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SUMMARY

Introduction: Dengue Fever (DF), caused by the Den-
gue virus (DENV), represents a major and expanding
global public health challenge. Vaccination is an im-
portant public health tool that could prevent Dengue
infection and reduce symptoms, including severe Den-
gue. Several dengue vaccines have been studied and
implemented in selected countries; however, evidence
on their efficacy/effectiveness, safety, and optimal use
varies across populations and settings, highlighting the
need for a comprehensive evaluation.

Methods: This systematic review and meta-analyses fol-
lowed PRISMA guidelines. Literature from 2010 was
searched across three databases. Independent review-
ers screened and extracted data, resolving conflicts
with expert input. Risk of bias was assessed using
ROB2 and the Newcastle-Ottawa Scale. Random-ef-
fects meta-analyses were conducted, reporting pooled
Relative Risk and vaccine efficacy, and Geometric
Mean Ratios, when feasible.

Results: Seventy-nine studies were included, evaluating
Dengue vaccines in adults (46.8%), children/adoles-
cents (31.6%), and mixed-age populations (20.3%). Chi-
meric Yellow Fever-Dengue Tetravalent Vaccine (CYD-
TDV /Dengvaxia®) was assessed in 28 trials, 3 of which
reported a pooled vaccine efficacy of 55% (95%CI 47%-
62, ’=86.9%; p <0.001) against Dengue. Vaccine-in-
duced Geometric Mean Titers (GMTs) increased 5.5- to
12.4-fold across serotypes, with no significant increase
in the control groups. When available, greater effective-
ness was observed in baseline seropositive individuals
and older children. Takeda-003 (TAK-003/QDENGA®)

was evaluated in 23 trials, showing sustained efficacy
against virologically confirmed dengue (43.5%-82.1%)
and high protection against hospitalization (approxi-
mately 87%-90%). Phase I-II studies for the candidate
vaccine TV003/TV005 demonstrated favourable safety
and immunogenicity profiles during the available
follow-up. Other promising candidates included oth-
er investigational vaccines such as subunit (V180) or
DNA-based (TVDV, DIME100). Overall, Dengue vac-
cines were generally well tolerated, with most adverse
events being mild to moderate during follow-up.
Discussion: This review demonstrates substantial prog-
ress in Dengue vaccine development. Importantly,
CYD-TDV favorable balance is limited to individuals
with prior dengue exposure, whereas vaccination of
seronegative individuals has been associated with an
increased risk of severe dengue. Both CYD-TDV and
TAK-003 showed robust immunogenicity and accept-
able safety profiles. Emerging vaccine candidates,
including TV003/TV005, Butantan-DV, TDEN, inacti-
vated, subunit, and DNA-based platforms, have also
shown promising safety and immunogenicity results
in early-phase trials. Future attempts should focus on
developing Dengue vaccines that provide safe, bal-
anced, and durable protection against all four Dengue
virus serotypes while minimizing the risk of antibody-
dependent enhancement, focusing also on special pop-
ulations.
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B BACKGROUND AND RATIONALE

D engue Fever (DF), caused by the Dengue vi-
rus (DENYV), represents a major and expand-
ing global public health challenge. It is transmit-
ted mainly by Aedes aegypti mosquitoes, with Ae-
des albopictus as the secondary vector [1]. Trans-
mission may be influenced by factors such as cli-
mate change, urbanization and population move-
ment, which have contributed to the rise of cases
in the last years [2]. According to WHO Global
Dengue Surveillance from January 2025 to April
2026 there have been a total of 6.446.449 total Den-
gue cases with 30.106 severe cases and 4.442
deaths [3]. In endemic countries in Asia and Latin
America Dengue is one of the leading causes of
hospitalization [4, 5].

With regard to the clinical aspects, many cases of
Dengue are either asymptomatic or mild, however
Dengue may also present in severe forms. It is
usually a self-limiting viral infection characterized
by high fever, headache, retro-orbital pain, myal-
gia, arthralgia, nausea, vomiting, lymphadenopa-
thy, and rash, with symptoms typically appearing
4-10 days after infection and lasting 2-7 days [6].
Although most cases are mild (90-95%), severe
Dengue (2-5%) can occur and may be fatal, par-
ticularly in individuals experiencing a secondary
infection. Warning signs of severe Dengue include
severe abdominal pain, persistent vomiting, mu-
cosal bleeding, tachypnea, fatigue, restlessness,
and signs of shock following the resolution of fe-
ver [7, 8-10].

Moreover, Dengue represents a significant global
economic burden, which has been estimated to be
between USD 8.9 billion and nearly USD 40 billion
[11, 12].

In this context, vaccination is a crucial public
health tool that could help prevent Dengue infec-
tion, alleviate symptoms and reduce severe cases.
In the recent years several attempts have been
made to produce a vaccine that is safe and effec-
tive [13]. A major advancement in Dengue pre-
vention has been the introduction of Dengvaxia®
(CYD-TDV), the first licensed Dengue vaccine
developed by Sanofi Pasteur. Although approved
in several countries and considered a significant
breakthrough, concerns have been raised regard-
ing its effectiveness and safety, particularly in in-
dividuals without prior Dengue exposure [14].
Another licenced vaccine is Qdenga® (TAK-003),

developed by Takeda. Several other alternatives
have been pursued including live-attenuated, in-
activated, subunit and DNA vaccines [15, 16]. Al-
though Dengue vaccines have been developed
and introduced in selected settings, their effec-
tiveness, safety, and implementation remain het-
erogeneous, particularly across age groups, base-
line serostatus, circulating serotypes, and endem-
ic contexts. Concerns persist regarding long-term
protection, risk of severe Dengue, and differen-
tial performance in seronegative individuals.
Moreover, real-world evidence following vaccine
rollout remains limited.
A comprehensive and updated synthesis of rand-
omized and observational evidence could be use-
ful to inform policy decisions, clinical recommen-
dations, and future research priorities.
The primary objective of this work was to system-
atically review and synthesize evidence on the ef-
ficacy and safety of Dengue vaccines in preventing
Dengue cases.
Secondary objectives were
1) To evaluate vaccine performance according to
baseline Dengue serostatus.
2) To assess serotype-specific efficacy against
Dengue, severe Dengue and hospitalization.
3) To summarize immunogenicity outcomes and
durability of immune response.

H METHODS

This systematic review and meta-analysis is con-
ducted and reported according to the Preferred
Reporting Items for Systematic Reviews and Me-
ta-analyses (PRISMA) statement and was per-
formed in accordance with a pre-published pro-
tocol available on PROSPERO number
CRD420261358200, accessible from [17]: https://
www.crd.york.ac.uk/PROSPERO/view/
CRD420261358200.

It aimed to answer the question: among all indi-
viduals (children and adults) living in Den-
gue-endemic or non-endemic settings (P), does
vaccination with any licensed or investigational
Dengue vaccine (I), compared with placebo, no
vaccination, or alternative vaccine strategies
(C), reduce the incidence of Dengue cases, se-
vere Dengue, and Dengue-related hospitaliza-
tion, while maintaining an acceptable safety
profile (O)?


https://www.crd.york.ac.uk/PROSPERO/view/CRD420261358200
https://www.crd.york.ac.uk/PROSPERO/view/CRD420261358200
https://www.crd.york.ac.uk/PROSPERO/view/CRD420261358200
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Inclusion/exclusion criteria based on PICO
Inclusion

Population (P)

Individuals of any age living in Dengue-endemic
or non-endemic settings

Subgroups of interest: Seropositive vs seronega-
tive individuals at baseline; Special populations
when available (e.g. immunocompromised, preg-
nancy)

Intervention (I)

Any licensed or investigational Dengue vaccine,
regardless of: Vaccine platform; Number of doses;
Schedule or route of administration

Comparator (C)
Placebo; No vaccination; Alternative Dengue vac-
cine

Outcomes (O)

Primary Outcomes

Laboratory-confirmed symptomatic Dengue in-

fection

Severe Dengue (as defined by the World Health

Organization), presenting with one or more of the

following:

1) Severe plasma leakage leading to: Shock
(DSS); Fluid accumulation with respiratory
distress.

2) Severe bleeding as evaluated by clinician; Se-
vere organ involvement: Liver: AST or ALT
21000; CNS: Impaired consciousness; Heart
and other organs.

Secondary Outcomes

Dengue-related hospitalization

Dengue-related mortality

Serotype-specific Dengue infection (DENV-1 to
DENV-4)

Adverse events (AE) (any, serious, reason for
withdrawal)

Antibody-dependent enhancement (ADE)-related
outcomes

Immunogenicity Outcomes

Total and neutralizing antibody titers
Cell-mediated immune response (CMI)
Seroconversion rates

Duration of immune response (both humoral and
CMI)

Exclusion Criteria

Population

Animal studies and in-vitro or laboratory-only
studies were excluded. Studies were excluded if
they reported data from the same participant co-
hort and assessed outcomes that had already been
reported. However, studies reporting additional
outcomes, different follow-up period, or subgroup
analyses not previously published were retained.

Intervention

Studies evaluating non-vaccine Dengue preven-
tion strategies only (e.g. vector control, antivirals)
and studies without a clearly defined Dengue vac-
cine intervention were excluded. Furthermore,
studies that assessed the co-administration of
Dengue vaccine with others were excluded.

Comparison

Studies that did not evaluate a Dengue vaccine
against a comparator group, including placebo,
other vaccines, or alternative doses or formula-
tions of a Dengue vaccine, were excluded.

Outcomes

We excluded studies not reporting any clinical,
safety, or immunogenicity outcomes or reporting
only theoretical or modelling outcomes.

Study Design and Publication Type

Case reports or case series with very small sample
size (e.g., <10 participants); reviews, systematic
reviews, meta-analyses, editorials, commentaries,
letters without primary data, conference abstracts
without sufficient data or unavailable full text
were excluded.

Literature Searches

To retrieve potentially eligible articles, the elec-
tronic databases of PubMed, Web of Science, and
Cochrane Library were searched. The search for
all databases was performed on the same day
(March 4%, 2026). A PubMed search string, con-
sisting of Medical Subject Headings terms and
free-text words, was first developed. Afterward,
this search string was adjusted for use in the oth-
er electronic databases. The keywords used in-
clude “Dengue Vaccines”; “Dengue Tetravalent
Vaccine”; Dengvaxia; “Dengvaxia Vaccine;
Qdenga; Qdenga Vaccine;”. The search was re-
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stricted to “only humans” and to studies pub-
lished in the last 15 years with no further restric-
tions in terms of country, setting or language.
The full search strategy is reported in Supplemen-
tary Material 1.

Data selection

Studies identified from the research string were
exported to Rayyan [18]. After duplicate removal,
6 reviewers (AC, SD, SC, MG, ML, GM), working
separately in 3 groups, screened the articles based
on titles and abstracts. After selecting the perti-
nent articles, these reviewers conducted a second
round of screening separately, to read the full texts
and decide on the final articles to include. Discrep-
ancies in both screening phases were resolved by
consulting a third person (DZ).

Data extraction

A dedicated module for data extraction was creat-
ed, and the extracted data included:

General information: Author, Title, Publication
year, Country, Study Design, Recruitment period.
Characteristics of the study population: age, sex,
sample size, special population group, baseline
serostatus

Vaccine characteristics: type, number of doses,
route of administration, comparison.

Efficacy outcomes (vaccine and control group):
Dengue cases, severe Dengue cases, Dengue-relat-
ed hospitalization, Dengue-related mortality.
Safety outcomes: adverse events (any, serious, rea-
son for withdrawal).

Immunogenicity: antibody-dependent enhance-
ment, neutralizing antibody titers, cell-mediated
immune response, seroconversion rates, seroposi-
tivity rates, immune response duration

Risk of bias/quality assessment

The risk of bias of all included studies was as-
sessed using tools appropriate to each study de-
sign. The RoB 2 tool [19] was used for randomized
controlled trials. For observational (case-control
and cohort) studies the Newcastle-Ottawa Scale
was used [20].

Statistical Analysis

Descriptive statistics were used to summarize
study characteristics, population features, vac-
cines. When possible, quantitative synthesis was
performed through random effect meta-analyses.

Meta-analyses

Vaccine efficacy estimates were pooled across
studies evaluating the same vaccine and dosing
regimen and reporting unique study populations.
Studies that did not assess vaccine efficacy as a
primary outcome were excluded, as they were not
powered to detect differences in efficacy. For stud-
ies reporting efficacy separately by participant
subgroups (e.g., baseline serostatus), subgroup
data were aggregated to derive an overall efficacy
estimate for inclusion in the meta-analysis.
Geometric mean titers (GMTs) were compared be-
tween vaccine and control groups using geometric
mean ratios (GMRs). Log-transformed GMRs
were calculated as the ratio of post-dose 3 GMT to
baseline GMT in the vaccine group and in the cor-
responding control group.. Standard errors were
derived from published 95% confidence intervals.
Study-specific log GMRs were pooled using ran-
dom-effects meta-analysis. GMR analyses were
conducted separately for each dengue serotype
(DENV-1 to DENV-4). Statistical heterogeneity
was assessed using the I” statistic. Studies with
zero events in both arms were excluded from rela-
tive effect meta-analysis but included in descrip-
tive synthesis. All analyses were conducted using
STATA software (STATA/BE 15.0 for Windows,
Stata Corp LP, College Station, TX).

B RESULTS

Bibliographic Search

The search on the selected databases yielded a to-
tal of 2171 studies. After merging the records, 517
duplicate entries were identified and removed us-
ing Rayyan’s automatic deduplication feature (de-
tecting articles with more than 95% similarity),
followed by additional manual deduplication.
Screening of titles and abstracts from the remain-
ing records identified 271 studies for full-text anal-
ysis. Inclusion and exclusion criteria were then
applied to these studies, resulting in the final se-
lection of 79 studies for inclusion in the systematic
review [21-99].

The entire selection process is summarized in Fig-
ure 1 (PRISMA Flowchart).

Quality assessment

Among the randomized controlled trials (RCTs) in-
cluded in the review, assessment using the RoB 2
tool indicated a low risk of bias in 29 /75 trials, some
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Figure 1
Flow diagram of the
selection process.

Records identified from
Databases

5 Pubmed (n = 1406)

R —
E WoS (n=602)
Cochrane (n=163)

Records removed before screening.
Duplicate records removed (n = 517)

Records marked as ineligible by
automation tools (n = 0)

Records removed for other reasons (n= 0}

- )

Records screened Records excluded
(n= 1654} r (n=1373)
E Reports sought for retrieval Reports not retrieved
- _
(n=271) (n=0)
l Reports excluded with reasons
Reports assessed for eligibility (n=138)
— > )
(n=271) ‘Wrong population (n=19)
‘Wrong intervention (n=32)
— l ‘Wrong comparison (n=30)
‘Wrong outcome (n=32)
Studies included in the review
‘Wrong design (n=72)
n=79) ) i
‘Wrong timepoint (n=2)
Duplicate data (n=5)

concerns in 42/75 trials, and a high risk of bias in
4/75 trials. The four observational studies evaluat-
ed through NOS were all rated as high-quality
studies. These studies demonstrated robust ascer-
tainment of exposure and outcomes, appropriate
matching of cases and controls, and adequate ad-
justment for potential confounding factors in the
statistical analyses (Supplementary Material 2).

Study Characteristics and Included Population

This systematic review includes 79 studies (Table
1) published between 2010 and 2026. Phase II trials
were the most common (30/79; 38%), followed by
Phase I trials (23/79; 29.1%) and Phase III trials
(19/79; 24.1%). Fewer Phase I/II hybrid trials
(3/79; 3.8%) and observational studies (4/79;
5.1%) were included. Most studies were conduct-
ed in the United States of America (USA) (n=22),

followed by Brazil and the Philippines (n=14
each). A substantial proportion of the evidence
base also originated from countries in Southeast
Asia and Latin America, particularly Singapore,
Thailand, and Colombia (Figure 2).

Recruitment periods were reported for 66 of the 79
included studies (83.5%). Most studies started re-
cruitment between 2009 and 2013 (n=28/79,
35.4%), followed by 2014-2018 (25/79, 31.7%). The
latest reported recruitment completion date
among completed studies was February 2023.
Most of the studies were conducted in Dengue-en-
demic areas (47/79; 59.5%).

Adults were the most frequently studied popula-
tion (n=37/79, 46.8%), followed by children/ado-
lescents (n=25/79, 31.6%) and mixed-age popula-
tions (n=16/79, 20.3%).

Only one study[81] was conducted in people who
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Figure 2 - Geographic
distribution of the included
studies. In order from the
most represented country to
the least: USA (22), Brazil (14),
Philippines (14), Thailand (11),
Colombia (11), Puerto Rico (10),
Singapore (10), Panama (7),
Dominican Republic (6), Mexico L3
(5), Honduras (5), Australia &
(4), Sri Lanka (4), Vietnam (3),
Malaysia (3), Nicaragua (3), India
(2), Indonesia (2), Switzerland
(1), Bangladesh (1). 4 studies
did not specify the country.
The sum exceeds 100% as many
studies were conducted in
more than one country.

Geographic distribution

W 22, UsA

B 14, Brazil

B 14, Philippines

W 10, Singapore
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live with HIV, all the others included the general
population, often explicitly excluding immuno-
compromised and pregnant individuals.

Efficacy, safety and immunogenicity

of the studied vaccines

A comprehensive overview of all vaccines includ-
ed in this review is presented in Table 2. The table
summarizes the key characteristics of each vac-

Table 1 - Characteristics of the included studies.

cine, including its platform, structural design, tar-
get dengue virus serotypes, antigen composition,
and the adjuvants or viral backbones used in its
formulation, where applicable.

Live-attenuated Dengue vaccines
CYD-TDV(Denguvaxia®)

In total, 28 trials studied Chimeric Yellow Fe-
ver-Dengue Tetravalent Vaccine (CYD-TDV/Deng-

Variable y g;‘;’:’;:m P oS | | Variable 7 Sl‘t’;‘;’l?eh;:w P K
Study design Population group

Phase I trials 23 29.1 Adults 37 46.8
Phase II trials 30 38.0 Children/Adolescents 25 31.6
Phase 1III trials 19 24.1 Mixed 16 20.3
Phase I/11 trials 3 3.8 Not reported 1 1.3
Observational studies 4 5.1 Vaccines

Setting CYD-TDV 28 354
Endemic 47 59.5 TAK-003 23 29.1
Non-endemic 29 36.7 TV003/TV005 4 5.1
Mixed 3 3.8 Butantan 3 3.8
Recruitment period category TDEN 4 5.1
2004-2008 8 10.1 TDEV-PIV/DPIV 6 7.6
2009-2013 28 35.4 V180 2 2.5
2014-2018 25 31.7 DNA-based 2 2.5
2019-2024 5 6.3 Other vaccines 7 8.9
Not reported 13 16,5 Baseline serostatus

Sample size; 225 (96-1199); Negative 13 165
median (IQR), range Range 10-92621 Mixed 66 83.5
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Table 2 - Characteristics of the vaccines studied in the included articles

(80% ectodomain
of E protein)

as ISCOMATRIX
or aluminum hydroxide

Vaccine Type Vaccine structure Adjuvant Serotype Target References
Chimeric Yellow | Recombinant Yellow Fever-17D NA Tetravalent [26, 27, 29, 35,
Fever-Dengue Live backbone with (DENV1-DENV-4) 36,40, 41, 43,
Tetravalent attenuated premembrane (prM) 44,47, 56, 58,
Vaccine: and envelope (E) 60, 68,71,72,
CYD-TDV proteins of DENV 81, 83, 84, 86,
(Dengvaxia®) 88, 90-92, 94-

97,99]
Takeda-003, Recombinant DENV2 PDK53 NA Tetravalent [21-23, 25,
TAK-003 Live backbone with (DENV1-DENV-4) 30, 34, 37, 39,
(QDENGA®) attenuated DENV1/3/4 prtM 45, 46,48, 51,
and E gene chimera 53,54,57, 62,
69,73,79, 82,
87, 89]
TV003/TV005. Recombinant Attenuated dengue NA Tetravalent [24, 63,70, 93]
TV005 contains Live viruses generated by (DENV1-DENV-4)
a 10-fold attenuated A30 deletions in the
higher dose of 3'UTR. Includes a
the DENV-2 chimeric DENV-2/4
(rDEN2/4A30) component using a
component DENV-4 backbone
Butantan-DV Recombinant | Based on the National NA Tetravalent (DENV1- [28, 66, 80]
Live Institute of Health DENV-4)
attenuated TV003 formulation.
Contains attenuated
DENV-1, DENV-3,
DENV-4 viruses
and a chimeric DENV-
2/4 component
with a DENV-4
backbone
Tetravalent Recombinant Four dengue virus NA Tetravalent [52,74,77,78]
Dengue Vaccine- Live strains attenuated (DENV1-DENV-4)
TDEN-F17 / attenuated by serial passage
TDEN-F19. F17 in primary dog
formulation with kidney (PDK) cells.
balanced titers No common viral
of all four dengue backbone or vector
serotypes.
F19 modified
formulation
with a reduced
DENV-4
concentration.
Tetravalent Purified Formalin-inactivated Formulated with alum, Tetravalent [42, 50, 55, 65,
Dengue Virus Inactivated whole dengue viruses; ASO1E, or ASO3B (DENV1-DENV-4) 75, 76]
Purified formulated with adjuvants depending
Inactivated adjuvants depending on formulation
Vaccine: TDENV- on formulation; no
PIV/DPIV viral backbone
V180 Recombinant | Recombinant envelope Formulated with Tetravalent [31, 38]
(DEN-80E) subunit (E) protein subunits adjuvants such (DENV1-DENV-4)

Continued >>>
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>>> Continued

Vaccine

Type

Vaccine structure

Adjuvant

Serotype Target

References

Tetravalent
Dengue DNA
Vaccine-TVDV

DNA

Plasmid DNA
encoding prM and
E genes of all four
dengue serotypes

Formulated
with Vaxfectin®
or similar cationic lipid
adjuvant systems

Tetravalent
(DENV1-DENV-4)

[32]

D1ME100

Monovalent
DNA vaccine
(prototype
for
tetravalent
TVDV)

Plasmid DNA
encoding dengue-1
prM and E proteins;

delivered with
experimental DNA
delivery enhancers

(e.g., Vaxfectin®
in later tetravalent

approaches)

Formulated with
experimental DNA
delivery enhancers

(e.g., Vaxfectin®)

Targets
DENV-1
(monovalent;
later expanded to
tetravalent DNA
constructs)

[59]

Live Attenuated
Tetravalent
Vaccine LATV
(TV001-TV004)

Live
attenuated

Four genetically
attenuated dengue
viruses based on A30
deletions and chimeric
constructs (rDEN1A30,
rDEN2/4A30,
rDEN3A30/31
or variants, rDEN4A30
+ modifications)

NA

Tetravalent
(DENV1-4)

[98]

SII Dengue
vaccine
(Dengusiil)

Live
attenuated

Built on a live-
attenuated dengue
virus backbone,
specifically a DENV-2
(TDV-2 / PDK-53-
derived backbone)

NA

Tetravalent
(DENV1-4)

[49]

KD-382

Live
attenuated

Developed using a
classical host-range
mutation attenuation
strategy

NA

Tetravalent
(DENV1-4)

[33]

Tetravalent
Dengue
Vaccine-TDV
(Panacea)

Live
attenuated

Based on the NIH
TV003/TV005 live-
attenuated dengue
vaccine backbone;
attenuation achieved
through targeted
genetic deletions/
mutations in dengue
viruses

NA

Tetravalent
(DENV1-4)

[85]

rDEN1D30
vaccine

Recombinant
live
attenuated

Native DENV-1
(Western Pacific strain)
backbone with
a 30-nucleotide
deletion (A30)
in the 3’ untranslated
region (3' UTR)

NA

Monovalent; specific
for Dengue virus
serotype 1 (DENV-1)

[64]

rDEN2 /4430

Live
attenuated

DENV-2 prM/E
structural genes
inserted into
an attenuated
DENV-4A30 backbone

NA

Monovalent
DENV-2

[61]

Continued >>>
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>>> Continued

Vaccine Type Vaccine structure Adjuvant Serotype Target References
rDEN4 Live Wild-type DENV-4 NA Monovalent [61]
(DENV-4 attenuated (Dominica strain) with DENV-4
variants) a 30-nt deletion (A30)

in the 3' UTR
PepGNP-Dengue Gold Synthetic Coated with Multivalent dengue [67]
nanoparticle nanoparticle-based, carbohydrates peptides derived from
(GNP)- CD8+ T-cell priming (o-galactose and conserved DENV
based, peptide vaccine N-acetylglucosamine); CD8* T-cell epitopes;
multi-valent, described as self- designed to provide
synthetic adjuvanting protection across all
peptide four dengue serotypes

*Some studies did not represent unique study populations but were secondary analyses of primary trial cohorts. These were included in the qual-
itative synthesis because they reported additional outcomes, extended follow-up, or clinically relevant subgroup analyses not presented in the
primary publications. For CYD-TDV (Denguvaxia®), these included Hadinegoro 2015 (pooled follow-up of Capeding 2014 and Villar 2014); Dayan
2020, DiazGranados 2021, and Ylade 2024 (secondary analyses of CYD14/CYD15); Limkittikul 2019 and Salje 2021 (follow-up of Sabchareon 2012);
Harenberg 2013, Juliana Park 2019, Park 2021, and Ngoc Huu Tran 2019 (follow-up/booster studies of the Leo 2012 Singapore cohort); and Arre-
dondo-Garcia 2019, Diana Coronel 2020, and Coronel-Martinez 2022 (extensions of the Villar 2013 Latin American booster cohort). For TAK-003
(QDENGA?®), secondary publications included Lopez-Medina 2022, Rivera 2022, Tricou 2024, Eckhardt 2024, El Hindi 2025, and Borja-Tabora 2025
(DEN-301 phase III trial); Sdez-Llorens 2018 (follow-up of Sdez-Llorens 2017); Sirivichayakul 2022 (follow-up of Sirivichayakul 2016); TRICOU 2022
and Low 2024 (immunological analyses of Tricou 2020); and Chu 2015 (immunological analysis of George 2015).

vaxia®) in different formulations. Most (22/28)
used the three doses course at 0, 6 and 12 months.

The others studied a booster dose after the primary
course (4/28), or a single dose (2/28).

Efficacy

The pooled risk ratio (RR) for Dengue cases after 3
doses across three studies reporting unique study
population (Figure 3) [40,56,68] was 0.45 (95%CI
0.38-0.53, I’=86.9%; p <0.001), corresponding to a
vaccine efficacy of 55% (95%CI 47%-62). All partic-
ipants included in the meta-analysis were children
and adolescents aged 2-16 years. The studies en-
rolled populations with mixed baseline Dengue
serostatus; however, most participants were sero-
positive at baseline. The other studies [22, 25, 86,
90] that reported efficacy were not included in the
metanalysis as they reported data from the same
populations as these three studies.

Four studies reported vaccine efficacy against se-

" %

Aulhor, year (95% CIy Weight

4283

Sabchareon et al | 2012 — | 0.70{051, 086) 1638

Villar et al, 2014 - 030(076,042) 4080
verall, DL (I = 86.8%, p < 0.001) <> 045(038,053) 10000
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Figure 3 - Efficacy of the CYD-TDV vaccine in prevent-
ing Dengue cases.

vere dengue. Capeding et al. reported a vaccine
efficacy of 80.0% (95% Cl, 52.7-92.4) after one or
more doses, increasing to 88.5% (95% CI, 58.2-97.9)
after completion of the three-dose schedule [56, 68,
90, 94]. The pooled analysis of the CYD14 and
CYD15 trials estimated an efficacy of 85.0% (95%
CI, 68.5-92.9). Villar et al. found vaccine efficacy of
95.5% (95% CI, 68.8-99.9) after the first dose and
91.7% (95% CI, 31.4-99.8) after the third dose. In
contrast, Limkittikul et al. did not demonstrate a
statistically significant reduction in severe dengue
risk (RR=1.00, 95% CI, 0.31-3.75), with similarly
inconclusive results in subgroup analyses of chil-
dren aged <9 years (RR=1.16, 95% CI, 0.27-6.96)
and 29 years (RR=0.77, 95% CI, 0.09-9.17), reflect-
ing the small number of severe dengue cases [56,
68, 90, 94].

In the study by Ylade et al, assessing the effective-
ness of a single dose of the CYD-TDV, no overall
reduction in Dengue incidence was observed in
the adjusted analysis (aHR 1.05, 95% C1 0.76-1.46),
however, vaccination provided protection against
hospitalization in individuals with a positive se-
rology for multiple DENV serotypes (multitypic
serological profile), with a reported vaccine effec-
tiveness of 67% (95% CI 19-87) [83].

The other study that reported data on effective-
ness was a case-control study, including individu-
als aged 9-45 years, reporting an overall non-sig-
nificant vaccine effectiveness against any Dengue
cases of 11.1% (95% CI -19.0 to 33.6%). Protection



310 | D. Zage, A. Cekrezi, M. Leone, et al.

was highest against DENV-4 (VE 93.3%, 95% CI
47.7-99.2), moderate against DENV-1 (33.3%, 95%
CI-5.0to 57.6), and negative for DENV-2 (-56.7%,
95% CI —142.2 to —5.0) [84].

Data on dengue-related hospitalization were re-
ported only by few studies. Across the CYD14,
CYD15, and CYD57 trials, dengue-related hospital-
ization was uncommon in both the vaccine and
control groups. Hospitalization rates ranged from
0.1% to 1.1% among vaccinated participants and
from 0.2% to 1.1% among controls [94]. Among chil-
dren aged 2-16 years, one study reported fewer hos-
pitalizations among vaccinated participants than
controls, both in monotypic (9 vs. 19 cases) and
multitypic (3 vs. 8 cases) baseline serostatus groups
[29]. Similarly, another study observed 18 hospital-
izations among 1,790 vaccinated participants com-
pared with 18 among 1,206 controls overall, with
fewer hospitalizations in multitypic individuals
receiving the vaccine (7/1,438 vs. 14/946) [83].
Across studies that reported data by age group
and baseline serostatus, vaccine efficacy was con-
sistently higher among participants who were se-
ropositive at baseline and those aged 29 years. The
study by Hadinegoro et al reported an efficacy of
78.2 (65.4-86.3) for participants seropositive at
baseline and 38.1 (-3.4-62.9) for those seronegative
[94]. The study by Dayan et al reported an efficacy
of 75.2% (95% CI, 65.9, 81.9) for seropositive par-
ticipants who had 29 years and 65.3% (95% CI,
40.2, 79.9) for seropositive <9 years post dose 3
[26]. Vaccine efficacy could not be demonstrated in
seronegative participants aged > 9 years or those
aged < 9 years after any dose; 95% Cls were gen-
erally imprecise. In the study by Limkittikul et al
the RR in participants <9 years was 0.99 (0.69-1.43,
while in those >9 years RR was 0.42 (0.24-0.75),
demonstrating a significant efficacy of the vaccine
only in the >9 years group [90]. In the study by
Ylade et al a single dose of CYD-TDV did not pro-
tect against virologically confirmed Dengue in
children who were DENV-naive or had a mono-
typic serological profile at baseline [83]. Limited
evidence suggested protection against Dengue-re-
lated hospitalization among children with a mult-
itypic profile, but not against other Dengue out-
comes.

Safety
AE occurring within 14-28 days of CYD-TDV vac-
cination were reported in most studies, generally

mild to moderate (Supplementary Material 3).
Across the included studies, solicited adverse
events were consistently common in both vaccine
and control groups, generally ranging from 50% to
90% depending on study design and population.
Similar rates were reported in the phase II trials by
Leo et al., Hss et al., and Sabchareon et al., as well
as in later studies [47, 81, 91, 92], with most events
being mild and transient [40, 96, 99]. Further stud-
ies additionally highlighted higher frequencies of
injection-site and systemic reactions in vaccine re-
cipients compared with controls, although pat-
terns varied by outcome definition and follow-up
period [43, 56]. Unsolicited adverse events were
generally less frequent and broadly comparable
between groups [36, 40, 81,91, 96, 97, 99]. Dayan et
al. reported consistent ranges of vaccine-related
adverse reactions across multiple vaccine formu-
lations, and Kirstein et al. showed comparable
patterns across dosing groups [30, 35, 92]. The in-
cidence of serious adverse events was consistently
low across studies, occurring in fewer than 5% of
participants, with no clear excess among vaccinat-
ed individuals. Furthermore, withdrawals due to
adverse events were rare, generally affecting less
than 1% of participants.

Immunogenicity

A total of five studies [40,44,96,97,99]reporting
neutralizing antibodies GMTs at baseline and 28
days after the third vaccine dose of CYD-TDV in
both vaccine and control groups were included in
a meta-analysis. All studies were conducted in
Dengue-endemic settings, used PRNT50 assay
and the study populations primarily consisted of
children, with only one study including adults.
The pooled geometric mean ratios (GMRs) demon-
strated substantial increases in neutralizing anti-
body titers following vaccination across all four
Dengue serotypes. In the vaccine groups, GMTs
increased by 5.52-fold for DENV-1, 7.26-fold for
DENV-2, 6.49-fold for DENV-3, and 12.38-fold for
DENV-4 compared with baseline levels. In con-
trast, no statistically significant increase in GMTs
was observed in control groups for any serotype
(Table 3).

CMI

CMI was evaluated in a limited number (4) of
studies and consistently demonstrated the induc-
tion of durable Dengue-specific T-cell responses
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Table 3 - Pooled geometric mean ratios (GMRS) from baseline to dose 3 in vaccine and control groups.

Time point Pooled GMR (GMT after dose 3/GMT baseline) 95% CI I (%) p-value
Serotype 1
Control group 0.96 0.61-1.52 65.9 0.02
Vaccine group 5.52 4.00-7.63 75.1 0.003
Serotype 2
Control group 1 0.58-1.73 75 0.03
Vaccine group 7.26 5.50-9.59 69.3 0.01
Serotype 3
Control group 1.02 0.8-1.31 0 0.49
Vaccine group 6.49 3.21-13.16 96.4 <0.001
Serotype 4
Control group 1.12 0.85-1.46 45.3 0.12
Vaccine group 12.38 7.66-20.00 93.4 <0.001

following vaccination [47, 71, 72, 88]. Overall, the
immune response was characterized by a predom-
inance of Type 1 T helper cells (Th1)/ Type 1 cyto-
toxic T cells (Tcl)-type immunity, with interfer-
on-gamma (IFN-y) identified as the principal cy-
tokine produced by antigen-specific T cells. Ro-
bust CD8+ T-cell responses directed against the
Yellow Fever 17D Non Structural 3 backbone,
characterized by strong IFN-y secretion was re-
ported. Following booster vaccination, YF17D
NS3-specific CD8+ T-cell responses increased sub-
stantially and displayed an effector memory phe-
notype at day 28, evolving into a terminally differ-
entiated memory phenotype by month 12. In con-
trast, CD4+ T-cell responses were generally less
pronounced in these analyses.

Long-term follow-up data demonstrated the per-
sistence of CYD-TDV vaccine-induced cellular im-
munity. In the Singapore cohort, Dengue-specific
CD4+ and CD8+ T-cell responses producing IFN-y,
tumour necrosis factor-alpha (TNF-a), interleu-
kin-2 (IL-2), and interleukin-13 (IL-13) remained
detectable and generally stable from one to four
years after completion of the three-dose schedule.
Interleukin-5 (IL-5) responses were negligible or
undetectable. Cellular responses appeared strong-
est against DENV-2 and comparatively weaker
against DENV-1.

Evidence of CYD-TDV vaccine-induced immune
memory was also supported by B-cell analyses.
Among seronegative participants, CYD-specific
memory B cells increased approximately five-fold

from baseline to one year after the final vaccina-
tion, whereas seropositive individuals exhibited
more modest increases of approximately 1.4-fold
over the same period.

TAK-003 (QDENGA®)

Atotal of 23 articles reported outcomes on the Take-
da/TAK-003 (QDENGA®) vaccine. These were
mainly phase II trials (9/23), followed by phase III
(8/23), phaseI(5/23) and 1 observational study, the
majority conducted in endemic settings (15/23)
and including children/adolescents (13/23).

Efficacy

A meta-analysis of vaccine efficacy was not under-
taken because the available studies were not suffi-
ciently independent or methodologically compa-
rable. Of the five studies considered for quantita-
tive synthesis, three publications reported differ-
ent analyses or follow-up periods from the same
phase 3 DEN-301/TIDES trial, reporting an effica-
cy ranging from 61% to 73% [22, 23, 30, 34, 51, 75,
79]. Ranzani et al. reported an effectiveness of
61.7% (95% CI 39.9-75.6) using a test-negative
case-control design, making it methodologically
incompatible for meta-analysis with the clinical
trial data. Tricou et al. reported phase 2 cell-medi-
ated immunogenicity outcomes and did not pro-
vide efficacy estimates or risk ratios suitable for
pooling [22, 23, 34, 51, 79]. All studies were con-
ducted in children and adolescents living in Den-
gue-endemic settings and enrolled both seroposi-
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tive and seronegative participants at baseline. Fol-
low-up durations varied considerably across stud-
ies, ranging from approximately 15 months to
nearly 5 years after vaccination.

The study by Borja et al evaluated the long-term
efficacy of the TAK-003 vaccine and reported vac-
cine efficacies against virologically confirmed
Dengue of 43.5% in children aged 4-5 years, 63.5%
in children aged 6-11 years, and 67.7% in adoles-
cents aged 12-16 years at 57 months after vaccina-
tion [82]. Biswal et al. reported an overall vaccine
efficacy of 80.2% (95% CI 73.3%-85.3%) approxi-
mately 11 months following completion of the
two-dose schedule [87].

The remaining three studies that reported efficacy
assessed alternative vaccination strategies. Eck-
hardt et al. evaluated a single-dose regimen and
reported a vaccine efficacy of 82.1% (95% CI 66.2%-
90.5%) three months after vaccination in both sero-
positive and seronegative children at baseline [25].
Two additional studies [48, 89]compared different
dosing schedules, including single-dose, two-
dose, and single-dose plus booster regimens re-
porting comparable efficacy estimates.

Across studies reporting outcomes by baseline se-
rostatus and age, vaccine efﬁcacy was consistently
observed in both seropositive and seronegative
participants, although estimates were generally
higher among seropositive participants at base-
line. Vaccine efficacy in seropositive individuals
ranged from 74.8% to 76.1%, compared with 66.2%
to 67.0% in seronegative individuals [79, 82, 87].
Similarly, protection against hospitalized Dengue
was high regardless of baseline serostatus, with
efficacy estimates of approximately 87%-90% in
the study by Lépez-Medina [79].

Age-stratified analyses demonstrated a trend to-
ward greater vaccine efficacy in older children and
adolescents. In the study by Lopez-Medina et al., ef-
ficacy was substantially higher among participants
aged 6-11 years (75.4%) and 12-16 years (76.8%) than
among those aged 4-5 years (55.9%) [79]. A similar
age-related pattern was reported by Borja et al.,
where vaccine efficacy against virologically con-
firmed Dengue increased from 43.5% in children
aged 4-5 years to 63.5% in those aged 6-11 years and
67.7% in adolescents aged 12-16 years [82].

Safety
Across TAK-003 studies, AE rates were generally
similar between vaccine and control groups, sup-

porting a favourable safety profile. Overall, AE
rates ranged from 22.5% to 47.4% among vaccine
recipients, depending on the study and vaccina-
tion schedule [45, 46, 48, 73]. Turner et al. reported
AE rates of 40.1%-47.4%, while Tricou et al. ob-
served unsolicited AE in 22.5% of vaccine recipi-
ents compared with 18.3% of controls. Lopez-Medi-
na et al. found low frequencies of AE in both
groups, occurring in 2% of vaccinated participants
and 2.3% of controls [79].

Reactogenicity was common but generally mild.
Biswal et al. reported solicited local reactions in
approximately 48.3% of vaccine recipients after
the first dose compared with 14.1% among con-
trols, while systemic symptoms occurred in ap-
proximately 40% and 36.7% of participants, re-
spectively [87]. Likewise, Tricou et al. [39] found
vaccine-related unsolicited adverse events in ap-
proximately 2-3% of vaccine recipients, whereas
local reactogenicity was lower in controls and sys-
temic symptoms occurred at similar frequencies in
both groups. Sirivichayakul et al. reported overall
adverse event rates of 69.5% in the vaccine group
and 73.0% in the placebo group, indicating no
meaningful difference between groups [37].
Osorio et al. observed solicited systemic AE in 86%
of vaccinated participants compared with 76% of
controls, while local reactions were reported in
85% and 29% of participants, respectively [69].
George et al. found substantially higher rates of
local reactogenicity among vaccine recipients than
controls, with erythema and induration reported
in all vaccinated participants and pain and pruri-
tus occurring in approximately two-thirds [53].
Jackson et al. (2018) similarly reported high fre-
quencies of solicited local adverse events (88.9-
100%) and systemic adverse events (27-59%) fol-
lowing vaccination, compared with lower rates
among placebo recipients [58].

Immunogenicity

Conducting a meta-analysis of TAK-003 studies
was not possible as most of the studies did not re-
port the values of GMTs at baseline. In the phase I
study by Sdez-Llorens et al., two-dose recipients
developed variable neutralizing antibody titers six
months after vaccination, depending on serotype,
compared with substantially lower titers in place-
bo recipients (24-86 across serotypes) [48]. Similar
findings were reported by Tricou et al., where all
three vaccine lots elicited comparable immune re-



Dengue vaccination review | 313

sponses, whereas placebo recipients maintained
titers close to baseline (approximately 5-8 for all
serotypes) [46]. Sirivichayakul et al. likewise re-
ported strong post-vaccination GMTs. Several
studies highlighted the influence of baseline se-
rostatus on vaccine-induced immunity [37].
Lopez-Medina et al. demonstrated that vaccinated
participants achieved markedly higher GMTs than
controls regardless of baseline serostatus, although
responses were generally stronger among those
who were seropositive before vaccination [79].
Similarly, Sirivichayakul et al. demonstrated per-
sistence of antibody responses up to 36 months
after the second dose, with GMTs remaining sub-
stantially higher in vaccinated participants than in
controls, especially among those who were sero-
positive at baseline [37]. Biswal et al. reported con-
solidation and peak antibody responses one
month after the second dose, with GMTs in base-
line seronegative participants reaching approxi-
mately 200-300 (1/dil) for DENV-1, over 1,000 for
DENV-2, 150-200 for DENV-3, and 40-80 for
DENV-4, while control participants remained near
baseline levels [87]. Other studies [22, 45, 53, 82]
similarly observed substantial increases in neu-
tralizing antibodies against all serotypes, whereas
titers in controls remained below 10.

CMI

Three studies evaluated CMI responses following
TAK-003 vaccination and consistently demonstrat-
ed the induction of robust T-cell responses directed
against Dengue virus non-structural (NS) proteins
derived from the vaccine’s DENV-2 backbone [51,
57, 87]. A marked increase in both CD4+ and CD8+
T-cell responders after vaccination was reported,
with the proportion of CD4+ responders increasing
from 5.5% (3/55) at baseline to 58.2% (32/55) at day
91, while CD8+ responders increased from 36.4%
(20/55) to 81.8% (45/55). Chu et al demonstrated
durable antigen-specific CD8+ T-cell responses
characterized predominantly by IFN-y and TNF-a
production following NS1, NS3, and NS5 protein
stimulation. IFN-y-positive CD8+ T-cell responses
peaked around Day 90, particularly against NS3,
where responses reached up to 2.0%, and remained
detectable through Day 270, indicating persistence
of cellular immunity for at least nine months after
vaccination. TNF-o-producing CD8+ T-cell re-
sponses followed a similar pattern, whereas IL-2
responses remained low across all time points.

TV003/TV005 (V181)

Three phase I and one phase II clinical trials eval-
uated the safety and immunogenicity of the
live-attenuated tetravalent Dengue vaccines
TV003/TV005 in Dengue-endemic and non-en-
demic settings. Three studies included only adults,
while 1 had a mixed population [24, 63, 70, 93].
Walsh et al. assessed a single subcutaneous dose of
TV005 or placebo. Approximately one-third of
participants were seropositive at baseline for
DENV-1 to DENV-3, while only 8% were seropos-
itive for DENV-4 [24]. No Dengue cases, severe
Dengue, hospitalizations, or deaths were reported
among vaccine recipients during follow-up. The
vaccine had high seroconversion rates (70%-99%)
and seropositivity rates of 83%-99% across all se-
rotypes three years after vaccination. Adverse
events were generally mild.

Whitehead et al. evaluated two doses of TV003
administered six months apart or placebo. No
Dengue cases or vaccine-related serious adverse
events were observed through day 270 after vac-
cination. Following a single vaccine dose, 87% of
recipients developed a tetravalent neutralizing
antibody response, whereas administration of a
second dose did not significantly boost antibody
titers [93]. The vaccine was generally well toler-
ated.

Kirkpatrick et al. assessed TV003 or TV005 in a
two-dose schedule administered six months apart.
Both vaccine formulations elicited robust and bal-
anced neutralizing antibody responses against all
four Dengue serotypes after a single dose [63].
Tetravalent seroconversion rates reached 74% for
TV003 and 90% for TV005, with only minimal ad-
ditional immunological benefit observed after the
second dose. Both vaccines exhibited favorable
safety profiles. No vaccine-related serious adverse
events were identified.

Russell et al. assessed TV003, TV005, vs placebo in
a two-dose schedule administered six months
apart [70]. Safety and immunogenicity were eval-
uated over 530 days. Both vaccines induced strong
neutralizing antibody responses, particularly after
the first dose, with the highest geometric mean
fold rises against DENV-2. Seropositivity rates
ranged from 94% to 100% across serotypes in fla-
vivirus-experienced participants. Likewise to pre-
vious studies, the second vaccine dose provided
minimal additional boosting of antibody respons-
es. The vaccines were generally well tolerated,



314 | D. Zage, A. Cekrezi, M. Leone, et al.

with no evidence of antibody-dependent enhance-
ment or other significant safety concerns.

Butantan Vaccine

Three studies evaluated the live-attenuated tetrav-
alent Butantan-DV Dengue vaccine in Brazil, in-
cluding one phase 1II trial and two phase III trials
[28, 66, 80].

Kallas et al. evaluated the Butantan vaccine as ei-
ther a single dose or two-dose schedule given six
months apart [28]. Half of vaccine recipients were
seropositive at baseline. No Dengue-related hospi-
talizations, severe Dengue cases, deaths, serious
adverse events, or withdrawals due to AE were
reported. Inmunogenicity analyses demonstrated
substantial increases in neutralizing antibody ti-
ters against all four Dengue serotypes, particular-
ly among previously Dengue-exposed partici-
pants. Robust cell-mediated immune responses
were also observed, with antigen-specific IFN-y-
producing CD8+ T-cell responses detected in 94%
of vaccine recipients at day 91. Seroconversion
rates ranged from 76% to 92% across serotypes
among Dengue-naive participants and from 77%
to 82% among Dengue-exposed participants.
Kallas et al. reported data for a single subcutane-
ous dose of Butantan-DV among children, adoles-
cents, and adults, with mixed baseline serostatus
[80]. The vaccine efficacy was 79.6% (95% CI 70.0-
86.3), higher among baseline seropositive partici-
pants (89.2%) but remained substantial among
seronegative participants (73.6%). AE were report-
ed in 69.6% of vaccine recipients and 60.2% of pla-
cebo recipients, whereas serious adverse events
were rare (0.2% and 0.1%, respectively).

Miranda et al. randomized participants to receive
a single dose of three vaccine manufacturing lots
or placebo [66]. The population was predominant-
ly Dengue-naive (86.7%). At day 28 marked in-
creases of neutralizing antibody responses against
all four Dengue serotypes was demonstrated, with
GMTs around 182 (1/dil) for DENV-1 and DENV-
3 across vaccine lots, compared to 12-18 in placebo
recipients. Seropositivity rates at day 28 reached
90.8% among vaccine recipients compared with
76% in the placebo group.

TDEN

Across four clinical trials conducted in endemic
and non-endemic settings, live-attenuated tetrav-
alent Dengue vaccines (TDEN formulations F17

and F19) were evaluated in children, adolescents,
and adults, using two subcutaneous doses admin-
istered 6 months apart, and follow-up ranging
from 1 to 12 months post-vaccination [52, 74, 77,
78]. Bauer et al. evaluated TDEN (F17 and F19 for-
mulations) administered in two doses at 0 and 6
months [74]. Baseline seropositivity to at least one
serotype was 52% in the vaccine group and 57.7%
in placebo. Tetravalent responses after dose 2
ranged from ~75% to 87% depending on formula-
tion and baseline serostatus and was higher in
primed compared with unprimed participants.
Solicited AE occurring in roughly 70% of vaccine
recipients. Serious adverse events and withdraw-
als were rare and not clearly vaccine related.
Watanaveeradej et al., also, evaluated two subcu-
taneous doses at 0 and 6 months, compared against
control vaccines (Varilrix and Hiberix) among
Dengue-naive participants [77]. Immunogenicity
was modest but serotype-dependent, with high
seroconversion for DENV-2 and DENV-4. A tetrav-
alent response was achieved in about half of par-
ticipants after dose 2. The vaccine was generally
well tolerated. Neutralizing antibody responses
persisted for up to 1 year post-vaccination. Thom-
as et al. evaluated two doses at 0 and 6 months,
with a subset receiving a third dose later, among
mixed baseline serostatus participants [78]. Immu-
nogenicity was moderate overall, with the strong-
est antibody responses against DENV-2. Tetrava-
lent responses after dose 2 ranged from ~60% to
71%. Reactogenicity was generally mild to moder-
ate. Four serious adverse events occurred but were
not vaccine-related. Finally, Watanaveeradej et al.
evaluated two subcutaneous doses at a 6-month
interval among mostly flavivirus-primed partici-
pants (~90%). The vaccine induced strong neutral-
izing antibody responses across all four Dengue
serotypes [52]. Nearly all vaccinated individuals
seroconverted after dose 2, particularly for DENV-
2. Reactogenicity was common but mostly mild
(pain, fatigue, headache, fever), and rates were
higher in vaccine groups than placebo. No serious
vaccine-related adverse events, withdrawals due
to safety, or evidence of antibody-dependent en-
hancement were reported.

Inactivated Dengue Vaccines

TDEV- P1V/ DPIV

Six Phase I clinical trials involving 540 adults re-
ported data on Tetravalent Dengue Virus Purified
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Inactivated Vaccine (TDEV- PIV or - DPIV), four in
non-endemic and two in endemic settings [42, 50,
55, 65,75, 76] .

Lin et al. 2021 compared Tetravalent Dengue
Live-Attenuated Virus (TDENV-LAV) with a puri-
fied inactivated tetravalent Dengue vaccine
(TDENV-PIV) in 80 healthy flavivirus-naive adults
[42]. Participants were randomized to receive
LAV—PIV or PIV-LAV schedules with 28- or
180-day intervals. The PIV—LAV regimens pro-
duced the highest neutralizing antibody titers and
achieved 100% tetravalent seroconversion. Both
schedules were well tolerated and induced dura-
ble humoral and cellular immune responses up to
180 days after the second dose. Martinez et al.
evaluated a monovalent Dengue virus serotype 1
purified inactivated vaccine (DENV-1 PIV) (low-
dose (2.5 pg) vs high-dose (5.0 ng)) administered
on days 0 and 28 [50]. Both dose formulations
were well tolerated and induced robust neutraliz-
ing antibody responses, with 100% seroconversion
two weeks after the second vaccination. Lin et al.
evaluated different schedules of an AS03B-adju-
vanted tetravalent purified inactivated Dengue
vaccine [75]. A total of 140 participants were as-
signed to receive either two doses at months 0 and
1, two doses at months 0 and 3, or three doses at
months 0, 1, and 6. The three-dose schedule pro-
duced the highest neutralizing antibody titers and
durable tetravalent immune responses. Safety out-
comes were comparable across groups. Diaz et al.,
2018 evaluated a tetravalent purified inactivated
Dengue vaccine formulated with alum, ASO1E, or
AS03B adjuvants in 100 healthy adults who re-
ceived two doses 28 days apart [76]. The vaccine
was well tolerated, and formulations containing
ASO1E or AS0O3B elicited substantially higher neu-
tralizing antibody responses than the alum-adju-
vanted formulation, for up to 12 months. Schmidt
etal., 2017 evaluated four formulations of a tetrav-
alent purified inactivated Dengue vaccine in flavi-
virus-naive adults (1 ng alum-adjuvanted vaccine,
4 pg alum-adjuvanted vaccine, 1 pg ASO1E-adju-
vanted vaccine, 1 pg AS03B-adjuvanted vaccine,
or placebo) [65]. The study demonstrated favora-
ble safety and reactogenicity profiles, with the
ASO1E and AS03B formulations producing the
strongest neutralizing antibody responses and
tetravalent seropositivity rates up to 13 months.
Diaz et al., 2020 randomized 100 healthy adults to
receive one of four vaccine formulations (1 pg

alum, 4 pg alum, 1 pg ASO1E, or 1 ng AS03B) or
placebo administered as two doses one month
apart [55]. Participants were followed for three
years. No vaccine-related serious safety concerns
were identified, and neutralizing antibodies re-
mained above baseline levels for up to three years,
particularly among participants receiving adju-
vanted formulations.

Subunit Dengue vaccines

V180 (DEN-80E)

Two studies evaluated the subunit vaccine V180
[31, 38]. In the study by Durbin et al. participants
previously vaccinated with a live-attenuated tetrav-
alent Dengue vaccine received a single booster dose
of the recombinant subunit vaccine V180 (with or
without Alhydrogel) or placebo [38]. V180 was
well tolerated and induced increased neutralizing
antibody titers against all four Dengue serotypes,
for up to six months. Manoff et al. conducted a
Phase I trial in Australia involving 98 flavivi-
rus-naive adults, who received three doses of the
recombinant subunit vaccine V180 formulated
with different adjuvants or placebo [31]. The vac-
cine showed an acceptable safety profile and elic-
ited robust neutralizing antibody responses, par-
ticularly in ISCOMATRIX-adjuvanted groups,
with seroconversion rates exceeding 85% for all
four Dengue serotypes and immune responses
persisting for up to one year.

DNA-based Dengue vaccines

TVDV, DIME100

Danko et al. conducted a Phase I open-label trial in
the United States involving 40 flavivirus-naive
adults aged 18-50 years evaluating a tetravalent
Dengue DNA vaccine (TVDV), administered with
or without the cationic lipid adjuvant Vaxfectin®
[32]. Participants received three intramuscular
doses and were followed for 270 days. The vaccine
was well tolerated and induced robust IFN-y T-cell
responses (50-79% of participants), although neu-
tralizing antibody responses were limited, with
only two participants in the adjuvanted groups
developing detectable tetravalent neutralizing ac-
tivity. Beckett et al. conducted a Phase I open-la-
bel, dose-escalation trial in the United States to
assess the safety and immunogenicity of the mon-
ovalent DENV-1 DNA vaccine (DIME100) in 22
flavivirus-naive adults [59]. Participants received
three intramuscular doses at months 0, 1, and 5
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and were followed for approximately 11 months.
The vaccine demonstrated a favorable safety pro-
file and induced dose-dependent immune re-
sponses, with neutralizing antibody seroconver-
sion observed in 41.6% of participants receiving
the high-dose formulation and IFN-y T-cell re-
sponses detected in 83.3% of high-dose recipients.

Other Dengue vaccines

Durbin et al. evaluated a single dose of four for-
mulations of a live-attenuated tetravalent Dengue
vaccine (LATV: TV001, TV002, TV003, and TV004),
enrolling 112 healthy flavivirus-naive adults [98].
The vaccine was generally well tolerated 28 days
post vaccination and all formulations induced
neutralizing antibody responses, variable across
serotypes and vaccine constructs. Similarly, Gu-
nale et al. tested a single dose of a tetravalent
live-attenuated Dengue vaccine (SII Dengue vac-
cine, Dengusiil) [49]. The vaccine demonstrated an
acceptable safety profile, with no vaccine-related
serious adverse events reported and induced
measurable neutralizing antibody responses
across all four Dengue virus serotypes. By day 85,
seropositivity 80-100% depending on serotype.
Mohanty et al. assessed a single dose of Panacea
Biotec live-attenuated tetravalent Dengue vaccine
(TDV) [85]. The vaccine demonstrated an accept-
able safety profile, with no serious safety concerns
reported. Immunogenicity results showed robust
neutralizing antibody responses across all four se-
rotypes.

More recently, Abe et al. evaluated KD-382, anoth-
er next-generation tetravalent live-attenuated
Dengue vaccine candidate administered either as a
single dose or in a two-dose regimen [33]. Reacto-
genicity was common but generally mild to mod-
erate. No vaccine-related serious adverse events
were reported. Immunogenicity analysis demon-
strated strong neutralizing antibody responses
against all four Dengue virus serotypes and 100%
seroconversion throughout the 12-month follow-
up period.

In addition to tetravalent formulations, earlier
studies also evaluated monovalent live-attenuated
Dengue vaccines. Durbin et al. (2011) investigated
the recombinant attenuated DENV-1 vaccine
rDEN1D30, while Durbin et al. (2010) assessed
multiple monotypic live-attenuated Dengue vac-
cine strains, including rDEN1A30, rDEN2/4A30,
and related variants [61, 64].

Finally, Miauton et al. evaluated a synthetic nano-
particle-based peptide vaccine (PepGNP-Dengue)
designed to induce Dengue-specific CD8+ T-cell
responses [67]. The vaccine was generally safe,
with mostly mild and transient adverse events. It
did not induce meaningful neutralizing antibody
responses, with only one participant showing any
detectable humoral response, however there was
significant CD8+ T-cell activation, including in-
creases in activated and memory T-cell subsets.

l DISCUSSION

This systematic review and meta-analysis aimed
to provide a comprehensive, up-to-date synthesis
of randomized and observational evidence on the
effectiveness, safety, and immunogenicity of Den-
gue vaccines. The review included a total of 79
articles, with a predominance of Phase I and II tri-
als reflecting the ongoing development and evalu-
ation of Dengue vaccines, with relatively fewer
studies progressing to large-scale Phase III trials or
post-licensure observational assessments. The ge-
ographical distribution of studies highlights sub-
stantial research activity in both Dengue-endemic
regions, such as Brazil, the Philippines, Thailand,
Singapore, and Colombia, and non-endemic set-
tings, particularly the United States. While the in-
clusion of endemic countries enhances the rele-
vance of findings to populations at greatest risk of
Dengue infection, the concentration of early-phase
studies and limited real-world evidence under-
score the need for additional large-scale effective-
ness and safety studies across diverse epidemio-
logical settings.

Most trials excluded pregnant, elderly and immu-
nocompromised individuals, hence there is insuf-
ficient evidence regarding the safety, immuno-
genicity, and effectiveness of Dengue vaccines in
these populations. This represents an important
knowledge gap, as both groups may be particular-
ly vulnerable to adverse health outcomes and
could potentially benefit from effective Dengue
prevention strategies.

The most studied vaccines were CYD-TDYV, fol-
lowed by TAK-003.The meta-analysis of three
studies among children and adolescents with
mixed baseline Dengue serostatus showed an ef-
fectiveness of CYD-TDV vaccine of 55% (95%CI
47%-62%) [40, 56, 68]. Subgroup analyses based on
age and baseline serostatus could not be per-
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formed because only a limited number of studies
reported these data in a sufficiently detailed man-
ner. Consequently, the available evidence was
summarized descriptively. These four studies re-
ported consistently a higher effectiveness of the
vaccine in baseline seropositive participants aged
>9 years old [26, 83, 90, 94].

The included studies indicate that CYD-TDV Den-
gue vaccine is generally well tolerated, with most
adverse events being mild to moderate and occur-
ring at comparable rates in vaccine and control
groups. Solicited reactions were common, particu-
larly local and systemic symptoms shortly after
vaccination, whereas unsolicited adverse events
were less frequent and did not consistently differ
between groups. Because of the limited availabili-
ty of data and substantial heterogeneity in the re-
porting of adverse events, including differences in
definitions (any AE, solicited, unsolicited, and in-
jection-site reactions), follow-up durations, and
vaccination schedule, a quantitative synthesis of
safety outcomes was not feasible.

In the CYD-TDV vaccine groups, GMTs increased
from 5.52-fold to 12.38-fold based on the serotype
[40, 44, 96, 97, 99], while the control groups did not
have significant increase, indicating that the rise in
antibody titers was attributable to vaccination rath-
er than to pre-existing differences in baseline im-
munity or natural fluctuations in antibody levels
over time. Furthermore, the vaccine induced dura-
ble cellular and humoral immune memory, charac-
terized by persistent IFN-y-dominated T-cell re-
sponses, polyfunctional CD8+ T-cell activation, and
long-lasting memory B-cell responses that remain
detectable throughout follow-up [47, 71, 72, 88].
The CYD-TDV vaccine is reported to be effective
only in baseline seropositive individuals aged 9 to
16 years, since it carries a risk of severe Dengue in
seronegative individuals, particularly in children
under 9 years, resulting in higher severe cases and
hospitalization rates [100]. This could be explained
by the antibody-dependent enhancement (ADE),
which occurs when non-neutralizing antibodies
allow a virus to enter host cells, increasing viral
load. Studies indicate that antibodies targeting the
envelope protein domain III (EDIII) may provide
effective neutralization while minimizing the risk
of ADE [101]. Conversely, those targeting the
pre-membrane (prM) and fusion loop epitope
(FLE) regions have been associated with an in-
creased risk of ADE [13, 102].

As for the TAK-003 vaccine, it showed a generally
favourable effect, with substantial variability in
follow-up duration, ranging from approximately
15 months to nearly 5 years, likely contributed to
heterogeneity of the studies [22, 23, 34, 51, 79].
Longer follow-up periods may capture waning
immunity or changes in exposure risk over time,
whereas shorter follow-up may overestimate early
protection. Two studies reported higher efficacy in
older children (>6 years with respect to those 4-5
years) [79, 82]. As for the safety profile, TAK-003
Dengue vaccines were generally well tolerated,
with most adverse events being mild to moderate
and consisting primarily of local injection-site re-
actions and transient systemic symptoms.
Overall, the included studies consistently demon-
strated that TAK-003 induced robust neutralizing
antibody responses against all four Dengue virus
serotypes, with substantially higher GMTs in vac-
cinated participants than in control groups. Anti-
body responses were generally strongest against
DENV-2, reflecting the vaccine’s attenuated DENV-
2 backbone, while responses against DENV-1,
DENV-3, and DENV-4 were also sustained and
remained above baseline levels following the sec-
ond vaccine dose. When data was available, the
studies showed that TAK-003 induces strong and
sustained cellular immune responses, particularly
CD8+ T-cell responses targeting conserved Den-
gue non-structural proteins, which may contribute
to long-term protection beyond that conferred by
neutralizing antibodies alone [51, 57, 87]. Based on
the available follow-up, no safety signal sugges-
tive of ADE or other major safety concerns was
detected

The phase I and II trials evaluating the live-atten-
uated tetravalent Dengue vaccine candidates
TV003 and TV005, consistently demonstrate fa-
vourable safety and immunogenicity profiles in
both Dengue-endemic and non-endemic settings
[24, 63,70, 93]. Across studies, a single subcutane-
ous dose was sufficient to induce broad neutraliz-
ing antibody responses against all four Dengue
virus serotypes. Importantly, baseline flavivirus
immunity appeared common in endemic settings
and was associated with high post-vaccination se-
ropositivity, although robust responses were also
observed in naive populations. A consistent find-
ing across all trials was the limited immunological
benefit of a second dose administered six months
after the first.Based on the available follow-up, no
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safety signal suggestive of ADE or other major
safety concerns was detected. Taken together,
these findings support continued clinical develop-
ment of TV003/TV005 and suggest that a sin-
gle-dose regimen may be sufficient to achieve du-
rable, balanced immunity across serotypes, al-
though longer-term and larger-scale efficacy data
remain essential to confirm protective effective-
ness in diverse populations.

Other live-attenuated tetravalent Dengue vaccine
candidates such as TV003/Butantan-DV and TDEN
platforms demonstrated encouraging evidence of
safety, immunogenicity, and efficacy across diverse
populations and settings [28, 52, 66, 74, 77, 78, 80].
The Butantan-DV (lyophilized TV003) formula-
tion showed robust immunogenicity after a single
dose, with high seroconversion rates across all
four serotypes, strong T-cell responses, and con-
sistently favorable safety outcomes, including in
large phase III trials. Notably, vaccine efficacy
reached approximately 80%, with protection ob-
served in both seropositive and seronegative indi-
viduals and no vaccine-related serious safety sig-
nals identified. Similarly, TDEN formulations (F17
and F19) elicited variable but generally substantial
immune responses, with improved tetravalent se-
roconversion following the second dose and con-
sistently higher responses in previously flavivi-
rus-exposed participants.

Other vaccine candidates such as TDEV-PIV/
DPIV, V180 subunit vaccine and new vaccine plat-
forms like DNA-based and nanoparticles show
promise in enhancing immunogenicity and opti-
mizing immune responses.

The interpretation of this systematic review is lim-
ited by several important methodological and re-
porting issues across the included studies. Al-
though we searched three important databases
that should capture the vast majority of published
studies, the omission of additional databases and
trial registries may have resulted in eligible or un-
published studies being missed. Another impor-
tant limitation is the substantial heterogeneity in
outcome definitions and reporting. AEs were in-
consistently classified and reported, with some
trials presenting only solicited or injection-site/
systemic reactions, while others reported unsolic-
ited or overall adverse events. In several cases,
safety data were incomplete, reported as percent-
ages without raw event counts, or restricted to
specific subgroups, limiting comparability across

studies. Similarly, definitions of Dengue outcomes
were not standardized, with studies variably re-
porting suspected cases, laboratory-confirmed in-
fections, or not clearly defining severe Dengue at
all, reducing the ability to harmonize efficacy end-
points. In addition, key immunological baseline
characteristics, such as pre-vaccination serostatus
and baseline geometric mean titers, were frequent-
ly missing, limiting meaningful stratified analyses
and precluding robust meta-analytic pooling of
immunogenicity data. Planned subgroup analyses
by endemic versus non-endemic setting, baseline
serostatus, age, sex, study design (RCT versus ob-
servational), and immune status (immunocompe-
tent versus immunocompromised) could not be
performed.

Follow-up durations also varied considerably be-
tween studies for safety, immunogenicity, and ef-
ficacy outcomes, further limiting the comparabili-
ty of results over time. The diversity of vaccine
platforms, dosing regimens, and study popula-
tions (including differences in age groups) intro-
duced additional clinical heterogeneity, making
quantitative synthesis and direct comparison be-
tween vaccine candidates difficult. The meta-anal-
yses were also limited by the inability to synthe-
size efficacy and effectiveness evidence, consider-
ing that these study designs differ in their under-
lying assumptions, and by multiple publications
arising from the same clinical cohorts.

Another important limitation is that some includ-
ed trials were small phase I or early phase II stud-
ies with relatively small sample sizes and limited
follow-up that were not powered to detect rare or
delayed adverse events. As a result, uncommon
but potentially clinically relevant safety signals
may not have been captured. Despite these limita-
tions, the available evidence suggests that Dengue
vaccine candidates evaluated to date have accept-
able short-term safety profiles, with predominant-
ly mild and transient reactogenicity and rare seri-
ous adverse events. Future trials should adopt
standardized definitions and harmonized report-
ing frameworks for both safety and efficacy out-
comes, alongside more consistent reporting of
baseline immunological status and longer fol-
low-up periods, to enable more reliable compari-
sons and stronger pooled analyses. Further re-
search with more standardized follow-up periods,
vaccine administration schedule administered
and stratified analyses is needed to better clarify
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the durability and consistency of vaccine effective-
ness across diverse paediatric populations.

In conclusion, future attempts should focus on de-
veloping Dengue vaccines that provide safe, bal-
anced, and durable protection against all four Den-
gue virus serotypes while minimizing the risk of
antibody-dependent enhancement and vaccine-as-
sociated severe disease. There is the need for re-
al-world effectiveness data and to consider the
baseline serostatus. Additionally, it is important
achieving sufficiently strong and balanced immune
responses, particularly for DNA and subunit vac-
cine platforms that may require adjuvants [13].
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Supplementary Material 1 - Research strategy.

Pubmed

(“Dengue Vaccines”[Mesh] OR “Dengue Tetravalent Vaccine” OR Dengvaxia OR “Dengvaxia Vaccine”

OR CYD-TDV OR “QDENGA vaccine” OR “TAK-003” OR “TV003/TV005” OR V180 OR “DEN-80E” OR “D1IME100”
OR Vaxfectin OR DENVLP OR Qdenga OR “Qdenga Vaccine”) AND (efficacy OR safety OR immunogenicity

OR mortality OR hospitalization OR “Antibody-dependent enhancement” OR seroconversion)

Last 15 years 01/01/2010-04/03/2026, only humans

WOS

(“Dengue Vaccines” OR “Dengue Tetravalent Vaccine” OR Dengvaxia OR “Dengvaxia Vaccine” OR CYD-TDV

OR “QDENGA vaccine” OR “TAK-003” OR “TV003/TV005” OR V180 OR “DEN-80E” OR “D1ME100” OR Vaxfectin
OR DENVLP OR Qdenga OR “Qdenga Vaccine”) AND (efficacy OR safety OR immunogenicity OR mortality

OR hospitalization OR “Antibody-dependent enhancement” OR seroconversion)

Last 15 years

Cochrane library

((MeSH descriptor: [Dengue Vaccines] explode all trees OR (“Dengue Tetravalent Vaccine” OR Dengvaxia

OR “Dengvaxia Vaccine” OR CYD-TDV OR “QDENGA vaccine” OR “TAK-003” OR “TV003/TV005” OR V180

OR “DEN-80E” OR “DIME100” OR Vaxfectin OR DENVLP OR Qdenga OR “Qdenga Vaccine”)) AND (efficacy OR safety
OR immunogenicity OR mortality OR hospitalization OR seroconversion OR “antibody dependent enhancement”))

01/01/2010-04/03/2026 only humans




Supplementary Material 2 - Quality assessment of the RCTs included in the review using the RoB-2 scale.
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Abe et al., 2025

Petri et al., 2024
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Tricou et al., 2024
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Durbin et al., 2011
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Saez-Llorens et al, 2018
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Diaz et al, 2020
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Coronel et al., 2020
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Coronel et al., 2019

Kirstein et al., 2018

Whitehead et al., 2017

Hadinegoro et al., 2015

Capeding et al., 2014
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Villar et al., 2013

Legend:
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Author, Year

Capeding et al_, 2014

Hadinegoro et al | 2015

Dayan et al., 2020

DiazGranados et al., 2021

Villar et al , 2014

Overall, DL (1" = 77.1%, p = 0.002)

g

RR %
(95% CI) Weight

0.44 (0.38, 0.50) 25.79
035 (030, 040) 2547
0.28 (0.20, 0.38) 16.93
0.17 (0.10,0.29) 9.22
039 (032, 0 48) 22 58
0.34 (0.28, 0.42)100.00

T
0,001
NOTE: Weights are from random-effects model
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effectiveness

of the CYD-TDV vaccine
in preventing Dengue
cases.



Supplementary Material 4 - Adverse events reported in the studies evaluating CYD-TDV vaccine.

Stud Solicited AEs Vaccine Solicited AEs Control Unsolicited AEs Vaccine | Unsolicited AEs Control
Y n/N (%) n/N (%) n/N (%) /N (%)
Leo et al., 2012 672/898 (74.9) 229/300 (76.4) 286/898 (31.8) 105/300 (35.0)
Hss et al., 2013 178/199 (89.4) 48/51 (94.1) 107/199 (53.8) 25/51 (49.0)
538/697 (77.7)

Sabchareon et al. 2012 | (%L ithin 14 d) 261/350 (77.6) 317/697 (45.5) 162/350 (46.3)
Torresi et al., 2015* 366/481 (76.1) 36/57 (63.2) NR NR
Park et al., 2019 45/88 (51.1) 9/28 (32.1) 17/89 (19.1) 3/29 (10.3)
Perroud et al., 2025** 49/88 (55.7) 29/44 (65.9) NR NR
ST CoTe 114/187 (61.0) 31/64 (48.4) ~48/187 (25.7) ~13/64 (20.3)
etal., 2019

Group 1: 75/118 Group 1: 34/120

(63.6% [95% CI: 54.2-72.2]) (28.3% [95% CI: 20.5-37.3])
. Group 2: 77/119 Group 2: 32/120

GGG (64.7% [95% CI: 55.4-73.2]) NR (26.7% [95% CI: 19.0-35.5]) NR

Group 3: 87/115 Group 3:27/119

(75.7% [95% CI: 66.8-83.2]) (22.7% [95% CI: 15.5-31.3])
Villar et al., 2014 NR NR 592/1333 (44.4) 290/664 (43.7)
) NR (~30% injection-site; | NR (83% injection-

Capeding et al., 2011 61% systemic) site; 52% systemic) NR NR
Anand Prakash Dubey, 27/126 (21.4) total 5/61 (8.2) total
2016 solicited reactions solicited reactions D S /el (69

*Torresi et al. reported both injection-site and systemic solicited reactions; the table includes systemic reactions only.
**Perroud et al. reported overall adverse events without specifying whether they were solicited or unsolicited.




