictus the Asian Tiger Mosquito (photo . Higgs)

Introduced into: Europe (Albania, 1979), US (Houston, 1985), Brazil (86), Continental Africa,
(Nigeria,1991), Italy (from US?, 1990), Fr (1999), UK (2014).
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What about Culex species?

KANsAs STATE

UNIVERSITY

e e

B b s | b T g § e
e

LT

October 10, 2016

EMERGING INFECTIOUS DISEASES®
_ LI L+ A L8 ot s e i o Mo bt b

=, - oo
vy Tk Ve Viokirme 22 Fusmbar 10-October 2016
. Lotrer
Craesx plo Agdles tris 3 ptibility to Zika Virus
Mt .

it T o Saepiam A, P, Jor g . Cori, e . R tnay

KANsAs STATE

UNIVERSITY

October 27, 2016

Dr. 5. Huang

or.D.
Vanlandingham
e cvm

Culex p. quinquefasciatus (Vero Beach, Florida), collected August 2015,
7th generation.

Fed with blood meal containing 6.95l0g,,TCIDs,/mL of ZIKV strain
PRVABC59, Asian lineage (human isolate from Puerto Rico).
Approximately 10 million virus particles per mL

None became infected

Also tested: Cx. pipiens from Mercer Count, NJ, F; and
Cx. pipiens from Anderson, CA, F,;_None became infected
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September 1, 2016
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September 6, 2016
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Cukex quinguefascintiss from Rio de Janeiro s
Not Competent to Transmit the Local Zika
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ORIGINAL ARTICLE
Culex pipiens quinquefasciatus: a potential vector to
transmit Zika virus
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ZIKV: WHAT IS LEFT TO DO?

New vectors in the Americas
New control (RIDL, Wolbachia)
Insecticides

Repellants

Surveillance

Predictive models Reagents

Detection

Diagnostics
(differential)

New Vertebrates
(NW primates, rodents,
livestock)

Viral genetics: Disease Treatments Animal Models
Asian vs African Guillain-Barre Vaccines
infectivity microcephaly
pathogenicity sexual transmission
persistence

New World Primates (135 spp.)

FAMILY COMMON NAME NUMBER of
SPECIES

20 marmosets
22 tamarins

Family Callitrichidae Marmosets and Tamarins

Family Cebidae Capuchins and Squirrel monkeys 9 capuchins

5 squirrel
Family Aotidae Night/Owl monkeys 1
Family Pitheciidae Titis, Sakis and Uakaris 29 titis

10 sakis

5 uakari

Family Atelidae Howler, Spider, Wooly spider & Wooly 10 howler
7 spider
2 wooly spider

5 woolly
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ZIKV transmission
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Zika virus in animals: 198

Tasmuacrams o= o R

A sero-epidemiological survey for certain arboviruses (Togaviridae)
in Pakistan
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o Results Over-all prevalence rates were highest for WN, DEN
372 sera: and JE viruses (3.2% to 7.8%) folowed by ZIKA (2.4%) and
i i the other four viruses (Table I). CF tires were high (1:16

157 rodents, 1.72 ‘f°'"95"° a"'mal_s’ 43 humans  [eo 32) for certain samples of each virus except CHIK

Complement fixation tests for 8 viruses (Table ll). AllZIKA and RF titres were 1:8 or higher. Between
60% and 7or higher0% of the WN, JE, SIN, and UGS ttres
were 1:8. In rodent sera, 72% (18 of 25) reacted to one virus
and 28% (7 of 25) reacted to two or more (mostiv two)
viruses. High eF tires (1: 16 andlor * 1:32)- were oblained
with WN, JE, SIN, ZIKA, and RF viruses (Tabie I
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Zika virus antibodies in animals: 1983

WA mumw ol i

RESULTS
3.8% rodents positive (n=6/157)
3/47 Tatera indica, 2/33 Meriones hurrianae, 1/2 Bandicota bengalensis)
1.2% domestic animals (n=2/172)
1/46 sheep, 1/48 goat)
2.3% humans (n = 1/43)
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Zika virus in animals: 1983 Conclusio

Antibodies against ZIKA virus were detected in sera from rodents, sheep,
goats and one person (without antibodies to other flaviviruses).

These data are the first indication of ZIKA virus infection in rodents and
domestic animals.

The natural history of this agent should be investigated in more detail

Gerbils, Tatera indica, and jirds, Meriones hurriunue, may be reservoirs of JE,
WN and ZIKA viruses.

Rattus rattus and R. norvegicus are also potential sources of human
infection by these viruses, especially in rural areas with dense mosquito
populations
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Zika virus antibodies in animals: 1983

The reaction of all positive sera with JE antigen was monospecific except that one rodent (T.
indica) serum was simultaneously positive for another Flavivirus (Zika virus). All other positive
sera reacted monospecifically with the respective Flavivirus except from one rodent (T. indica)
and one human (40-year-old female); these two sera reacted with both Zika and Uganda S
viruses
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Zika virus in animals: 2016 (unpublished)

Dr. Izabela Ragan, Dr. Richard Bowen and PhD student Emily Blizzard
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Zika virus in animals: 2016 (unpublished)

* Results:
— No clinical signs or febrile state detected
— Viremia detected in frogs
— Real time RT-PCR on sera
« In progress
« Detection of RNAin frogs and an armadillo

UNIVERSITY

Zika virus in animals: 2016 (unpublished)

+ Zika Virus strains
— PRVA BC59: Puerto Rico December 2015
— FSS13025: Cambodia 2010
+ Inoculation dose: 105 PFU/mL subcutaneous and intradermal

The study
- C at day 0 and
— Recorded clinical signs, temperatures
— Collected sera at days post infection 0-5, 7,14,21,28
— Collected tissues at necropsy

+ Serology
— Plaque reduction neutralization assay
« PRNT 90

Virus Isolation
— Plaque assay on sera and tissues
— Real Time RT-PCR on sera

for 28 days

* Hi and | i istry
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No antibodies in

Armadillo, Pigeon, Chicken, Snake,
Hamster, Mink, Ground Hog, Calf, Deer,
Mouse, Sparrow
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Antibodies detected in:

Antibodies detected in goats, cottontail rabbits, ducklings,
pigs, and frogs
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Zika virus in animals: 2016 (unpublished)

» Future work:
— Additional species
» Horses, dogs, cats, guinea pigs, pregnant
sows, domestic mice, bats,
— Immunohistochemistry and histopathology
— Real time RT-PCR
— Developing pregnancy model in animals
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Zika virus in animals: 2016 (unpublished)

» Puerto Rican strain elicited stronger immune response
than Cambodian strain

» No difference in susceptibility between young and adult
animals

* No birth defects noted in newborns during study
— Rabbits, deer mice

KANsAs STATE

UNIVERSITY

“Alternative Approaches to Control Dengue and
Chikungunya”
Release of Insects carrying a Dominant Lethal
gene (RIDL)

Wolbachia spp - infected mosquitoes.
Intracellular bacteria that infects multiple
tissues including ovaries and salivary glands.

&
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lease of Insects w
RIDL) mos

GM mosquito expansion
announced

A company producing GM mosguitoas
says @ is bo open a new factory in
Brazil as it expand its oporations.

BIOQUAL was initially established in 1981 and incorporated in 1982 to perform medical research and research services. Acquisition
of a local contract research laboratory was completed in April of 1982. The diagnostic arm of BIOQUAL was phased out in 1987 and
in 1999 all entities became BIOQUAL, Inc. BIOQUAL has 4 locations totaling over 130,000 square feet of state-of-the-art facilities
focusing on infectious disease, cancer, and animal models.
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Zika viral dynamics and shedding in rhesus and
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