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Vaccines against
Vector-borne Diseases

Dengue
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Rapid Increase of Dengue/DHF
Average Anual Reports to WHO
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= Linder/Gebiete mit Dengue-Ubertragung

®  Linder/Gebiete mit Einzelféllen bzw. kleinen Ausbriichen in den letzten Jahren:

uelle: -
S,Omﬂzim nach WHO 4 Siidfrankreich seit 2010; Kroatien 2010; Portugal (Madeira) 2012-2013;
+ Erganzungen CRM Spanien 2019/2023 (Katalonien); Italien 2020 (Venetien), 2023 (Lombardei,
) Stand Oktober 2023 Latium); Frankreich 2022 (Korsika), 2023 (lle-de-France)
‘ﬁﬂbl_ﬁl
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Travelers with Dengue
treated at the Mahidol University, Thailand

Retrospective analysis of travelers and foreign patients with DENYV infection from a single
hospital in Thailand between 2017 and 2021 (N=185)

34% retro-orbital pain
24% thigh pain 19% bleeding manifestation
18% rash

6% dysuria

58% male
41% female

DENV, dengue virus; DHF, dengue hemorrhagic fever.

—_——
7 .
\ @ BCRT Phothong P, et al. Presented at 6 Asia Dengue Summit, Bangkok, Thailand, 15-16 June 2023. Abstract 014.

Dengue e
66% continuous fever shock syndrome [ ) -
36% intermittent fever 2% .
589% chill 26% cough 2
° 24% sore throat
22% dyspnea

68% severe headache 10

3% seizure 43‘8";" “aus_el'f‘ 34% Complications, such as

2% stiff neck 2 40/: (Vﬁo:rlhgg DHF 65% transaminitis (15%), hypokalemia (4%),
77% muscle pain 18% stomachache DfEHgUS and hyponatremia (2%)

ever

Average hospital stay of <1 week

Mortality of two patients (2%), due to
multiple organ failure and co-infection

Approximately one in three travelers admitted to hospital with DENV

infection developed severe dengue (DHF or shock syndrome)

28.05.2024



Most hospitalizations and severe dengue after
secondary infections

Although most hospitalizations and severe dengue cases occur among secondary infections,

some occur during 3rd and 4th infections

Percent of infections that proceed to disease outcome during follow-up

Dengue virus infection
sequence Symptomatic VCD —

2y

1 48.7 (43.5-53.8)
2 55.3 (51.4-59.8)
3 30.5 (27.1, 34.4)
4 30.5 (27.1, 34.4)

Hospital — 5y Severe VCD - 5y

3.4(2.2,4.8)
12.7 (11.6, 14.0)

3.3(2.6,3.9)

3.3(2.6,3.9)

0.5(0.1, 1.1)
2.6(2.0,3.2)
1.0(0.7, 1.4)
1.0(0.7, 1.4)

>85% of hospitalizations and severe disease in seropositive individuals

Sam Clifford and Stefan Flasche LSHTM, personal communication
Sridhar, NEJM 2018;379:327-40, Flasche et al, Plos Med 2016; 13(11):e1002181.
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Pathogenesis of Complicated Dengue / Dengue Hemorrhagic Fever

Vascular leakage <

NS1 anti ia or pro-infl y response
« Disruption of endothelial glycocalyx?

Antibody-ent  infection d dent on:

+1gG titre

« Type of Fc receptor

+ Fe receptor polymorphism

«19G subtype?

+1gG glycosylation pattern?

Plasma membrane

Viral replication, packaging,

and egress

« Ribosome and ER annexation

« ER remodelling

« Inhibition of host mRNA translation

« Viral protein-host protein interactions
« Membrane lipid modifications?

« Modulation of ER stress?

« Modulation of metabolism?

Fc receptor-mediated phagocytosis

« More effcient pathway of entry

«Requirement for inhibitory
co-receptor?

« Altered compartmentalisation?

« Altered virus-host interaction?

AVAVaVaVg
AVAVAVAVS
ACAYAYAYS

AVaVaVa Vg
__/V

Induction of proviral host factors and
inhibitionof antiviral host factors through:
« Viral genomic RNA-host protein interactions
« Viral subgenomic RNA-host protein interactions
« Viral protein-host protein interactions
« Viral RNA-host RNA interactions?

Nuclear membrane

W Pro-viral host factors
\
W Antiviral host factors

\

Clarthrin-mediated
endocytosis or macropinocytosis

Q@

:¢: Denguevirus  \ M\ M\ Viral RNA

Dengue NS1-NS5 o
replication complex

"’;:; Secreted NS1 proteins W Host genes

%
Wt
s

“grcar

Source: Wilder-Smith et al. Dengue. Lancet 2019;393:350-63
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Viral factors: NS1 in immunopathology

¢ NSI1 can be considered as a virulence factor

Interferes with complement activation

— Binds to prothrombin and inhibits its activation

— Binding to cells may enhance endocytosis and cytokine production,

which may enhance DENV infection and increase vascular

permeability

Specific antibody response against NS1 appears to be protective
against complications

Avirutnan et al, J Immunol 187: 424 (2011)

@hCRT

Thiemmeca ct al , J Immunol.97(10):4053 (2016)

BCRT Beatty. ScTrMed 7, 304, 304ral41 (2015)

Modhiran, ScTrMed 7, 304, 304ral42 (2015)

*Medline Search 1995-2020

* 9 detailed reports of dengue
with fatal outcome among
travelers from non-endemic
countries.

— 8 were female.

— median age was 32 years
(range 21-63)

— 7 primary DENV
infections, 1 secondary
infection, 1 data not
reported.

—~DENV-1 (n=2),
—DENV-2 (n=2),
—DENV-3 (n=3);
—DENV-1 or 2 (n=1),
—in one the serotype could
not be determined.

-
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1 Crginal Article
QOriginal Article

Fatal outcomes of imported dengue fever

in adult travelers from non-endemic areas

are associated with primary infections

Ralph Huits, MD, DTMH, PhD'* and Eli Schwartz, MD, DTMH, FISTMZ3

'Department of Clinical Sciences, Instituta of Tropical Medicine, Nationalestraat 155, B-20000 Antwiarp, Baigium, ZTha
Canter for Traval and Tropical Medicina, Shaba Medical Cantar, Ramat Ban, 52621, Israal and ?Sackler Schaal of
Medicine, Tal Aviv Univarsity, Tel Aviv, 68978, Israal

*Towhom comespandence should be zde

Subritizd 1 Dscerssor A1, Ravised 78 Jamaary 22

Table 1. Overview of published cases of imporied dengue with fatal outcomes (n=8)

Cause of Death Time of death
(DPSOMays

Year  Gender Age

EM 16

198 F 25 3 RT DENV3 | Prim |1128 116 @
PCR

002 F n 37 PRNT  DENV- | Prim [POS NEG 1

n

2005 F 8 - - "

005 F 30 s RT DENV2 | Prim |POS NEG %
PCR

008 F 50 RT DENV-L | Prim |POS NEG ¢
PCR

009 M 54 RT DENV2 | Prim |NEG NEG
PCR

009 F 1 1 RT DENVAL | See |10 172560 7
PCR

02 F & 38 RT DENV3 | Prim. |POS -
PCR

015 F 4 chral & RT DENV3 | Prim [POS  NEG
PCR

[ s TP ol

iy o [Em—. .

10

28.05.2024



nature medicine

ha Aggarel™ Hasan Ahmed, Praga Shrr. ElrSeethara Rcdy Kot ok Mot Singl””,

Severedisease during both primaryand
secondary dengue virusinfectionsin
pediatric populations

Rustom Anda®”, Sushi Kumar Kabra’, Guruprasad . Moclgoshi O Rafl Ahmed > Rakesh Lodha® >
ANASha(O ol Chandele @& Ko MrSKishna®

a All cases Primary Secondary b onorbefore day 4,
= 619) 4 =275 19G" primary
8.72% 0.88% &
19.04%
[ |} infection [l g signs Dengue infection without warning signs
€ p<o00001 d 0,002
100 34/34 709 22/34
g e
2‘ 36/58 40/67
g %1 76150 861161 57/161
g 2149 47/150 aapa9
% 404 15/58 17/67
H e
g
g 204
@
ol - o I8N .
a 1w as 19 ow  om a o oas e 0w om
Age (years) Age (years)
e Cases with severe dengue disease
<1 year 1-3 years 4-16 years
=22 (n=165)
100% 46.66% 50.3%

—
\ﬂBCRT 8 et Wl swoner
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Issues with Dengue Vaccines

EE- E
58
£E
= Vaccine must be effective against all four
Mild or Enhanced Minimal
SerOtypeS moderate . disease prorkigoni
fcRy-madiated with ated DENV|
. . .  DENV
= After dengue infection with one serotype,
there is (usually) lifelong protection against
this serotype oo
More target cells infected

= Second infection with a different serotype
(heterotypic infection) poses a risk of
severe dengue, presumably due to
antibody-dependent enhancement (ADE)

resg 15
(immunopathology) production

L

T
Dengue and dengue shock syn

Referenzen: ! Sacz-Llorens X, Biswal S, Borja-Tabora C, Fernando L, Liu M, Wallace D, et al. Effect of the Tetravalent

—-——
: g BCRT  Dengue Vaccine TAK-003 on Sequential Episodes of Symptomatic Dengue. Am J Trop Med Hyg. 2023;108(4):722-6.

Figure from: Feinberg MB, Ahmed R. Advancing denguc vaccine development. Science. 2017;358(6365):863-6.
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Vaccines against Dengue

5 utr C prv E N51 Ns2a/b  NS3

Nsda/b Ns5 FUTR Legend

DENV-1

Sanofi

DENV-2

DENV-3
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NSda/b NS5

DENV-4
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YFV
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Takeda

*
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mutation
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@ BCRT https://doi.org/10.1038/541541-023-00658-2

Thomas SJ. Is new dengue vaccine efficacy data a relief or cause for concern? npj Vaccines (2023) 8:55;

attenuating
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Dengue-Vaccine 1

- (Business Standard vi k)
Sanofi Pasteur in talks to bring first Pig
dengue vaccine to India- @usiess sindera via Newseoinis

Desk)

(Ref: Business Standard)
December 10th, 2015

» Sanofi's Pasteur division has engaged in talks with Indian 0
officials to introduce its dengue vaccine Dengvaxia, which was
cleared earlier this week in Mexico, to the country, as reported 2]

Business Standard Thursday.

» "Sanofi Pasteur is in contact with the Indian authorities for e
registration of our vaccine," a company representative stated. m

* In clinical testing in India, "we found the vaccine safe and
immunogenic in Indian adults with results comparable to clinical m
studies carried out in Asia,” a company spokesman said, adding
“the results will support our licence application in India.” lin share |

> Dengvaxia became the first dengue vaccine approved anywhere  ([ERud
globally when Mexican regulators cleared the treatment for use
against all four dengue serotypes in patients aged nine to 45 who ¢ Email
live in areas where the disease is endemic. S print

* "If you vaccinate 20 per cent of the population in the 10 endemic

countries that participated in the studies for Dengvaxia, you could potentially reduce
the dengue burden by 50 per cent n five years," Sanofi Pasteur explained

Philippines prepared for 'worst-case
scenario' after 733,000 given dengue

vaccine that could worsen disease

Government school immunisation programme

—
&IBCRT

CYD-TDV (Dengvaxia®)

Live vaccine against all 4 serotypes
Backbone yellow fever vaccine virus,
DEN 1-4 chimeras

3-shot-schedule: 0, 6, 12 months

Very high immunogenicity

Protection approx. 20% for non-immune
people, approx. 60% after a dengue episode
Caution for non-immune people:

risk of DHF on contact with wild virus
(signal after 2 years)

Authorization in Europe

Only used in French overseas territories

14
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Dengvaxia®: Vaccination of sero-negative persons can induce
complications similar to secundary infections

primary
Unvaccinated ﬂ

disease risk
Vaccinated, E’ .
no prev. inf. : ;
P infection

g

Vaccinated, ihR
prev. inf. ﬁ

—-——
/ BCRT  Flasches, etal. The Long-Term Safety, Public Health Impact, and Cost-Effectiveness of Routine Vaccination with a
A, Recombinant, Live-Attenuated Dengue Vaccine (Dengvaxia): A Model Comparison Study. PLoS Med. 2016;13(11):1002181.

15

Takeda Dengue Vakzine, TAK-003 (Qdenga®)

Dengue-Vaccine 11

* Live vaccination against all 4 serotypes

* Basis: attenuated dengue 2 vaccine virus,
DEN 1, 3, 4-chimeras

* 2 shot-schedule: 0, 3 months

*  Very high immunogenicity

* Protective efficacy total population 80.2%

i * Protective effectiveness after 1st vaccination 81.1%
WHO prequalifies new dengue

vaccine * Protection against hospitalisation: 90.4%

* No significant protection against dengue 4

+ Significantly no protection against dengue 3

(in non-immune people)

* Few data for older adults

* Side effects at placebo level

* No signal for DHF in contact with wild virus
———
a BCRT (after >5 years of follow-up)
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EXPLORATORY ANALYSIS: SEROTYPE LEVEL DATA UP TO 4.5 YEARS AFTER 2ND DOSE

VCD or hospitalized VCD, n/N
(cases per 100 person-years)

Favors Favors Vaccine efficacy
Placebo TAK-003 placebo TAK-003 (95% CI)
(n=6687) (n=13,380)
vcD Overall 547/6687 (8.2) |442/13,380 (3.3) ) 61.2 (56.0, 65.8)
Seropositive  394/4854 (8.1) | 295/9663 (3.1) o 64.2 (58.4, 69.2)
DENV-1 151/4854 (3.1) | 133/9663 (1.4) o1 56.1(44.6, 65.2)
DENV-2 135/4854 (2.8) | 54/9663 (0.6) o 80.4 (73.1,85.7)
DENV-3 97/4854 (2.0) | 96/9663 (1.0) o1 52.3(36.7, 64.0)
DENV-4 20/4854 (0.4) | 12/9663 (0.1) —on 70.6 (39.9, 85.6)
Seronegative 153/1832 (8.4) | 147/3714 (4.0) ol 53.5(41.6, 62.9)
DENV-1 79/1832(43) | 89/3714(24) +or 45.4(26.1,59.7)
DENV-2 58/1832 (3.2) | 14/3714(0.4) 1 88.1(78.6,93.3)
DENV-3 16/1832(0.9) | 36/3714(1.0) —o— -15.5 (~108.2, 35.9)
DENV-4 3/1832(02) | 12/3714(0.3) — -105.6 (-628.7, 42.0)
Hospitalized  Overall 142/6687 (2.1) | 46/13,380 (0.3) ° 84.1(77.8, 88.6)
veD Seropositive 101/4854 (2.1) | 29/9663 (0.3) a 85.9 (78.7, 90.7)
DENV-1 24/4854 (0.5) | 16/9663 (0.2) —ot 66.8 (37.4,82.3)
DENV-2 59/4854 (1.2) | 5/9663 (<0.1) ° 95.8 (89.6, 98.3)
DENV-3 15/4854(0.3) | 8/9663 (<0.1) —or 74.0 (38.6, 89.0)
DENV-4 3/4854(<0.1) | 0/9663 (0.0) o | 100.0 (NE, NE)
Seronegative  41/1832 (2.2) | 17/3714 (0.5) ol 79.3 (63.5, 88.2)
DENV-1 14/1832 (0.8) | 6/3714(02) | i —on 78.4(43.9,91.7)
DENV-2 23/1832 (1.3) | 0/3714(0.0) ° 100.0 (NE, NE)
DENV-3 3/1832(0.2) | 11/3714(03) - -87.9 (-573.4, 47.6)
DENV-4 1/1832 (<0.1) | 0/3714(0.0) ° 100.00 (NE, NE)
—— ;

~2000 ~1000 ~300 250 —200 —150 —100 -50 O 50 100 150
Vaccine efficacy (95% C1)

Ci, confidence interval; DENV, dengue virus; DHF, dengue hemorrhagic fever; NE, not estimable; VCD, virologically confirmed dengue.
Tricou V et al. Lancet Global Health 2024; 12(2): e257-270.
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IMPACT OF THE TAK-003 VACCINE ON DENGUE DISEASE

The TAK-003 of becomi

by dengue

Long-term efficacy and safety of a tetravalent dengue *"®
vaccine (TAK-003): 4-5-year results from a phase 3,
randomised, double-blind, placebo-controlled trial

Summary
Background About halfof the world's popultion lives areas. We aimed rterm
efficacy and safey of two doses of "

of any severity and due to any dengue virus (DENV) serotypes in children and adolescents.

IMPACT OF THE TAK-003 VACCINE ON DENGUE DISEASE LEADING
TO HOSPITALISATION

The TAK-003 vaccine reduced the risk of becoming ill with dengue disease and needing to go to the
hospital for treatment

by dengue
In people never / virus type ,./‘
infected with
dengue virus %
in the past

by dengue

In people virus type
Infected with

2, is used in the figure, this indicated that there were too few cases for researchers to study.
DENV, dengue virus; NO, not observed.
Tricou V, etal. Lancet 2024;12:6257-€270 (plain language summary).
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Dengue-Vaccine 111

Butantan Dengue Vaccine (TV003)

e Live attenuated DENI, 3, 4, DEN2 chimera with DEN4 backbone
» Single shot
* Currently in phase 3

Vaccine Efficacy (VE) through 2 years

Butanta Placebo

Cases/ Cases/
Total no. tal no. b (95% CI
Any Serotype?
Regardless of Serostatus ~ 35/10215 100/5947 79.6% (70.0, 86.3)
With Prior Exposure 8/4994 45/3023 89.2% (77.6, 95.6)
Without Prior Exposure 26/4826 55/2690 73.6% (57.6, 83.7

Regardless of Serostatus 9/10215 50/5947 = 89.5% (78.7,95.0)
With Prior Exposure 1/4994 19/3023 —® 96.8% (81.0, 99.8)
TIoT EXpOsSure 874876 3172690 & 85.6% A 3

Regardless of Serostatus ~ 26/10215 50/5947 — 69.6% (50.8, 81.5)
i i 7/4994 26/3023 == L
26 24/2690

[ — 57.9% _ (20.8.78.1)
T T T T T

0 25 50 75 100
= There were no cases of DENV-3 or DENV-4 during the first 2 years of follow-up of the study

2-Year Follow-up postvaccinatio
*Th

ipant. Per-Protocol

ficacy i the lower rval (€1 wasgreatr hn 25% for DEN disease e by
any i pe
INSTITUTO ol denguc episodes viere counted a sinel case.
Bi TAN v 0 astimated based o the exact binomial ,and the 5% I Blakers et |
i in a sing| G (VCD) ey iptomatic VCD

19

Dengue-Vaccine IV

NIH Dengue Vaccine (TV005)
¢ Live attenuated DEN1, 3, 4, DEN2 chimera with DEN4 backbone

* Increased dose of DEN2 chimera (10* PFU, as opposed to 10> PFU in TV003)
» Single shot

e Currently in phase 2

The Journal of Clinical Investigation CLINICAL MEDICINE

TV005 dengue vaccine protects against dengue
serotypes 2 and 3 in two controlled human
infection studies

Kristen K. Pierce,'2 Anna P. Durbin,’ Mary-Claire R. Walsh,'* Marya Carmolli Beulah P. Sabundayo,” Dorothy M. Dickson,*
Table 2. Primary efficacy endpoint and frequency of viremia Sean A. Diehl,’ Stephen S. Whitehead, and Beth D. Kirkpatrick'*

in vaccine or placebo recipients following DENV2 or DENV3

Butgion Vermont, USA, T oas.

o otimore, Mand U5 Rs——
challenge
No. with i iruses i i i i
No.with  No.with i i i i i ials, h
viremia (%) rash (%) (%) ack of i o ! ey data. & infet
After DENV2 challenge . oo Joran
V005 vaccinees + DENV2 challenge (n = 21) 0 0 0 established serotype 2 challenge virus.
Placebo + DENV2 challenge (n = 21) 21(100%)  21(100%)  1(4.8%) METHODS. i inical tri Instudy 1, ic ived TV0OS or
Palue® <00001  <00001 050 placebo (n= 21 each), i 2ui 10° PFU. Instudy 2,
atotal of 23 participants received TV00S and 20 received placebo, and 6 months later, all were challenged with 10* PFU dengue
After DENV3 challenge
TV005 vaccinees + DENV3 challenge (1= 23) 0 0 2087%) " o v : : Infect
Placebo + DENV3 challenge (n = 20) 17(85%) 20 (100%) 5 (25%) i i logi
Pualue® <0.0001  <0.0001 015 with the rDEN2A30 or rDEN3A30 strain.
ANeutropenia is defined as an ANC of 1,000/mm? or less. One-sided GRS i i x t
. N . . infected p). idy 1, 85% in study 2),
Fisher's exact test was used to determine endpoints of higher proportion rash following challenge with either serotype.
among placebo recipients versus TVOOS vaccinees.
TRIAL ClnicalTi T02873260.
FUNDING. )

28.05.2024
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Qdenga®: Product Approval, Recommendations in Europe and by WHO

EMA
Authorization for the prevention of dengue fever from the age of 4y

SAGE-WHO

For endemic areas:

The vaccine to be considered for introduction in settings with high dengue disease burden and high transmission

intensity to maximize the public health impact and minimize any potential risk in seronegative persons.

The vaccine to be introduced to children aged 6 to 16 years of age. Within this age range, the vaccine should be

introduced about 1-2 years prior to the age-specific peak incidence of dengue-related hospitalizations. The

vaccine should be administered in a 2-dose schedule with a 3-month interval between doses.

For travellers:

* Persons living in non-endemic countries who have previously been infected may benefit

* Frequent travellers, long-term travellers, migrants, and long-term expatriates have a higher likelihood of
previous dengue infection

* The benefits of vaccination with TAK-003 are lower for travellers who have never experienced dengue
infection

* Travellers need to be informed that the vaccine may not confer protection against DENV3 and DENV4 if they
are seronegative, and that there is a potential risk of severe dengue if seronegative individuals are exposed to
DENV3 and DENV4.

* Although pre-vaccination screening to determine serostatus is not required, where available its use could be
considered to inform the assessment of risks and benefits.

* Protection starts 14 days after the first dose and has been demonstrated between the first and second dose;
hence, the first dose can be given up to 14 days before travel to a dengue-endemic country.

* Until more data become available on efficacy-safety profiles, WHO recommends a lower age limit of 6 years

. and an upper limit of 60 years for travellers.

‘VU\-I‘I
R
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» All travellers are at risk — no specific behaviour or destination

» Rate of asymptomatic cases is unknown

» Rate of complications is unknown, reasons are not clear

» Many cases develop in destination countries and are treated there

» Treatment is largely symptomatic, monoclonals may be game changers
» An effective protection against dengue is important

» Current advice to travelers to dengue endemic regions:

» Avoid travel (unrealistic)
» Mosquito bite protection (incomplete)
» Vaccination (incomplete)

» But: not vaccinating puts travellers at risk of infection!

‘&¥BCRT
s

22
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Vaccines against
Vector-borne Diseases

Chikungunya

—
‘@BCRT
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CHIKY is a single-stranded RNA alphavirus!

Phylogenetic analysis has revealed 3 distinct strains!->

v West African
v’ East-Central-South African (ECSA)
v Asian
* CHIKYV is spread by the same » The symptoms of these diseases are
mosquitoes that transmit dengue similar, leading to misdiagnosis and
and Zika viruses. delays in treatment in areas where

they are common?

—
‘@BCRT

1. Da Cunha RV, Trinta, KS. Mem Inst Oswaldo Cruz, Rio de Janeiro. 2017;112:523-531.

24
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Chikungunya

Quelle:
modifiziert nach WHO
+ Erganzungen CRM

@BCRT

%Y
":}V

//////// Lander/Gebiete mit Ubertragungsrisiko

L] Autochthone Einzelfélle: Italien 2007 (Emilia Romagna), 2017 (Latium, Kalabrien);
Stand 2023 Siidfrankreich: 2010 und 2017 (Département Var), 2014 (Montpellier)

25

Symptoms typically begin 3—7 days after being
bitten by an infected mosquito!

Viremic for 5-10 days??
* Acute symptoms typically resolve in
7-10 days!
* Sub-acute post-viremic state (6-21 days) can
occur’4
» Persistent articular symptoms
» Tenosynovitis and bursitis

Chikungunya Disease Process

* Pattern similar to Rheumatoid Arthritis
» Characterized by peripheral spondylarthritis,
undifferentiated arthritis, fibromyalgia,
neuropathic chronic pain
* Fatigue is other main persistent symptom, can
last for months to years’-

* Risk factors for developing chronic
symptoms:(©9)
» >45 years of age
» high viral load during acute phase
» severe immunologic response in post-
viremic phase

eumatol 2018;70:484-95

Z9BCR

\

1. Staples et al. CDC Yellow Book 2020, Chapter 4. 2. Rudolph KE, et al. Am J Trop Med Hyg. 2014;90:882-891. 3
Suhrbier A et al. Nat Rev Rheumatol. 2012;8:420-429. 3. Thiberville SD et al. PLoS Negl Trop Dis. 2013;

2014;7:¢2004-¢2004. 4. Stalkowsky F et al. PLoS one 2009;4:¢7603-¢7603. 5. Rodriguez-Morales AJ et al . Arthritis
Care Res 2016;68:849-58 6. Marti-Carvajal A et al. PLoS One 2017;12:¢0179028 7. Manimunda SP, et al. Trans R
Soc Trop Med Hyg 2010; 104: 392-99. 8. Soumahoro MK, et al. PLoS One 2009:4:¢7800. 9. Zaid A et al. Arthritis
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Chikungunya: Rheumatologic Disease

Carpitis and
thumb arthritis
(left) —

Multiple
tenosynovitis of
fingers and wrist

Post-CHIKV Effect of Impact on
Rheumatism Arthritis/Polyarth Quality of Daily
-2 forms - ritis Life

Long-term joint pain Rising from chair (right)"
Mechanical Stiffness after immobility' Walking
musculoskeletal Multiple joints affected, ie, Picking up objects i‘lﬁel?é‘i/a't;;;ction-
disorders spine, shoulder, elbow, 1 S8E
wrist, hand, hip, knee, Opening a bottle Intense arthritis of
ankles, feet metacarpophalange
o . 3
. Can be triggered by change Self care al joints and wrist
Chronic in temperature and physical
q effort’ Physical impact on
lnflammatory leisure time and Symmetrical
arthritis May require surgery lim.itz.nions on inflammatory
activity polyarthritis®

1. Simon F., et al. Medicine: 2007;86:123-137. 2. Mohan A, et al. Indian J Dermatol. 2010,
@BCRT 55:54-63. 3. Amaral J, et al. Viruses. 2019;11:289. 4. Tritsch S. et al. ] Rheum.
3 2020;47:1267-74. 5. Schilte C. et al. PLOS Negl Trop Dis. 2013;7:¢2137.
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Chikungunya: Persistent Rheumatologic Disease is Common

Number . ) . .
. Observation . Post-Chik Chronic y
Outbreak of . Patients . Source
. Period i Disorders
Patients Affected

Queyriaux et al.

Réunion 2005 662 6 months 93.7 Rheumatic symptoms %ggetlrzfectDis

Ttaly 2007 250 12 months Gag  |MuREn et ee Moro ctal. J Infect
arthralgia A2

Réunion 2005 88 18 months 63.6  Persistent arthralgia gzzg?:frei:;g;t;g(‘)g

Italy 2007 180 36 months 60 Arthralgia el

Réunion 2005 147 15 months 57 Rheumatic symptoms f,':;?‘;:; g;.SPZL(;’OSQ

ﬁedri:"" 2007 1396 15 months 57 Polyarthralgia Vthow et nt

Aruba 2014 248 :13 Vr;’;fll;sls 32:2 Chronic polyarthralgia b cta- PLOS

G 16 walpan Sin

o W07 35 years 12 glecsrlldausalt{?gi:syrgfvzﬁg Brighon tol. .4
and pain

I
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Cardiomyopathy and Death Following Chikungunya Infection:
An Increasingly Common Outcome

Elizabeth M. Traverse !, Hannah K. Hopkins !, Vedana Vaidhyanathan 2 and Kelli L. Barr -

! Center for Global Health and Infectious Disease Research, University of South Florida, Tampa, FL 33612, USA;

< MT); P edu (HK.H,)

2 Central Libraries Research Engagements, Baylor University, Waco, TX 76706, USA;
Vedana_vaidhyanathan@baylor.edu

* Correspondence: barrk@usf.edu; Tel.: +1-(813)-974-4450

Abstract: Chikungunya virus (CHIKV) is vectored by Aedes aeqypti and Acdes albopictus mosquitoes
and is found throughout tropical and sub-tropical regior

While most infections cause mild symp-
toms such as fever and arthralgia, there have been cases in which cardiac involvement has been
reported. In adults, case reports include symptoms ranging from tachycardia and arrythmia, to
myocarditis and cardiac arrest. In children, case reports describe symptoms such as arrythmia,
myocarditis, and heart failure. Case reports of perinatal and neonatal CHIKV infections have also
described cardiovascular compromise, including myocardial hypertrophy, ventricular dy

function,

myocarditis, and death. Myocarditis refers to inflammation of the heart tissue, which can be caused by
s viral infection, thus becoming viral myocarditis. Since viral myocarditis is linked as a causative factor
of other cardiomyopathies, including dilated cardiomyopathy, in which the heart muscle weakens
and fails to pump blood properly, the connection between CHIKV and the heart is concerning, We
searched Pubmed, Embase, LILACS, and Google Scholar to identify case reports of CHIKYV infections
where cardiac

Citation: Traverse, EM_; Hopkins,
HXK; Vaidhyanathan, V; Barr, K.L
Cardiomyopathy and Death

nptoms were reported. We utilized NCBI Virus and NCBI Nucleotide to explore

Following Chikungunya Infection: )
the lineage/evolution of strains associated with these outbreaks. Statistical analy

was performed

An Increasingly Common Outcome.

Thop, Med. Infect, Di. 2021, 6, 105 to identify which clinical features were with death. | ic analysis d
hitps://doi.org/10.3390/ that CHIKYV infections with cardiac symptoms are associated with the Asian, the East Central South
tropicalmed6030108 African, and the Indian Ocean lineages. Of patients admitted to hospital, death rates ranged from

26-48%. Myocarditis, hypertension, pre-existing conditions, and the development of heart failure
Academic Editors: were significantly correlated with death. As such, clinicians should be aware in their treatment and

Constantinos Tsioutis and follow-up of patients.
Spyridon Karageorgos

Keywords: CHIKV; myocarditis; c pathy; cardiovascular
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Risk of death following chikungunya virus disease inthe @y ®
100 Million Brazilian Cohort, 2015-18: a matched cohort
study and self-controlled case series Outcomes
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Chikungunya Pipeline
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“ Attenuated Live Vaccine

VLA-1553 °* P
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Phase 3 trial: A pivotal, multicenter, randomized,
placebo-controlled trial (VLA1553-301)!:2

STUDY DESIGN

SCREENING PART A PART B

4128

healthy adults
Aged 218 years
Randomized 3:1
Stratified by age

VLA1553 1x104/ 0.5 mL (n=3093)
(18-64/265 years) | R
Immunogenicity Placebo (n=1035

subset

First 462
participants enrolled

at select sites @

DAY/M 18 29 Month 3 Month 6
VISIT 12 3 4 5
Primary endpoint Last
follow-up

*Defined as a 50% plaque reduction in a yPRNT.

M= month; R = randomization

1. Schneider M, et al. Lancet. 2023;401(10394):2138-2147. 2. ClinicalTrials.gov NCT04546724. Available at
https:/iclinicaltrials.gov/ct2/show/ NCT04546724. Accessed: October 2023

Primary immunogenicity endpoint:

Proportion of participants achieving

seroresponse (CHIKV-specific neutralizing

antibody titers of PPRNTs, 2150

at 28 days post vaccination

- FDA agreed upon non-acceptance
threshold of 70%

Secondary immunogenicity
endpoints:

Immune response as measured by
CHIKV-specific neutralizing antibody
titers, determined by uPRNT assay
Proportion of participants with a
seroresponse*/seroconversion

Secondary safety endpoints:

« Frequency and severity of unsolicited
AEs within 28 days post vaccination

« Frequency and severity of solicited
injection-site and systemic reactions
within 10 days post vaccination
Frequency, severity and relatedness
of any AE or serious AE during
the entire study period

AE = adverse event; CHIKV = chikungunya virus; FDA = Food and Drug Administration; lPRNT = micro plaque reduction neutralization test;

32
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The pivotal trial of vaccine candidate
VLA1553 met its primary endpoint!

VLA1553 induced a seroresponse* in 98.9% of participants after 1 month, exceeding the FDA threshold!
High SRR 0f 96.3% was maintained at 6 months!
Seroresponse was unaffected by age (98.6% in participants aged <65 years and 100% in >65 years at Day 29)!

SRR in baseline seronegative subjects (per-protocol population)!2

Iz

96.3  96.7 ')4 8 Placebo

X 97.4 1““
I W VLAI553 (All)
W VLAI1553 (<6
FDA VLA1553 (265 y
N | . nonaccprance

Day 29 Month 3 Month 6

0 by tPRNTx,. 'The lower bound of the 95% CI for the SRR at Day 29 in the

*Defined as CHIKV neutralizin
VLA tibody titers determined using uPRNTSy, assay

CHIKV gunya ; Cl nfidence interval; FDA = Food and Drug Administration:
WPRNT;, = 50% micro plaque reduction neutralization test; SRR = seroresponse rate
1. Schneider M, et al. Lancet. 2023:401(10394):2138-2147. 2. VALNEVA Data on file (unpublished data).

@h®

CromMark

Lancet 2023; 401: 2138-47
Published Online

June 12,2023
https://doi.org/10.1016/
50140-6736(23)00641-4
See Comment page 2090

Valneva Austri

Safety and immunogenicity of a single-shot live-attenuated
chikungunya vaccine: a double-blind, multicentre,
randomised, placebo-controlled, phase 3 trial

Martina Schneider, Marivic Narciso-Abraham, Sandra Had), Robert McMahon, Sebastian Toepfer, Ulrike Fuchs, Romana Hochreiter,
Annegret Bitzer, Karin Kosulin, Julian Larcher-Senn, Robert Mader, Katrin Dubischar, Oliver Zoihsl, Juan-Carlos Jaramillo, Susanne Eder-Lingelbach,
VeraBuerger, Nina Wressnigg

Summary
BackgroundVLAlSSS isali d vaccine candidate for active i

and p of disease caused
by chikungunya virus. We report safety and immunogenicity data up to day 180 after vaccination with VLA1553.

Methods This double-blind, multicentre, randomised, phase 3 trial was done in 43 professional vaccine trial sites in
the USA. Eligible participants were healthy volunteers aged 18 years and older. Patients were excluded if they had
history of chikungunya virus infection or immune-mediated or chronic arthritis or arthralgia, known or suspected

Vienna, Austria
(M Schneider Ph,

M Narciso-Abraham MSc,

S Hadl MSc, R McMahon PhD,

S Toepfer PhD, U Fuchs MSc,

R Hochreiter PhD, A Bitzer PhD,
K Kosulin PhD, R Mader Ph,

K Dubischar MSc, 0 Zoihs! MSc,
J-CJaramillo MD,

S Eder-Lingelbach MSc,
VBuerger MSc,

NWressnigg PhD); Assign Data
Management and Biostatistics,
Innsbruck, Austria
(JLarcher-Senn PhD)
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Dr Martina Schneider, Valneva
Austria, 1030 Vienna, Austria
martina.schneider@valneva.
com

10000~ ----18-64 years: VLA1553
—o— 265 years: VLA1553

--0--18-64 years: placebo
—e— 265 years: placebo

o -
2 10004 - . TR
3
£
g 100+
2
v}
10 i
T T T T T
Day 1 Day 8 Day 29 Day 85 Day 180
Study d.
Number of participants vy ey
18-64 years: VLA1553 207 198 207 194 184
18-64 years: placebo 73 70 73 69 68
265 years: VLA1553 59 53 59 52 58
265 years: placebo 23 23 23 22 23
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Vaccine candidate VLA1553 was generally well tolerated across
all age groups, with most AEs classified as mild/moderate!

Solicited systemic adverse events by maximum severity*!

100% Mid
%0% B Moderate

mS

80%
70%

60%

o

20% |

T | —_—

VLA1553 Placebo VLA1553 Placebo VLA1553 Placebo VLA1SS

o VLA1553 Placebo VLA1553 Placebo VLA1553 Placet

Anysolicited ~ Headache ~ Fatigue Myalgia ~ Arthralgia Fever Nausea Rash Vomiting
systemic
adverse events

e collection

ent
M, et al. Lancet. 2023;401(10394):2138-2147.

Phase 3 safety, immunogenicity, and lot-consistency study of CHIKV VLP in

healthy adults and adolescents!

Randomized, placebo-controlled, double-blind, parallel-group design with four treatment groups

Participants were randomized in a 2:2:2:1 ratio within

each age stratum (12 to <18, 18 to <46, and 46 to <65 years) to
receive one of three consecutively manufactured lots of adjuvanted
CHIKV VLP vaccine (40 pg of CHIKV VLP plus 300 pg aluminium
hydroxide adjuvant) or placebo as follows:

N s
Study population Study centers
Dose groups?:
group Healthy a‘d(.)lescent and Multicenter study
Group 1: CHIKV VLP lot 104 (n=919) adult participants 12 to 47 sites in the US
<65 years of age
Group 2: CHIKV VLP lot 105 (n=948) {_ ) \
Group 3: CHIKV VLP lot 106 (n=927) (° \ [
Group 4:  Placebo: n=464 Number of participants Study duration
3258 6 months (183 days)
(. J .

CHIKYV, chikungunya virus; VLP, virus-like particle; n, number of participants
1. NCT05072080. Clinical Trials.gov. 2. A nested lot consistency sub study was performed in adult participants 18 to <46 years of age in the CHIKV VLP treatment groups (groups 1-3).

-
&IBCRT
w Data presented at ESCMID Global 2024, data not yet published in a peer-reviewed article
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Anti-CHIKY sero-response rate over time
(immunogenicity evaluable population)

Anti-CHIKYV SNA seroresponse rate

——CHIKV VLP
(n=2559)

=== Placebo
(n=424)

Seroresponse rate (%)

Note: Values below lower limit of quantitation (LLOQ=15) are assigned the value LLOQ/2=7.5.

CHIKV, chikungunya virus; CI, confidence interval; GMT, geometric mean titer; IEP, immunogenicity-cvaluable population; SNA, serum neutralizing antibody; VLP, virus-like particle. Seroresponse rate
(considered the presumptive seroprotection rate) was defined as the percentage of participants who achieve a CHIKV-luc neutralization titer (NTg;) 2100. Values below lower limit of quantitation (LLOQ=15) are
assigned the value LLOQ/2=7.5."

@BCRT

Data presented at ESCMID Global 2024, data not yet published in a peer-reviewed article
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CHIKY VLP vaccine solicited adverse events
in adolescents and adults 12-<65

Days 1-8 solicited local adverse events (safety population) CHIKV VLP (1-2790)

100 H Placebo (n=464)
80 * Grade 3 (severe) local solicited AEs occurred in 5 (0.2%) CHIKV VLP
60 participants (4 injection site pain and 1 injection site redness)
40
23,7
20 10,7
;\? ‘ Injection'site pain ' Injection s'ite redness ' Injection 'site swelling
g
=
L
=
< . . . 1
= Days 1-8 solicited systemic adverse events (safety population)

100 * Grade 3 (severe) systemic solicited AEs occurred in 42 (1.5%) CHIKV VLP vaccine recipients
¢ The most common severe systemic solicited AEs in the CHIKV VLP group were fatigue,

80 .
60 myalgia, and nausea
40
19,9 17 18,0 17,6

20 ’ ,0 ) 16,6 , 9,6 8,6

0

Fatigue Headache Myalgia Chills Arthralgia Nausea Fever
L7 7 AE, adverse event; CHIKV, chikungunya virus; VLP, virus-like particle.
‘@BCRT
Data presented at ESCMID Global 2024, data not yet published in a peer-reviewed article
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Approval of VLA1553 (Ixchiq®) in the USA

FDA NEWS RELEASE

FDA Approves First Vaccine to Prevent Disease Caused by Chikungunya Virus

For Immediate Release:
November 09, 2023

Espaiiol (ntips://www. fda.gor/ fdaap pr pare-preveni pos

Today, the U.S. Food and Drug Administration approved Ixchiq, the first chikungunya vaecine. Ixchiq is approved for individuals
18 years of age and older who are at increased risk of exposure to chikungunya virus.

The chikungunya virus is primarily transmitted to people through the bite of an infected mosquito. Chikungunya is an emerging
global health threat with at least 5 million cases of chikungunya virus infection reported during the past 15 years. The highest risk
of infection is in tropical and subtropical regions of Africa, Southeast Asia, and parts of the Americas where chikungunya virus-

i demic. However, virus has spread to new geographical areas causing a rise in global

carrying ar

prevalence of the disease.

‘The most common symptoms of chikungunya include fever and joint pain. Other symptoms may include a rash, headache, and
muscle pain. Some individuals may experience debilitating joint pain that persists for months or even years. Treatment includes
rest, fluids, and over-the-counter medications for pain and fever.

“Infection with chikungunya virus can lead to severe disease and prolonged health problems, particularly for
older adults and individuals with underlying medical conditions,” said Peter Marks, M.D., Ph.D., director of the
S

FDA’s Center for Biologics Eva and R h. “Today’s approval addresses an unmet medical need and is
an important advancement in the prevention of a potentially debilitating disease with limited treatment
options.”

Ixchiq is administered as a single dose by injection into the muscle. It contains a live, weakened version of the chik virus

and may cause symptoms in the vaccine recipient similar to those experienced by people who have chikungunya disease.

The safety of Ixchig was evaluated in two clinical studies conducted in North America in which about 3,500 participants 18 years of

age and older received a dose of the vaccine with one study including about 1,000 participants who received a placebo. The most
7= . commonly reported side effects by vaccine recipients were headache, fatigue, musele pain, joint pain, fever, nausea and tenderness
2 BC[ at the injection site.
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Chikungunya Vaccination for U.S. Travelers Decision Tree

assess a traveler’s guny;

e e Factors to assess when c ing use of ¢ vaccine

1. Alltraveles to countres atrisk for chikungunya shouldtak precautions to
e i e e " Assess likelihood of exposure to chikungunya virus

2. For some travel 2 higher risk it hik Evaluate level of disease activity at destination
vaccine might be indicated. ; . ) ’ .
o ks s

e

Assess duration of travel orresidance and likslihood of future travel to . “AMB”
i areas with transmission
+ Longer duration travel inci kel might

mosquito or future outbreak
+ Curent this will impact cumlative
n infectionrisk
Di: likeli of exposure t d i i d of
adherence to prevention measures
Chikungunya vace Traveling to a country or territory without an outbreak but 2 HEEE
4 most numerous in urban areas.

¥ inone. group: + Traveler willingness
willinfluence risk

1. Aged >65 years, particularly those with underlying
medical conditions, who are likely to have at least
moderate exposuré? to mosquitoes? OR

5 for in
‘with air conditioning or window screens)

Assess risk factors for severe disease outcomes

2. Staying for a cumulative period of 6 months or more?

Consider age of traveler

« Adults aged >65 years, infants aged <1 year, and neonates have a higner risk for rare but
severe disease presentations

-

+ Older age (eg. >65 years)is a sk factor for long-term arthralgia afterinfection

[ Gl SOOI E T, ] Review underlying medical conditions of traveler
o @ (e.g. diabetes, cardiac di for
severe disease

are a sk factor for

after infection

Indoor setings). Assess traveler preferences v

Explore individual’s personal values
o lerance for acquiing

R —— %

E T https://www.cde. gov/chikungunya/hep/vaccine/index.html
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Vaccines against
Vector-borne Diseases

Zika

‘&)BCRT
s

41

Zika-Virus

v" Flavivirus

v' First isolated in 1947 from a rhesus monkey at a research station in the Zika Forest in
Entebbe/Uganda

v" Occurs naturally in tropical Africa

v' Transmitted by mosquitoes of the genus Aedes, especially Ae. Aegypti

v In 2009, human infection with Zika virus was reported for the first time outside Africa
and Asia, namely on the Yap Islands of Micronesia

v" The largest outbreak up to date occurred in 2016 in Latin America

v Symptoms: skin rash, fever, joint pain, conjunctivitis and, more rarely, muscle pain,
headaches, vomiting

v The skin rash lasts an average of six days, other symptoms disappear earlier.

v Guillain-Barré-Syndrome may occur as complication

v' Viremia during pregnancy leads to viral neurotropy in newborn: brain damage and
microcephaly

v' Zika can be transmitted by sex

‘&)BCRT
s
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Global Spread of Zika-Virus

/_\

WHO public
health emergency
of international

concern
-

5 100,000, Reported Cases 100

S of ZIKV Infection

-% = Americas === Cumulative no. of Microcephaly outbreak and

S 75,000 Pacific countries reporting public health emergency L7s

4 ' . mosquito-borne declared in Brazil

N = Africa transmission

s Asia Outbreak of acute exanthematous

] illness in Northeast Brazil

@ 50,000 and isolation of ZIKV [0

v

°

2 Yap Islands Polynesia Singapore™

2 outbreak outbreak butbreak

2 25,0004 25

“ Putative introduction of ! l/_/_/

S ZIKV into the Americas |

: ; A .
0 T T T T T - T 0
2006 2008 2010 2012 2014 2016 2018

Cumulative No. of Countries Reporting
Cases of ZIKV Infection

. Areas with confirmed ZIKV infections, 2007-2018
Aedes aegypti endemic areas where ZIKV had not yet been identified as of 2018

——
\aBCRT Musso D et al. Zika Virus Infection - After the Pandemic. N Engl J Med 2019 Oct 10;381:1444-1457
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Zika

Quelle: modifiziert
nach ECDC
Stand 2023

a BCRT

Kap Verde

Q

[ Lander mit autochthonen
miickeniibertragenen Zika-Virus-Infektionen
im Zeitraum 2013-2021
®  autochthone Einzelflle:
Siidfrankreich 2019 (Département Var)
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Clinical features of dengue, Zika and chikungunya
viral infection

Fever! <7
Rash! +4+ ++ ++
Joint pain’ ++ + it
Conjunctivitis' ++ - -
Muscle pain’ i +++ &
Headache! + =5 =k
Hemorrhage Rare ++ Rare?
Shock! - + -
Guillain-Barré syndrome Rare® Very rare* Very rare®
Neurological infection Rare + +
Very rare®

[ o7 0/8
Case fatality rate (Except fetal loss) <1% 0.1%

Rabe, et al. Zika Virus — What Clinicians Need to Know? Clinical Outreach and Communication Activity (COCA) Call, January 2016, Atlanta, GA
World Health Organization. Guidelines for Prevention & Control of Chikunyunga Fever. 2009

Gold, et al. Jama Neurol 2016;73:905-6

Fragoso, et al. Arq Neuropsiquiatr 2016;74:1039-40

Villamil-Gémez, et al. Enferm Infecc Microbiol Clin 2016;34:140-1
http://www.paho.org/hg/index.php?option=com_docman&task=doc_view&Itemid=270&gid=38229&lang=en Accessed 25/10/2017

Shepherd. Dengue, Prognosis. Updated 2017. Available at: https://emedicine.medscape.com/article/215840-overview#a6 Accessed 02/11/2017
Mavalankar, et al. Emerg Infect Dis 2008;14:412-15

'\2 BCRT
- Source: ECDC

PN LON =

[ Featwres | zka | Dengue ikungunya
+++ ++
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Zika Vaccine Candidates in Clinical Trials

Vaccine type Vaccine name Antigen Phase Developer(s) Adjuvant
Inactivated vaccines ZPIV Whole virus I NIAID/WRAIR/BIDMC Alum
PIZV/TAK-426 Whole virus I Takeda Pharmaceuticals Alum
VLA1601 Whole virus I Valneva Austria GmbH Alum
BBV121 Whole virus I Bharat Biotech International Alum
DNA vaccines VRC5288 PIM/E I NIAID, VRC None
VRC5283 PrM/E I NIAIDVRC None
GLS-5700 prm/E I GeneQne Life Science/inovio None

Pharmaceuticals

Live-attenuated vaccine rZIKV/D4A30-713 YZIKV/D4A30-713 I NIAID None
mRNA vaccines MRNA 1325 PrM/E il Moderna Therapeutics None
IMRNA 1893 PrM/E I None
Viral vectored vaccines MV-ZIKA-RSP prM/E I Themis Bioscience GmbH None
MV-ZIKA prM/E I Themis Bioscience GmbH None
ChAdOx1 ZIKA CprME/NS I University of Oxford None
Ad26.ZIKV.001 ZIKV M-Env I Janssen Vaccines and None

Prevention B.V.

Abbreviations: ZPIV, ZIKV purified inactivated vaccine. PIZV, purified inactivated Zika virus vaccine. VRC, Vaccine Research Center. prM, premembrane. E, envelope
WRAIR, Walter Reed Army Institute of Research. NIAID, National Institute of Allergy and Infectious Diseases (USA). BIDMC, Beth Israel Deaconess Medical Center.
ChAdOx1, Chimpanzee adenovirus Oxford 1. MV, measles virus vaccine.

————
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Potential Advantages and Disadvantages of Various Zika Vaccine Candidates

Vaccine type

Advantages

Disadvantages

Principle of generation

Inactivated vaccines

Live-attenuated vaccines

DNA vaccines

MRNA vaccines

Viral vectored vaccines

High safety for
immunosuppressed people
Better stability for storage

Persistent immune response
without adjuvants or multiple
doses.

Better stability for storage
Better perform vaccine design
by adding or deleting.

Provide a better safety profile
because of less insertional
mutations.

Induce stronger immune
TeSponses.

Low immunogenicity Need
adjuvants or multiple doses to
enhance immunity.

Not recommended for
immunosuppressed people or
gravidas because of potential
hazards

Low immunogenicity. Low
therapeutic efficacy due to the
degradation of DNA.

Low-temperature storage owing
to instability. Need to boost
immunization.

Not recommended for
immunocompromised persons
or gravidas

Composed of viral particles
along with other pathogens that
were cultured

Reduce the virulence of a
pathogen while maintaining its
activity.

An antigen from a pathogen is
cloned and inserted into the
DNA plasmid.

Synthesized with the virtually
desired sequence.

Insert genes encoding the
proteins of pathogenic
microorganisms into the vector.
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Zika vaccine could be in production by year's end, says maker
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National Microbiology Laboratory, told Reuters, “This vaccine is easy to produce. It could be cranked to very high

Kobinger's laboratory team at

led by David Weiner and with

Inovio Pharmaceuticals and GeneOne Life Science of South Korea,

Inovio's . Joseph Kim, called Kobinger

‘aggressive but possible. "l believe this will be the first
to gointo human testing. We believe we're ahead of the pack in the race for a Zika vaccine,” he told Reuters.
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Moderna won't advance US-backed
Zika vaccine without more outside

funding

By Max Bayer

N
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phase 1 oxicology study. (Nuthawut Somsu/Getty Images)

Moderna does not plan to advance a midstage Zika vaccine without additional outside

cash, despite receiving U.S. funding thus far, according to a regulatory disclosure.

The news, tucked into Moderna’s annual report released Friday, throws cold water on the
most mature vaceine in Moderna’s public health pipeline. The company is also working on

vaccines for mpox and Niphah under the public health umbrella, both of which are in

phase 1 studies.
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