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Background. An unmet medical need remains for an effective dengue tetravalent vaccine that can be administered irrespective of 
previous dengue exposure. TAK-003, a dengue tetravalent vaccine, has demonstrated efficacy in an ongoing phase 3 trial in children and 
adolescents living in dengue-endemic areas, with an acceptable safety profile in both dengue-naive and dengue-exposed individuals.

Methods. Safety findings are presented herein from an integrated analysis of data for healthy 4–60-year-olds from two phase 2 and 
three phase 3 double-blind, placebo-controlled clinical trials of TAK-003 (TAK-003, n= 14 627; placebo, n= 7167). Safety evaluation 
included analyses of postinjection reactogenicity, unsolicited adverse events (AEs), serious AEs (SAEs), and deaths. Subgroup analyses 
were performed by age group, baseline serostatus, and gender.

Results. The most common local and systemic AEs were injection site pain (43% for TAK-003 and 26% for placebo) and headache 
(34% and 30%, respectively). Injection site AEs were mostly mild and resolved within 1–3 days. Unsolicited AEs and AEs leading to 
discontinuation occurred with similar frequency across both groups, while SAEs were fewer for TAK-003 recipients (6% vs 8% for 
placebo). Four of the 5 vaccine-related SAEs (which included hypersensitivity, dengue fever, and dengue hemorrhagic fever) occurred 
in the placebo group. No deaths were considered vaccine-related. Subgroup analyses showed no differences in safety by baseline 
serostatus or by gender, albeit analysis by age indicated greater local reactogenicity rates for adolescents (46% for TAK-003 and 28% 
for placebo) and adults (56% and 19%, respectively) than for children (37% and 25%, respectively).

Conclusions. No important safety risks were identified, and TAK-003 was well tolerated irrespective of age, gender, or baseline 
dengue serostatus in recipients aged 4–60 years.
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The incidence of dengue fever has grown dramatically in recent 
decades, associated with societal changes such as population 
growth and increasing urbanization, particularly in tropical 
and subtropical cities with poor waste and water management, 
leading to proliferation of dengue-transmitting mosquito spe-
cies such as Aedes aegypti [1]. In addition, rising temperatures 
and global climate change have led to expansion of the major 
mosquito vectors into new areas, extension of the transmission 
season, decrease in extrinsic incubation periods, and increase in 
mosquito vectorial capacity [2].

Most of the current preventive measures that rely on mos-
quito control and individual protection are of limited efficacy, 
complex to implement, and questionable in terms of cost- 

effectiveness [3–5]. Integration of routine vaccination with 
other prevention methods shows the highest potential for re-
duction of dengue disease burden. Thus, in addition to vaccina-
tion against dengue, control of the mosquito population to stop 
disease spread could fit into a multimodal approach to reducing 
the overall disease burden. Other technologies such as those in-
volving release of Wolbachia-transfected A. aegypti, genetic 
modification and release of mosquitoes, or reversible steriliza-
tion of mosquitoes, have the potential to substantially reduce 
the spread of disease [6–8].

Vaccine development, as part of an integrated dengue pre-
vention strategy, has assumed the need for tetravalent vaccines 
against all 4 serotypes, which often cocirculate in endemic re-
gions, to avoid any potential risk of vaccine-induced immune 
enhancement [9–11]. Although a dengue tetravalent vaccine 
(CYD-TDV; Dengvaxia, Sanofi-Pasteur) based on a yellow fe-
ver backbone is now licensed in many endemic countries, it 
is recommended only for individuals with previous dengue in-
fection [12, 13]. There remains, therefore, an unmet need for an 
effective dengue tetravalent vaccine that can be administered 
irrespective of previous dengue exposure.

TAK-003, a live attenuated dengue tetravalent vaccine, com-
prises 4 dengue virus (DENV) strains based on a DENV-2 
backbone (Figure 1) [15, 16]. During the TAK-003 clinical de-
velopment program, safety data have been assessed from 
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approximately 27 000 participants across dengue-endemic and 
nonendemic regions, with long-term safety follow-up still on-
going in 2 trials. An integrated safety analysis across the 
double-blind, placebo-controlled, phase 2 and phase 3 trials 
of TAK-003 is presented herein.

METHODS

Trials Included

Safety data for participants aged 4–60 years from 5 double-blind, 
randomized, placebo-controlled phase 2 and 3 trials were included 
in the integrated analysis (Table 1). Participants in all trials re-
ceived 2 subcutaneous injections of either TAK-003 or placebo 
3 months apart. Data for the ongoing DEN-301 trial were included 
up to the last completed trial milestone of 36 months after the sec-
ond vaccine dose. Data extracted from DEN-203 trial for the 
pooled analysis included only those for placebo recipients ≥4 
years old because the high-dose TAK-003 formulation used in 
this trial differed from that used in the other 4 placebo-controlled 
trials. Likewise, data extracted from DEN-204 trial included only 
those for participants ≥4 years old from groups 1 and 4 because 
the exploratory dose regimens investigated for the other 2 trial 
groups did not conform to the dosing regimen of 2 TAK-003 dos-
es 3 months apart. Safety follow-up periods varied between the tri-
als, from 6 to 48 months after the second vaccine dose. The 5 trials 
were conducted in adults, adolescents, and children (Table 1). All 
trials excluded participation from individuals with hypersensitiv-
ity to any vaccine component, impaired or altered immune func-
tion, planned or ongoing pregnancy or breastfeeding, or previous 
vaccination against dengue.

Excluded Trials

Other clinical trials conducted during TAK-003 development 
did not include placebo controls or did not use the commercial-
ly-intended TAK-003 formulation; these trials constituted an 

additional 5571 participants who were excluded from the inte-
grated safety analysis (Figure 2).

Vaccine

The TAK-003 vaccine potencies varied slightly across the 
placebo-controlled trials (Table 1). Placebo was 0.5 mL of sa-
line for all included trials.

Safety Assessments

The following safety measures were assessed after each vaccine 
dose: solicited local and systemic adverse events (AEs) within 
the first 30 minutes (assessed in the clinic), diary-based solicited 
local AEs up to 7 days; diary-based solicited systemic AEs up to 
14 days, and unsolicited AEs up to 28 days. The severity of 
solicited and unsolicited AEs was categorized by investigators as 
mild, moderate, or severe, based on protocol definitions 
(Supplementary Table 1). Where severity was not recorded, the 
AE was considered severe. Causal relationship to the trial vaccine 
or procedures was assessed by investigators (Supplementary 
Table 2). Solicited and unsolicited AEs were documented for 
a subset of randomly selected participants from DEN-301 
(n= 3992) and DEN-204 (n= 562), and for all participants in 
the other trials. Deaths, serious AEs (SAEs), and AEs leading to 
vaccine dose discontinuation or discontinuation from trial were 
recorded throughout the trials for all participants. Medically at-
tended AEs were recorded in DEN-304 and DEN-315 only, and 
were defined as spontaneous AEs leading to a consultation with 
a healthcare professional, including visits to an emergency depart-
ment, that did not fulfil the seriousness criteria.

Hospitalized Virologically Confirmed Dengue and Severe Dengue

DEN-301 formed the basis for evaluation of all virologically 
confirmed dengue (VCD) cases that required hospitalization 
or were severe forms of dengue: all participants were actively 

Figure 1. Genetic structure of the 4 TAK-003 vaccine strains. Abbreviations: C, capsid; E, envelope; NS, nonstructural protein; prM, premembrane; TDV-1/2/3/4, dengue 
serotype 1/2/3/4 strain. Image: Takeda Pharmaceuticals.
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monitored for febrile illness, and predefined criteria were used 
to identify severe forms of dengue (see [25]). VCD was de-
fined as febrile illness or illness clinically suspected to be 
dengue by the investigator in association with a positive 
serotype-specific reverse-transcription polymerase chain reac-
tion result [25]. All hospitalized VCD cases were assessed 
for severity by a masked independent adjudication committee 
(Dengue Case Severity Adjudication Committee), according to 

predefined criteria. In addition, a computer algorithm identi-
fied cases of dengue hemorrhagic fever (DHF) based on 
World Health Organization 1997 criteria [28]. All nonhospi-
talized VCD cases were considered nonsevere.

Statistical Analysis

Safety measures are presented descriptively; subgroup analyses are 
presented by age group, gender, and baseline dengue serostatus. 

Table 1. Completed and Ongoing Phase 2 and 3 Placebo-Controlled Trials Comprising the Integrated Analysis (Placebo-Controlled Trials Safety Pool, 
Safety Set)

Clinical Trial Code 
and Identifiera Trial Design

TAK-003 
Vaccine 
Potency, 

Log10 PFUs 
per Doseb Safety Objectives

Trial 
Population Trial Location(s)

Safety 
Follow-up 
Timeframe

Trial Dates 
and Status

Phase 2 trials

DEN-204c  

[17–19]; 
NCT02302066

Randomized (1:2:5:1), 
double-blind, placebo- 
controlled

TDV-1 to 
TDV-4: 
4.4, 3.8, 
4.5, 5.6

To evaluate safety and 
tolerability of 
TAK-003, 
reactogenicity of 
TAK-003 in a subset 
of participants, 
and to assess safety 
during long-term 
follow-up

Aged 2–17 y The Dominican 
Republic, 
Panama, The 
Philippines

48 mo after 
1st dose

2014–2019 
Completed

DEN-203d  

[20–22]; 
NCT01511250

Randomized (2:1 for part 
1; 3:1 for part 2 
[expansion]), 
double-blind, 
placebo-controlled, 
age-descending, 
expansion trial

TDV-1 to 
TDV-4: 
4.3, 4.7, 
5.0, and 
5.5

To evaluate safety and 
tolerability of HD 
TAK-003 and 
assess safety during 
long-term follow-up

Part 1: aged 
1.5–45 y; 
part 2: 
aged 1.5– 
11 y

Colombia, Puerto 
Rico, Singapore, 
Thailand

36 mo after 
1st dose

2011–2016 
Completed

Phase 3 trials

DEN-304; 
NCT03423173

Randomized (2:2:2:1), 
double-blind, placebo- 
controlled

TDV-1 to 
TDV-4: 
5.2, 4.5, 
5.4, and 
6.2

To evaluatesafety and 
tolerability of 
TAK-003

Aged 18–60 y United States of 
America

6 mo after 2nd 
dose

2018–2019 
Completed

DEN-315 [23]; 
NCT03341637

Randomized (3:1), 
double-blind, placebo 
controlled

TDV-1 to 
TDV-4: 
5.1, 4.5, 
5.4, and 
5.9

To evaluate safety and 
tolerability of 
TAK-003

Aged 12–17 y Mexico 6 mo after 2nd 
dose

2017–2019 
Completed

DEN-301e  

[24–27]; 
NCT02747927

Randomized (2:1), 
double-blind, placebo- 
controlled

TDV-1 to 
TDV-4: 
3.6, 4.0, 
4.6, and 
5.1

To evaluate safety and 
tolerability of 
TAK-003, 
describe 
reactogenicity of 
TAK-003 in a subset 
of participants, and 
to identify any cases 
of severe dengue 
(linked to efficacy 
objective)

Aged 4–16 y; 
(booster: 
4–11 y old 
at time of 
1st dose)

Thailand, The 
Philippines, Sri 
Lanka, Brazil, 
Panama, 
The Dominican 
Republic, 
Colombia, 
Nicaragua

36 mo after 
2nd dose; 
booster 
dose 
planned for 
48–56 mo 
with 2 y of 
follow-up

2016– 
Ongoing

Abbreviations: HD, high dose; PFUs, plaque-forming units; TDV-1/2/3/4, dengue serotype 1/2/3/4 strain.  
aAll trials were approved by the respective institutional review boards/ethics committees and were conducted in accordance with the Declaration of Helsinki and the International Council for 
Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH) harmonized tripartite guidelines for Good Clinical Practice. Written informed consent was obtained from all 
participants or their parents/legal guardians before enrollment.  
bTAK-003 vaccine excipients comprise α,α-trehalose dihydrate, Kolliphor P407 (F127), human serum albumin, potassium dihydrogen phosphate, disodium hydrogen phosphate dihydrate, 
potassium chloride, and sodium chloride. Potency values in this column are listed for TDV-1, TDV-2, TDV-3, and TDV-4 serotype strains, respectively.  
cOnly group 1 (TAK-003 2-dose regimen given 3 months apart) and group 4 (placebo) participants ≥4 years old were included in the integrated analysis. Reactogenicity and unsolicited adverse 
events were recorded for a randomly selected subset of 562 of 1794 total participants in this trial.  
dA high-dose formulation of TAK-003 (HD TAK-003), differing from the commercially-intended formulation, was used in this trial: therefore, only placebo recipients ≥4 years old were included in 
the integrated safety analysis.  
eReactogenicity and unsolicited adverse events were recorded for a randomly selected subset of 3992 of 20 071 total participants in this trial.
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4 Ongoing phase 2 and 3 
trials

Phase 2
DEN-210; NCT03746015
DEN-313; NCT02948829

Phase 3
DEN-301; NCT02747927[24-27]

DEN-303; NCT03999996

TAK-003 
Clinical development

4 Completed adult and 
pediatric

phase 2 trials
DEN-106; NCT02193087[34]

DEN-203; NCT01511250[20-22]

DEN-204; NCT02302066[17-19]

DEN-205; NCT02425098[35]

5 Completed 
adult and pediatric

phase 3 trials
DEN-304; NCT03423173
DEN-305; NCT03342898
DEN-307; NCT03771963
DEN-314; NCT03525119

DEN-315; NCT03341637[23]

5 Completed 
phase 1 adult trials

DEN-101; NCT01110551[32,33]

DEN-102; NCT01224639[14]

DEN-103; NCT01765426[36]

DEN-104; NCT01542632
DEN-105; NCT01728792

Par!cipants 4-60 y old
11 Phase 2 and 3 trials 

Total = 25 436
TAK-003 = 16 889, PBO = 8381

Integrated analysis of randomized, double-blind, 
placebo-controlled studies

5 Phase 2 and 3 trials 
Total = 22 002a

TAK-003 = 14 627, PBO = 7167

Safety evalua!on 
18 Phase 1, 2, and 3 trials

Total = 27 573
TAK-003 = 18 145, PBO = 9526

DEN-301d

(n = 20 071)
TAK-003 = 13 384 

PBO = 6691

DEN-304 
(n = 919)

TAK-003 = 788
PBO = 131

DEN-315 
(n = 400)

TAK-003 = 300 
PBO = 100

DEN-204c

(n = 1794)
≥4 y old: n = 306 
TAK-003 = 155 

PBO = 151

DEN-203 
(n = 360)

≥4 y old: n = 306 
HD TAK-003 = 212b

PBO = 94

Figure 2. Overview of TAK-003 clinical development program and trials included in the current integrated safety evaluation of placebo (PBO)–controlled randomized con-
trolled trials. aAll participants received the commercially intended formulation of TAK-003 except 212 participants in DEN-203 who received a non–commercially-intended 
formulation of TAK-003 (HD TAK-003). bA high-dose formulation of TAK-003 (HD TAK-003), differing from the commercially intended formulation, was used in this trial: 
therefore, only PBO recipients ≥4 years old were included in the integrated analysis. cOnly group 1 (TAK-003 2-dose regimen given 3 months apart) and group 4 (PBO) par-
ticipants ≥4 years old were included in the integrated analysis. Reactogenicity and unsolicited adverse events were recorded for a randomly selected subset of 562 of 1794 
total participants in this trial. d4 participants (3 assigned to 2 doses of TAK-003 and 1 assigned to 2 doses of PBO) erroneously received 1 dose of PBO and 1 dose of TAK- 
003. Reactogenicity and unsolicited adverse events were recorded for a randomly selected subset of 3992 of 20 071 total participants in this trial.
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Seropositive was defined as a reciprocal neutralizing antibody titer 
≥10 against ≥1 dengue serotype. Seronegative was defined as no 
detectable antibody titers against any DENV serotype.

RESULTS

The clinical development program comprised 27 573 partici-
pants; 22 002 were included in the placebo-controlled pooled 
analysis. Results are presented for 21 790 participants who re-
ceived the commercially-intended TAK-003 formulation or pla-
cebo (Figure 2, Table 2, and Supplementary Table 3). Of these, 
400 were in DEN-315 (300 in TAK-003 and 100 in placebo 
group), 919 in DEN-304 (788 and 131, respectively), 20 071 in 
DEN-301 (13 384 and 6691), 306 in DEN-204 (155 and 151), 
and 306 in DEN-203 (94 in placebo group). Demographic and 
baseline characteristics were broadly similar between the 
TAK-003 and placebo groups. Across groups, 67%–69% of par-
ticipants were seropositive for ≥1 dengue serotype at baseline 
(Table 3). Demographic characteristics varied across age groups 
in accordance with trial enrollment criteria (Supplementary 
Table 4). The median duration of follow-up after the second vac-
cine dose was 3.0 years, with 85.9% of participants followed up 
for up to 36 months, primarily owing to those from DEN-301.

Solicited AEs

Immediate Reactogenicity
Overall, 6.7% (257 of 3830) of TAK-003 and 5.2% (90 of 1725) 
of placebo recipients experienced local or systemic AEs within 
30 minutes after vaccination; the majority experienced injec-
tion site pain. Rates were higher after the first vaccination 
(4.2% and 3.2% for TAK-003 and placebo, respectively) than after 
the second vaccination (3.1% and 2.3%, respectively).

Local Reactogenicity
Solicited local AEs rates were higher for TAK-003 than for pla-
cebo recipients across all age groups, with highest rates ob-
served for adolescents and adults (Supplementary Table 5). 

AE rates were higher after the first than after the second vacci-
nation in both trial groups (Table 4). The most frequent local 
reaction after any vaccination was injection site pain for both 
the TAK-003 (41.8%) and placebo (25.4%) recipients. Most lo-
cal AEs started on the day of vaccination, were mild in severity, 
and resolved within 1–3 days. Severe local AEs were reported 
by 1.3% and 0.7% of TAK-003 and placebo recipients, respec-
tively. Approximately 4% of TAK-003 recipients experienced 

Table 2. Number and Percentage of Participants Aged 4–60 Years From 
Each of the 5 Phase 2 or Phase 3 Trials Comprising the Integrated 
Analysis (Placebo-Controlled Trials Safety Pool, Safety Set)

Trial

Participants, No. (%)

TAK-003 Only 
(n=14 623)

TAK-003 and Placebo 
(n=4)

Placebo Only 
(n= 7163)

DEN-301 13 380 (91.5) 4 (100.0)a 6687 (93.4)

DEN-304 788 (5.4) 0 (0.0) 131 (1.8)

DEN-315 300 (2.1) 0 (0.0) 100 (1.4)

DEN-204b 155 (1.1) 0 (0.0) 151 (2.1)

DEN-203 0 (0.0) 0 (0.0) 94 (1.3)
aIn DEN-301, 4 participants (3 assigned to 2 doses of TAK-003 and 1 assigned to 2 doses of 
placebo) erroneously received 1 dose of placebo and 1 dose of TAK-003.  
bThe integrated analysis included only ≥4-year-old participants from DEN-204 trial groups 1 
(TAK-003 2-dose regimen given 3 months apart) and group 4 (placebo).

Table 3. Demographic and Baseline Characteristics for Participants 
Aged 4–60 Years (Placebo-Controlled Trials Safety Pool, Safety Set)

Characteristic

Participants, No. (%)a

TAK-003  
(n=14 627)

Placebo  
(n=7167)

Age, y

Mean (SD) 11.4 (8.36) 10.3 (5.66)

Median (range) 10.0 (4.0–60.0) 10.0 (4.0–60.0)

Age category

Children (aged 4–11 y) 9210 (63.0) 4728 (66.0)

Adolescents (aged 12–17 y) 4629 (31.6) 2287 (31.9)

Adults (aged 18–60 y) 788 (5.4) 152 (2.1)

Gender

Male 7295 (49.9) 3659 (51.1)

Female 7332 (50.1) 3508 (48.9)

Body mass indexb (n=14 617) (n=7167)

Mean (SD) 18.4 (4.49) 18.0 (3.96)

Median (range) 17.1 (8.5–64.8) 16.9 (8.8–42.1)

Race

Asian 6033 (41.2) 3069 (42.8)

American Indian or Alaska Nativec 5469 (37.4) 2762 (38.5)

Black or African American 1643 (11.2) 819 (11.4)

White 937 (6.4) 253 (3.5)

Multiracial or otherd 545 (3.7) 216 (3.0)

Unknown race 0 48 (0.7)

Region

Latin America 7807 (53.4) 3962 (55.3)

Asia Pacific 6032 (41.2) 3074 (42.9)

North America 788 (5.4) 131 (1.8)

Region endemic status

Endemic 13 539 (92.6) 6936 (96.8)

Nonendemic 1088 (7.4) 231 (3.2)

Baseline dengue serostatuse

Seropositive 9808 (67.1) 4975 (69.4)

Seronegative 4472 (30.6) 2063 (28.8)

Unknown 347 (2.4) 129 (1.8)

Flavivirus vaccination status

Exposed (YF or JE vaccine) 6030 (41.2) 2996 (41.8)

Not exposed 8597 (58.8) 4171 (58.2)

Abbreviations: JE, Japanese encephalitis; SD, standard deviation; YF, yellow fever.  
aData represent no. (%) of participants unless otherwise specified.  
bBody mass index calculated as weight in kilograms divided by height in meters squared.  
cOwing to limited selection options on the case report form, this category was most 
frequently selected as the participant’s race in Latin American countries.  
dIncludes the category “Native Hawaiian or other Pacific Islander.”  
eSeropositive defined as reciprocal neutralizing antibody titer of ≥10 against ≥1 dengue 
virus serotype at baseline; seronegative, as no detectable antibody titers against any 
dengue virus serotype at baseline.
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prolonged solicited local AEs (Supplementary Table 6), defined 
as those ongoing for ≥7 days after an injection. These events 
were mostly mild, and all participants recovered.

Systemic Reactogenicity
Solicited systemic AE rates were highest after the first vaccination 
(Table 4), most commonly headache (34% and 30% for TAK-003 
and placebo groups, respectively). Most systemic AEs started on 
the day of or day after vaccination, were mild, and typically re-
solved within 3–4 days. After any vaccination dose, 5.4% and 
6.1% of TAK-003 and placebo recipients, respectively, experienced 
fever considered vaccine-related, and, 34.2% and 27.9% of 
TAK-003 and placebo recipients, respectively, experienced 
vaccine-related solicited systemic AEs (excluding fever); severe 
vaccine-related systemic AEs were reported by 3.0% and 2.1% of 
TAK-003 and placebo recipients, respectively.

Prolonged solicited systemic AEs (ie, those still ongoing 
≥14 days after any injection) were reported by 1.8% and 
1.4% of TAK-003 and placebo participants, respectively, 
(Supplementary Table 6); most events were mild or moderate 
in severity. Prolonged events started after a median of 3 and 
9 days after vaccination with TAK-003 and placebo, respective-
ly, with median durations of 15 and 12 days, respectively. 
Eleven (0.3%) of the TAK-003 and 4 (0.2%) of the placebo re-
cipients experienced severe prolonged systemic events, most 
frequently headache (0.2% in both groups).

Unsolicited AEs

Overall, 21% of TAK-003 versus 23% of placebo recipients 
experienced unsolicited AEs, most commonly nasopharyngi-
tis and upper respiratory tract infections (Table 5). The inci-
dence of any vaccine-related unsolicited AEs was higher for 
TAK-003 than for placebo recipients (3.0% vs 1.7%), owing 
mostly to higher incidence of mild unsolicited injection 
site reactions.

Most unsolicited AEs were mild or moderate in severity 
(Supplementary Table 7), and most resolved within the 
28-day recording period. Nineteen (0.5%) of the TAK-003 ver-
sus 3 (0.2%) of the placebo recipients experienced severe unso-
licited AEs, with similar rates in children, adolescents, and 
adults (Supplementary Table 8). Five (0.1%) TAK-003 recipi-
ents experienced vaccine-related severe AEs (myalgia, anhedo-
nia, malaise, upper respiratory tract infection, and pyrexia); all 
AEs were nonserious and resolved within 2–17 days. One pla-
cebo recipient experienced dose-related severe pyrexia, which 
resolved within 2 days. Both pyrexia events were classified as se-
vere owing to missing severity information.

The integrated safety analysis did not reveal any TAK-003– 
related anaphylactic reactions. Equal numbers of TAK-003 
and placebo recipients (4 [0.03%] and 4 [0.06%], respectively) 
experienced vaccine-related hypersensitivity reactions within 
the first 4 days after dosing (Supplementary Table 9); all 

Table 4. Solicited Local and Systemic Adverse Events After the First, 
Second, and Any Vaccination Dose for Participants Aged 4–60 Years 
(Placebo-Controlled Trials Safety Pool, Safety Set)

AE

Participants, No. With AE/Total No. 
With Data

TAK-003  
(n=3830a)

Placebo  
(n= 1725a)

Solicited local AEs within 7 days after dose

After 1st vaccination

Any solicited local AE 1290/3747 (34.4) 327/1690 (19.3)

Pain 1220/3747 (32.6) 324/1690 (19.2)

Erythema 218/3729 (5.8) 3/1680 (0.2)

Swelling 98/3723 (2.6) 8/1680 (0.5)

After 2nd vaccination

Any solicited local AE 1056/3654 (28.9) 222/1647 (13.5)

Pain 1000/3652 (27.4) 220/1646 (13.4)

Erythema 157/3642 (4.3) 2/1642 (0.1)

Swelling 59/3637 (1.6) 3/1638 (0.2)

After any vaccination

Any solicited local AE 1642/3782 (43.4) 437/1703 (25.7)

Pain 1581/3782 (41.8) 432/1703 (25.4)

Erythema 268/3781 (7.1) 5/1702 (0.3)

Swelling 130/3780 (3.4) 11/1702 (0.6)

Solicited systemic AE within 14 days after dose

After 1st vaccination

Any solicited systemic AE, 
excluding fever

1360/3749 (36.3) 519/1690 (30.7)

Headache 922/3406 (27.1) 370/1512 (24.5)

Myalgia 747/3405 (21.9) 239/1512 (15.8)

Malaise 571/3404 (16.8) 216/1419 (15.2)

Asthenia 490/3406 (14.4) 189/1418 (13.3)

Irritability/fussinessb 30/341 (8.8) 15/177 (8.5)

Drowsinessb 36/341 (10.6) 18/177 (10.2)

Loss of appetiteb 47/341 (13.8) 16/177 (9.0)

Fever (≥38°C) 189/3517 (5.4) 97/1577 (6.2)

After 2nd vaccination

Any solicited systemic AE, 
excluding fever

924/3649 (25.3) 324/1646 (19.7)

Headache 600/3350 (17.9) 229/1494 (15.3)

Myalgia 532/3349 (15.9) 154/1494 (10.3)

Malaise 402/3349 (12.0) 142/1402 (10.1)

Asthenia 355/3349 (10.6) 123/1402 (8.8)

Irritability/fussinessb 18/299 (6.0) 4/152 (2.6)

Drowsinessb 21/299 (7.0) 7/152 (4.6)

Loss of appetiteb 22/299 (7.4) 9/152 (5.9)

Fever (≥38°C) 157/3520 (4.5) 90/1573 (5.7)

After any vaccination

Any solicited systemic AEs, 
excluding fever

1655/3782 (43.8) 632/1702 (37.1)

Headache 1176/3476 (33.8) 465/1545 (30.1)

Myalgia 973/3476 (28.0) 316/1545 (20.5)

Malaise 795/3475 (22.9) 300/1451 (20.7)

Asthenia 684/3476 (19.7) 254/1451 (17.5)

Irritability/fussinessb 43/348 (12.4) 17/178 (9.6)

Drowsinessb 46/348 (13.2) 22/178 (12.4)

Loss of appetiteb 59/348 (17.0) 22/178 (12.4)

Fever (≥38°C) 331/3704 (8.9) 175/1667 (10.5)

Abbreviation: AE, adverse event.  
aSolicited AEs were recorded for a randomly selected subset of participants from DEN-301 

and DEN-204. bAssessed only for those participants aged ,6 years.
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TAK-003–related events were nonserious and resolved within 2 
to 7 days.

Serious AEs

After adjustment for the differing durations of follow-up, the 
overall incidence rate for SAEs after any dose was 2.72 events 
per 100 person-years for TAK-003 recipients and 3.28 per 
100 person-years for placebo recipients, with fewer events of 
dengue fever, DHF, and viral infections in the TAK-003 group 
(Table 6). The most frequently reported SAEs were infections 
and infestations, most commonly dengue fever in the placebo 
group and appendicitis in both groups.

More than 95% of SAEs occurred .30 days after a vaccine 
dose, and the majority resolved within 1–2 weeks. Five partic-
ipants experienced SAEs (hypersensitivity, dengue fever, and 
DHF) considered attributable to the trial vaccine: 4 placebo re-
cipients, and 1 TAK-003 recipient who had suspected dengue 
starting in the second week after the first vaccination, but 
which resolved within 5 days (Table 6).

AEs Leading to Discontinuation

The incidences of AEs leading to vaccine dose discontinuation 
or participant discontinuation from a trial were 0.16% and 
0.15%, respectively, for TAK-003 recipients, and 0.13% and 
0.13%, respectively, for placebo recipients (Supplementary 

Tables 7 and 8). The incidence of vaccine-attributable AEs lead-
ing to vaccine dose discontinuation and/or discontinuation from 
the trial was ,0.1% for both groups. Three participants discon-
tinued from their trial before the second dose of TAK-003 be-
cause of nonserious vaccine-related AEs (mild angioedema, 
moderate injection site pruritus, and moderate urticaria). One 
placebo recipient experienced 2 related SAEs of moderate hyper-
sensitivity and discontinued from their trial before the second 
dose. In addition, owing to vaccine-attributable AEs after the 
first dose, the second dose was not administered to 3 TAK-003 
recipients (1 each with moderate pruritic rash and mild arthral-
gia; moderate pruritic rash; and severe myalgia) and 1 placebo 
recipient (1 SAE of moderate allergic reaction).

Deaths

Twenty-one deaths occurred during the TAK-003 clinical 
development program, none of which was considered related 

Table 5. Unsolicited Adverse Events, by MedDRA Preferred Term, 
Reported by ≥0.5% of TAK-003 or Placebo Recipients Aged 4–60 Years, 
Within 28 Days After Any Vaccine Dose (Placebo-Controlled Trials 
Safety Pool, Safety Set)

Unsolicited AE

Participants, No. (%)

TAK-003  
(n=3830a)

Placebo  
(n=1725a)

Any unsolicited AE 815 (21.3) 394 (22.8)

Nasopharyngitis 98 (2.6) 56 (3.2)

Upper respiratory tract infection 90 (2.3) 58 (3.4)

Viral upper respiratory tract infection 39 (1.0) 14 (0.8)

Viral infection 30 (0.8) 14 (0.8)

Pyrexia 29 (0.8) 16 (0.9)

Gastroenteritis 27 (0.7) 20 (1.2)

Injection site bruising 27 (0.7) 1 (,0.1)

Injection site pruritus 26 (0.7) 0 (0.0)

Headache 22 (0.6) 21 (1.2)

Systemic viral infection 22 (0.6) 14 (0.8)

Pharyngitis 21 (0.5) 10 (0.6)

Pharyngotonsillitis 20 (0.5) 12 (0.7)

Influenza 19 (0.5) 9 (0.5)

Tonsillitis 19 (0.5) 5 (0.3)

Varicella 15 (0.4) 13 (0.8)

Any vaccine-related unsolicited AEb 114 (3.0) 30 (1.7)

Abbreviations: AE, adverse event; MedDRA, Medical dictionary for regulatory activities.  
aUnsolicited AEs up to 28 days after each vaccine dose were recorded for a randomly 
selected subset of participants from DEN-301 and DEN-204.  
bThe trial investigator determined whether an adverse event was related to vaccine 
administration.

Table 6. Serious Adverse Events, by Preferred Term, Reported by ≥0.1% 
of TAK-003 or Placebo Recipients Aged 4–60 Years After any Vaccine Dose 
(Placebo-Controlled Trials Safety Pool, Safety Set)

SAE

TAK-003 (n=14 627; FT, 
43 066.7 PY)

Placebo (n=7167; FT, 21 
647.2 PY)

Participants 
With AE, No. 
(%) FTAR

Participants 
With AE, No. 

(%) FTAR

Any SAE 908 (6.21) 2.72 542 (7.56) 3.28

Appendicitis 78 (0.53) 0.18 34 (0.47) 0.16

Dengue fevera 68 (0.46) 0.16 117 (1.63) 0.55

Gastroenteritis 48 (0.33) 0.12 18 (0.25) 0.08

Viral infection 39 (0.27) 0.09 39 (0.54) 0.18

Pneumonia 32 (0.22) 0.07 23 (0.32) 0.11

Influenza 31 (0.21) 0.07 20 (0.28) 0.10

Urinary tract infection 27 (0.18) 0.07 18 (0.25) 0.09

Cellulitis 22 (0.15) 0.05 6 (0.08) 0.03

Asthma 19 (0.13) 0.05 5 (0.07) 0.02

Humerus fracture 16 (0.11) 0.04 5 (0.07) 0.02

Lower respiratory 
tract infection

16 (0.11) 0.04 6 (0.08) 0.03

Lymphadenitis 15 (0.10) 0.03 1 (0.01) ,0.01

Animal bite 14 (0.10) 0.03 6 (0.08) 0.03

Dengue hemorrhagic 
fever

14 (0.10) 0.03 34 (0.47) 0.16

Forearm fracture 14 (0.10) 0.03 4 (0.06) 0.02

Road traffic accident 14 (0.10) 0.03 1 (0.01) ,0.01

Radius fracture 12 (0.08) 0.03 9 (0.13) 0.04

Upper respiratory 
tract infection

7 (0.05) 0.02 10 (0.14) 0.05

Any vaccine-related 
SAEb

1 (,0.01) ,0.01 4 (0.06) 0.02

Abbreviations: FT, total follow-up time; FTAR, FT-adjusted AE rate (AEs per 100 PY); PY, 
person-years; SAE, serious adverse event.  
aEvents based on investigator reporting, not necessarily virologically confirmed. One 
participant experienced suspected dengue fever considered attributable to TAK-003; 
however, no febrile illness blood sample was available to test for vaccine viremia 
because the participant was afebrile.  
bThe trial investigator determined whether an adverse event was related to vaccine 
administration.
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to vaccine administration. Of those, 14 occurred in the placebo- 
controlled trials, with similar incidences (,0.1%) in the 
TAK-003 and placebo groups (Supplementary Tables 7 and 8). 
Ten deaths occurred in the TAK-003 group because of injuries 
(2 wounds, 2 road traffic accidents, and 1 craniocerebral injury), 
malignant ependymoma, suicide, asphyxia, cerebrovascular arte-
riovenous malformation, and multiple organ dysfunction syn-
drome. Four deaths in the placebo group were because of 
traumatic lung injury, adenocarcinoma of the colon, lung squa-
mous cell carcinoma, and aseptic meningitis.

Medically Attended AEs

Overall, 23.2% of TAK-003 and 24.2% of placebo recipients in 
DEN-304 and DEN-315 experienced a medically attended AE 
(Supplementary Table 10). Viral upper respiratory infection 
was the most common medically attended AE for both groups 
(TAK-003, 3.0%; placebo, 4.3%).

Subgroup Analyses

The safety profile observed when the integrated data were ana-
lyzed by subgroups was mostly consistent with the overall 
4–60-year-old population.

More solicited local AEs were reported by adolescents (45.8%) 
and adults (56.3%) than by children (36.5%) in the TAK-003 group 
(Supplementary Table 5). The overall incidence of reactogenicity 
was highest for seronegative TAK-003 recipients when assessed 
by baseline dengue serostatus (Supplementary Table 11), with 
higher AEs rates for adolescents (61.9% for local and 65.6% for sys-
temic AEs) and adults (60.0% and 49.8%, respectively) than for 
children (39.1% and 35.0%) (Supplementary Table 12). Baseline 
seronegative participants reported a greater number of unsolicited 
AEs with both TAK-003 and placebo (seronegative, 23.7%–24.7%; 
seropositive, 19.1%–22.0%). SAE rates were similar for TAK-003 
and placebo recipients, irrespective of baseline serostatus (seroneg-
ative, 5.7%–6.7%; seropositive, 6.6%–8.1%; Supplementary 
Table 13).

The patterns of solicited and unsolicited AEs when assessed by 
gender were similar to those observed in the overall analysis pop-
ulation. Female participants experienced solicited AEs more fre-
quently (52.3% vs 34.0% for male participants) after TAK-003 
dose, but clinically meaningful gender differences were not evi-
dent for unsolicited AEs or SAE rates (Supplementary 
Table 14). Further subgroup analyses (race, country, region, en-
demic/nonendemic region, baseline flavivirus vaccination status, 
or combinations of these variables) yielded neither any clinically 
meaningful differences between the TAK-003 and placebo recip-
ients nor any new identifiable safety risks.

VCD Leading to Hospitalization and Severe Forms of Dengue

The relative risk of VCD leading to hospitalization up to 36 
months after the second TAK-003 dose was 0.14 (95% CI, 
0.09–0.22) for baseline dengue seropositive participants and 

0.23 (95% CI, 0.13–0.41) for baseline dengue seronegative par-
ticipants (Supplementary Table 15). 

Exploratory analysis for baseline seronegative participants at 
serotype level revealed more hospitalized dengue cases caused 
by DENV-3 in TAK-003 recipients (11 of 3714 [0.30%]) than 
in placebo recipients (2 of 1832 [0.11%]) [27]. No efficacy has 
been shown against DENV-3 in baseline seronegative partici-
pants, and no imbalance in hospitalized dengue cases was ob-
served for the other serotypes; the absence of DENV- 
4 hospitalized cases did not allow an assessment [27]. When as-
sessed by year of follow-up after the second dose 
(Supplementary Table 16), it was evident that this imbalance 
in hospitalized DENV-3 cases occurred in the third year; in 
the first 2 years, DENV-3 cases were detected only in The 
Philippines and Thailand, whereas, in the third year, 
DENV-3 also circulated in Sri Lanka. Higher rates of dengue 
hospitalizations in Sri Lanka have been implicated as a major 
reason for the case distribution in the third year (see [27] for 
in-depth discussion). However, because the observed imbal-
ance was based on few cases derived from interim analyses 
that are exploratory at serotype level, and, because the trial is 
still ongoing for long-term follow-up, no firm conclusions 
can be drawn on possible causes at this stage.

By 3 years after the second dose, 10 of 13 380 
(0.07%) TAK-003 recipients and 17 of 6687 (0.25%) placebo re-
cipients had been identified as Dengue Case Severity 
Adjudication Committee–defined cases of severe dengue and/ 
or DHF. Of the 10 TAK-003 cases, 5 (0.05%) were baseline se-
ropositive and 5 (0.13%) were baseline seronegative; this in-
cluded 1 baseline seropositive participant and 2 baseline 
seronegative participants who experienced severe dengue. An 
imbalance in baseline seronegative participants was observed 
for severe forms of dengue, albeit based on very small numbers 
of cases: 5 (0.13%) in the TAK-003 group versus 1 (0.05%) in 
the placebo group; all were attributable to DENV-3 and oc-
curred across the trial years; severity did not increase over time.

DISCUSSION

The substantial increase in dengue over recent decades means 
that it remains one of the major threats to global health. In ad-
dition to expansion of the disease beyond tropical and subtrop-
ical countries, explosive outbreaks are now occurring, with the 
largest ever number of dengue cases reported recently in 2019 
[29]. Given the potential for more severe disease after reexpo-
sure, and the cocirculation of serotypes in endemic areas, there 
is a desperate unmet need for a tetravalent vaccine that can be 
administered regardless of previous dengue exposure.

CYD-TDV is currently the only licensed dengue tetravalent 
vaccine recommended for individuals with laboratory- 
confirmed previous DENV infection, limiting its clinical use 
and public health benefit [12, 13, 30]. In long-term safety 
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follow-up of TAK-003 to 3 years after the second vaccine dose, 
the incidences of VCD, hospitalized VCD, and severe dengue 
were substantially fewer for the TAK-003 than for the placebo 
recipients. Though there was an imbalance between TAK-003 
and placebo groups in hospitalized VCD, including severe 
forms of dengue caused by DENV-3 in baseline seronegative 
participants, the overall number of cases remained very small 
with no evidence of increased severity over time [27]. Some 
fluctuation in reported VCD cases over time is to be expected 
because of local epidemiology and varying efficacy of 
TAK-003 against individual serotypes. Ongoing data collection 
in the DEN-301 trial and postauthorization vigilance will allow 
close observation, further characterization, and assessment of 
possible causes of imbalances. Any hospitalized dengue cases 
caused by DENV-3 in baseline seronegative vaccinees, includ-
ing severe forms of dengue, warrant close monitoring and are 
considered an important potential risk in the TAK-003 Risk 
Management Plan. The same is true for hospitalized dengue 
cases caused by DENV-4, as the absence of cases did not allow 
an assessment.

Data from a single trial, DEN-301, predominate in this integrat-
ed analysis. Reactogenicity was higher for TAK-003 than for pla-
cebo recipients, led primarily by injection site reactions for 
adolescents and adults; nevertheless, reactogenicity rates overall 
were lower after the second than after the first dose of 
TAK-003. Injection site reactions are commonly observed with 
many vaccines, particularly live attenuated vaccines, and are gen-
erally mild and self-limiting without treatment [31]. The integrat-
ed analyses did not reveal any TAK-003–related anaphylactic 
reactions. As with all vaccines, continual close monitoring for po-
tential occurrence of rare hypersensitivity reactions after vaccina-
tion is integral to clinical trials and to postlicensure routine 
pharmacovigilance activities. Analyses of unsolicited AEs and 
SAEs up to 36 months after the second vaccine dose did not iden-
tify any unusual events considered to be a safety risk or concern.

While this analysis focused on randomized placebo- 
controlled trials, an additional 5571 participants comprised 
the TAK-003 clinical development program and participated 
in non–placebo-controlled trials or trials evaluating a different 
formulation of TAK-003. Safety data from these trials [14, 32– 
36], including 2 key trials evaluating coadministration of 
TAK-003 with yellow fever (DEN-305; NCT03342898) or hep-
atitis A (DEN-314; NCT03525119) vaccines, did not reveal any 
new safety risks other than those already presented in this inte-
grated analysis. The safety profile of TAK-003, combined with 
the favorable efficacy results from the ongoing phase 3 trial 
[24–27], indicates a promising potential for this vaccine as part 
of an integrated dengue control program.

In summary, no important safety risks were identified in this 
integrated safety analysis up to 36 months after the second dose 
of TAK-003, with a demonstration that it is well tolerated, irre-
spective of age, gender, or baseline dengue serostatus in 

recipients aged 4–60 years. While the TAK-003 safety profile 
is still evolving, with potential risks being closely monitored, 
these findings provide an encouraging advance in the search 
for a dengue tetravalent vaccine that is well tolerated by 
dengue-naive and dengue-exposed individuals and that can 
be integrated into a multimodal approach for dengue disease 
prevention in the future.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.
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