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Abstract

In Argentina, the dengue virus has experienced an
increase in recent years. This study aims to conduct
a systematic review to evaluate the effectiveness and
safety of the TAK-003 tetravalent dengue vaccine in
this context.

A systematic review of randomized controlled trials
comparing the effectiveness and safety of the vaccine
with placebo in the general population was conducted.
The search was carried out in Epistemonikos, and two
researchers independently assessed the studies. Risk
of bias was evaluated using the Cochrane Rob 2 tool.
A meta-analysis of the results was performed, and the
certainty of evidence was assessed using the GRADE
methodology.

We concluded, with high certainty of evidence,
that the tetravalent dengue vaccine reduces severe
infections (RR 0.17, 95% CI 0.12 to 0.24) and infections
by the dengue virus (RR 0.40, 95% CI 0.36 to 0.45) in a
population <17 years. The vaccine may not increase
the risk of serious adverse events, although it is im-
portant to note the low certainty of evidence (RR 1.04,
95% CI: 0.69-1.55).

The use of the tetravalent dengue vaccine decreases
the risk of severe and non-severe dengue infections
in this population. However, there is low certainty of
evidence regarding the vaccine’s safety. The decision
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to vaccinate should consider the magnitude of benefits
relative to the risk of infection.

Key words: dengue, tetravalent vaccine, Argentina,
GRADE, systematic review

Resumen
Efectividad y seguridad de la vacuna tetravalente TAK-003
contra el dengue: una revisién sistemdtica

En Argentina, el virus del dengue ha experimentado
un aumento en los ultimos afos. Este estudio se propone
realizar una revisién sistemética para evaluar la efec-
tividad y seguridad de la vacuna TAK-003 tetravalente
contra el dengue en este contexto.

Se llevd a cabo una revisién sistematica de ensayos
clinicos controlados aleatorizados que comparaban la
efectividad y seguridad de la vacuna con placebo en la
poblacién general. La busqueda se efectué en Episte-
monikos y dos investigadores evaluaron los estudios de
manera independiente. El riesgo de sesgo se evalud con
la herramienta Rob 2 de Cochrane. Se realiz6 un metaa-
nalisis de los resultados y la certeza en la evidencia se
evalué mediante la metodologia GRADE.

Concluimos, con alta certeza de evidencia, que la
vacuna tetravalente contra el dengue reduce las infec-
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ciones graves (RR 0.17, IC 95% 0.12 a 0.24) e infecciones
por el virus del dengue (RR 0.40, IC 95% 0.36 a 0.45) en
una poblacién de <17 afos. La vacuna podria no incre-
mentar el riesgo de eventos adversos serios, aunque es
importante destacar la baja certeza de evidencia (RR
1.04, IC 95%: 0.69-1.55).

La aplicacién de la vacuna tetravalente contra el
dengue disminuye el riesgo de infecciones graves y no
graves por el dengue en esta poblacién. No obstante,
existe baja certeza en la evidencia en relacién a la se-
guridad de la vacuna. La decisién de la vacunacién debe
considerar la magnitud de los beneficios en funcién del
riesgo de infeccién.

Palabras clave: dengue, vacuna tetravalente, Argen-
tina, GRADE, revisién sistematica

KEY POINTS
Current knowledge

e Dengue, caused by Flavivirus serotypes
transmitted mainly by Aedes aegypti and
additionally by Aedes albopictus mosqui-
toes, is a significant global public health
concern. The virus's four serotypes lead to
various manifestations, ranging from mild
to fatal cases. Infections with different se-
rotypes increase the risk of severe dengue
and mortality, highlighting the need for
effective preventive strategies.

Article contribution to current knowledge

e This systematic review provides insights
into the effectiveness and safety of the
tetravalent TAK-003 vaccine, particularly in
children and adolescents, emphasizing the
need for personalized recommendations,
ongoing surveillance, thorough research,
and evidence-based decisions for dengue
prevention and control. This systematic
review was utilized by the Hospital Aleman
in Argentina to formulate recommenda-
tions regarding this vaccine.

Dengue, a febrile syndrome caused by Fla-
vivirus serotypes transmitted through the bite
of Aedes aegypti or Aedes albopictus mosquitoes,
imposes a significant burden on global public
health. With four distinct serotypes, the dengue
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virus has evolved into a persistent threat, affect-
ing millions annually. An estimated 390 million
dengue infections occur each year, encompass-
ing a spectrum from mild manifestations to po-
tentially fatal cases. Notably, sequential infec-
tions with different serotypes elevate the risk
of severe dengue and mortality for affected in-
dividuals®.

The incidence of dengue has been a peren-
nial cause for concern, with a notable surge in
recent years? In Argentina, until July 2023, an
alarming 126 431 dengue cases were reported in
the country, significantly surpassing the previ-
ous four-decade record set in 2016 with 79 455
infected individuals®. Among these cases, 0.2%
progressed to severe forms, and 0.05% resulted
in fatalities*. This reality underscores the urgen-
cy of effective strategies to prevent and control
the spread of the disease.

Against this backdrop, vaccination emerges
as a pivotal tool for preventing and mitigating
the dengue burden. In this context, the tetra-
valent dengue vaccine has positioned itself as
a promising strategy, addressing multiple se-
rotypes and offering the possibility of reducing
the incidence of severe and fatal cases. In April
2023, the National Administration of Drugs, Foods,
and Medical Technology (ANMAT) approved the
use of the tetravalent dengue vaccine TAK-003
(Qdenga) in Argentina®.

Within the internal medicine department
of Hospital Aleman of Buenos Aires, a crucial
question emerged concerning the effectiveness
and safety of this vaccine. To provide a fast and
high-quality answer we used novel technologi-
cal tools that allowed us to perform a systematic
review to assess the available body of evidence
on health benefits and harms of the dengue vac-
cine to evaluate the available body of evidence.
Subsequently, the evidence-to-decision process
was followed, using the GRADE methodology, to
formulate a recommendation on this topic. This
study aims to describe the process and result of
the systematic review.

Methods

This systematic review was developed fol-
lowing the guidelines of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) for reporting systematic reviews and
meta-analyses®.
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1. Clinical question

What is the safety and effectiveness of the tet-
ravalent dengue vaccine TAK-003 against dengue
infection in healthy patients (children and adults)
compared to a placebo, regardless of their previ-
ous exposure status to the dengue virus?

PICO question

e Patients (P): Healthy patients (children and
adults) regardless of their previous exposure
status to the dengue virus

o Intervention (I): Tetravalent attenuated den-
gue vaccine TAK-0037

e Comparator (C): Placebo

e Outcomes (O):

o Mortality: defined as all-cause mortality

o Severe dengue infection according to World
Health Organization criteria®

o Dengue infection: diagnosis through poly-
merase chain reaction (PCR) in a patient with
fever and compatible symptoms

o Hemorrhagic dengue: patients diagnosed
with dengue and thrombocytopenia or shock or
signs of bleeding

o Serious adverse events: definition according
to primary studies

o Adverse events: definition according to pri-
mary studies

It is noteworthy that the immunological sta-
tus or previous exposure to dengue was not an
inclusion criterion in this study.

2. Literature search
2.1. Electronic search

A search was conducted in the Epistemonikos
Database. This database is kept updated through
regular searches in multiple sources and has
been validated as a comprehensive source of
systematic reviews and randomized controlled
trials. These sources include the Cochrane Data-
base of Systematic Reviews (CDSR), Database of Ab-
stracts of Reviews of Effectiveness (DARE), PubMed,
LILACS, CINAHL, PsycINFO, EMBASE, EPPI-Centre
Evidence Library, Systematic Reviews and Policy
Briefs Campbell Library, and The JBI Database
of Systematic Reviews and Implementation Re-
ports®. All searches covered the period from the
database inception dates until 12/18/2023, with
no restrictions on publication date, status, or
language.
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The identification of primary studies was
complemented by a specific search in the
PubMed database. The search strategy is avail-
able in Appendix 1.

2.2. Other search sources

To ensure the identification of articles that
may not have been detected by the search strat-
egy or are not available in the included databas-
es, we included the following sources of infor-
mation:

e Randomized clinical trials (RCTs) included
in other relevant systematic reviews, identified
through a search in the Epistemonikos Database.

e Manual review of references from included
studies.

3. Study selection

We conducted the study selection process us-
ing the Collaboratron software, a screening tool
developed within the Sustainable Knowledge (SK)
platform by the Epistemonikos Foundation®.
Two independent researchers (AB, CS) evaluated
the title and abstract of all articles according to
the eligibility criteria for population, interven-
tion, comparison, and study design. We obtained
the full text of all potentially eligible studies, and
two researchers (AB, CS) assessed their eligibil-
ity. Any disagreements were resolved through
discussion, and if necessary, an additional re-
viewer (AI) was involved. Exclusion reasons for
clinical trials and the selection process were re-
corded in the PRISMA flow diagram.

4. Data extraction

Data extraction was performed by a research-
er using standardized forms (AB). Detailed infor-
mation was collected on demographic character-
istics, study methodology, included population,
interventions performed, comparison used, and
reported results.

5. Risk of bias assessment

We assessed the risk of bias in each random-
ized trial using the Risk of Bias 2 (Rob 2) tool de-
veloped by the Cochrane Collaboration. The
five bias domains considered in this tool were:
bias derived from the randomization process,
bias derived from deviations from the intend-
ed interventions, bias due to missing outcome
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data, bias in outcome measurement, and bias in
the selection of the reported outcome.

6. Effect measures

In the analysis of dichotomous outcomes, we ex-
pressed the estimation of the therapeutic impact of
the intervention through risk measures along with
the 95% confidence interval (CI). For continuous
outcomes, we used the mean difference and stan-
dard deviation along with the 95% CL

7. Heterogeneity assessment

We assessed variations in the treatment ef-
fect among different included clinical trials us-
ing the X2 test (Q statistic) and the 12 statistic.
Statistically significant heterogeneity was con-
sidered when the p-value was <0.1.

8. Data synthesis

We conducted a meta-analysis through the SK
platform, which integrates multiple statistical ap-
proaches, including those recommended by the
Cochrane Collaboration®. This involved selecting
studies exhibiting ample homogeneity in design,
population, interventions, comparators, and re-
ported outcome measures. Employing the inverse
variance method and a random-effects model, we
scrutinized the results of clinically homogeneous
studies. In instances lacking sufficient data for
meta-analysis, we provided a narrative synthesis.

Notably, for this analysis, the employment of
subgroup analysis was foregone, as no potential
effect modifiers were identified. Neither age, im-
munocompromised conditions, nor previous expo-
sures to dengue were deemed effect modifiers. In
light of these considerations, we opted not to estab-
lish any a priori hypotheses for heterogeneity. This
approach ensures a nuanced and unbiased explo-
ration of the data, allowing for a more comprehen-
sive interpretation of the study findings.

9. Assessment of evidence certainty

We assessed the certainty of evidence for
all outcomes using the GRADE methodology,
through the domains of risk of bias, consistency,
indirect evidence, imprecision, and publication
bias. Certainty was classified as high, moderate,
low, or very low. The Summary of Findings (SoF)
tables were generated through a technological
tool that automatically created them for main
comparisons and outcomes?!34,
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We defined the target of the certainty of the
evidence following a minimally contextualized
approach®. No specific publications report-
ing specific clinical thresholds for this condi-
tion were detected; therefore, the researchers
reached a consensus on the following thresholds
for minimum clinically important difference for
each of the outcomes assessments. The thresh-
olds were established, taking into consideration
that this is a primary prevention intervention.

e Mortality: threshold for benefit: 50 per
100 000

e Severe dengue infection: threshold for ben-
efit: 75 per 100 000

e Hemorrhagic fever: threshold for benefit:
100 per 100 000

e Dengue infection: threshold for benefit:
125 per 100 000

¢ Serious adverse events: threshold for harm:
50 per 100 000

o Adverse events: threshold for harm: 20 per
1000

Results

1. Search results

Through the search strategy, we identified 239
references for screening by title and abstract. Of
these, 25 references underwent full-text evalu-
ation, ultimately leading to the inclusion of 5
RCTs reported in 10 references that met the se-
lection criteria'®?. Detailed exclusion reasons
for clinical trials and the selection process are
documented in the PRISMA flow diagram (Fig. 1
and Appendix 2).

2. Description of included studies

The included population consisted primarily of
children, adolescents, and young adults, and the
research was conducted in countries with vary-
ing levels of viral circulation, ranging from high to
low. The follow-up time varied between 9 and 48
months. Table 1 provides an overview of the char-
acteristics of the studies included for analysis.

3. Risk of bias assessment results (Fig. 2)

Three clinicals trials¥-???3 were assessed with a
low risk of bias, one? with some considerations,
and another? with a high risk of bias across all
analyzed outcomes. Comprehensive details of
the risk of bias assessment for each domain can
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Figure 1 | PRISMA flowchart

Special article - Review

239
Records identified through
Epistemonikos database

0
Records identified through
additional searches in electronic
databases

239
References screened

25

Full-text articles for eligibility

5
Included RCT
(reported in 10
references)

r ™
214
Records excluded based on type
of Population/Intervention
- v

4 . )
Articles excluded
Wrong intervention: 4
Wrong outcome: 2
Wrong study design: 7
Interim results: 2

RCT: randomized controlled trial

be referenced in Appendix 3. Although certain
considerations were identified in some domains
of Cochrane’s Rob 2, the overall interpretation of
the risk of bias in the primary studies was low.

4. Efficacy and safety of the vaccine (Table 2)
Interactive version: https://isof.epistemoni-
kos.org/#/finding/65a5653ce3089d04cd692c1d

4.1. Mortality (Fig. 3)

A clinical trial?, involving a total of 20 067 par-
ticipants aged 4 to 16 years reported on this out-
come.The effect of the tetravalent dengue vaccine
on mortality is uncertain (RR 1.25, 95% CI 0.22 to
6.44; very low certainty in the evidence). The cer-
tainty of the evidence was classified as very low
due to extremely serious imprecision. It is worth
mentioning the low rate of events in both arms
of the study, emphasizing the possibility that this
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event may be infrequent. However, it is important
to note that the baseline risk could undergo mod-
ifications in an epidemic scenario.

4.2. Severe dengue infection (Fig. 4)

In a clinical trial® involving 20 067 partici-
pants aged 4 to 16 years, it was reported that the
use of the dengue vaccine was associated with
high certainty evidence of a reduction in the risk
of severe dengue virus infection (RR 0.17, 95% CI:
0.12 - 0.24).

Considering the baseline risk of severe dengue
virus infection in Argentina3* (170 per 100 000
patients with dengue fever), the utilization of
the tetravalent Dengue vaccine would result in
a decrease in severe infections among children
and adolescents aged 4 to 16 years, reaching the
predetermined threshold (75 per 100 000) with a
risk difference of 141 fewer persons per 100 000

693



https://isof.epistemonikos.org/
https://isof.epistemonikos.org/

Special article -

Review

Table 1 | Characteristics of included studies

Study and Country Participants Interven-
Years % over tion and com-
17 years parison
DEN-242 Dominican Healthy TAK-003 or
2014-2014 Republic, children aged Placebo (0
Panama, and 2 to 17 years and 90 days)
Philippines 0%
DEN-304" United States Healthy adults TAK-003 or
2018-2019 aged 39 to 54 Placebo (0
years and 90 days)
100%
DEN-315% Mexico Healthy TAK-003 or
2017-2019 children aged Placebo (0
12 to 17 years  and 90 days)
0%
INV-DEN- Puerto Rico, Healthy TAK-003 or
203162 Colombia, children and Placebo (0
2011-2016 Thailand, adults aged and 90 days)
and 1.5 to 45 years
Singapore 25.67%
TIDES'#2 Brazil, Healthy
2016-on going  Colombia, children aged TAK-003 or
Dominican 4 to 16 years Placebo (0
Republic, 0% and 90 days)
Nicaragua,
Panama,
Philippines,
Sri Lanka,
and Thailand

N°: number

(95% CI: 150 to 129 fewer). The certainty of the
evidence was rated as high.

Conversely, in a population with a higher risk
of severe dengue virus infection, such as Puerto
Rico? (baseline risk of 4990 per 100 000), the use
of the tetravalent Dengue vaccine would lead to
a decrease in severe infections among children
and adolescents aged 4 to 16 years, according to
the determined threshold, with a risk difference
of 4142 fewer persons per 100 000 (95% CI: 4391
to 3792 fewer). The certainty of the evidence was
rated as high.

It is important to note that global estimates by
country were considered, and not by local terri-
tory, so the baseline risk of severe infection could
vary within different areas of each country.
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N° Patients N° Follow-
Inter- Patients up
vention Control
1596 198 Serious 48 months
adverse events,
symptomatic
dengue
infection
788 131 Adverse events 8.8 months
300 100 Adverse events 9 months
249 111 Symptomatic 36 months
dengue,
adverse events
13380 6687 Dengue 14.8 months
infection,

hospitalization,
severe dengue,
hemorrhagic

fever

4.3. Hemorrhagic fever (Fig. 5)

In a clinical trial* involving 20 067 partici-
pants aged 4 to 16 years, the use of the dengue
vaccine was associated with low certainty evi-
dence of a reduction in the risk of developing
hemorrhagic fever (RR 0.35, 95% CI: 0.15 - 0.81).

In terms of absolute effects, the use of the
tetravalent dengue vaccine may result in a re-
duction in hemorrhagic fever events according
to the threshold determined (risk difference of
126 fewer persons per 100 000, 95% CI: 165 to 37
fewer). The certainty of the evidence was classi-
fied as low due to very serious imprecision. We
decided to downgrade the certainty by two lev-
els, primarily due to imprecision stemming from
the low number of events in each group, intro-
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Figure 2 | Risk of bias assessment
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Risk of bias domains
D1 D2 D3 D4 D5 Overall
DEN-304 ® ® ® (] ® @®
TIDES ® @® ® ©) ® ®
3
©
2
]
DEN-24 ® ® ® @® ® ®
DEN-315 @® @ ® ® ® ®
Domains: Judgement
D1: Randomization process o .
D2: Deviations from the intended interventions . High risk of bias
D3: Missing outcome data - Some concerns
D4: Measurement of the outcome
D5: Selection of the reported result . Low risk of bias

DEN-24 Ref. 23; DEN-304 Ref. 17; DEN-315 Ref. 24; INV-DEN-203 Ref. 16, Ref. 25; TIDES Ref. 18-22

ducing fragility to the results?* and, additionally,
the confidence interval (CI) being larger than 3,
further contributes to reducing the overall cer-
tainty of evidence to a low level?.

4.4. Dengue infection (Fig. 6)

Three clinical trials'®**? involving a total of 22
221 participants, reported high certainty evidence
of a reduction in serious adverse events associ-
ated with the use of the dengue vaccine (RR 0.40,
95% CI: 0.36 - 0.45; 12=0%). These trials exclusively
enrolled healthy children aged 4 to 16 years.

Considering the baseline risk of dengue virus
infection in Argentina? (256 per 100 000), the uti-
lization of the tetravalent dengue vaccine would
resultin a decrease in infections among children
and adolescents aged 4 to 16 years, reaching the
predetermined threshold (125 per 100 000) with
a risk difference of 154 fewer persons per 100
000 (95% CI: 164 to 141 fewer). The certainty of
the evidence was rated as high.

On the other hand, in a population with a higher
risk of dengue virus infection, such as Brazil? (base-
line risk of 1383 per 100 000), the use of the tetra-
valent Dengue vaccine would lead to a decrease in
infections among children and adolescents aged
4 to 16 years according to the determined thresh-
old, with a risk difference of 830 fewer persons per
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100 000 (95% CI: 885 to 761 fewer). The certainty of
the evidence was rated as high.

Given that the clinical trials included individ-
uals under 17 years of age, these conclusions are
particularly pertinent to this demographic.

4.5. Serious adverse events (Fig. 7)

Five clinical trials!¢'72.2324 involving a total of
23 540 participants, reported low certainty evi-
dence of an increase in serious adverse events
associated with the use of the dengue vaccine
(RR 1.04, 95% CI: 0.69 - 1.55; 12=25%).

In terms of absolute effects, the use of the tet-
ravalent dengue vaccine may result in a trivial
increase in serious adverse events, according
to the threshold determined (risk difference of
29 persons more per 100 000, 95% CI: 223 fewer
to 396 more). The certainty of the evidence was
classified as low due to very serious imprecision.

4.6. Adverse events of any kind (Fig. 8)

Three clinical trials'**?* with a total of 21 348
participants, predominantly children or adoles-
cents, were included. These trials reported low
certainty evidence of an increase in adverse
events of any type associated with the use of
the Dengue vaccine (RR 1.41, 95% CI: 0.79 - 2.52;
12=94.6%)
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Table 2 | Summary of findings table
Interactive version: https://isof.epistemonikos.org/#/finding/65a5653ce3089d04cd692c1d

Outcomes

Mortality
Follow-up:
median of 14.8
months

Severe dengue virus
infection®
(low risk)
Follow-up: median
of 14.8 months

Severe dengue virus
infectione
(high risk)

Follow-up: median
of 14.8 months

Dengue virus
infection’
(high circulation)
Follow-up: 14.8-48
months

Dengue virus
infectionf
(low circulation)
Follow-up:
14.8-48 months

Hemorrhagic fevers
Follow-up: median
of 14.8 months

In terms of absolute effects, the use of the tet-
ravalent dengue vaccine could result in a trivial
increase in adverse events of any type according
to the threshold determined (risk difference of
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Key messages

The effect of the
tetravalent
dengue vaccine on
mortality is very
uncertain.

The use of the
tetravalent dengue
vaccine results in a
reduction in severe

infection.

The use of the
tetravalent dengue
vaccine results in a
decrease in severe

infection.

The use of the
tetravalent dengue
vaccine results in a
decrease in dengue

virus infection.

The use of the
tetravalent dengue
vaccine results in a
decrease in dengue

virus infection.

The use of the
tetravalent dengue
vaccine could result

in a reduction of
hemorrhagic fever
events.

Absolute effect

Placebo Dengue
or no virus

vaccination vaccine
30 per 37 per

100 000 100 000

Difference: 7 more patients
per 100 000
(95% Cl: 23 less to 163 more patients)

29 per
100 000

170 per
100 000¢

Difference: 141 less patients
per 100 000
(95% Cl: 150 to 129 less patients)

4990 per
100 000¢

848 per
100 000

Difference: 4142 less
patients per 100 000
(95% Cl: 4391 to 3792 less patients)

1383 553
per 100 000¢ per 100 000

Difference: 830 less patients
per 100 000
(95% Cl: 885 to 761 less patients)

256 per 102
100 000¢ per 100 000

Difference: 154 les patients
per 100 000
(95% Cl: 164 to 141 less patients)

194 68
per 100 000 per 100 000

Difference: 126 less patients

per 100 000
(95% Cl: 9 less to 67 more patients)

consistency.
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Relative
effect
(95% CI)
Number of
participants
and studies

RR 1.25
(0.24 to 6.44)

Based on data from
20 067 individuals in
1 study?'

RR 0.17
(0.12 to 0.24)

Based on data from
20 067 individuals in
1 study?'

RR 0.17
(0.12 to 0.24)

Based on data from
20 067 individuals in
1 study?'

RR 0.40
(0.36 to 0.45)

Based on data from
22 221 individuals in
3 studies?"2325

RR 0.40
(0.36 to 0.45)

Based on data from
22 221 individuals in
3 studies?"2325

RR 0.35
(0.15 to 0.81)

Based on data from
20 067 individuals in
1 study?'

Certainty
of the
evidence
(GRADE)

@000
Very low?

DODD
High

DODD
High

DODD
High

POPD
High

DD O
Low?

(continua)

18 persons more per 1000, 95% CI: 9 fewer to 67
more). The certainty of the evidence was clas-
sified as low due to serious imprecision and in-
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Absolute effect Relative
effect
(95% CI)
Outcomes Key messages Placebo Dengue Number of Certainty
or no virus participants of the
vaccination vaccine and studies evidence
(GRADE)
Serious adverse The use of the 720 749 RR 1.04 [Clclele)
events tetravalent dengue per 100 000 per 100 000 (0.69 to 1.55) Low?
Follow-up: 8.8-48 vaccine could result
months in a slight increase Difference: 29 more patients Based on data from
in serious adverse per 100 000 23 540 individuals in
events. (95% ClI: 223 less to 396 more patients) 5 studies'”?225
Adverse events of The use of the 44 62 RR 1.41
any kind tetravalent dengue per 1000 per 1000 (0.79 to 2.52) ®P00
Follow-up: 8.8-48 vaccine could result Low®
months in an increase in Difference: 18 more patients Based on data from

adverse events of
any kind.

per 1000
(95% Cl: 9 less to 67 more patients)

21 348 individuals in
3 studies?":#2

RR: relative risk; Cl: 95% confidence interval; RCT: randomized controlled trial

Explanations

a. The certainty of the evidence was classified as very low due to extremely serious imprecision.

b. The certainty of the evidence was classified as low due to serious inconsistency and serious imprecision.

c. Baseline risks of patients with Dengue taken from: Ministry of Health Argentina. Dengue in Argentina: Epidemio-
logical, clinical, and virological characterization of the current outbreak. Epidemiological Alert. 2023;

d. Baseline risks taken from: Pan American Health Organization. Dengue - PAHO/WHO. paho.org.

e. Outcome defined according to the World Health Organization: Dengue guidelines for diagnosis, treatment, pre-
vention and control: new edition. World Health Organization (WHO). 2009;

f. Outcome defined by symptomatic infection with serological diagnosis by PCR

g. Outcome defined as bleeding, thrombocytopenia or shock
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Figure 3 | Meta-analysis for the outcome mortality
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Figure 4 | Meta-analysis for the outcome of severe dengue virus infection
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Figure 5 | Meta-analysis for the outcome of hemorrhagic fever
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Figure 6 | Meta-analysis for the outcome of dengue virus infection
Intervention Control
Study Events Total Events Total Risk Ratio [95% CI]
TIDES 442 13380 547 6687 L 0.40 [0.36, 0.46]
RE Model (Q = 1.03, df = 2, p = 0.596; I* = 0.0%) - = 0.40 [0.36, 0.45]
I i I
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Risk Ratio (log scale)

Cl: confidence interval; RE: random effects
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Figure 7 | Meta-analysis for the outcome of serious adverse events

Intervention Control

Study Events Total Events Total Risk Ratio [95% CI]
INV-DEN-203 24 249 5 11 — 2.14[0.84, 5.46]
DEN-304 16 788 4 131 —_— 0.66 [0.23, 1.96]
TIDES 47 13380 31 6687 — 0.76 [0.48, 1.19]
DEN-24 93 1506 10 108 —-— 1.15[0.61, 2.18]
DEN-315 1 300 2 100 — 1.83[0.41, 8.13]
RE Model (Q = 5.34, df =4, p = 0.254; I> = 25.0%) - 1.04 [0.69, 1.55]
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Figure 8 | Meta-analysis for the outcome of any adverse event
Intervention Control

Study Events Total Events Total Risk Ratio [95% CI]
DEN-304 379 761 21 120 I 2.85[1.92, 4.22]
TIDES 386 13380 234 6687 = 0.82(0.70, 0.97]
DEN-315 194 300 50 100 i 1.29 [1.05, 1.60]
RE Model (Q = 36.84, df = 2, p < 0.001; I = 94.6%) — 1.41[0.79, 2.52]
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Cl: confidence interval; RE: random effects
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Discussion

This systematic review provides a compre-
hensive evaluation of the tetravalent dengue
vaccine TAK-003, encompassing both safety
and effectiveness. The findings offer robust evi-
dence supporting the vaccine’s effectiveness
in reducing the incidence of severe dengue
infections and dengue virus infections, with a
high level of certainty in the population under
17 years. However, the nuanced consideration
of baseline infection risks adds complexity to
interpretation, emphasizing the necessity for
tailored recommendations for specific popula-
tions. In decision-making, regional differences
should be considered, such as variations in
prevalence and the risk of severe dengue infec-
tion.

While the study confirms the vaccine’s ef-
fectiveness in preventing severe outcomes, a
cautious interpretation of safety profiles is nec-
essary. The observed low certainty underscores
the need for ongoing vigilance and post-mar-
keting surveillance to comprehensively assess
any potential adverse effects associated with
the vaccine. Continuous monitoring, especially
in diverse populations and age groups, is es-
sential for understanding its long-term safety.
This aligns with the uncertainties identified
by the vaccine working group of the Argentin-
ian Ministry of Health?® regarding vaccination
in the most affected regions and variations
in risk between different situations. Health
policymakers should prioritize surveillance of
vaccine-associated adverse events in different
populations.

To the best of our knowledge, an important
strength is that this study represents the first
systematic review of the tetravalent dengue
vaccine employing a rigorous methodology such
as the GRADE approach. Additionally, this study
underscores the importance of considering
baseline risk when evaluating the efficacy and
safety of different health interventions. It is also

MEDICINA (Buenos Aires) 2024; 84: 689-707
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important to remark that this review focuses on
one tetravalent vaccine, another global vaccine
is currently in phase 3 trials®.

Several limitations are acknowledged, includ-
ing a potential lack of diversity in study popula-
tions, inadequate duration of follow-up in some
studies, and incomplete coverage of age groups
(only one study on vaccine immunogenicity in-
cluded adults, with a mean age of 41.4 years)".
Notably, not all primary studies reported out-
comes among the subgroup of individuals with
previous dengue infections, a suspected risk fac-
tor for severe disease upon reinfection. However,
in those that reported it, the effectiveness was
similar in both the seropositive and seronega-
tive patients®?%. Also, relative effects tend to re-
main consistent between subgroups®, with dif-
ferences likely related to baseline risk.

In conclusion, this review establishes the
TAK-003 tetravalent dengue vaccine as an ef-
fective tool for mitigating dengue’s impact, par-
ticularly in highly endemic regions, with high
certainty in evidence for effectiveness. While
emphasizing efficacy, it also highlights the need
for continued research and surveillance, espe-
cially regarding safety across diverse popula-
tions and age groups, particularly in older adults
since this population was not included in the
clinical trials. This study underscores the im-
portance of evidence-based decisions, reinforc-
ing the importance of comprehensive investi-
gations into both effectiveness and safety in
dengue prevention and control, which should be
validated in different infection risk situations in
specific populations.
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Appendix 1 | Search strategy

PICO Term Boolean strategy

EET (Epistemonikos Evidence Taxonomy) is the system used in the Epistemonikos database to index articles. It consists of various
descriptors, organized into categories, which are hierarchically related to each other. Some of its categories are specific to the
components of questions in PICO format or equivalents.
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Appendix 2 | Exclusion criteria

Reference of excluded studies Reason for

exclusion
1. Jackson LA, Rupp R, Papadimitriou A, et al. A phase 1 study of safety and immunogenicity Wrong Design
following intradermal administration of a tetravalent dengue vaccine candidate. Vaccine 2018; 36:
3976-83.
2. Turner M, Papadimitriou A, Tricou V, et al. Inmunogenicity and safety of lyophilized and liquid Wrong Design
dengue tetravalent vaccine candidate formulations in healthy adults: a randomized, phase 2 clinical
trial. Hum Vaccin Immunother 2020; 16: 2456-64.
3. Rupp R, Luckasen GJ, Kirstein JL, et al. Safety and immunogenicity of different doses and schedules Wrong Design
of a live attenuated tetravalent dengue vaccine (TDV) in healthy adults: a phase 1b randomized
study. Vaccine 2015; 33: 6351-9.
4. Tricou V, Eyre S, Ramjee M, et al. A randomized phase 3 trial of the immunogenicity and safety Wrong
of coadministration of a live-attenuated tetravalent dengue vaccine (TAK-003) and an inactivated Intervention
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Appendix 3 | Details of Risk of bias assessment
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Stud
ID Epistemonikos
Study
Author
Design

identification

ebbed0f1€1928e1792d3cd492b3683b7ba1184eb
DEN-24

Tricou V, 2020

Randomized clinical trial

Details of Risk of bias assessment

Domain
Risk of bias arising from the randomization process

Risk of bias due to deviations from the intended interventions

(effect of assignment to intervention)

Missing outcome data

Risk of bias in measurement of the outcome

Risk of bias in selection of the reported result

Overall judgment

Details of judgment
Low

1.1 Yes

1.2 Yes

1.3 Probably no
Low

2.1 No

2.2 No

2.6 Yes

Low

3.1 Probably yes
Low

4.1 Probably no
4.2 Probably no
4.3 Probably no
Low

5.1 Yes

5.2 No

5.3 No

Low Risk of bias

Study identification

ID Epistemonikos
Study
Author

6b522f23c032fa672a62b15dbb4f939c46d8abbd
DEN-304
Tricou V, 2023

Design Randomized clinical trial
Details of Risk of bias assessment

Domain
Risk of bias arising from the randomization process

Risk of bias due to deviations from the intended interventions
(effect of assignment to intervention)

Missing outcome data

Risk of bias in measurement of the outcome

Risk of bias in selection of the reported resul

Details of judgment
Low

1.1 Yes

1.2 Yes

1.3 No

Low

2.1 No

2.2 No

2.6 Probably yes
Low

3.1 Probably yes
Some concerns
4.1 Probably no
4.2 Probably no
4.3 Probably no
Low

5.1 Yes

5.2 No

5.3 No

Overall judgment Low risk of bias
Study identification

ID Epistemonikos
Study
Author

fab54ba9094b0789e509015213fb56351188a104
DEN-315
Biswal S, 2021

Design Randomized clinical trial
Details of Risk of bias assessment

Domain
Risk of bias arising from the randomization process

Risk of bias due to deviations from the intended interventions
(effect of assignment to intervention)

Missing outcome data

Risk of bias in measurement of the outcome

~

06

Details of judgment
Low

1.1 Yes

1.2 Yes

1.3 Probably no
Low

2.1 No

2.2 No

2.6 Probably yes
Low

3.1 Probably yes
Some concerns
4.1 Probably no
4.2 Probably no
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