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Dengue
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Four antigenically distinct
serotypes (DENV1-4)

50-100 million cases every year

Clinical spectrum:

80% asymptomatic
Self-limiting febrile iliness

Severe dengue (~2-4% of
symptomatic)

Secondary infections are associated
with higher risk of more severe dengue

CFR 0.1—1%

‘ - Tertiary ‘ Quaternary

Flasche et al, PLoS Med.2016
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Dengue Vaccine

(http://www.who.int/immunization/research/vaccine_pipeline_tracker_spreadsheet/en/)
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Homotypic and heterotypic antibodies
A

Antibody
titers Strong, specific
Protection response to the
—_ infecting serotype
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response to infection
and wane to varying
degrees over time
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Anderson et al, A Shorter Time Interval Between First and Second Dengue Infections Is Associated With Protection From Clinical Illness in a
School-based Cohort in Thailand. J Inf Dis. 2014



Phase Il randomized controlled trial in Singapore

Yee Sin Leo,” Anmnelies Wilder-Smith, ™ Sophia Aschuleta ™ Lynette P. Shel * Chia Yin Chong * Hoe Nam Leong
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B As paricipents
W 2-11 yeas

-~ Vaccine efficacy varied by :
o~ — Serotype (serotype 4 and 3)
— Serostatus (seropositive)

— Severity of disease (more
severe)

Pamicipants (%) = 10 I'di aguinst each serotype
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 Figure 3. Seropositivity rates (percentage of participants PANT., titer > 40 1/ci) against aach of the four dengue vins sesotypes (1,2, 3 and 4) of Base- _ Age (OIder age)
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Efficacy and Long-Term Safety of a Dengue Vaccine in Regions
of Endemic Disease

S.R. Hadinegoro, J.L. Arredondo-Garcia, M.R, Capeding, C. Deseda, T. Chotpitayasunondh, R, Dietze,



WHO recommendations for settings with
seroprevalence > 70% (April 2016)

Licensed for age 9 and above

Public Health benefit— Vaccine preventable disease incidence,
seropositivity drives efficacy

Safety benefit — high proportion of seropositives; seronegatives will
have a higher or equal risk of secondary infections through natural
exposure than potential vaccine induced secondary-like infections



Press release from Sanofi, 29 Nov 2017

1126 Novembsr 29, 2017

Sanofi updates information on dengue vaccine

PARIS, FRANCE - November 29, 2017
ond pat ents on its dengue vaccine

onalysis of long-
infection.
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...analysis found that in the
longer term, more cases of severe
disease occur following
vaccination upon a subsequent
dengue infection.....

 For individuals who have
not been previously infected
by dengue virus,
vaccination should not be
recommended.
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News analysis

Politics comes into play in dengue
vaccine scare

4y A
=2, Philippines defied
=/ experts' advice in

' pursuing dengue
immunisation...

Raul Dancel
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Parents of vaccine ‘victim’ seek justice

Philippines Suspends Dengue Shots After Drug Firm's Warning



How did Sanofi Pasteur determine serostatus-
dependent performance?

End of
Vaccine follow-up
doses /2018
Month O 6 12/13 25 ~48 72
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Sridhar et al. Effect of Dengue Serostatus on Dengue Vaccine Safety and Efficacy. N Engl J Med. 2018 Jul
26,379(4):327-340



Vaccine efficacy against symptomatic VCD in

the 25 months after dose 1
(2-16 year-olds - Ml method)

Sero-status at | Vaccine efficacy | 95% confidence
dose 1 interval

Sero-positive 72% 58%, 82%
Sero-negative 32% -9%, 58%

Sridhar et al. Effect of Dengue Serostatus on Dengue Vaccine Safety and Efficacy. N Engl J Med. 2018 Jul
26;379(4):327-340



Relative risk of severe VCD comparing vaccinated to

controls in the 66 months after dose 1
(2-16 year-olds - Ml method)

Sero-status at Relative risk 95%
dose 1 (CYD:Control) confidence
interval
Sero-positive 0.28 0.15, 0.52
Sero-negative 3.00 1.10, 8.15

Sridhar et al. Effect of Dengue Serostatus on Dengue Vaccine Safety and Efficacy. N Engl J Med. 2018 Jul
26;379(4):327-340



Time to hospitalized VCD - Ml method - age 9-16 years

Cumulative % hospitalised VCD
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How do we explain the CYD-TDV
observations?
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Viremia induced by CYD-TDV

Percentage of subjects with detectable viremia by culture

after a single dose (% by RT-PCR) in flavivirus-naive subjects

DENV-1 DENV-2 DENV-3 DENV-4

CYD, Day 7
(n=12)! 0 (0) 0 (0) 0(17) 8 (50)
CYD, Day 7
(h=84) 0 (0) 1(2) 0 (0) 2.1 (30)
CYD (n=25)3 (0) (4) (0) (52)
CYD (n=95)* (7.4) (0) (12.6) (44.2)

1. Qiao et, 2011, viremia only measured on day 7 & 14, but cumulative viremia was not reported

2. Poo, et al, 2011, viremia only measured on day 7 & 14, but cumulative viremia was not reported

3. Dayan, et al, 2013; CYD 5:5:5:5 formulation. Viremia measured only by RT-PCR

4. Torresi, et al 2017; CYD lot-to-lot consistency trial. Viremia measured on days 6, 8, 10, 14, & 20




Homotypic vs heterotypic antibody response in
CYD-TDV (Dengvaxia): depletion assays

 Samples were depleted of
serotype specific antibodies to
determine proportion of cross-
reactive response

o

ng Ab, %

* Serotype specific antibodies
dominated the DENV-4
response (CYD-4 most often
detected post-vaccination)

Homotypic Mewtralizi

* Cross-reactive antibodies
dominated the DENV-2
response

Henein et al, JID 2017
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Level of antibodies determine the risk and protection

Fig. 2
Full cohort without controlling Full cohort with controlling
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Continuous hazard ratio curves for severe dengue disease or any dengue case by pre-existing DENV-AD titer for the Pediatric Dengue Cohort.
Cox proportional hazard models were fit without (A) or with (B) control for number of previous infections. Models were also adjusted for sex,
epidemic season, and age.

Binding Abs were associated with both
clinical risk and protection at different levels

Katzelnick L et al. Antibody-dependent enhancement of severe
dengue diseases in human. Science. 2017 Nov 17

Nicaragua cohort

iELISA binding Abs to E
fusion loop & prM

Pre-existing anti-DENV
Abs 1:21 -1:80, DHF/DSS
hazard was 7.64 fold
higher

Anti-DENV Abs < 1:21,
dengue naive, had
hazard of 1.6

anti-DENV Abs> 1:1280
had hazard of 1.5



Explanatory hypothesis for excess cases in seronegative trial

participants:
“Silent infection” mode of action

* Vaccination primes the immune system
similarly to infection:

1. Temporary high degree of cross-
immunity in at least seronegative
recipients

2. Seronegative recipients have
secondary-like breakthrough
infection once cross-immunity wanes

3. Seropositive recipients have tertiary-
like breakthrough infection once
cross-immunity wane

Y
' ' Secondary
1 infection . nd 7 ; W i i ;
. Primary 2" infection 3 infection 4™ infection
Unvaccinated naive .
\ ) Tertiary - Quaternary W
7
. Primary
Vacdinated 1% infection “secondary-like" 4™ infection
; 2" infection 3" infection
seronegative naive - . Secondary l - Tertiary 1- Quaternary 1
-/ “tertiary-like” ";uaterna;-like"
Vaccinated 1% infection . 2 infection 3" infection 4™ infection
seropositive  naive N primary - s“""i"" | -y Tty o EEEp | Qua |
P | “tertiary-like” “guaternary-like” uaternary

Ferguson et al., Science 2016; Flasche et al., PLoS Med. 2016



Summary: CYD-TDV vaccine
Serostatus dependent performance

* Dengvaxia is efficacious and safe in seropositive persons

* Dengvaxia increases the risk of severe dengue in seronegative
persons

How to best use the first licensed dengue
vaccine?



Public health net benefit of Dengvaxia

Impact for vaccinated subjects over 10 years (direct protection
only)

Results for a vaccinated cohort of 1,000,000 vaccinees

Prevented number of hospitalisations over 10 years*
Hospitalisations
setting Sero+ Sero- All
Very high A 90% 6419 [5713;7101 ] 348 [82;992 ] 6767 [5795;8093 ]
80% 6535 [5834;7116 ] -7 [-436;612 ] 6528 [5398;7728 ]
High 70% 5611 [5219:6332 ] -572 [-874;-287 ] 5039 [4344;6045 |
60% 4303 [3833;5148 ] -1484 [-1740;-698 ] 2820 [2093;4450 |
Moderate 50% 2078 [2724:3181] -2039 [-2224;-1758] 939 [500;1423 ]
40% 2243 [2124;2484 ] -1904 [-2337;-1314] 340 [-213;1170 ]
Low 30% 143 [115;219 ] -217 [-290;-188 ] -74 [-176;31 ]
20% 74 [43;80 | -231 [-701;-122 ] -157 [-658;-42 ]
Very low v 10% 9 [6;11 ] -57 [-89;-44 ] -48 [-83;-33 ]




Ethical Dilemma

4.7 The NEW ENGLAND
Wi/ JOURNAL of MEDICINE

Perspective
Trolleyology and the Dengue Vaccine Dilemma

Lisa Rosenbaum, M.D.

70% seroprevalence:

Every 1 excess case of hospitalized dengue in

vaccinated seronegatives would be offset by /
hospitalized cases prevented in vaccinated
seropositives

85% dengue seroprevalence:
Every 1 excess case of hospitalized dengue in

vaccinated seronegatives would be offset by 18
cases prevented in vaccinated seropositive
persons



SAGE Working Group Considerations

A number of dimensions:
— Population benefit versus individual risk
— Ethical considerations
— Risk perceptions and communication
— Screening tests versus serosurveys
— Programmatic issues
— Vaccine coverage estimates

Came down to an evaluation of:

Population Seroprevalence Criteria . .. .
. : Pre-Vaccination Screening
without Screening




1. Benefits and Harm

Population Seroprevalence Criteria . .. .
. . Pre-Vaccination Screening
without Screening

BENEFIT BENEFIT

Overall substantial population benefit in Maximizing the benefit (high efficacy and

areas with high seroprevalence predicted. = good safety) in seropositive while
avoiding harm in correctly identified
seronegatives.

HARM

An identifiable subset of the population HARM

will be put at increased risk of severe Some seronegative individuals will be put
dengue, at least in the short to medium at increased risk of severe dengue if
term. vaccinated due to a false positive

screening test result.



2. Risk

Population Seroprevalence Criteria . .. .
. . Pre-Vaccination Screening
without Screening

If vaccine is introduced in a setting * Risk of false positive test: seronegative
with 80% seroprevalence, 20% of the individuals will be misclassified as
vaccinated population will be put at seropositive

risk.

Loss in vaccine confidence (dengue * In a setting with 80% seroprevalence and a
vaccines and possibly other vaccines). test with 98% specificity, 0.4% of the
Inability of vaccinees to know own population would be unintentionally
serostatus may lead to increased vaccinated.

vaccine hesitancy.



Pre-Vaccination Screening Strategy

* For countries considering vaccination as part of their dengue control
program, a “pre-vaccination screening strategy” is the recommended
strategy, in which only dengue-seropositive persons are vaccinated
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Second-generation dengue vaccines

Dengvaxia (Sanofi

Pasteur) TDV (Takeda) TV003 (Butantan)
Status Licensed Phase 3 Phase 3
4 Doses 3 doses over 12 2 doses 3 months 1 dose
months (0, 6, 12) apart
Indicated 9-45 Phase 3: age range 4 - | Phase 3: age range 2 - B DENV-1
age <16t 592 [ ] DENV-2
Bl DENV-3
Bl DENV-4
{EE T | {EETTTIIF YRy
JdINEEEEEEE I NIEE R,
Construct
{7 [T F|{MTTTTIT F
I T[T 7] F|{MMITTTTT F
#DENV 8 16
proteins

1. NCT02747927
2. NCT02406729
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Lessons learnt

Conclusions Action taken by second
generation dengue

vaccines

Baseline blood samples from all trial X
participants

A priori plans for analyses by baseline X
serostatus

Observation time 5 years after last dose X
Document viremia for all 4 serotypes in a X

tetravalent formulation

Do not rely on PRNT, use depletion assays X
Consider CHIM Done for NIH candidate

28



What about travellers?

Journal of Travel Medicine, 2018, 1-3
International Society of Travel Medicine doi: 10.1093/jtm/tay057
") Promoting healthy travel worldwide Perspective

Perspective

Serostatus-dependent performance of the first licensed
dengue vaccine: implications for travellers
Annelies Wilder-Smith, MD, PhD*

Low seroprevalence in travellers

Not licensed in most non-dengue endemic countries

3 doses (however, short-term efficacy after one dose is as high as after
3 doses)



Neutralizing/protective antibody responses following DENV
infection and vaccination

Cross
Cross neutralizing w
neutralizing and protective Serotype c_rosls g_eutrtallzmgtAb :
and protective Abs response (inc uding to serotypes no
Abs “seen” by the immune system)

Monotypic neutralizing and
rotective Abs

Tp*
First 6 Second
infection months Infection

' LAV in naive individuals | LAV in DENV-exposed individuals |

Abs, antibodies; LAV, live attenuated viruses




