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Zika virus: a historical link to the
University of Glasgow

e Discovery: 1947, Rhesus macaque,
Zika forest

e Involved Alexander John Haddow,
graduate and Professor at the
University of Glasgow

e Further isolation: 1948, Aedes Alexander Harddow

africanus, Zika forest Zika virus discovery
1947 UVRI Uganda
Zika forest

e 1952—1954: First human isolation in
Nigeria, possible detection in India

e 1954-1981: Detection in African and
SE Asian countries (introduction ca.
19457? First detection late 60s,
Malaysia)

« Pioneering work carried out at the
Yellow Fever Institute, now Uganda
Virus Research Institute, Entebbe
(near Kampala and Zika forest)
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Zika virus (Flavivirus)

5'UTR = Positive sense RNA (11kb)
Translation .
| Structural ORF | [ Non-Structural ORF ]
I
|
I Proteolytic Cleavage !

v
. C /[l prM |[ E

| NS1 [ NS2A || 7\1523 /[ NS3 || NS4A |
| NS4B || NS5 |

11kb genome, positive stand RNA.
10 Genes: 3 structural (C, prM, E), 7 non-structural.

Non-structural proteins involved in replication and

counteraction of host immunity (NS5).

Polyprotein cleaved by viral and host proteases. Sirohi et al., 2016 Science
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Zika virus from Recife

OOOOOOO

Obtain a full length ZIKV isolate
from Recife, Brazil
« Compare to other American O

ZIKV isolates

« Identify if subgenomic flavivirus RNA (sfRNA)
in ZIKV- infected cells has interferon activity

Unweralty
& of Glasgow




Characterisation of ZIKV

(KX197192)

o Isolated in Recife, Brazil
(2015)

o Patient presented with no
neurological symptoms

o NextSeqg500 Illumina platform
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Characterisation of ZIKV

NS1 NS2A NS2B NS3 NS4A NS4B NS5
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Characterisation of ZIKV

5'UTR
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ZIKV sfRNA as an interferon
antagonist

0.2-0.6 kb subgenomic

]hﬁi }IE ﬁ ][ flavivirus RNA (sfRNAs)

\ o o Co-linear to the 3’ end of the
oy genome

e Produced through incomplete
degradation of the genome by
the cellular 5'-3’
exoribonuclease, XRN1

Processing-Body

sL-n SN

o sfRNA inhibits type I interferon
response.

RCS3

Clarke et al., 2015
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ZIKV sfRNA as an interferon
antagonist

W <« Genomic
: RNA
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ZIKV sfRNA as an interferon
antagonist

[ Mock
B Sev

A549 Transfection
cells + p125Luc (IFN-B promoter + FFLuc)
f\ + pRL-CMV (Internal control + Rluc)
+ pDest-DENV-3’ UTR or

pDest-ZIKV PE243- 3'UTR or
pDest-MBP-HDVr (control)

Fold Increase

Lyse cells + luciferase assay
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ZIKV: Conclusions

o Successfully obtained a full
length genome sequence from
a Brazilian patient.

« No obvious virological
explanation for increased
occurrence of neurological
diseases associated with
current outbreak.

o ZIKV produces sfRNA which
acts as an antagonist of RIG-I
and MDAS.

CDC'’s Response to Zika
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Enjoy your vacation

~
8

Pack to prevent
+ Insect repellent (Look for these ingredients:
DEET, picaridin, IR3535, OLE, or PMD.)

+ Long-sleeved shirts and long pants

+ Clothing and gear treated with permethrin

+ Infant carrier mosquito net (if needed)

+ Bed net (if mosquitoes
can get to where
you're sleeping)

+ Condoms (if you
might have sex)

Protect yourself

Remember to apply sunscreen first
and then insect repellent.

+ Cover exposed skin when possible.

+ Stay and sleep in screened-in or
air-conditioned rooms. Use a bed
net if you're sleeping outside.

+ Zika can also be spread through
sex, so use latex condoms if you have sex.

Pregnant? Trying to conceive?

+ Use insect repellent. Reapply as directed.

Protect your family from Zika!

Zika is a disease primarily spread by mosquitoes,
but a man with Zika can spread it to his sex partners as well.

Know before you go

Learn about Zika at ede.gov/zika. Find out if your
destination has Zika, check the CDC Travelers' Health
site for current travel notices: cdec.gov/travel

STOP the spread

+ Watch for symptoms after you get home.

+ Call your doctor immediately if you suspect Zika.
+ Use insect repellent for 3 weeks after travel.

+ Use condoms when you have sex.

Zika symptoms

Most people with Zika don't know they have it. The iliness
is usually mild with symptoms lasting about a week.

The most common symptoms are:

-~

| Redeyes

'\, Joint pain

Zika Is linked to birth defects. Pregnant women should consider postponing travel to any area with Zika.
If your male partner travels to these areas, either use condoms or don't have sex for the rest of your
pregnancy. If you are trying to become pregnant, talk to your doctor about your plans.

www.cdc.gov/zika
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MEETING ON ARBOVIRUSES AND THEIR VECTORS 2017
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Thank you!

GAAAAAH! I JUST HIT
BLADDER!

SPUDCOMICS.COM © 2012 LONNIE EASTERLING
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Future Work

« Comparisons between lineages VN
o Function of sfRNA, NS5 - and o
OtherS? nd hkungu

Other interferon pathway ’ ¥
Interactions i i

11 4p pl wnth f ctio!

e TRIM25 or TLR3? - o et

A very small number of people

can develop complications
after becoming ill with the virus

e« Reporter ZIKV

o Expressing nanoluciferase . Wik

729 ) Pan American World Health | #FightAedes
) Health Organization | o0 v

&+ Organization s i
s s ATIGEICAS 1 www.paho.org/zikaviru
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ZIKV PE243
A549npro (human)
IFN incompetent

PE234
A549 (human)
IFN competent
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Zika virus: a brief history

Zika forest

e Involved Alexander John Haddow,
graduate and Professor at the
University of Glasgow

o Discovery: 1947, Rhesus macaque, (.\

o Further isolation: 1948, Aedes

' ' Alexander Hadd
africanus, Zika forest Alexander Haddow
1947 UVRI Uganda

e 1952—1954: First human isolation in Zika forest

Nigeria, possible detection in India

e 1954-1981: Detection in African and
SE Asian countries (introduction ca.
19457 First detection late 60s,

Malaysia) %

- Pioneering work carried out at the T A
Yellow Fever Institute, now Uganda Baror i s i
Virus Research Institute, Entebbe Y V) ceuva

(near Kampala and Zika forest) c‘ o
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Zika virus: research at the CVR

Dissection/injection lab room Insectaries Embryo micro-injection facility

Set up of CL3 insectaries

Unweralty
Glasgow
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Zika virus and sexual transmission

Very unusual for arboviruses, as far as we know!
Increasing number of cases.

Virus has been found in semen.

First description by Foy et al.,
Emerging Infectious Diseases 2011

Can be spread by a man to sexual partners apparently Crabest moment of my T
regardless of symptoms. -

If returning from affected region, Zika compatible symptons: condoms for 6 months.

_r.-,-‘”l

If returning from affected region, no symptoms: use condoms for 28 days.

(Public Health England recommendations)

University

of Glasgow
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Zika virus: co-infection perspectives

Zika virus structure solved.

Important data on antibody cross-reactivity between dengue and Zika antibody
responses which may impact on pathogenesis, transmission etc.

Cross reactivity and/or enhanced ADE observed in some studies which needs to be
assessed in the field.

' Specificity, cross-reactivity, and function of
ARTICLE ~wsn-uee aNtibodies elicited by Zika virus infection

Karin Stotther™’, Martina Beltramelio~’, Diegs A. [sginoss”™', Victoria Grakam™ ', Antonieo Cassotts®™",
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Mumm.uumu.smnm.amymnm . Elena Percivalie®, Cameron P.

VIrus antlbody cmss neutmllzatlon Simmons’ 7, Luca Varanl®, Johannes Dium'™-", Fausto Baldants®, Disabetta Camercal’, Roger Hewson”,

Eva Harris®, Antenio Lanzavecchia’”, Federica Sallesto™ ', Davide Coety -4

pact! Wevwiea Dejodrattiast s Alezaosder nru'\l-"v'.n‘..'*
Vvined 2. Foewse Sivwom - L oy Upn i Salcas 1 Ve Ml Cao-Lormeay’, Abewed Haos™ "
Pk K(.u. Karia Scasry’, hesurhep Monguoapays e X Hetag’, Cavin 5, Soranon’ & Tola A Rey
ARTICLES
mllum&vgy
Rossmann Lab Dengue virus sero-cross-reactivity drives antibody-

dependent enhancement of infection with zika virus

Wactwius Difrirattioal’, Piyada Sopass’ 7, Wirads Woagwiwat', Aleusader Roavindks*
Glorvanna Barbe-Sparth ", Thaeers Deangihinda’, Asave) Sakuecabad’™, Vs Ml Cao- Loewess”
Pride Malasit™, Fehix A Rey®”, Juthathip Mooghodsapare' ' Govin R Scovaton’
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Patient 243

e Sex: F

o Age: 19

o Days of symptoms: 2
« DENV IgM: Negative

« DENV IgG: Positive

o ZIKV RT-PCR: Positive

o ZIKV IgM: Positive (second
sample)
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e Clinical symtoms

No fever (max temp 37°C)
Rash on face and limbs for 5 days

Arthralgia on hands, fist/wrist and
ankle

Edema on hands, fist/wrist for 3
days

Fully recovered in 16 days

Ti Unweralty
& of Glasgow
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Historical distribution of ZIKV

itie 2016
2015 O,l977
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Clinical Presentation

Incubation period

e Onset of symptoms is 2 — 12 days
post infection

Viraemic period

o Short viraemic period allowing for
direct virus detection 3 - 5 days
after onset of symptoms

Symptoms

o Rash with/without fever
o Arthralgia/ arthritis

o Conjunctivitis
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ZIKA VIRUS
L Weems

Zika is a virus transmitted by the Aedes mosquito, which also transmits
dengue and chikungunya.

Zika can cause:
llllll
Onset is usually 2-7 days after
the mosquito bite
1in 4 people with Zika infection
develops symptoms

i #zika
\  #FightAedes
' #ZikaVirus

1 www.paho.org/zikavirus

&% Organization

2%/ Organization > :
oo oo AMericas
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Potential complications

Microcephaly in foetuses and newborns

o ZIKV linked to severe congenital central nervous system
malformations and microcephaly

o ZIKV can pass from a pregnant woman to her child

Guillain-Barré syndrome (GBS)

e Temporal association between ZIKV outbreaks and increases
in the incidence of GBS

University

of Glasgow
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Zika virus and microcephaly

History: IMIP, non profit hospital Recife

» September 2015: increase in cases of microcephaly - 29 cases
born between August and September 2015 (usually a dozen
cases per year)

e October (27.10.2015 ): Notification State Department of Health &
Protocol development — CIEVS

« November 2015 : Ministry of Health decrees Public Health
Emergency in Brazil

Defined as occipito-frontal circumference <-2sd of mean for age/sex

_ _Typical Head Size
~

_ _Typical Head Size
~

\ \

Baby with Typical Head Size Baby with Microcephaly Baby with Severe Microcephaly

Normal AGS CMV/Rubella

University

of Glasgow

Source: CDC




Zika congenital syndrome ( \/ Q
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Beyond microcephaly- other malformations:

Craniofacial disproportion, spasticity,
seizures, irritability and brainstem
dysfunction including feeding difficulties

Ocular abnormalities

Neuroimaging such as calcifications,
cortical disorders and ventriculomegaly

Zika-induced macular atrophy

ATHELAMAINETWORK]



Zika virus and Guillain-Barré syndrome

Guillain-Barre
Syndrome

Affects nerves Brain E
in the brain and /2
spinal cord

i {
o\
Spinal ——(
cord | | Affected

S
& =
\ 4 f

!

-
Exposed
nerve fiber

g,
~ Damaaged mvelin
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Muscle weakness due to immune
system attacking the peripheral
nervous system; plateau phase
typically a week before improvement.

Can be triggered by viral or bacterial
infection (flu, C. jejuni).

Countries, territories or areas reporting
GBS potentially related to Zika virus
infection: Brazil, EI Salvador, French
Polynesia, Suriname, Venezuela
(source: WHO).

Bahia (Brazil): 42 GBS cases in 2015;
26 (62%) had history of symptoms
consistent with Zika virus infection.
19% increase from the previous year
nationwide (source: WHO).

| Universit
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CNS co-culture composition
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Zika virus: vaccine candidates
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Strategies- examples:

- Virus-like particles: virus shell missing genetic information but enough to stimulate
immunity

—— Mambrane protein (M) . Mambrane protein (M)

Ervelope (E) Sener

—y EXxpression of structural
Proteins only in cell culture

o Erweiope (E) emer

TTURNA

T~ Capsid (O

Viruses with mutations that make them
less virulent! These can be in proteins that are
Related to virulence, replication, spread....

Efforts are underway to test various options!

Problem: other flaviviruses such as dengue are co-circulating and vaccination MIGHT
make dengue infections through inefficient antibodies as these viruses are very
similar.



Zika virus PE243 & phylogenetic data:
tracing outbreaks and virus spread!

Medical Research Council
University of Glasgow
Centre for Virus Research
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Real-time tracking of Zika virus evolution
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Full genome including 5’/3’ termini sequenced! Genbank KX197192

ILALALA LACALALALA LALA £ 5 o B B i i i L L D00 L Ll L L Lad L BRI Bl P Bl o o B b b b b e b e DV S T LA s L P

faite]
o

DG G0 AN e Ll b = DTG0~ NN Ll P D GO T e P = SADG0 I 0 U o Ll b = AR Q0 A o Ll el 27

Zika virus PE243 properties
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Asian Lineage
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Fig. 5—The vertical distribution of Ae. africanus in the sunset period as shown by
30 catches on the steel tower at Zika. A, 1740-50; B, 1750-1800; C, 1800-10:
D, 1810-20; E, 1820-30; F, 1830-49 ; G. 1840-50
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ZIKV: Classical Virology

PE243 (Brazilian)
A549npro (human)
IFN incompetent

- MR766 (African)
. Vero (monkey)
' Titre 1.8x10~7 pfu/ml

PE234 (Brazilian)
A549 (human)
IFN competent

PE234 (Brazilian)
Vero (monkey)
| Titre 2.8x1077 pfu/ml

Plaque size
comparisons

University
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