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Vaccines against
Vector-borne Diseases

Dengue

Rapid Increase of Dengue/DHF
Average Anual Reports to WHO
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Outcomes

• DENV, dengue virus; DHF, dengue hemorrhagic fever.
Phothong P, et al. Presented at 6th Asia Dengue Summit, Bangkok, Thailand, 15–16 June 2023. Abstract 014.

Travelers with Dengue 
treated at the Mahidol University, Thailand 

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

Presentation/Symptoms

58% male
41% female

66% continuous fever
36% intermittent fever
58% chill

43% nausea
38% vomiting
24% diarrhea
18% stomachache77% muscle pain

34% retro-orbital pain
24% thigh pain

26% cough
24% sore throat
22% dyspnea

19% bleeding manifestation
18% rash
6% dysuria

68% severe headache
3% seizure
2% stiff neck

Dengue
fever

DHF

Dengue
shock syndrome

34%

65%

2%

Complications, such as 
transaminitis (15%), hypokalemia (4%), 

and hyponatremia (2%)

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)
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Pathogenesis of Complicated Dengue / Dengue Hemorrhagic Fever

Source: Wilder-Smith et al. Dengue. Lancet 2019;393:350-63
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• NS1 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

Viral factors: NS1 in immunopathology

Avirutnan et al, J Immunol 187: 424 (2011)
Thiemmeca et al  , J Immunol.97(10):4053 (2016)
Beatty. ScTrMed 7, 304, 304ra141 (2015)
Modhiran, ScTrMed 7, 304, 304ra142 (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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Issues with Dengue Vaccines

 Vaccine must be effective against all four 
serotypes

 After dengue infection with one serotype, 
there is (usually) lifelong protection against 
this  serotype

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

Referenzen: 1 Saez-Llorens X, Biswal S, Borja-Tabora C, Fernando L, Liu M, Wallace D, et al. Effect of the Tetravalent
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 dengue vaccine development. Science. 2017;358(6365):865-6.

11

12



28.05.2024

7

Thomas SJ. Is new dengue vaccine efficacy data a relief or cause for concern? npj Vaccines (2023) 8:55; 
https://doi.org/10.1038/s41541-023-00658-2

Vaccines against Dengue

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

Flasche S, et al. The Long‐Term Safety, Public Health Impact, and Cost‐Effectiveness of Routine Vaccination with a

Recombinant, Live‐Attenuated Dengue Vaccine (Dengvaxia): A Model Comparison Study. PLoS Med. 2016;13(11):e1002181.

Dengue-Vaccine II Takeda Dengue Vakzine, TAK-003 (Qdenga®)

• 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%

• Protective effectiveness after 1st vaccination 81.1%

• 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

(after >5 years of follow-up)
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?, 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, et al. Lancet 2024;12;e257–e270 (plain language summary).
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Dengue-Vaccine III
Butantan Dengue Vaccine (TV003)
• Live attenuated DEN1, 3, 4, DEN2 chimera with DEN4 backbone
• Single shot
• Currently in phase 3

Dengue-Vaccine IV

NIH Dengue Vaccine (TV005)
• Live attenuated DEN1, 3, 4, DEN2 chimera with DEN4 backbone
• Increased dose of DEN2 chimera (104 PFU, as opposed to 103 PFU in TV003)
• Single shot
• Currently in phase 2
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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.

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

 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!
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Chikungunya

Vaccines against
Vector-borne Diseases

CHIKV is a single-stranded RNA alphavirus1

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

• CHIKV is spread by the same 
mosquitoes that transmit dengue 
and Zika viruses. 

• The symptoms of these diseases are 
similar, leading to misdiagnosis and 
delays in treatment in areas where 
they are common3

Phylogenetic analysis has revealed 3 distinct strains1,2

West African

 East-Central-South African (ECSA)

 Asian
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Chikungunya Disease Process

Acute Phase

(up to 97% )1

• Symptoms typically begin 3–7 days after being 
bitten by an infected mosquito1

• Viremic for 5-10 days2,3

• Acute symptoms typically resolve in 
7–10 days1 

• Sub-acute post-viremic state (6-21 days) can 
occur3,4

 Persistent articular symptoms

 Tenosynovitis and bursitis

Chronic Phase
(4% to 78%)5,6

• 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 years7,8

• Risk factors for developing chronic 
symptoms:(6,9)

 >45 years of age
 high viral load during acute phase 
 severe immunologic response in post-

viremic phase

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:e2004-e2004. 4. Stalkowsky F et al. PLoS one 2009;4:e7603-e7603. 5. Rodríguez-Morales AJ et al . Arthritis 
Care Res 2016;68:849-58  6. Martí-Carvajal A et al. PLoS One 2017;12:e0179028  7. Manimunda SP, et al. Trans R 
Soc Trop Med Hyg 2010; 104: 392–99.  8. Soumahoro MK, et al. PLoS One 2009;4:e7800. 9. Zaid A et al. Arthritis 
Rheumatol 2018;70:484-95  
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Chikungunya: Rheumatologic Disease

Carpitis and 
thumb arthritis 
(left) –
Multiple 
tenosynovitis of 
fingers and wrist 
(right)1

Impact on 
Quality of Daily 

Life

Effect of 
Arthritis/Polyarth

ritis

Post-CHIKV 
Rheumatism 
- 2 forms -

• Rising from chair

• Walking

• Picking up objects

• Opening a bottle

• Self care

• Physical impact on 
leisure time and 
limitations on 
activity

Long-term joint pain

Mechanical 
musculoskeletal 
disorders

Stiffness after immobility1,4

Multiple joints affected, ie, 
spine, shoulder, elbow, 
wrist, hand, hip, knee, 
ankles, feet

Can be triggered by change 
in temperature and physical 
effort5

Chronic 
inflammatory 
arthritis May require surgery 

Symmetrical
inflammatory 
polyarthritis2

2 years after 
CHIKV infection: 
Intense arthritis of 
metacarpophalange
al joints and wrist3

1. Simon F., et al. Medicine: 2007;86:123-137. 2. Mohan A, et al. Indian J Dermatol. 2010; 
55: 54–63. 3. Amaral J, et al. Viruses. 2019;11:289. 4. Tritsch S. et al. J Rheum. 
2020;47:1267-74. 5. Schilte C. et al. PLOS Negl Trop Dis. 2013;7:e2137.

Chikungunya: Persistent Rheumatologic Disease is Common

Source
Post-Chik Chronic

Disorders

% 
Patients 
Affected

Observation 
Period

Number 
of 

Patients
YearOutbreak

Queyriaux et al. 
Lancet Infect Dis
2008

Rheumatic symptoms93.76 months6622005Réunion

Moro et al. J Infect
2012

Myalgia, asthenia or 
arthralgia 

66.512 months2502007Italy

Borgherini G et al.
Clin Infect Dis 2008Persistent arthralgia63.618 months882005Réunion

Schilte et al. PloS 
Negl Trop Dis 2013Arthralgia6036 months1802007Italy

Sissoko et al. PLoS 
Negl Trop Dis 2009Rheumatic symptoms5715 months1472005Réunion

Mathew et al. Int J 
Clin Pract 2011Polyarthralgia5715 months13962007

Kerala,
India

Huits et al. PLOS 
One 2018Chronic polyarthralgia

43.8
26.3

>6 weeks
>12 months

2482014Aruba

Bonifay et al. Eur J 
Clin Microbiol Infect 
Dis 2018

Rheumatic or
musculoskeletal pain

40.4
31.3

3 months
6 months

1682014
French 
Guyana

Brighton et al. S Afr 
Med J 1983

Residual joint symptoms 
such as stiffness, swelling, 
and pain

123-5 years107
1975-
1977

South 
Africa
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Chikungunya Pipeline

Attenuated Live Vaccine

Virus-like Particle

Phase 3 trial: Apivotal, multicenter, randomized, 
placebo-controlled trial (VLA1553-301)1,2

*Defined as a 50% plaque reduction in a μPRNT.
AE = adverse event; CHIKV = chikungunya virus; FDA = Food and Drug Administration; µPRNT = micro plaque reduction neutralization test;
M = month; R = randomization.
1. Schneider M, et al. Lancet. 2023;401(10394):2138-2147. 2. ClinicalTrials.gov NCT04546724. Available at:

Primary immunogenicity endpoint:

 Proportion of participants achieving 
seroresponse (CHIKV-specific neutralizing 
antibody titers of µPRNT50 ≥150)
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 µPRNT 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

S T U D Y D E S I G N

SCREENING PART A PART B

4128
healthy adults
Aged ≥18 years

Randomized 3:1 
Stratified by age 
(18–64/≥65 years)

Immunogenicity
subset
First 462 
participants enrolled 
at select sites

VLA1553 1x104 / 0.5 mL (n=3093)

Placebo (n=1035)

R

1

1

Month 6Month 3298DAY/M

5432VISIT

Last
follow-up

Primary endpoint

https://clinicaltrials.gov/ct2/show/ NCT04546724. Accessed: October 2023.
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 VLA1553 induced a seroresponse* in 98.9% of participants after 1 month, exceeding the FDAthreshold†1

 High SRR of 96.3% was maintained at 6 months1

 Seroresponse was unaffected by age (98.6% in participants aged <65 years and 100% in ≥65 years at Day 29)1

SRR in baseline seronegative subjects (per-protocol population)1,2

*Defined as CHIKV neutralizing antibody titer ≥150 by µPRNT50. †The lower bound of the 95% CI for the SRR at Day 29 in the
VLA1553 group needed to exceed 70% neutralizing antibody titers determined using µPRNT50 assay.
CHIKV = chikungunya virus; CI = confidence interval; FDA = Food and Drug Administration;
µPRNT50 = 50% micro plaque reduction neutralization test; SRR = seroresponse rate.

The pivotal trial of vaccine candidate
VLA1553 met its primary endpoint1

9898.9 98.6 97.4 96.3 96.7100 100 94.8
110
100
90
80
70
60
50
40
30
20
10
0

SR
R

(%
)

Day 29 Month 3 Month 6

FDA
non-acceptance
margin†

Placebo 
VLA1553 (All)
VLA1553 (<65 years)
VLA1553 (≥65 years)

1. Schneider M, et al. Lancet. 2023;401(10394):2138-2147. 2. VALNEVA Data on file (unpublished data).
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100%

90%

80%

70%
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40%

30%

20%
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0%
VLA1553 Placebo VLA1553 Placebo VLA1553 Placebo VLA1553 Placebo VLA1553 Placebo VLA1553 Placebo VLA1553 Placebo VLA1553 Placebo VLA1553 Placebo

Vaccine candidate VLA1553 was generally well tolerated across
all age groups, with most AEs classified as mild/moderate1

Any solicited Headache 
systemic

adverse events

Fatigue Myalgia Arthralgia Fever Nausea Rash Vomiting

Solicited systemic adverse events by maximum severity*1

Mild 
Moderate 
Severe

*Safety and tolerability of the vaccine were assessed in the safety population. Participant eDiaries were used for the collection 
of daily oral body temperature, solicited injection-site and systemic adverse events up to 10 days post vaccination.
Participants with solicited AEs after vaccination with VLA1553, and placebo by maximum severity.
AE = adverse event.
1. Schneider M, et al. Lancet. 2023;401(10394):2138-2147.

• CHIKV, chikungunya virus; VLP, virus-like particle; n, number of participants.

• 1. NCT05072080. ClinicalTrials.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).

Phase 3 safety, immunogenicity, and lot-consistency study of CHIKV VLP in 
healthy adults and adolescents1

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 µg of CHIKV VLP plus 300 µg aluminium 
hydroxide adjuvant) or placebo as follows:

Dose groups2:

Group 1: CHIKV VLP lot 104 (n=919)

Group 2: CHIKV VLP lot 105 (n=948)

Group 3: CHIKV VLP lot 106 (n=927)

Group 4: Placebo: n=464

Study centers

Multicenter study 
47 sites in the US

Study population

Healthy adolescent and 
adult participants 12 to 

<65 years of age

Study duration

6 months (183 days)

Number of participants

3258

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

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

CHIKV, chikungunya virus; CI, confidence interval; GMT, geometric mean titer; IEP, immunogenicity-evaluable 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 (NT80) ≥100. Values below lower limit of quantitation (LLOQ=15) are 
assigned the value LLOQ/2=7.5."

46,6

96,8 97,8

85,5

0
0,5 0,8 1,2 1,5

0

20

40

60

80

100

1 8 15 22 183

CHIKV
VLP
(n=2559)
Placebo
(n=424)

S
er
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p
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ra
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 (

%
)

Day

Anti-CHIKV SNA seroresponse rate 

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

Data presented at ESCMID Global 2024, data not yet published in a peer-reviewed article

CHIKV VLP vaccine solicited adverse events 
in adolescents and adults 12-<65

AE, adverse event; CHIKV, chikungunya virus; VLP, virus-like particle.

PlaceboCHIKV VLP PlaceboCHIKV VLP PlaceboCHIKV VLPInjection site redness Injection site swellingInjection site pain

23,7
10,7

0,4 0… 0,4 0,0
0

20

40

60

80

100

In
ci

d
en

ce
 (

%
)

CHIKV VLP (n=2790)

Placebo (n=464)

19,9 17,0 18,0 16,6 17,6
9,6 8,6 3,3 7,7 7,2 7,5 6,6 0,8 0,2

0

20

40

60

80

100

Fatigue Headache Myalgia Chills Arthralgia Nausea Fever

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

Days 1-8 solicited systemic adverse events (safety population)

38

• Grade 3 (severe) local solicited AEs occurred in 5 (0.2%) CHIKV VLP 
participants (4 injection site pain and 1 injection site redness)

• 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, 

myalgia, and nausea

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

https://www.cdc.gov/chikungunya/hcp/vaccine/index.html
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Zika

Vaccines against
Vector-borne Diseases

 Flavivirus

 First isolated in 1947 from a rhesus monkey at a research station in the Zika Forest in 

Entebbe/Uganda

 Occurs naturally in tropical Africa

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

 In 2009, human infection with Zika virus was reported for the first time outside Africa 

and Asia, namely on the Yap Islands of Micronesia

 The largest outbreak up to date occurred in 2016 in Latin America

 Symptoms: skin rash, fever, joint pain, conjunctivitis and, more rarely, muscle pain, 

headaches, vomiting

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

 Guillain-Barré-Syndrome may occur as complication

 Viremia during pregnancy leads to viral neurotropy in newborn: brain damage and 

microcephaly

 Zika can be transmitted by sex

Zika-Virus
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Global Spread of Zika-Virus

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

Zika Vaccine Candidates in Clinical Trials

Peng ZY et al. A review on Zika vaccine development. Pathgens and Disease. 2024:82;ftad036
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Potential Advantages and Disadvantages of Various Zika Vaccine Candidates

Peng ZY et al. A review on Zika vaccine development. Pathgens and Disease. 2024:82;ftad036
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Questions?
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