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An update on Zika virus infection. Lancet June 21, 2017




Virology of Zika virus

» Single stranded RNA enveloped virus

e Genus Flavivirus, Family Flaviviridae
* Incubation period 3-14 days

e Closely related to dengue, yellow fever,
Japanese encephalitis and West Nile

.
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viruses
20
gog_ Malaria (parasite) Anopheles
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samples tested at the CDC in 2015-2016
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Estimated Incubation Period for Zika Virus Disease. Emerging Infectious Diseases Vol. 23, No. 5, May 2017



Mosquito-borne disease I {H ZL%K
Zika Virus Transmission Cycles

Other Aedes
mosquitoes

Ae. aegypti
Ae. albopictus

Sylvatic (jungle) cycle Epidemic (urban) cycle

Zika Virus —What Clinicians Need to Know? CDC Clinician Outreach and Communication Activity January 26, 2016



s Yellow fever mosquito & Asian tiger mosquito

e Has bright silvery lyre-shaped dorsal pattern e Has a single longitudinal silvery dorsal stripe and white
and white banded legs banded legs

R R PN

e Occupies wurban areas with or without e Associated with thickets and arboreal vegetation

Aed es aegyptl vegetation
(principal vector)

e Bites, rests, and lays eggs both indoors and e Mostly an outdoor (garden) mosquito
outdoors

e Sneaky biter e Aggressive biter \

s High preference for taking blood meals from e Bites humans but also a variety of available domestic

humans and to lesser extent from domestic and wild vertebrates that do not carry the dengue g
mammeals, which makes it a very capable vector viruses, which lowers its capacity to transmit them G et
of dengue viruses

* Main dengue vector worldwide * Main dengue vector in some areas but is mostly a \

secondary vector PCAS FEHD HKZARG \
Flight range: 400 metres

e The major production places are human-made e Shows preference for treeholes and bamboo internodes Eﬂy{ﬁmy
containers, treeholes and bamboo internodes with water but can also utilize human-made containers " .
holding water for its immature development AedeS a|bOpICtUS

e Most containers with water used for immature e Utilizes water-filled containers around or further away
development are within or in close proximity to from households F|| ht range: 200
households g g '

metres.
Can tolerate cooler

https://www.cdc.gov/dengue/resources/30jan2012/albopictusfactsheet.pdf te m pe rat ures
https://www.cdc.gov/dengue/resources/30jan2012/comparisondenguevectors.pdf

http://www.who.int/denguecontrol/mosquito/en/

https://www.cdc.gov/zika/vector/range.html



https://www.cdc.gov/dengue/resources/30jan2012/comparisondenguevectors.pdf
https://www.cdc.gov/dengue/resources/30jan2012/comparisondenguevectors.pdf
https://www.cdc.gov/dengue/resources/30jan2012/comparisondenguevectors.pdf
http://www.who.int/denguecontrol/mosquito/en/
https://www.cdc.gov/zika/vector/range.html

Aedes aegypti

Aedes albopictus

e

Healt Viap 2016 Zika outbreak eLife 2015:4:e08347 DOI: 10.7554/eLife.08347 (Accessed 12/7/2017)
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An update on Zika virus infection. Lancet June 21, 2017



Country classification by
WHO

Category 1: Area with new introduction of Zika virus since 2015 or area
where the virus has been re-introduced, with ongoing transmission.

Category 2: Area either with evidence of Zika virus circulation before
2015 OR with ongoing transmission but the area does not satisfy the
criteria for category 1 or 3. Areas in category 2 may also experience an
outbreak of Zika.

Category 3: Area with interrupted transmission but with potential for
future transmission.

Category 4: Area with established Aedes aegypti mosquitoes but no
known documented past or current transmission

Hong Kong — not in any of the four categories at the moment

http://www.who.int/csr/disease/zika/information-for-travelers/en/ (accessed 12/7/2017)
http://www.who.int/emergencies/zika-virus/classification-tables/en/ (accessed 12/7/2017)

Table 1. ZIKV classification™

WHO Regional Office Country [ territory [ subnational area

Category 1: Area with
new introduction or
re-introduction with
jongning transmission

tegary 2: Area
ither with evidence

of wirus circulation

iransmission that is
o longer in the mew
of re-introduction

ategory 3: Area with
nterrupted

Category 4: Area with
=stablished

competent vector but
no known

documernted past or
rurrent transmission

IAFRD

Angola; Cabo Verde; Guinea-Bissau

IAMIRO P AHD

ize; Bolivia [Plurinational State of); Bongire, Sint Eustatius and 5aba;

Eﬂullli: Antigua and Barbuda; Argentina; Aruba; Bahamas; Barbaoos;
|

tish Virgin Blands; Cayman Blands; Colombia; Costa Rica; Cuba;
ICuragao; Dominica; Daminican Republic; Ecuador; El Salvador; French
Guiana; Grenada; Guatemala; Guyana; Honduwras; lamaica; Mexico;
Bdontserrat; Nicaragua; Panama; Paraguay; Peru; Puerto Rico; Saint
Eitts and Meyis; Saint Lucia; Saint Martin, Saint Vincent and the
iGrenadines; Sint Maarten; Swriname; Trinidad and Tobago; Turks amnd
Caicos Blands; United States of america; United States Wirgin Islands;
Venezuela [Bolivarian Republic of)

43

SEARD

Plaldives

Fiji; Marshall Islands; Micronesia (Federated States of); Palau; Papua
Mew Guinea; Samoa: Singapore; Solomon KBlands: Tonga

Burkina Faso; Burundi; Cameroon; Central African Repulblic; Chte

IAMROSPAHD

IAFRO 9
dvoire; Gabon; Migeria; Senegal; Uganda

IAMRO/PAHD hrazll; Haiti 2

SEARD han,glaﬂesh; India; Indonesia; Thailamnd L
Cambodia; Lao People's Demacratic Republic: Malaysia; Philippines:

— a; P public; aysia; PP 5

Vit Mam

Guadeloupe; I5LA DE PASCUA — Chile; Martinigue,; Saint Barthelemy

ansmission and with

wamerican sarmoa; Dook Islands; French Polynesia; New Caledonia;
Manuatu

Bznin; Botswana; Chad; Comoros; Congo; Demdcratic Republic of the
ICongo; Equatorial Guinea; Eritrea; Ethiopia; Gambia; Ghana; Guinea;
Eenya; Liberia; Madagascar; Malawi; Mali; Mauritius; Mayotte;

(AFRO Pdozambigue; Mamibia; Niger; Réunion; Rwanda; 5a0 Tome and -
Principe; Seychelles; Sierra Leone; South Africa; South Sedan; Toga;
IUnited Republic of Tanzania; Zambia; Zimbabwe
IAMIRO/PAHD Irusguay 1
EMRO Djibouti; Egypt; Oman; Pakistan; Saudi Arabia; Somalia; Sedan; Yemen B
EURD Georgia; Regido Autdnoma da Madeira — Portugal; Russian Federation; a
Turkey
GEARD Bhutan; Myanmar; Nepal; 5ri Lanka; Timor-Leste 5

furstralia; Brunei Darussalam; Ching; Christras Island; Guarn; Kiribari;
auru; Miue; Morthern BMariana Islands (Commonwealth of the);
okelau; Tuvalu; Wallis and Futumna

Cotegovy 1@ Area with new introduction or re-introduction with ongoing transmission



http://www.who.int/csr/disease/zika/information-for-travelers/en/
http://www.who.int/emergencies/zika-virus/classification-tables/en/

Vector competence

Table. Competence of mosquitoes, by species, as Zika virus vectors, 14 days after peroral infection, United States®

Aedes albopictus is more easily
infected with ZIKV but less able to

No. virus-positive/no. tested (%)

Biological replicate 1, mean 6.02
logio PFU/mL + SD 0.67

Biological replicate 2, mean 4.74
logio PFU/mL + SD 0.06

Biological replicate 3, mean 6.83
logy PFU/mL + SD 045

transmit virus to humans than Aedes

Mosquito species | D T | D T | D T aegypti
Culex pipienst 0/20(0) 0/20(0) 0/20(0)  0/10(0) 0A0(@)  0A0(0) 0/30(0)  0/30(0)  0/30(0)

Aedes triseriatust  ND ND ND 0/20(Q) 0R0(0) 0/20(Q0)  4A3(31) 04@©  0/4(0)

Ae. albopictus§ ~ 9/9(100) 6/9 (67)  2/9(22) 16(17) 01 (©  0A(Q) ND ND ND

Ae. aegypth] ND ND ND ND ND ND 17H7 (100) 1217 (71) _ 4M7 (24)

*ika wirus strain PRYABCZS9 (GenBank accession no kU501 215) was originally isolated from a traveler to Puerto Rico in December 2015 |, infected, D,
disseminated, MD, no data; T, transmitted

TOriginated from egg rafts collected in lowa in 2002 and colonized at the lowa State University Medical Entomology Laboratory.

TOriginated from eggs collected in lowa in 2002 and 2003 and colonized at the lowa State University Medical Entomology Laboratory .

SC0riginated from eggs collected in Missouri in 2002 and colonized at the lllinois Matural Histary Sury ey .

TElack-eved Liverpool strain.

Table 2. Zika virus vector compstence of Aedes aegypti and Ae. albopictus mosquitoes at 21 days after infection®

Experimentally infect Culex and Aedes triseriatus mosquitos by - _ B e Toar o _,nﬁ‘;_"‘e“;_‘;ﬂjf % eced and
allowing them to feed on zika infected mice e o epectes o, P A e e
. . . 7.7 . \ 85.7 01T
Mosquitoes saliva collected, body homogenized and tested for iy Bt 400 "0
. 4.6 3.3 (30 0 0
presence of virus Ae. aegypti CAM g; gg.g(gég 100'0? 7’5.0T
. . . E 9.7t 75.0F
All culex mosquitoes were negative for ZIKV 58 10060 6.7 33
A. Triseriatus were susceptible when mice viremia was highest. Ae. albopictus HND 89 100.0(30) 93.3 33.38¢
75 93.3 (30) 1147 75.0£T 21411
59 33.3 (30 40.0 10.0
4.1 10.0 (30) 66.7 0
Ae. albopictus CAM 86 952 (21) 95.0 85.0
66 40.0 (30)+! 250t 25.01)
53 23.3 (30 85.7 14.3
42 6.0 (16) 0 0

Tl mi A A areese in dicote calin i cianifieantlh s abossn ae boalnes thoe s ernmarican calin Dee0 08 bes Dicbor mocmet faetbl

Culex pipiens and Aedes triseriatus Mosquito Susceptibility to Zika Virus Emerging Infectious Diseases Vol. 22, No. 10, October 2016
Effects of Zika Virus Strain and Aedes Mosquito Species on Vector Competence Emerging Infectious Diseases Vol. 23, No. 7, July 2017

Amraoui F, Atyame-Nten C, Vega-Rua A, Lourencgo-de-Oliveira R, Vazeille M, Failloux AB. Culex mosquitoes are experimentally unable to transmit Zika virus. Euro Surveill. 2016;21(35):pii=30333



Table 2. Mosquitoes collected and Zika virus infection of potential vectors, Kédougou, 2011.
Proportion Proportion Positive

Total of the Fermmales of the female Minimum
Species collected collection (24) collected collection (24) pools infaction rate (%)
Aedes gegypti 250 222 245 2.20 1 408
Aedes aifricanus 505 4449 505 4.54 5 9.90*
Aedes dafzielf 1718 15.27 1718 15.44 P 1.6
Aedes furctfer 2966 2637 2839 2642 e 1.36
Aedes Rirstuitus 34 0.30 34 0.30 2 58.82*%
Aedes hiteorephalfus 1259 11.19 1259 11.32 5 3.97
Aedes metallicus 81 0.2 B 0.73 2 24.68*
Aedes taylorf 422 3.75 385 3.55 2 5.06
Aedes unflineatis 38 0.34 38 0.34 1 26.31*
Aedes vittatus 1780 15.81 1728 15.53 3 1.74
Anophefes coustans 710 68.31 710 6.38 1 141
Cuiex perfuscss 22 0.2 22 0.20 1 45 .45%
Mansonia wniformis 283 252 281 2.52 1 356
Others 169 10.39 1169 10.51 a
Total 11247 11124 30

Although ZIKV has been detected in many other species of mosquito, none has
been proven to acquire the virus and transmit it in a laboratory setting.

Diallo D, Sall AA, Diagne CT, Faye O, Faye O, et al. (2014) Zika Virus Emergence in Mosquitoes in Southeastern Senegal, 2011. PLoS ONE 9(10): e109442.d0i:10.1371/journal.pone.0109442
Zika virus vectors and risk of spread in the WHO European Region March 2016



Other modes of transmission

* Blood product transfusion (1,2)

* Sexual (vaginal, anal, oral, others) (3)
e Male to female (4)

e Female to Male (4)
e Male to Male (4)

 VVertical (mother to child)
e Laboratory exposure (5)

1. Evidence for Transmission of Zika Virus by Platelet Transfusion. NEJM September 15, 2016

2. Potential for Zika virus transmission through blood transfusion demonstrated during an outbreak in French Polynesia, November 2013 to February 2014 . Euro Surveill. 2014;19(14)
3. Update: Interim Guidance for Prevention of Sexual Transmission of Zika Virus — United States, July 2016 MMWR / July 29, 2016 / Vol. 65 / No. 29

4. Prevention of sexual transmission of Zika virus, Interim guidance update. 6 September 2016. WHO.

5. http://www.cidrap.umn.edu/news-perspective/2016/06/needle-stick-infects-lab-worker-zika-virus (accessed 12/7/2017)



http://www.cidrap.umn.edu/news-perspective/2016/06/needle-stick-infects-lab-worker-zika-virus

COERERESPONDENCE

Fatal Zika Virus Infection with Secondary Nonsexual
Transmission

TO THE EDITOR: Epidemic transmission of Zika
virus (ZIKV) has rapidly occurred in the Ameri-
cas, with most cases limited to mild or asymp-
tomatic disease."* To date, nine deaths from ZIKV
infection that were unrelated to the Guillain—
Barré syndrome have been confirmed in adults.!
Here, we report a rapidly progressive, fatal ZIKV

i~ ™ T m™~. .

cultures were negative. A presumptive diagnosis
of dengue shock syndrome was made. The pa-
tient’s clinical deterioration progressed, with pro-
gressive respiratory and renal failure, metabolic
acidosis, and hepatitis. On day 4 of hospitaliza-
tion, the patient died shortly after care was
withdrawn.

T L T L ST TR TY TR

patient 1 (73/M with radio and hormonal therapy to prostate cancer) admitted to
Salt Lake City hospital in US for travel related ZIKV, died in 4 days

Patient 2 developed mild ZIKA infection 5 days after patient 1 died

Patient 2 reported taking care of patient 1 including assisting nurse of repositioning,
wiped his eyes but no other body fluid contact.

No gloves were worn

Very high viral load in patient 1 may cause tears or sweat to be infectious
Aedes mosquito not detected in that area. Patient 2 had no travel history

NEJM November 10, 2016



Persistence 1n body fluids

e 150 participants (55 men) from Puerto Rico with Zika RNA detected in
blood or urine

e Serum, urine, saliva, semen, vaginal secretions collected weekly x 4
and then 2, 4, 6 months

* 90% enrolled within first week of symptom onset
* All specimens were tested with PCR, serum tested for IgM

* Prolonged viremia (14 days) compared to dengue (10 days) =2
implication for testing strategy

e Urine shedding duration shorter than previous studies

Gabriela Paz-Bailey, et al. Persistence of Zika Virus in Body Fluids — Preliminary Report. NEJM February 14, 2017



Specimen _____________WMedian____________|95" percentile

Serum
Urine

Semen

14 days
8 days
34 days

54 days
39 days
81 days

Onsef. s

Table 3. Detection of ZIKY RN A in Body Fluids and Anti—ZIKV 1gM Antibody in Serum, According tothe Number of Days after Symptom

Saliva and v:

Positivity and Days
after Symptom Cnset

Participant analyses

Any interval after
symptorm onset

07 days

2-15 days

1630 days

31-45 days

4660 days

=60 days
Specimen analyses

Any interval after
symptorm onset

07 days
2-15 days
16-30days
31-45 days
4660 days
=60 days

FIKV RN A§

Serurm

aginal secretions: few detected

1287146 (87.7)

1187134 (88.1)
10/28 (35.7)
27/129 (20.9)
14/126 (11.1)

6/67 (2.0)
3/79 (3.8)

190/805 (22.6)

119/135 (88.2)
10/28 (35.7)
34/227 (15.0)
16/211 (7.6)

7179 (8.9)
41125 3.2)

Urine

90/145 (62.1)

777129 (59.7)

12729 (41.4)

217125 (16.8)
67119 (5.0)
1/65 (L.5)
0j71

1204750 (16.0)

777129 (59.7)

12/29 (41.4)

24/214 (11.2)
6197 (3.0)
1/77 (1.3)
0/104

Vaginal

Saliva Secretions

nummberftotal number {percerrt)

137143 (2.1) 1749 (2.0)
3 /6 (50.0) 1/1 (100)
1/25 {(4.0) /6
57127 (3.9) 0/3¢9
47125 (3.2) 0j42
1/64 (1.6) /21
1/80 (1.3) 0/30

17647 (2.6) 17219 {0.5)
447 (57.1) 1/1 {10OO)
1/25 {(4.0) /6
67216 (2.8) 0/66
47203 (2.0) 0/73
1/75 1.3) 0/30
1/121 {0.8) 0j43

Sermen

31/55 (56.4)

il
5/8 ©2.5)
2040 (50.0)
20/ 46 (43.5)
6/25 (24.0)
3/23 (13.0)

76/216 (35.2)

0/1
5/8 {62.5)
29165 (44.6)
29/76 (38.2)
6/28 (21.4)
7/38 (18.4)

Anti-ZIKV 1giM
Antibodyg;

Serurm

137/139 (98.6)

17/50 (34.0)
28728 (100)
1207121 (99.2)
108/111 (97.3)
5860 (36.7)
5260 (86.7)

563 622 (90.5)

17/50 (34.0)
28728 (100)
205207 (99.0)
176 /180 (97.8)
6971 @87.2)
68786 (79.1)

A TIEW RHA in ferum

A BE I, 12 154)

5 (35 CL 433 443)

e S

Fos kire [2%]
P T BpE s e ess§

1= 30 48 &0 75 s s Lm

Diape afiar Onsat of Srmphoms
B ZIKW RHA in Urine
1o
2
4
pL s
® e
- § .2 [FEE1, 421000
W
£
30+
aH
10 330 [FIGLL 30.0-47.2)
0 T T I_‘-I‘_-_-_I T T T 1
ol 15 30 45 20 TS & 105 1
Diape afiar Onsat of Srmphoms

Gabriela Paz-Bailey, et al. Persistence of Zika Virus in Body Fluids — Preliminary Report. NEHV February 14, 2017

T ZIEW RMA in f=mean

3t Fo 2T 5405

512 pR], 244575

T T
15 30

Prositive [3%]
e EEEsBEEE sl

T T T
45 0 IS bl 105 120
Diaye afiar Onsat of Srmphoms




ZIKV was found to persist in whole blood
substantially longer than plasma. Findings
may have implication for diagnosis and
testing of blood donations

Zika Virus Infection and
Prolonged Viremia in

- 70 y/M 58 v/F 33y/M
Whole-Blood Specimens A. e . e : e
< - PL < 44 - PL < = PL
ZE o] ZE 2E ]
n © nw o 37 P
- - 2o 2'a g 21
Jean Michel Mansuy, Catherine Mengelle, >8] >8 2 \ =8 \
. . . g g x 3 14
Christophe Pasquier, Sabine Chapuy-Regaud, N~ N oo N N . \ o N LoD
. - - T T T v 0 T — T ] -
Pierre Delobel, Guillaume Martin-Blondel, o 15 2 2 10 2 2 40 T 100 150
Jacques |zopet Days after symptom onset Days after symptom onset Days after symptom onset
B.
Author affiliations: Centre Hospitalier Universitaire de Purpan, .. 67 y/F \ 55 y/F _peoms
Toulouse, France (J.M. Mansuy, C. Mengelle, C. Pasquier, <2 - ‘;"LB <, e ‘Q’LB E% 4 ....
. Tartin. . x5 2 zE B3 D
5. Chapuy-Regaud, P. Delobel, G. Martin-Blondel, J. Izapet); 08 23, HE _:1_1 :
Institut Mational de la Santé et de la Recherche Meédicale, '§§ o i 8 2 .
[=R-] peR=y 2
Toulouse (C. Pasquier, 5. Chapuy-Regaud, P. Delobel, N~ \ N lop N-= 1 LoD
AN \
G. Martin-Blondel, J. 1zopet); Université Paul Sabatier, Toulouse TTww w 5 10 15 20 25 30 35 40 45 50 ! M e
Days after symptom onset Days after symptom onset

(C. Pasquier, 5. Chapuy-Regaud, P. Delobel, J. Izopet)

Figure. A) Zika virus viremia in whole blood and plasma from 5 immunocompetent patients in France (identified by sex and age, y) who
_ ) had traveled to Central or South America or the Caribbean. B) Zika viral load in whole-blood (n = 23) and plasma (n = 10) samples from a
DOl hﬂp:ﬂd){.dOI .org.-“'l 0.3201/eid2305.161631 point-to-point comparison of positive samples. Horizontal lines indicate mean + SE. LOD, limit of detection; PL, plasma; WB, whole blood.

Emerging Infectious Diseases Vol. 23, No. 5, May 2017



/1ka virus 1n breast milk

No documented
infection reported

Cultured in colostrum
(infective) and up to 9
days post delivery

Breast feeding not
carried out in this case

WHO advises continue
breast feeding in areas
of zika transmission

J6th waek 1 3Tth week 1 38th week
3316 o6 1416 Inane

UsG: UsG: USG: usG:

35wk 6 d; 35 wk B d; 37wk 3d; 38 wk;

AF: normal; AF: normal; AF: normal; AF: normal;
Weight: 50th Weight S0th Weight: 50th Waeight: 50th
percantile, 2,812 o; percantie, 3,093 g, percentila, 3,005 g; parcantile, 3,213 g;
Doppler: normal; Doppler: normal; Dogppler: normal; Doppler: normal;
No signs of infection; No signs of Infection; Mo signs of infection; Mo signs of infection;
Ma sigrs of Mo signs of Mo signs of Mo signs of
hepatofsplenomegaty; hepatarsplenomegaly;  hepatovsplanomegaly; hepata/splenomegealy;
Cenlral nervous Central nervous Central nervous Central nervous

systam: normal

system: normal

system: normal

system: normal

Gestational
week
b —23 D -22 D =21 D -19 D -18 D -11 D -5 D -7 D -3 Do DS
_L_ Zika virus PCR:
blood — .
Zika virus PCR: uring + z:::ﬂ;
r:.m_.._l'ﬂs: length, 43 cm
- s ) Zika virus PCR#+: weaight, 2 885 g
Z'“;‘ET;G?M- colostrum CP, normal
{244 x 104 copias/ml)
. ‘L,# ! F CHIKY - Zika virus PCR+:
X Blood Zika virus cultura+; breast milk
- sampla: | colostrum 296 =104
! gt pnsiﬁ-m = {107 000 copiesmL) pespesimL
; Paulo : )

for dengua virus , Zika virus

| 127,000 ZIH; vlm;:t_:ﬁ. culture+:
o platelats /Pl Acs breast milk

Onsetclinical  Blood cord biood - 2 050
signs and sample: Zika virus PCR; uring — eoplesimL
symploms: PCR+ for blood - torsast milk +
fewver, Zika virus urine +
articular pain, i
and rash
Feb 27 Fab 28 Feb 28 Mar 2 Mar 3 Mar 10 Mar 12 Mar 14  Mar 18 Mar 21 Mar 30

Infant feeding in areas of Zika virus transmission Summary of rapid advice guideline 29 June 2016
José R. Sotelo, et al. Persistence of Zika Virus in Breast Milk after Infection in Late Stage of Pregnancy. EID Vol. 23, No. 5, May 2017



Prolonged Zika Virus Viremia during Pregnancy

Colombian woman, symptom onset 9 week

e Serum sample remains positive for ZIKV 107 days after symptom onset (until 29t
week gestation)

e Urine, vagina, endocervix were negative

Fetal brain calcification and atrophy ++

e Evidence suggesting fetus and placenta as a reservoir of virus:
e Viral load higher in amniotic fluid than maternal serum (CT value 28 vs 35)
e Viral load in maternal serum remains stable instead of gradual decline
e Neutralizing antibody present in maternal serum
* PCR maternal urine negative

Prolonged Zika Virus Viremia during Pregnancy. NEJM 375; 26 Dec 29, 2016



Zika Virus RNA Replication
and Persistence in Brain and
Placental Tissue

Julu Bhatnagar, Demi B. Rabeneck, Roosecelis B. Martines, Sarah Reagan-Steiner,
Yokabed Ermias, Lindsey B.C. Estetter, Tadaki Suzuki, Jana Ritter, M. Kelly Keating, Gillian Hale,
Joy Gary, Atis Muehlenbachs, Amy Lambert, Robert Lanciotti, Titilope Oduyebo,

Dana Meaney-Delman, Fernando Bolanos, Edgar Alberto Parra Saad, Wun-Ju Shieh, Sherif R. Zaki

All 8 fetal brain tissue and 24/44 women suspected ZIKV
infection Positive for ZIKA RNA
Provide direct evidence to causing microcephaly
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Emerging Infectious Diseases  www.cdc.gov/eid ¢ Vol. 23, No. 3, March 2017 brain tissues from infants with microcephaly



Clinical signs & complications



39/M, 2 days headache, sore throat, myalgia
Acute onset macular rash, conjunctival injection, truncal
erythema, petechiae on hard palate, tender head & neck LNs

10 week
Gestation

X L‘I {B

3 days history
of fever,
pruritic rash
and sore
throat

Exanthema associated with Zika virus infection. Lancet Infect Dis 2016; 16: 866

Cutaneous Eruption in a U.S. Woman with Locally Acquired
Zika Virus Infection. NEJM January 26, 2017



Severe thrombocytopenia

‘Cﬁm’ca/ Infectious Diseases

BRIEF REPORT

Zika Virus Infection Associated With
Severe Thrombocytopenia

Tyler M. Sharp,’ Jorge Muiioz-Jordan,' Janice Perez-Padilla,’

Melissa |. Bello-Pagan,® Ridsa Rivera,” Daniel M. Pastula,® Jorge L. Salinas,’
Jose H. Martinez Mendez® Ménica Méndez,” Ann M. Powers,' Stephen Waterman,'
and Brenda Rivera-Garcia®

'Dengue Branch, “Division of Vector Borne Diseases, *Epidemic Intelligence Service, and
Yarboviral Diseases Branch, Centers for Disease Control and Prevention, SPuerto Rico
Department of Health, San Juan, ®San Juan City Hospital, and "Hospital HINA San Pablo,
Bayamdn, Puerto Rico; and 8LIni\.rersit-,r of Colorado, Denver

We report two patients that developed severe thrombocytopenia
after Zika virus {ZIKV} infection. The first patient had 1000
platelets/uL and died after multiple hemorrhages. The second pa-
tient had 2000 platelets/nl, had melena and ecchymoses, and re-
covered after receiving intravenous immunoglobulin. ZIKV may

be associated with immune-mediated [severe thrombocytopenia.
Keywords. Zika virus; thrombocytopenia; fatal; Puerto Rico.

54/F visited Suriname Jan
2016

Fever, fatigue, loss of
appetite 11 days after
arrival

Generalised pruritus, MP
rash

Day 17 onset hematoma
on arms and legs

Platelet 80x1079/L
Dx: Post infectious ITP
Urine Zika PCR+

Clinical Infectious Diseases 2016;63(9):1198-201

Thrombocytopenia and subcutaneous bleedings in a patient with Zika virus infection. Lancet Vol 387 March 5, 2016




Clinical Features:
Zika Virus Compared to Dengue and Chikungunya

Features Zika Dengue Chikungunya
Fever ++ 4+ +4++

Rash +++ + +4
Conjunctivitis ++ - -
Arthralgia ++ + +++
Myalgia + e +
Headache + ++ ++
Hemorrhage - +4+ -

Shock - + -

Zika Virus —What Clinicians Need to Know? CDC Clinician Outreach and Communication Activity January 26, 2016



Co infection is common
(71/263 patients in
Nicaragua).

Compared to patients with
CHIKV or DENV, ZIKV patients
more likely to have rash, less
likely to be febrile or require
hospitalization

Logqgcopies/mL serum
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Jesse J. Waggoner, et al. Viremia and Clinical Presentation in Nicaraguan Patients InfectedWith Zika Virus, Chikungunya Virus, and Dengue Virus CID 2016;63(12):1584-90



Uveitis &R

Conjunctival
hyperemia 8 days
after onset

Colour fundus photograph of the left eye showing
nasal mid-peripheral chorioretinal lesions

Elevation of the outer retina with loss of the
ellipsoid layer

Shilpa Kodati, et al. Bilateral posterior uveitis associated with Zika virus infection. Lancet 2017; 389: 125-26
Uveitis Associated with Zika Virus Infection. NEJM July 28, 2016



81/M cruise in pacific islands for 4 weeks

Admitted to ICU
Fever, GCS 6
Left hemiplegia
Babinski +
Transient rash
intubated

MRI flair imaging reveal hyperintensity in
the subcortical white matter suggestive of
meningitis with ischemic foci

LP (dayl)

Wcc 41/mm3
98% Polymorph
Protein 76mg/dL
Glu CSF:BId 0.75

RT-PCR ZIKV +
Vero cell C/ST+

Zika Virus Associated with Meningoencephalitis

TO THE EDITOR: Zila virus (ZIKW) is corrently  relationship between ZIKV infertion and cerebral
spreading widely, while its clinical spectrom re- birth abnormalities™ is growing® An increased
mains a matter of investigation. Bvidence of 2 Incidence of some peripheral nervous spndromes

NEJM 374;16 April 21, 2016

Sylvie Mécharles.

Acute myelitis

Figure: Magnetic resaonanceirmaging (MR} showing rovelitis in Zika viros infection
() T2 sequences s howing hypersignal in the thoracic cod T-T8 @mow)and enkrgernentof the cervical spiral oord.
(B Sagittal shat time irersion ecovery (5 TIR) ssquences showing hypersigrial inthe cervical spinal cord C4-C7 @rrom).

Acute myelitis due to Zika virus infection. Lancet 2016; 387: 1481



Myasthenia Gravis (EEER/4HET7)

e 2 cases : 45 year old and 62 year old man
* Onset of MG 8-10 weeks after ZIKV infection
* Presence of underlying thymoma for both

* Points to note:
e |s ZIKV provoking factor or coincidental ?
e Autoimmune complications is known to occur with ZIKV (GBS, ITP)
 WNV, another Flavivirus, reported to be associated with MG
 May need to consider MG as a ddx to GBS

Molko N, et al. Zika virus infection and myasthenia gravis: report of 2 cases. Neurology. 2017 Mar 14;88(11):1097-1098



Technical Appendix Table 3. Neuropsychological test findings

Intellectual Function Score Percentile
Wechsler Intelligence Scale for Children - 5 Standard Score Percentile

Verbal Comprehension 118 88

Visual Spatial 117 87

Fluid Reasoning 118 88

Working Memaory 115 24

Processing Speed 83 13

General Ability Index 121 92

Memory and Learning

California Verbal Leaming Test for Children Tiz-score Percentile

Trials 1-5 45 34

Long Delay Free Recall 0 50
MEPSY -2 Scaled Score Percentile

Memory for Designs
Memory for Designs-Delayed

12

Rey Complex Figure Test
Immediate Recall

Delayed Recall
Recognition
Wide Range Assessment of Memory and Learning 2
Story Memory
Stary Memory Delay Recall
Story Memory Recognition
Executive Functions
Delis-Kaplan Executive
Function System
Verbal Fluency
Letter
Category
Switching
Trail Making

Visual Scanning
Number Sequencing
Letter Sequencing
Number-Letter Switching
Motor Speed

Color Word Interference
Color Maming
Word Reading
Inhibition
Inhibition - Total Errors
Inhibition/Switching
Inhibition/Switching - Total Errors

Low uptake

75

High Uptake

Cognitive impairment ?

PMH: mild depression on SSRI
1 week after return from
Carribean rash, headache
Urine Zika PCR +ve

Excessive energy, grandiose
thinking, impulsivity

Lower than expected memory
score, worsened anxiety
Fatigue, etc

Lasting into 15t week after
symptom onset

CSF IgM Zika+

MRI Brain normal
Trial of IVIG

SPECT focal hypoperfusion

Jason Zucker, et al. Zika Virus—Associated Cognitive Impairment in Adolescent, 2016. Emerging Infectious Diseases Vol. 23, No. 6, June 2017



Transient Hearing Loss in Adults Associated With
Zika Virus Infection

Eriko S. Vinhaes, Luciane A. Santos, Lislane Dias, Nilvano A. Andrade, Victor H. Bezerra,
Anderson T. de Carvalho, Laise de Moraes, Daniele F. Henriques, Sasha R. Azar,
Nikos Vasilakis, ... Show more

Clin Infect Dis (2017) 64 (5): 675-677. DOI: https://doi.org/10.1093/cid/ciwTT0
Published: 01 December 2016  Article history ¥ Transient Myocardltls Associated With

Acute Zika Virus Infection

Marc Aletti' Stephane Lecoules' Vincent Kanczuga,” Charles Soler®
Marianne Maquart’ Fabrice Simon.” and Isabelle Leparc-Goffart®

AbStraCt "Department of Internal Medicine, “Department of Cardiology, and *Department of

In 2015, during the outbreak of ZIKAV in Braz”’ we Microbiology. Percy hilitary Teaching Hospital, Clamart: and *Ahovirus Reference Center

. . pe . French Armed Fomes Biomedical Research Institute, and *Department of Infections Diseases,
identified three cases of acute hearing loss after Laweran Militany Teaching Hospital, Marseille, France

exanthematous illness. Serology yielded findin
i ) gYY ) & Zika virus outbreak is spreading in the Americas. This emerg-
compatible with ZIKAV as the cause of a confirmed ing infection is associated with neurological complication. We

(1patient) and a probable (2 patients) flavivirus report the first travel-acquired Zika acute infection complicated

infection, indicating an association between ZIKAV with myocarditis imported to mainland France. We recommend

infection and transient hearing loss an electrocardiogram and troponin if any cardiac symptoms are
| present in a patient with acute Zika infection.,

Keywords, Zika virus; myocarditis; imported viral disease;
reemerging disease; sentinel surveillance.,

CID 2017;64(5):678-9
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Jennifer Govero, et al. Zika virus infection damages the testes in mice. Nature. Vol 540. 15 Dec 2016.



Ty pical Ty pical
head size e o head size

Microcephaly /NGRS RE

* First detected in French Polynesia outbreak
2013-14

e Different cut off for head circumference (<2-3
SD, <3 percentile).

Baby with Typical Baby with Baby with Severe
Head Size Maderate Microcephaly Microcephaly
Figure 4. Infants with Moderate or Severe Microcephaly Associated with Maternal Zika Virus Infection, as Compared
INTERGROWTH 21 st with a Typical Newborn.
PROJECT
Head circumference training video
Yap Island (Pacificy French Polynesia (Pacific}* Brazil (Americas)as of May, 2017+
Population 7500 270000 206000000
https://www.youtube.com/watch?v=HjOxSOhkPBU Confirmed cases 49 340% 697
Estimated infections (% of 005 (75%) 30000 (11-5%:) 220 213(0-1%)
e Congenital ZIKV syndrome does not appear to population)
. . H . MNew epidemiological findings  Firstreported outbreak; firstdetection of Zika  Mon-vector-borne transmission possible  First detection in the Americas;
be aSSOCIatEd Wlth maternal dlsease Severltyl wvirus outside Asiaand Africa {materno-fetal, sexual, transfusion) microcephaly assodation
ZIKV-RNA load at time of infection or existence Clinical findings Rash, fever, arthralgia, and conjunctivitis BS: CNS mal formation GBS; CHS malformation
of prior dengue antibodies. CNS malformation cases* 0 u 2653
Main challenges Identification of Zika virus Highincidence of GBS Laboratory capadties to confirm cases;

highinddence of microcephaly

* Potentially huge healthcare burden

GBS=Guillain-Barré syndrome. *Mumber of micoocephaly or NS mal formation cases suggestive of congenital Zika vims infection or potentially asso ciated with viral infection.

Table 1: Comparisonof Zika virusoutbreaks inYap, French Polynesia, and Brazil

UA Halai et al. Maternal Zika Virus Disease Severity, Virus Load, Prior Dengue Antibodies and their Relationship to Birth Outcomes. Clin Infect Dis. 2017 May 23.
An update on Zika virus infection. Lancet June 21, 2017
Screening, assessment and management of neonates and infants with complications associated with Zika virus exposure in utero. 30 August 2016 WHO


https://www.youtube.com/watch?v=HjOxS0hkPBU
https://www.youtube.com/watch?v=HjOxS0hkPBU

Does ZIKV cause microcephaly ?

Table 2. Bradford Hill Criteria for Evidence of Causation as Applied to the Relationship between Zika Virus Infection
and Microcephaly and Other Brain Anom alies*

Criterion

Strength of
assodation

Consistency

Specificity

Temporality

Sonja A. Rasmussen, et al. Zika Virus and Birth Defects — Reviewing the Evidence for Causality NEJM May 19, 2016

Evidence

A recent epidemiologic study frorn French Polynesia suggests a strong assodation
between prenatal Zika virus infection and microcephaly (estimated risk ratio, ap-
proximately 50).2

The substantial increase in the number of cases of microcephaly and other brain
anormaliesthat have been associated with the Zika virus outbreakin Brazil sug-
gests a strong association.!?

Twao epidemniologic studies, one frorm Brazil and onefrorm French Palynesia, ™ sup-
port the assodation between prenatal Zika virus infection and microcephaly and
other serious brain anomalies.

The observed increase in the number of cases of microcephaly after outbreaks of Zika
virusinfection in Brazil and French Polyresia, aswell as prelirminary reports of
cases in Colomnbia, support consistency,! 24

Case reports of Zika virus infedion in fetuses or infants with microcephaly or other
brain anemalies who were born to mothers who traveled to areas of active Zika
virus transrrission support consistency, 151312

Other causes of microcephaly exist; however, on the basis of dinical descriptionsthat
are available for a srmall number of infants with presumed congenital Zika virusin-
fection ™ the clinical phenotype linked to the Zika virus appears to be an unusual
form of microcephaly that is consistent with the fetal brain disruption sequence,

Zikavirusinfection in mothers during pregnancy precedesthe finding of microcephaly
or other brain anemalies in fetuses orinfants, 4%

Zika virus outbreaksin Brazil and French Polynesia preceded theincreasein the num-
ber of cases of microcephaly.’:?

Criterion

Met?
Yes

Yes

Yes

Yes

Applying Hill’s criteria to ZIKV infection
& brain anomalies

Biologicgradient

Plausibility

Coherence

Experirment

Analogy

Infection is a phenomenon that is either present or absent; there is no dose-response
relationship.

No data are available regarding whether wornen with an increased viral load have a
higher risk of adverse pregnancy or birth outcomes.

Findings aresimilar to those seen after prenatal infection with sorme other viral terato-
gens (e.g., ctormegalovirus and rubella virus).®

Evidence that Zika virus infects neural progenitor cells and produces cell death and ab-
normal growth,® along with evidence of Zika virusin brains of fetuses and infants
with rmicrocephaly, on the basis of on immunohistochernical staining and identifica-
tion of Zika virus RNA and live virus, %1713 provides strong biologic plausibility.

No results in an animal model of effects of Zika virus on pregnancy have yet been
published, but animal models have shown that Zika virus is neurotropic,®#
afindingthat is consistent with prenatal Zika virusinfection causing microcephaly
and other brain anemalies.

Zika virusinfects neural progenitor cells and produces cell death and abnormal
growth,” a finding that is consistent with a causal relationship between Zika virus
infection and microcephaly.

No experimental animal rmodel of Zika virus teratogenidty is available.

No other flavivirus has been shown to definitively cause birth defectsin humans,* but
flaviviruses, Wesselsbron and Japanese encephalitis viruses, have been shown to
cause stillbirth and brain anomalies in animals.*

Findings are similar to those seen after prenatal infection with other viral teratogens
{e.g., cytornegalovirus, rubella virus).*

NA

Yes

Yes

No

Yes



Timing of infection — does 1t matter ?

O First-trimester infection © Second-trimester infection A Third-trimester infection

A Biparietal Diameter 345 women 2015-2016, 53% positive ZIKV
100 . Infection from 6-39 weeks gestation

%0- Rate of fetal death 7% both groups
T s Adverse outcome 46% vs 11.5%
g o] Regardless of trimester of infection 55%/52%/29% (1st/2"4/3)
a 60
% So- .

MNo. of Cases
Y
L

.°'. il ' M Abnormal findings
407 Ao S Normal findings
304 : .
I+
0 15 20 25 30 35 40
Gestational Age (wk) I I I
- y -
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g ]
- Figure 2. Pregnancy and Infant Outcomes According to the Week of Gestation at the Time of ZIKV Infection.
E 150+ J=ral Adverse outcomes included 9 cases of fetal death in 125 pregnancies (7.2%) and 49 abnormal clinical findings, im-
g & aging findings, or both during the newborn period in 117 infants (42%) born from 116 pregnancies. Adverse out-
100+ comes occurred in women who were infected during the period from 6 to 39 weeks of gestation. Abnormalities are
detailed in Table S2 in the Supplementary Appendix.
0 LI o e o o B e
15 20 25 30 15 4

Gestational Age (wk)

Zika Virus Infection in Pregnant Women in Rio de Janeiro. N EnglJ Med 2016;375:2321-34




Microcephaly may not always be present at birth but may
develop later

64.5% of infants were born with severe microcephaly, and 95.8%
had a phenotype of fetal brain disruption sequence.

Screening should not only be based on HC but phenotype and
imaging as well

Phenotype, n = 48
Craniofacial disproportion

Signs and symptoms: Biparietal depression
Cerbralpalsy e
Motor disability

Epilepsy

Pyrimidal B
Extrapyrimidal

Irritability

Dysphagia

Cognitive impairment

Figure 1. Characteristic phenotype of fetal brain disruption
sequence in infants with probable congenital Zika virus syndrome,
Sao Luis, Brazil, 2015-2016. A) Craniofacial disproportion and
biparietal depression. B) Prominent occiput.

Description of 13 Infants Born During October 2015—-January 2016 With Congenital Zika Virus Infection Without Microcephaly at Birth — Brazil MMWR / December 2, 2016 / Vol. 65 / No. 47



Calcification at cortical junction,
reduced brain thickness Severe microcephaly. Profound craniofacial disproportion

Enlarged
cistern magna.
Brainstem and

cerebellum
hypoplasia
Extremely
simplified
gyral pattern
Coronal Plane
l
. Sagittal
Plane
?Ajdal
Plane

ventriculomegaly, enlarged SA space, enhanced
meningies. Suggestive of blockage of CSF

Maria de Fatima Vasco Aragao, et al. Clinical features and neuroimaging (CT and MRI) findings in presumed Zika virus related congenital infection and microcephaly: retrospective case series study. BMJ 2016;353:i1901



Arthroeryposis (congenital contractures of limbs)

|A| Multiple contractureswith kneedislocation | B| Multiple contractures including
right talipes equinowarus

Table. Clinical Findings Comprising a Unique Pattern of Congenital Anomaliesin Infants With Congenital ZIIX Infection: Congenital Zila Syndrome

Clinical Feature

Findingz in Infants With Canfirmead
Congenital ZH0V Infection

Ditferential Diagnoses

Findings Potentially Uniqueto [nfants
With Congenital Z1EY Infection

Cranial morphology

Brain anomalies

Ocular anormalies

Congenital contractures

Meurologic sequelae

FRBD5: sewere microcephaly, overlapping
cranial sutures, prominent occipital bone,
redundant scalp slin, and neurolagic
impairment

Cerebral cortex thinning;

abrnormal gyral patterns;

increased fluid spaces (ventriculomega by
or extra-axial);

subcortical calcifications;

corpus callosum anomalies;

decreased white matter;

and cerebellar (vermis) hypoplasia

Structural anomalies (microphthalmia,
coloborma);

cataracts;

and posterior anomalies:

chorioretinal atrophy,

focal pigrmentary mottling,

and optic nerve hypoplasiafatrophy

Unilateral or bilateral clubfoot
and arthrogryposis multiplex congenita

Motar disahilities;

coghitive disabilities;

hvpertonia, spasticity;

hvpatonia;

irritabilityfexcessive crying;

tremors and extrapyramidal swmptomes;
swallowing dysfunction;

vision impairment;

hearing impairment; and epilepsy

Congenital cytomegalovirus infection;
possibly other congenital infections;
and gene mutations inJAM3, NOED,
and ANNLEZ

Congenital cytomegalovirus infection;
possibly other congenital infections;
genetic syndromes, in particular
Aicardi-Goutiéres syndrome and
pseudo-TORCH syndrome; and

gene mutationsin fAM3, NOED,

and ANKLE2?

Congenital infections

Congenital infections (rubella, varicella,
and coxsackie B anly)

Congenital ovtomegalovirus infections
and other congenital infections

FBOS phenotype not unique to congenital
ZIY infection but rarely reported prior
to 2015 when local transmission of Z1IKY
was confirmed in Brazil

Subcortical location of calcificationsin

congenital ZIKY infection unique amaong
other congenital infections and genetic

synidromes

Chariaretinal atrophy and focal
pigmentary mottling, both affecting the
rmacula, unique amaong other congenital
imfections

Contractures not previously reported
withthe FBDS phenotype

Early pyramidal and extrapyramidal
aymptoms unusual among ather
congenital infections

Club foot

Abbreviations: FEDS, fetal brain disruption sequen ce; I, Zilaa wirus.

Characterizing the Pattern of Anomalies in Congenital Zika Syndrome for Pediatric Clinicians. JAMA Pediatrics March 2017 Volume 171, Number 3



Interim guidelines’ on the management of a pregnant woman with

US CDC testing algorithm for exposed possible Zika virus exposure?
pregnant women

Endorsed by the Hospital Authority Coordinating Committee in Obstetrics &

Gynaecology and Hong Kong College of Obstetricions and Gynaecologisis

with effect from 26 September 2016

fssess for possible Zika virus exposune
Evaluatefarsigns and symptoms of Zika virus dissase

Af 1E

+ Symptomatic : <2 weeks after symptom onset, or + Syrn pt ornatic: 2-12 weeks after symptom onset, or
+ Asyrnptomatic and HOT living in anarea with acive + hsyrptomaticand MOT living inanarea with activeZika virus
Zika virus transmission; <2 weeks after possible exposurs transmission; 2 -12 weeks after possible exposure, ar
+ Asymptomaticand living in anarea with active Zika virus (IgM) collected onfafter Day 28 after the last
* transmission: first and second trimester dav of
ay of ex
i vircs 1RI-PCR T !
{s=rurn and urine) during or
T Zikawvirus gl and dengue
wirus lghi (serum i 4
+ * am{ ) Pasitive or Negative result
Positivelilﬁlvirus rRT-PCR Negative Zika virus tRT-PCR + * inconclusive
is=rum ar urine): Recent fserum and uring) : — - — Yes, or resolved 5
Zika virs ipfection Diengue wirus (gl Zikmvirus lgM positive or || Zikavirus g results
* positive or equivoeal | | equivoraland anyresult || and dengueviros
— and Zika virds gl on denguevirus ighl: 1gM regative:
* zimptomlatlci z;:qﬁ virus lgh and negtive: Prasumptive | | Prosumptiverecent fika Mo rocent fika
IeJ0 21 | donguevirus infection | | virus or flavivires infection | | vires infection i A
« Asymn ptomaticand MOT livingin an ¢ within 14 days of possible
area withartive Zika virus ' onset of infection
‘2m1“25mi55E“;ffi’ﬁ“if“,L 'lgf““ Reflex Zika virus (RT-PCR
-12 wieeks after possiblesxposune duri
T lsErum and unine] 2. Zika virus serology test (lgM) at least 14 days
. . .
____1 S — f ! HKCOG guideline
Fika virus IgM and dengue Zika virus gl or dengue virus Ighl Megative Zika Pasitive Ziks virus
wirus lghl negative: Novecant postive orequivarsl: Arasumptive virus fRT-PCA rRT-PCR an serum:
Zikavivus infection recent Zika virus o denguevires of fserurm) Rocont Fikavirus m a n a ge m e nt Of eX p OS e d
e rtr Resuts Postive o pregnant women
I__PRNT ] negatiurea inconclusive results’

! t

Zikz virus PRNT = 10and Zikavirus PRNT z10and dengue wiras Ziba virus PRNT <100
dengue virus PRAT <10 PENT=10: Recant fhnvivirus infection, Norecent avidence of for further managem ent®
Rocent Zikaviras infection spedficvirus cannat beidentifed Zilavirus infection

http://www.hkcog.org.hk/hkcog/Download/Interim_guidelines_on_Mx_of_a_pregnant_woman_with_a_travel_hi
MMWR / July 29, 2016 / Vol. 65 / No. 29 story_to_area_with_zika_virus_transmission_(20160926).pdf



Association with GBS was tirst reported 1n Frenc
Polynesia outbreak 2013 #ExssiE

Guillain-Barré Syndrome outbreak associated with Zika virus
infection in French Polynesia: a case-control study

Vian-Mai Goe-Lo e, Alewand te Blzke™, Sandrine Mo ns, Stgphane Lastére, Ozuding Roc he, Jes sion Yanho mwagen, Timothés Dub,
Lzure Brudovin, Anta Teissier, Philippelaris, Anne-LawreViz|, Christophe Deox m, Valée Chowmet, Susen K Halsterd, Hughl Willisan, Lucile Musset,
Jex n-Oavde WManug vers, Philippe Cespres, Emmanued Fouraier, Henn-Fierne Willet, Didier Musso, Aroaud Fonfa net™, Jezn Mel, Fradére Ghowchée?

Summary

Eackgmound Between October, 2013, and April, 2014, French Polynesia experienced the largest Zila virus outbrealo
ever described at that time. During the same period, an increase in Guillain-Barré syndrome was reported , suppesting
a possible assodation between Zila virus and Guillain- Barré syndrome. We aimed to assess the role of Zila virus and
dengue virus infection in developing Guilbin-Barré syndrome.

Methods In this case-control study, cases were patients with Guillin-Barré syndrome diapnosed at the Centre
Hospitalier de Polynésie Francaise (Papeete, Tahiti, French Polynesia) during the outbrealk period. Controls were
age-matched , sex-matched, and residence-matched patients who presented at the hospital with a non-febrile illness
{control group 1; n=23) and ape-matched patients with acute Fila virus disease and no neurological symptoms
{control group 2; n=70). Virological inwvestigations included RT-PCR for Zila wvirus, and both microsphere
immunofluorescent and seroneutralisation assays for Fila virus and dengue virus. Anti-glycolipid reactivity was
studied in patients with Guillain-Barré syndrome using both ELISA and combinatorial microarrays.

Findings 42 patients were diapnosed with Guillain-Barré syndrome during the study period. 41 (9354 patients with
Guilhin-Barré syndrome had anti-Zila virus IgM or IgG, and all {10025} had neutralising antibodies against Zla
virus compared with 54 (3695 of 93 in control group 1 (p<0-0001). 39 {9324) patients with Guillain-Barré syndrome
had Zila viras IpM and 37 (359¢) had experienced a transient illness in a median of 6 days (IQR 4-10} before the onset
of neurclogical symptoms, suppesting recent Zila virus infection. Patients with Guillain-Barré syndrome had
ekectrophysiological findings compatible with acute motor axonal neuropathy {(AMAN] type, and had rapid evolution
of disease (median duration of the installation and plateau phases was 6 [IQR 4-9] and 4 days [3-10], respectively).
12 (2924) patients required respiratory assistance. No patients died. Anti-glycolipid antibody activity was found in
13 {31%¢) patients, and notably against GAl in eight {(192¢) patients, by ELISA and 19 {4628) of 41 by glycoarray at
admission. The typical AMAN-associated anti-panglioside antibodies were rarely present. Past denpue virus history
did not differ sipnificantly between patients with Guillain-Barré ssndrome and those in the two control groups (9575,
5924, and §3%, respectively).

Interpretation This is the first study providing evidence for Zila vitus infection causing Guillain-Barré syndrome.
Because Zila virus is spreading rapidly across the Americas, at risk countrie s need to prepare for adecuate intensive
care beds apacity to manage patients with Guillain. Barré syndrome.
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n () or median

(IQR)
Age (years) 42 (35-56)
hilen 31 (74%)
Obeasa 11 (265%)
Smoking (n=40) 12 (30%)
High blood pressure 71T
Heart disease ERvA]
Previousviral syndrome 37 (28%)
Conjunctivitis (n=31) 15 {(4Z8%)
Razh {n=35) 29 (81%)
Fewer (N=31}) 12 (E2%)
Arthralgia {(n=31}) 23 (F4%)
Oedermaofthe limbs (n=29) 9 (31%)
Time between reported viral syndrome and onset of neurclogical syrmptoms {days) S (4-10)

(n=371
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(GBS Findings from Central and South America

A waekly Case Reports of ZIKY Disesse and GBS in Six Countries and Bahis, Brazil, 2015-2016
Bahis Cobmbia
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Zika Virus and the Guillain—Barré Syndrome — Case Series from Seven Countries. NEJM 375;16 Oct 20, 2016



The panel of experts concluded:

- The most likely explanation of available evidence from
outbreaks of Zika virus infection and clusters of microcephaly
is that Zika virus infection during pregnancy is a cause of
congenital brain abnormalities including microcephaly;

- The most likely explanation of available evidence from
outbreaks of Zika virus infection and Guillain-Barré syndrome
is that Zika virus infection is a trigger of GBS.

# Healthtopics Data Media centre Publications Countries Programmes Governance About WHQ

Emergencies
Emergencies Zika causality statement
Zika virus 7 September 2016
Yellow fever Zika virus infection: update on the evidence for a causal link to

congenital brain abnormalities and Guillain-Barré syndrome?
South Sudan crisis

Update of WHO Statement published on 31 March 2016

Ebola outbreak in DRC
Since 2013, an unexpected rise in the number of reported cases of the

MERS-CoV neurological disorder Guillain-Barré syndrome? (GBS) in French Polynesia,
Brazil and other countries in the Americas led specialists to infer a link with an
Humanitarian emergencies ongoing outbreak of Zika virus infection. Reports of unexpected increases in

cases of microcephaly in north-eastern Brazil also led to the suggestion of a link
to Zika virus infection in late 2015. On 1 December 2015, PAHO/WHO
published an alert regarding the implications for public health of the detection of
neurclogical syndromes and congenital malformations in the context of
Y epidemic transmission of Zika virus in Brazil. On 1 February 2016, the World
WOI’ld Health Health Organization (WHQ) declared that the clusters of cases of microcephaly
and neurological disorders occurring in areas with Zika virus transmission

ronctitiitad a ruthlic haalth amarnancu nf infarnatinnal Fancarn

WHO Causality Statement
(Microcephaly & GBS)

RESEARCH ARTICLE

Zika Virus Infection as a Cause of Congenital
Brain Abnormalities and Guillain-Barré
Syndrome: Systematic Review

Fabienne Krauer', Maurane Riesen’, Ludovic Reveiz?, Olufemi T. Oladapa?,
Ruth Martinez-Vega®, Teegwendé V. Porgo®®, Anina Haeiliger!, Nathalie J. Broutet?,
Nicola Low'*, WHO Zika Causality Working Group”

1 Institute of Social and Preventive Medicine, University of Bern, Switzerland, 2 Pan American Health
Organization, Washington DC, United States of America, 3 UNDPAUNFPA/UNICEFAWHO World Bank
Special Programme of Research, Development and Research Training in Human Reproduction (HRP),
Department of Reproductive Health and Research, World Health Crganization, Geneva, Switzerland,

4 Escuela de Microbiologia, Universidad Industrial de Santander, Santander, Colombia, 5 Department of
Social and Preventative Medicine, Laval University, Québec, Canada

9 Membership of the WHO Zika Causality Working Group is provided in the Acknowledgments.
* nicola.low @& ispm.unibe.ch

Krauer F, Riesen M, Reveiz L, Oladapo OT, MartdAnez-Vega R, Porgo TV, et al. (2017) Zika Virus Infection as a
Cause of Congenital Brain Abnormalities and GuillaintBarreA Syndrome: Systematic Review. PLoS Med 14(1):
€1002203. doi:10.1371/journal.pmed.1002203



Management of ZIKV-associated GBS

e Same as other forms of GBS

e Supportive care

Pain control

Nutritional support
Bowel and bladder care
Early rehabilitation
Psychosocial support

e Close monitoring of cardiac and lung functions
e Prevention of complications e.g. DVT, bedsores, corneal ulceration

 Immunotherapy (rapidly progressive, disability score > 2)
o IVIG
e Plasmapheresis
e - most effective when given within 2 weeks of symptom onset

e Steroid is NOT useful



Fatal cases reported

Fatal Sickle Cell Disease and
Zika Virus Infection in Girl
from Colombia

Laura Arzuza-Ortega, Arnulfo Polo,

Giamina Pérez-Tatis, Humberto Lépez-Garcia,
Edgar Parra, Lissethe C. Pardo-Herrera,
Angélica M. Rico-Turca, Wilmer Villamil-Gomez,
Alfonso J. Rodriguez-Morales

15/F from north colombia in Oct 2015, sickle cell anemia for 5
years, no history of vaso-occlusive crises.

Present with dengue like syndrome for 4 days .

Severe jaundice, respiratory distress, required mech. ventilation
Died 37 hours later

Suspect vaso-occlusive crisis triggered by ZIKV (as reported for
DENV)

Emerging Infectious Diseases ® www.cdc.gov/eid ¢ Vol. 22, No. 5, May 2016

www.thelancet.com/infection Vol 16 May 2016

Zika virus associated @ 4 cases:
deaths in Colombia o 2/F & 30/F with

i i 1 i i :‘f'.pri 7. 2016
ilk:a v ﬂirus | nfectlon_has emergnlzd in ot ot g 101016 severe

atin merica as an important t_1reat $1473-3095(16/20006-8 h b .
due to its association with Guillain- thrombocytopenia,
Barré syndrome, which c_an lead to post mortem
deaths, and microcephaly in newborn
babies.”® Cases of fatal Zika virus showed features of
!I[":ection are rare a;‘u:i ||'!’1i5_.un|dei;'_stood. acute leukemia

e spectrum of clinical disease

remains uncertain and considering the 61/M
rapidly evolving epidemics of this new 72/F with Diabetes
arbovirus in Latin America, it deserves V] ||t
further detailed assessment.** Here, ellitus

Morbidity and Mortality Weekly Report

Update: Ongoing Zika Virus Transmission — Puerto Rico,
November 1, 2015-April 14,2016

Emilio Dirlikov, PhD"2; Kyle R. Ryff, MPH'; Jomil Torres-Aponte, MS!; Dana L. Thomas, MD'3; Janice Perez-Padilla, MPH?*; Jorge Munoz-Jordan, PhD%
Elba V. Caraballo, PhD#; Myriam Garcia®®; Marangely Olivero Segarra, MS36; Graciela Malave™*; Regina M. Simeone, MPH7;
Carrie K. Shapiro-Mendoza, PhD¥; Lourdes Romero Reyes”; Francisco Alvarado-Ramy, MD'%; Angela E Harris, PhD'!; Aidsa Rivera, MSN%;
Chelsea G. Major, MPH*1%; Marrielle Mayshack'-'%; Luisa . Alvarado, MD'3; Audrey Lenhart, PhD'%; Miguel Valencia-Prado, MD'5;
Steve Waterman, MD*; Tyler M. Sharp, PhD* Brenda Rivera-Garcia, DVM!

17 (2%) patients hospitalized
5(1%) patients with GBS
1 (<1%) patient died

MMWR / May 6, 2016 / Vol. 65 / No. 17



Outbreak in Singapore in August 2016
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Outbreak of Zika virus infection in Singapore: an epidemiological, entomological, virological, and clinical Analysis Lancet Infect Dis May 17, 2017
Zika virus in Singapore: unanswered questions Lancet Infect Dis May 17, 2017




2 1mported cases of Zika virus in Hong Kong

Caribbean
6-20 August

EARRTHRZRE

H P fﬁ 33 Bﬁ g q] "'l.:‘ Surveillance
Centre for Health Protection . A“f‘
Epidemiology
Branch

£F#s OwRe : (17)inDHSEB CD/8/97/1 Pt.7

26 August 2016

Dear Doctor.
The first imported case of Zika Virus Infection

We would like to draw your attention to the first confirmed case of
imported Zika Virus Infection (ZVI) reported in Hong Kong on 25 August 2016
and to remind doctors to remain vigilant against this disease.

The patient was a 38-year-old woman who lives in Lohas Park, Tseung
Kwan O. She works in International Finance Centre. Central. She presented
with joint pain since 20 August 2016. She attended the out-patient clinic of a

private hospital on 23 August 2016 and was noted to have red eyes on examination.

She did not require hospitalisation. Her blood and urine samples taken on 24
August were tested positive for Zika virus on 25 August 2016 by the Public Health
Laboratory Services Branch (PHLSB) of the Centre for Health Protection (CHP).
The patient was stable all along and was put under isolation in a vector free
(mosquito-free) environment in United Christian Hospital for further management.

HP fa = B & b Surveillance

EHRRTHREZR Centre for Health Protection . Anf]
Epidemiology
RIS Branch

Protecting Hong Kong's health

ouwrRef. : (153)1n DH SEB CD/8/97/1 Pt.9

26 April 2017

Dear Doctor,
The first imported case of Zika Virus Infection in 2017

We would like to draw your attention to the first confirmed case of
imported Zika Virus Infection (ZVT) reported this year in Hong Kong today and to

remind doctors to remain vigilant against this disease.

The patient was a 31-year-old woman who lives in Fortune Plaza, Tai Po.
She presented with headache, mild sore throat, nausea and vomiting since 21 April
)

2017 and developed generalised skin rash since 23 April 2017. She consulted a

general practitioner at Tai Po on 22 April 2017; attended the Accident and

http://www.chp.gov.hk/files/pdf/letters_to_doctors_20160826.pdf

Ecuador and Peru 8-21 April

http://www.chp.gov.hk/files/pdf/letters_to_doctors_20170426.pdf




Treatment & Prevention
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Medical Products

There are no FDA-approved vaccines for Zika virus. [Several investigational vaccines are under development,

There are no FDA-approved treatments for Zika virﬁl nor is the FDA aware of treatments in advanced
development for Zika at this time. Also see Zika Virus Ireatment Research, from NIAID, and BEARDA's Medical
Countermeasure Response to Zika

There are no commercially available diagnostic tests cleared by FDA for the detection of Zika virus|FDA
encourages commercial diagnostic developers and researchers developing laboratory developed tests for Zika

Virus Diagnostic Development for information on FDA support for Zika virus diagnostic development and
Emergency Use Authorization for information about Zika virus diagnostics available under EUA.




Can an FDA-Approved Alzheimer’s Drug A

& o
Be Repurposed for Alleviating Neuronal AN O "o |
. » microglia )] Glmathione----i ROS e S, _..‘l:yc!;".
Symptoms of Zika Virus? o . —  )ET e
- ’.:. Sl ””/-:. (r_‘ehri;rﬁ?rl?;,/ ! A‘::D \I\:‘;Ji;:ls' ATPase  Glaiaarin
Devika Sirohi, Richard J. Kuhn J ’ W/ N oK

Department of Biological Sciences, and Purdue Institute of Inflammation, Immunclogy and Infectious Disease,
Furdue University, West Lafayette Indiana, LSA

...............

ABSTRACT Zika virus caught the world by surprise by its rapid spread and frighten-
ing disease outcomes. This major epidemic mativated many scientists to focus their
attention on controlling this emerging pathogen. As many as 45 vaccine candidates

=]
are being developed, but progress in the antiviral arena has been slower. In a recent E : o 0° | ovetmd
article (mBic 8:00350-17, 2017, httpx//doiorg/10.1128/mBio.00350-17), Costa and P o—£ =0 °. o fﬁ‘} °
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Vaccine development

e Being monitored by WHO, which convened workshop and perform
scientific consultation on how best to conduct efficacy trials

 More than 10 vaccine candidates currently in different phases of
development

WHO vaccine pipeline tracker

Candidate Vaccine V. Candidate Platform Immunogen | o mogen | Adjuvant Type |  Adjuvant RegistryID | TrialStatus | Sponsor Name | Sponsor Type Phase S

accine Status Type date e
ZIKV GLS-5700 Active candidate /| DNA Protein: specify  prME None NCT02809443  Open, not recruitir GeneOne Life Scie Industry Phaze 1 2016-07-01 2017-11-01
ZIKV GLS-5700 Active candidate /| DNA Protein: specify  prME None NCT028874582  Open, recruiting  GeneOne Life Scier Industry Phaze 1 2016-08-01 2017-06-01
ZIKV and others AGS-v Active candidate / Peptide Protein: specify  Mosquito salivary Novel other: specil 1SA-51 NCT03055000  Open, recruiting NIH Government Phasel 2017-02-09 2019-12-31
ZIKV MV-Zika Active candidate / Recombinant viral Protein: specify | prME None NCT02995890 | Open,recruiting Themis Bioscience Industry Phasel 2017-04-04 2017-07-01
ZIKV mRNA-1325 Active candidate / mRNA Protein: specify prME None NCT03014089  Open,recruiting Moderna Theraper Industry Phase 2 2018-12-01 2017-11-01
ZIKV VRC-ZKADNAO83-00-VP Active candidate / DNA Protein: specify prME None NCTO02840487 Open, not recruitir NIAID Government Phasel 2016-07-11 2017-12-29
ZIKV VRC-ZKADNAOS0-00-VP Active candidate / DNA Protein: specify prME None NCT029956461 Open, recruiting  NIAID Government Phasel 2016-12-08 2018-12-28
ZIKV VRC-ZKADNAOS0-00-VP Active candidate / DNA Protein: specify prME None NCTO03110770 Open, recruiting  NIAID Government Phase 2 2017-03-29 2020-01-01
ZIKV ZIKV PIV Active candidate / Inactivated whole Protein: specify  whole virus Aluminum salts (& NCT02963909  Open, recruiting NIAID Government Phasel 2018-11-01 2019-02-01
ZIKV ZIKV PIV Active candidate / Inactivated whole Protein: specify  whole virus Aluminum salts (2 MNCT02952833  Open, recruiting  NIAID Government Phaze 1 2016-10-14 2018-01-15
ZIKV ZIKV PIV Active candidate / Inactivated whole Protein: specify  whole virus Aluminum salts (2 NCT02937233  Open, recruiting BIDMC Academic Phaze 1 2016-10-01 2017-11-01
ZIKV ZIKV PIV Active candidate / Inactivated whole Protein: specify  whole virus Aluminum salts (2 NCT03008122  Open, recruiting  NIAID Government Phaze 1 2017-02-24 2019-07-18

http://www.who.int/immunization/research/vaccine_pipeline_tracker_spreadsheet/en/ (accessed 12/7/2017)
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Zika Virus Vaccines — A Full Field and Looking for the Closers. NEJM 376;19 May 11, 2017



Infection Control

e Standard precautions should be adopted when contacting confirmed
and suspected cases

* No special cleaning or disinfection practices or reprocessing strategy
are necessary. Please follow existing recommended protocols.

e Patient should be housed in a mosquito-free environment e.g. clinical
areas of hospital until no longer transmissible i.e. viremia cleared

https://www.cdc.gov/zika/hc-providers/infection-control.html
Inactivation and Environmental Stability of Zika Virus Emerging Infectious DiseasesVol. 22, No. 9, September 2016
Hospital Authority Preparedness Plan for Zika Virus Infection March 2016



https://www.cdc.gov/zika/hc-providers/infection-control.html
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Standard Precautions
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Standard Precautions

must be taken in the following situations

° Hand Hygiene B I - BRI - 5 A Wear Gloves
i / A B > y when handling blood,

. ' ' el e i AR PO Y e
Personal Protective Equipment (PPE) i e _ S et

° G Ioves non-intact skin

. . A O] pEEE AR - Wear a Mask,

 Mask, eye protection and faceshield IR R B ST~ -5 Protective Eyewear
WA £ and a Gown

e Gown/apron nE -« BE o B o crotect yourset

BEZF LFEK

e Environmental & equipment
decontamination
e Prevention of sharps injury

e Respiratory hygiene and cough etiquette Caretully

. - s - Perform
MR ILE - BER S RN o Hand Hygiene
S~ BEYD - _\ Immediately
FE -{E0O - ' g after taking off gloves or
ﬁﬁ —lfqz,ﬁ_?é ’ F e handling blood, body

fluids, secretions,

m HEI] m* o excretions, MuUCous

membrane or non-intact skin

Basic Infection Control Training for Non-Clinical Staff updated in March 2014
http://www.chp.gov.hk/files/pdf/isolation precautions.pdf



http://www.chp.gov.hk/files/pdf/isolation_precautions.pdf

Anti-mosquito measures

Keep the environment clean

Remove stagnant water
e Unblock ditches
e Careful of old tires and used cans
e Evenirregular ground surfaces

e Prevent breeding of mosquitoes
* Cover water containers
e Cover rubbish bins with lids
e Use of fish to eat up larvae in cultivating ponds

* Prevent mosquito bites
e Wear light coloured, long sleeved clothing outdoors
e Apply insect repellent appropriately
* Use mosquito net
e Avoid fragrant cosmetics

http://www.fehd.gov.hk/english/safefood/risk-pest-mosquito.html#anchor4
http://www.chp.gov.hk/en/content/9/24/19.html
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If possible, set the
& Use mosquito repellents, If possible, sleep under air-conditioning to a low
we::::?g:'::::?;:'ns coils or other devices that will bed nets pre-treated temperature at night -
9 help fend off mosquitoes * with insecticides mosquitoes do not like
cold temperatures
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http://www.fehd.gov.hk/english/safefood/risk-pest-mosquito.html
http://www.chp.gov.hk/en/content/9/24/19.html

Choosing the right insect repellent

Active ingredient B S Usual Duration
concentration (hours)

DEET (most effetive) =R 5-30% <10% for children.
Not for 0-6 months
Can use up to 30% in

pregnancy
Picaridin (lcaridin) RERNIT 5-25% 3-12 Good tolerability
IR 3535 R EBR = 7.5-20% 2-8
2-undecanone (wild HH R 7.75-10% 2 EPA toxicity class IV
tomato extract) (lowest)
PMD (from oil of B -SE T E-3,8- 10-40% 2-6 Not to be used in <3
lemon eucalyptus) = years old
Citronella (found in 5 H 4.2% 1 Minimal efficacy

lemongrass)

http://www.chp.gov.hk/en/view content/38927.html

http://www.fhs.gov.hk/english/health info/woman/30064.pdf
https://wwwnc.cdc.gov/travel/yellowbook/2016/the-pre-travel-consultation/protection-against-mosquitoes-ticks-other-arthropods
https://www.consumer.org.hk/ws chi/news/press/p46404.html
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http://www.fhs.gov.hk/english/health_info/woman/30064.pdf
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https://www.consumer.org.hk/ws_chi/news/press/p46404.html

Advice to travellers to prevent sexual transmission
categories _ |who*  |c e

Returned travellers

Couples planning for pregnancy

Sexual partner of pregnant woman

Travel to areas with active transmission

Adopt safer sex practice or abstinence for
at least 6 months upon return for both
men and women

should wait for at least 6 months before
trying to conceive

Sexual partner of pregnant woman should
practise safer sex or abstinence for at
least the whole duration of pregnancy

advising pregnant women not to travel to
Zika-affected areas in categories 1 and 2
in the country classification table

At least 6 months for men and 8 weeks
for women after symptom onset or last
exposure

Women should wait for at least 8 weeks
from symptom onset or last possible
exposure before trying to conceive. Men
should wait for at least 6 months (8
weeks if asymptomatic no longer
recommended)

Use condom or abstain from sex for the
duration of pregnancy

Pregnant women and partners should
avoid nonessential travel to these areas

*in regions with NO active Zika virus transmission

Sources: Prevention of sexual transmission of Zika virus, 6 September 2016 WHO/ZIKV/MOC/16.1 Rev.3
http://www.chp.gov.hk/en/content/9/24/43088.html
http://www.who.int/csr/disease/zika/information-for-travelers/en/

Travellers returning from affected

areas should consider abstinence from
sex for at least 6 months upon return, or
else condoms should be used.

Pregnant woman should not have sex
with her partner who had travelled to
affected areas, or else condom should be
used throughout the pregnancy.

Pregnant women and women preparing
for pregnancy should not travel to areas
with ongoing Zika virus transmission.



http://www.chp.gov.hk/en/view_content/43209.html
http://www.chp.gov.hk/en/view_content/43209.html
http://www.chp.gov.hk/en/content/9/24/43088.html

Cont’d

cotegoris__|who* e low

Advice for sex during travel Should not have sex during travel or
use condoms

Use of insect repellent Travellers returning home should Use of mosquito repellent
also continue to use insect repellent containing DEET during travel and
for at least three weeks to avoid returning from these areas for a
being bitten and potentially period of at least 21 days are
spreading the infection to other advised for all travellers including
people through mosquito bites. pregnant women.

Additional advice for Pregnant Should be tested for zika virus attend antenatal follow up regularly

women with possible exposure infection in accordance with CDC’s and tell the attending doctor history

algorithm of recent travel;

observe for symptoms of Zika virus
infection and seek medical advice as
soon as possible if feeling unwell;

*in regions with NO active Zika virus transmission

Sources: Prevention of sexual transmission of Zika virus, 6 September 2016 WHO/ZIKV/MOC/16.1 Rev.3
http://www.chp.gov.hk/en/content/9/24/43088.html
http://www.who.int/csr/disease/zika/information-for-travelers/en/



http://www.chp.gov.hk/en/view_content/38927.html
http://www.chp.gov.hk/en/view_content/38927.html
http://www.chp.gov.hk/en/content/9/24/43088.html
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News & Events

In association with active Zika virus transmission, the Hong Kong Red Cross Blood

| ¢ _i =t Transfusion Service has put new screening guidelines in place. Anyone who has resided in or
Latest News visited any of following countries which are affected by Zika Virus Disease will be deferred
Latest Events from blood donation at least 28 days from the date he/she departed from the affected

areas.
Mobile Collection Service
Two-week Schedule
. . AfricadEi (3)

Activity for Medical Angolast=ift, Cape Verdeftia & 4i0F); Guinea-Bissau AT
Laboratory Technologists AmericasEH# [45)

Anguilla®E3n Antigua and BarbudaT 42050 Manak; Argentinaldifil; ArubafdS 1 BahamasP6s &
Barbados 2 Ea42; Belizeddf) 2 BoliviaZ® 33555 : Bonaire, 5t Eustatiuz and Saka @R, B0 0EA0 BriRfone
Hong Kong Red Cross B British Virgin Islandsi BN =212, Cayman lslandsiSeE &; Colombia®i§iLes: Costa Ricamehfiz

. . ifl; Cubad® E: CuracackEl F; Dominkca®4 E238; Dominican RepublicSHE M40 E; Ecvador L S;
Chinese First Aid App El Salvadorg F<; French GuianaiZE $:354; Grenadafiiie: Guadeloupell iSfEE & Guatemalass
R Guyana= TEF; Honduras & 1087 Jamaica FHE 1 Martinique B4 B35 B; Mexico 87 T

Media Releases & Coverage Montserral T3 3R 92 B Nicaragua BT Panama 25 & ParaguayEidi 2, Perufil; Puerto Ricois
5 Saint Kitts and NevisZ2E2FF0/EL8H; Seint LuciaZ B FEEE; Saint-MartinZE B T B; 5t MaartenX BT
Other News 5t Vincent and the Grenadines 30 3 R S5HE #5597 1; Surinamegf B 5; Trinkdad and Tobagoddif Eigf04

HE; Turks amd Caicos Island =5 57 2R F0R] 44T EF B the United States3: [; the US Virgin lsland: 38 ST
A VenezuelaZ= s

Somne.:1s]': Asin Maldives B {45

http://www5.ha.org.hk/rcbts/enarticlelistview.asp?nid=214&bid=5&sid=0&MenulD=2# WWYv40h96M8



http://www5.ha.org.hk/rcbts/enarticlelistview.asp?nid=214&bid=5&sid=0&MenuID=2
http://www5.ha.org.hk/rcbts/enarticlelistview.asp?nid=214&bid=5&sid=0&MenuID=2

Unanswered research questions on Zika virus

e Can African lineage of virus cause severe complications ?
 What is the minimum infectious dose for transmission by transfusion ?

 What are the long term outcomes of neonates without abnormality at
birth ?

* Does infection confer lifelong immunity ? Does prior dengue infection
enhances antibody response ?

* Will ZIKV cause large outbreaks in Africa and Asia ?

An update on Zika virus infection. Lancet June 21, 2017



LETTER

doi:10.1038/nature22365

Evolutionary enhancement of Zika virus infectivity
in Aedes aegypti mosquitoes

Yang Liub??* Jianying Liu'**, Senyan Du'*, Chao Shan**, Kaixiao Nie!, Rudian Zhang"?, Xiao-Feng Li®, Renli Zhang?,
Tao Wang™®, Cheng-Feng Qin®, Penghua Wang’, Pei-Yong Shi* & Gong Cheng'**

Zika virus (ZIKV) remained obscure until the recent explosive
outbreaks in French Polynesia (2013-2014) and South America
(2015-2016)'-3. Phylogenetic studies have shown that ZIKV has
evolved into African and Asian lineages. The Asian lineage of
ZIKV was responsible for the recent epidemics in the Americas'*

However, the underlying mechanisms through which ZIKV rapidly
and explosively spread from Asia to the Americas are unclear.
Non-structural protein 1 (N51) facilitates flavivirus acquisition by
mosquitoes from an infected mammalian host and subsequently
enhances viral prevalence in mosquitoes®. Here we show that NS1
antigenaemia determines ZIKV infectivity in its mosquito vector
Aedes aegypti, which acquires ZIKV via a blood meal. Clinical
isolates from the most recent outbreak in the Americas were much
more infectious in mosquitoes than the F5513025 strain, which was
isolated in Cambodia in 2010. Further analyses showed that these
epidemic strains have higher N51 antigenaemia than the FS513025
strain because of an alanine-to-valine amino acid substitution at
residue 188 in N51. ZIKV infectivity was enhanced by this amino
acid substitution in the ZIKV FS5513025 strain in mosquitoes that
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Infecting mosquitoes with Wolbachia bacteria

Cell Host & Microbe

Wolbachia Blocks Currently Circulating Zika Virus
Isolates in Brazilian Aedes aegypti Mosquitoes

Graphical Abstract

Wolb-

Aedes aegypti Woib+

ZIKV-infected
blood

¥
Disseminated
T e [ e 3
'

Infectious virus 0% ‘
in saliva

Nature news 26 Oct 2016
Dutra et al., 2016, Cell Host & Microbe 19, 771-774
Bull World Health Organ 2016;94:562-563
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In Brief

Strategies to combat Zika virus (ZIKY)
and its mosguito vector are urgently
needed. Dutra et al. report that
Whaolbachia-canmying mosguitoes are
highly resistant to ZIKV and display
reduced virus prevalence and intensity.
Saliva from Wolbachia-camying
mosquitoces did not contain infectious
virug, suggesting the possibility to block
ZIKY transmission.

Luciano Moreira (left) and Scott O'Neill in the Fiocruz laboratory with a vat for breeding Wolbachia-infected
mosquitoes

Brazilian biologist Robert Costa Peres releases mosguitees infected with the Woibachia bacterium in
Rio de Janeiro.
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Fig 1. Cytoplasmic incompatibility. (A) When a Wolbachia-infected male {red) mates with an uninfected female {black}, a sperm—egg
incompatibility means that some or all of the embryos die. Therefore, infected females produce more offspring than uninfected females {red
versus black mosquitoes). (B) This reproductive advantage dependzs on the prevalence of Wotbachia inthe population, because when
Woltbachia is rare, females are unlikely to mate with infecied males. The Wotbachia strain in Aedes aegypii camies a physiological cost,
reducing the fecundity of infected females. If this cost exceeds the advantage of cytoplasmic incompatibility, then the infection is lost from
the population. This creates a threshold prevalence below which Wolbachia is lost and above which it invades the population. This cartoon
assumes infected females transmit Wotbachiato all their offspring. fmage credit, https//doi.org/10.1093/gbe/evw (1 8.

Jiggins FM (2017) The spread of Wolbachia through mosquito populations. PLoS Biol 15(6): €2002780.



Genetically modified (sterile) mosquito

RESEARCH ARTICLE
Dispersal of Engineered Male Aedes ae ti : .

P _ 9 gyp Expression of lethal gene is inhibited by T —
MOSQUltOES tetracyc“ne injected intc a mosquite eqq.

Pater Winskill'2®, Danilo O. Carvallko™, Margarath L. Capurro™®, Luke Alphey®S7, Christl
A Donnelly', Andrew R. McKemay® ¢

Fig. 2. Numbers of mosquito larvae in traps set up in a control area where males of

1 Medical Research Council Centre for Dutbreak Analysis and Maodelling, Departrmert of Infectious Disease the transg enic 0x513A strain ofAedes aegypﬁwere releaed Piracicaba county
Epidemiology, School of Public Heatth, Faculty of Medicine, Imperial College London, St Mary's Campus, Brazil. 2015 ! !
London, United Kingdom, 2 Oxites Limited, Oxford, United Kingdam, 3 Instituta Macional de Ciéncia e razil,

Tecnologia em Entomologia Molecular (IMCT -EM), Universidade Federal do Rio de Janeiro, ha do Fundao,
Rio de Janeir, Brazil, 4 Departamento de Parasitologia, Universidade de 830 Paule, 830 Paulo, Brazil,
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FDA Releases Final Environmental Assessment for
Genetically Engineered Mosquito

No. of larvae per trap
1

f aHam in LINKEDIN | @ PINIT 38 EMA 2 Pany ]0
[}
Update
August 5, 2016 5 ]
The FDA has completed the environmental review for a proposed field trial to determine whether the release of Oxitec \.\
Ltd.'s genetically engineerad (GE) mosquitoes (OX513A) will suppress the local Aedes aegypti mosquito population in the 8- . __..»‘._.
release area at Key Haven, Florida. After considering thousands of public comments, the FDA has p%lblished a final —-tg o . P P g g 0¥ "
environmental assessment (EA) and finding of no significant impact (FOMSI) that agrees with the EA’s conclusion that the 0 T T T T T

proposed field trial will not have significant impacts on the environment,

T T T
o o . _ April - May June July August  September  October Movember  December
FDA's finalization of the EA and FOMSI does not mean that Oxitec’s GE mosquitos are approved for commercial use.

Oxitec is responsible for ensuring all other local, state, and federal requirements are met before conducting the proposed Month
field trial, and, together with its local partner, the Florida Keys Mosquito Control District, to determine whether and when to
begin the proposed field trial in Key Haven, Florida.

- Controlarea - Release area

The O¥51 34 mosquite at bottom has a
marker, unlike the wild meosquite at

Winskill P et al. (2015) Dispersal of Engineered Male Aedes aegypti Mosquitoes. PLoS Negl Trop Dis 9(11): e0004156.
Use of transgenic Aedes aegypti in Brazil: risk perception and assessment Bull World Health Organ 2016;94:766-771
http://edition.cnn.com/2016/03/07/health/zika-florida-gmo-mosquito/index.html (accessed 12/7/2017)
https://www.fda.gov/AnimalVeterinary/NewsEvents/CVMUpdates/ucm490246.htm
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