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ABSTRACT

BACKGROUND

Butantan-Dengue Vaccine (Butantan-DV) is an investigational, single-dose, live,
attenuated, tetravalent vaccine against dengue disease, but data on its overall
efficacy are needed.

METHODS

In an ongoing phase 3, double-blind trial in Brazil, we randomly assigned participants
to receive Butantan-DV or placebo, with stratification according to age (2 to 6 years, 7
to 17 years, and 18 to 59 years); 5 years of follow-up is planned. The objectives of the
trial were to evaluate overall vaccine efficacy against symptomatic, virologically con-
firmed dengue of any serotype occurring more than 28 days after vaccination (the
primary efficacy end point), regardless of serostatus at baseline, and to describe safety
up to day 21 (the primary safety end point). Here, vaccine efficacy was assessed on the
basis of 2 years of follow-up for each participant, and safety as solicited vaccine-related
adverse events reported up to day 21 after injection. Key secondary objectives were to
assess vaccine efficacy among participants according to dengue serostatus at baseline
and according to the dengue viral serotype; efficacy according to age was also assessed.

RESULTS
Over a 3-year enrollment period, 16,235 participants received either Butantan-DV
(10,259 participants) or placebo (5976 participants). The overall 2-year vaccine effi-
cacy was 79.6% (95% confidence interval [CI], 70.0 to 86.3) — 73.6% (95% CI, 57.6
to 83.7) among participants with no evidence of previous dengue exposure and
89.2% (95% CI, 77.6 to 95.6) among those with a history of exposure. Vaccine effi-
cacy was 80.1% (95% CI, 66.0 to 88.4) among participants 2 to 6 years of age, 77.8%
(95% CI, 55.6 to 89.6) among those 7 to 17 years of age, and 90.0% (95% CI, 68.2 to
97.5) among those 18 to 59 years of age. Efficacy against DENV-1 was 89.5% (95% ClI,
78.7 to 95.0) and against DENV-2 was 69.6% (95% CI, 50.8 to 81.5). DENV-3 and
DENV-4 were not detected during the follow-up period. Solicited systemic vaccine- or
placebo-related adverse events within 21 days after injection were more common
with Butantan-DV than with placebo (58.3% of participants, vs. 45.6%).

CONCLUSIONS

A single dose of Butantan-DV prevented symptomatic DENV-1 and DENV-2, regard-
less of dengue serostatus at baseline, through 2 years of follow-up. (Funded by
Instituto Butantan and others; DEN-03-IB ClinicalTrials.gov number, NCT02406729,
and WHO ICTRP number, U1111-1168-8679.)

N ENGL ) MED 390;5 NEJM.ORG FEBRUARY 1, 2024

The New England Journal of Medicine

Copyright © 2024 Massachusetts Medical Society. All rights reserved.

The authors’ full names, academic degrees,
and affiliations are listed in the Appendix.
Dr. Castro Boulos can be contacted at
fernanda.boulos@fundacaobutantan.org.br
or at Instituto Butantan, Avenue Vital
Brasil, 1500-Butantd, S3o Paulo, Brazil.

N Engl ) Med 2024;390:397-408.
DOI: 10.1056/NEJM0a2301790
Copyright © 2024 Massachusetts Medical Society.

at NEJM.org

397

ownloaded from nejm.org at CCSS CAJA COSTARRICENSE DE SEGURO SOCIAL BINASSS on February 26, 2024. For personal use only. No other uses without permissiol


http://clinicaltrials.gov/show/NCT02406729
https://trialsearch.who.int/Trial2.aspx?TrialID=NCT02406729

398

A Quick Take
is available at
NEJM.org

The NEW ENGLAND JOURNAL of MEDICINE

OUR SEROTYPES OF DENGUE VIRUS (DENV)

circulate worldwide, causing an estimated

390 million infections annually."® The larg-
est burden of dengue disease occurs in Southeast
Asia and Central and South America.* In Brazil,
DENV is hyperendemic, with varying incidence
across the country.” Although most primary
DENV infections are asymptomatic or subclini-
cal,! DENV can result in severe disease,? particu-
larly with secondary heterotypic infection.>®’
The goal of a dengue vaccine is to offer protec-
tion against all DENV serotypes.

There are currently two licensed tetravalent,
live, attenuated dengue vaccines. CYD-TDV
(Dengvaxia, Sanofi Pasteur), a three-dose dengue
vaccine derived from the yellow fever virus, is
licensed in several countries and is typically in-
dicated for persons 9 to 45 years of age.®° An
increased risk of severe dengue after CYD-TDV
vaccination among persons with no history of
dengue infection has been observed.'®™ There-
fore, the World Health Organization (WHO) has
recommended limiting the use of CYD-TDV to
persons previously exposed to dengue or, if screen-
ing is not available, to areas in which the disease
is endemic (with a seroprevalence of at least 80%
by 9 years of age).!* Recently, TAK-003, also known
as Qdenga (Takeda), a two-dose dengue vaccine
derived from DENV-213 received approval in In-
donesia for persons 6 to 45 years of age,™ in the
European Union for persons 4 years of age or
older,” and in Brazil for persons 4 to 60 years of
age'®; approvals were for use of the vaccine in
persons regardless of their dengue serostatus.
An unmet need remains for a dengue vaccine
that offers protection from a single dose across
a wide age range, regardless of dengue serostatus
at baseline.

Butantan-Dengue Vaccine (Butantan-DV) is a
single-dose, live, attenuated, tetravalent dengue
vaccine candidate composed of vaccine viruses
representing all four DENV serotypes analogous
to the TV003 formulation developed by the Na-
tional Institutes of Health.”” Numerous phase 1
studies of TV003 have shown the vaccine to be
immunogenic, with a generally acceptable side-
effect profile.’*?2 In a phase 2 trial involving adults
in Brazil, Butantan-DV elicited immune respons-
es across the four serotypes and had a generally
acceptable side-effect profile, both in persons with
no history of dengue exposure and those who
had a history of exposure to dengue.?
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Here, we report the efficacy and safety find-
ings from 2 years of follow-up in an ongoing
phase 3 trial to evaluate a single dose of Butantan-
DV for the prevention of symptomatic, virologi-
cally confirmed dengue infection in children,
adolescents, and adults regardless of their history
of dengue exposure.

METHODS

TRIAL DESIGN, PARTICIPANTS, AND OVERSIGHT
DEN-03-IB is an ongoing phase 3, randomized,
double-blind, placebo-controlled trial, with 5 years
of planned follow-up, being conducted at 16 sites
in Brazil. The individual-level data according to
trial-group assignment were prespecified to re-
main concealed through the end of the trial;
thus, participant-level safety data are only avail-
able in an unblinded manner to prespecified
members of the study team and to the external
independent data and safety monitoring com-
mittee. Participants were eligible if they were 2
to 59 years of age and were healthy or had
clinically controlled disease. Key exclusion crite-
ria included immunocompromising conditions,
pregnancy, and previous receipt of a dengue vac-
cine. All inclusion and exclusion criteria are listed
in the protocol, available with the full text of
this article at NEJM.org.

Participants underwent randomization accord-
ing to age (2 to 6 years of age, 7 to 17 years of age,
and 18 to 59 years of age) and in a 2:1 ratio to
receive a single dose of Butantan-DV or placebo.
Enrollment occurred from February 2016 to July
2019, starting with the adult group and proceed-
ing to the remaining age groups in descending
order after interim safety analyses were performed
by the data and safety monitoring committee.

The trial was conducted in accordance with
the International Conference on Harmonisation
Good Clinical Practice guidelines and was ap-
proved by the Brazilian Ministry of Health. Par-
ticipants or their legal representatives provided
written informed consent; assent was obtained
for children 7 to 17 years of age. The data and
safety monitoring committee provided safety
oversight. The conduct of the trial was overseen
by Instituto Butantan, which designed the proto-
col and managed the data. Investigators and site
staff provided feedback on the trial design and
collected the data. Additional data management
and analyses were supported by Merck Sharp
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and Dohme (a subsidiary of Merck). To maintain
blinding of the participants and the investiga-
tors to the data in this ongoing trial, the authors
who were involved in participant follow-up had
limited access to the trial data. Authors who
were not involved in participant follow-up had
full access to the data. The authors vouch for the
completeness and accuracy of the data and for
the fidelity of the trial to the protocol.

RANDOMIZATION AND BLINDING
Computer-generated randomization sequences for
each age strata were entered into an electronic
central randomization system by an independent
statistician. The syringes containing vaccine or
placebo were prepared by a trial pharmacist who
was aware of the syringe contents and was not
involved in subsequent participant assessments.
Other site staff, the data management team, and
the participants remained unaware of group as-
signments and data during the trial.

PROCEDURES

A blood sample was obtained before injection
with vaccine or placebo to retrospectively deter-
mine the participants’ dengue serostatus at base-
line with the use of a validated virus reduction
neutralization test with a 60% neutralization cut-
off (VRNT,; details are provided in the Supple-
mental Methods section of the Supplementary
Appendix, available at NEJM.org).>’** Previous
exposure to any DENV serotype was defined as
a baseline VRNT, titer against any of the four
serotypes above the lower limit of quantification
(i.e., 218 for DENV-1, >15 for DENV-2, >12 for
DENV-3, or >13 for DENV-4). At the same visit
(day 0), a single 0.5-ml dose of either Butantan-DV
or placebo was administered subcutaneously. The
participants were instructed to complete a patient
diary to record adverse events for 21 days after
injection. A follow-up visit occurred at week 4
for all participants. Follow-up contacts to check
the occurrence of adverse events and the possibil-
ity of dengue were conducted at least monthly by
means of electronic communication, by telephone,
or in person throughout the 2-year follow-up
period.

VACCINE DESCRIPTION

Butantan-DV is composed of attenuated vaccine
viruses for DENV-1, DENV-3, and DENV-4
(rDENV1A30, rDENV3A30/31, and rDENV4A30)

and a chimeric vaccine virus containing the
DENV-2 genes encoding the premembrane (prM)
and envelope (E) proteins on the attenuated
DENV-4 background (rDENV2/4A30[ME])."” The
vaccine was produced, formulated, and lyophilized
at Instituto Butantan. The lyophilized product
was reconstituted with phosphate buffer. Each
0.5-ml dose of Butantan-DV targeted delivery of
10°® plaque-forming units of each vaccine virus
strain. The placebo dose contained 0.5 ml of
customized Leibovitz medium that had been pre-
pared at a double concentration, lyophilized, and
reconstituted with phosphate buffer.

EFFICACY ASSESSMENTS AND END POINTS

Vaccine efficacy was assessed on the basis of
symptomatic, virologically confirmed dengue
occurring more than 28 days after injection.
Participants were instructed to seek out the trial
team if they had a fever or other symptoms that
could be present in a case of dengue. A blood
sample was collected, preferably within 9 days
after the onset of symptoms, to evaluate the pos-
sibility of dengue. Virologic confirmation and de-
termination of serotype were made with the use of
a fourplex reverse-transcriptase—polymerase-chain-
reaction assay.” Vaccine efficacy according to
previous dengue exposure was calculated for
participants who had dengue serostatus at base-
line (i.e., those who had preinjection VRNT,,
results).

Here we report the prespecified vaccine effi-
cacy analysis from 2 years of follow-up for each
participant. The primary efficacy end point was
symptomatic, virologically confirmed dengue
more than 28 days after injection regardless of
previous exposure to dengue. Key secondary end
points included virologically confirmed dengue
more than 28 days after injection according to
dengue serostatus at baseline and according to
the dengue viral serotype. A subgroup analysis
determined vaccine efficacy according to age

group.

SAFETY ASSESSMENTS AND END POINTS

Safety assessments included the monitoring of
solicited (administration-site and systemic) and
unsolicited adverse events that occurred within
21 days after injection. Unsolicited adverse events,
including serious adverse events, were recorded
throughout the follow-up period. Participants
recorded adverse events in a diary during the
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21 days after injection and reported adverse event
by means of periodic telephone calls; the inves-
tigators evaluated adverse events for severity and
causality with respect to the vaccine or placebo.
In this trial, all adverse events that presented a
reasonable causal relation to the vaccine or pla-
cebo were considered to be adverse reactions
and are referred to as vaccine- or placebo-related
adverse events in this report.

The primary safety end point was solicited
(administration-site and systemic) and unsolicited
vaccine- or placebo-related adverse events through
day 21 in participants 2 to 59 years of age regard-
less of previous exposure to dengue. Key second-
ary end points included solicited and unsolicited
vaccine- or placebo-related adverse events through
day 21 according to dengue serostatus at base-
line and according to age group and the fre-
quency of unsolicited vaccine- or placebo-related
adverse events after day 22.

STATISTICAL ANALYSIS

To calculate the sample size for analysis of the
primary end point (vaccine efficacy), we used the
formula developed by Blackwelder®® with Poisson
approximation (see the protocol and Supplemen-
tal Methods). The primary efficacy analysis was
performed in the per-protocol population, which
included all eligible participants who had not
used restricted medications and had provided
written informed consent, undergone random-
ization, and received their assigned vaccine or
placebo in accordance with the handling and
administration conditions recommended by the
manufacturer.

Vaccine efficacy was determined with the
use of the following formula: vaccine efficacy =
[1-(1+s)01+[1-6], in which s is the ratio of follow-
up times in the control group to that in the vac-
cine group and 6 is the proportion of all dengue
cases that occurred in the vaccine group. Vaccine
efficacy was calculated with the use of the con-
ditional approximation described by Chan and
Bohidar,” with confidence intervals calculated
with the use of Blaker’s method* (see Supple-
mental Methods). The end point of vaccine effi-
cacy was considered to have been met if the
lower bound of the two-sided 95% confidence
interval was greater than 25% for DENV disease
caused by any serotype (combined) for the primary
end point or caused by each serotype (separately)
for the secondary end points. Vaccine efficacy

was calculated on the basis of 2 years of follow-
up for each participant.

Safety analyses were performed in the as-
treated population (all participants who had un-
dergone randomization and received at least one
dose of vaccine or placebo and were assessed
according to the injection they actually received).
Descriptive summaries, the frequency of vaccine-
or placebo-related adverse events through day 21
after injection and the frequency of unsolicited
vaccine- or placebo-related adverse events through
2 years of follow-up were summarized.

RESULTS

PARTICIPANTS

A total of 16,235 participants underwent random-
ization and received vaccine (10,259 participants)
or placebo (5976 participants) (Fig. 1). The per
protocol efficacy population included 10,215 in
the vaccine group and 5947 in the placebo group.
Characteristics of the participants at baseline
were generally similar in the two groups (Table 1)
and were generally representative of persons at
risk for dengue disease in Brazil (Table S3 in
the Supplementary Appendix). Approximately one
third of the participants were enrolled in each of
the three age groups, according to the protocol.
Nearly half the participants (47.3% in the vaccine
group and 45.2% in the placebo group) did not
have evidence of previous exposure to any DENV
serotype. Characteristics of each age group at
baseline were generally consistent with the over-
all population. However, in both the vaccine
group and placebo group, a higher percentage of
participants with evidence of previous dengue
exposure was observed in the older age groups
(7 to 17 years of age and 18 to 59 years of age)
than in the youngest age group (2 to 6 years of age)
(Table S4).

INCIDENCE OF SYMPTOMATIC VIROLOGICALLY
CONFIRMED DENGUE

The cumulative incidence of symptomatic viro-
logically confirmed dengue for any DENV sero-
type over time for each trial group is shown in
Figure 2. During 2 years of follow-up, 135 par-
ticipants had virologically confirmed dengue
that occurred more than 28 days after injection:
59 cases of DENV-1 and 76 cases of DENV-2
(Table 2). Cases of DENV-3 or DENV-4 were not
observed.

N ENGLJ MED 390;5 NEJM.ORG FEBRUARY 1, 2024

The New England Journal of Medicine

ownloaded from nejm.org at CCSS CAJA COSTARRICENSE DE SEGURO SOCIAL BINASSS on February 26, 2024. For personal use only. No other uses without permissiol

Copyright © 2024 Massachusetts Medical Society. All rights reserved.



BUTANTAN—DENGUE VACCINE IN CHILDREN AND ADULTS

EFFICACY
Over the 2-year follow-up, vaccine efficacy against
any DENV serotype was 79.6% (95% CI, 70.0 to
86.3) (Table 2). Secondary end points of serotype-
specific vaccine efficacy were 89.5% (95% CI, 78.7
to 95.0) against DENV-1 and 69.6% (95% CI, 50.8
to 81.5) against DENV-2. Regarding baseline den-
gue serostatus, vaccine efficacy against any sero-
type was 73.6% (95% CI, 57.6 to 83.7) among
participants without evidence of previous dengue
exposure (7516 participants) and 89.2% (95% CI,
77.6 to 95.6) among those with evidence of previ-
ous dengue exposure (8017 participants).
Vaccine efficacy through the 2-year follow-up

according to age group and according to age sub-
groups that were defined on the basis of dengue
serostatus at baseline is shown in Table S5. Vac-
cine efficacy against any DENV serotype regard-
less of dengue serostatus at baseline, according
to age group, was 80.1% among participants 2
to 6 years of age (95% CI, 66.0 to 88.4), 77.8%
among those 7 to 17 years of age (95% CI, 55.6
to 89.6), and 90.0% among those 18 to 59 years
of age (95% CI, 68.2 to 97.5).

SAFETY
The percentage of participants with serious adverse
events occurring within 21 days after injection

16,363 Participants were assessed for eligibility

128 Were ineligible

16,235 Underwent randomization

10,256 Were assigned to receive vaccine

2 Did not receive a

o 5977 Were assigned to receive placebo
randomization no.

1 Was assigned to receive
vaccine but received placebo

3 Were assigned to receive
placebo but received vaccine

1 Who did not receive >
randomization no.
received vaccine

10,259 Received vaccine and were included
in the as-treated safety population

44 Were excluded from the
per-protocol population
26 Did not give consent
6 Were pregnant or breast-
feeding
3 Met other exclusion
criteria
9 Had other reason

10,215 Were included in the per-protocol
efficacy population

3 Were assigned to receive
placebo but received vaccine

1 Was assigned to receive
vaccine but received placebo
1 Who did not receive
randomization no.
received placebo

5976 Received placebo and were included
in the as-treated safety population

29 Were excluded from the
per-protocol population
15 Did not give consent
6 Were pregnant or breast-
feeding
5 Met other exclusion
criteria
3 Had other reason

5947 Were included in the per-protocol
efficacy population

Figure 1. Screening, Randomization, and Follow-up.

Participants excluded from the per-protocol population may have more than one reason for exclusion. Participants excluded for nonconsent
include those for whom documentation was missing and those who withdrew consent. Other reasons for exclusion from the per-protocol
population include failure to receive the trial injection according to the schedule or receipt of improperly stored vaccine or placebo.
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Table 1. Characteristics of the Participants at Baseline.*
Vaccine Placebo Total
(N=10,259) (N=5976) (N=16,235)
Sex — no. (%)
Female 5555 (54.1) 3216 (53.8) 8771 (54.0)
Male 4704 (45.9) 2760 (46.2) 7464 (46.0)
Age distribution — no. (%)
2-6yr 3337 (32.5) 1679 (28.1) 5016 (30.9)
7-17 yr 3376 (32.9) 1771 (29.6) 5147 (31.7)
18-59 yr 3546 (34.6) 2526 (42.3) 6072 (37.4)
Median age (IQR) — yr 11 (5-31) 4 (6-36) 12 (6-33)
Race or ethnic group — no. (%)t
Pardo 7017 (68.4) 4036 (67.5) 11,053 (68.1)
White 2410 (23.5) 1402 (23.5) 3812 (23.5)
Black 655 (6.4) 408 (6.8) 1063 (6.5)
Asian 149 (1.5) 114 (1.9) 263 (1.6)
Indigenous or other 28 (0.3) 6 (0.3) 44 (0.3)
Hispanic ethnic group — no. (%) 7
No 10,068 (98.1) 5861 (98.1) 15,929 (98.1)
Yes 191 (1.9) 115 (1.9) 306 (1.9)
Previous exposure to DENV — no. (%)
Yes
Any serotype 5009 (48.8) 3041 (50.9) 8050 (49.6)
Monovalent 591 (5.8) 304 (5.1) 895 (5.5)
Bivalent 340 (3.3) 173 (2.9) 513 (3.2)
Trivalent 462 (4.5) 318 (5.3) 780 (4.8)
Tetravalent 3616 (35.2) 2246 (37.6) 5862 (36.1)
No 4855 (47.3) 2700 (45.2) 7555 (46.5)
Unknown or missing data§ 395 (3.9) 235 (3.9) 630 (3.9)
Previous exposure to DENV, by serotype — no. (%)
DENV-1 4295 (41.9) 2666 (44.6) 6961 (42.9)
DENV-2 4487 (43.7) 2766 (46.3) 7253 (44.7)
DENV-3 3801 (37.1) 2365 (39.6) 6166 (38.0)
DENV-4 4538 (44.2) 2791 (46.7) 7329 (45.1)
Unknown or missing data§ 395 (3.9) 235 (3.9) 630 (3.9)

* Each participant can be counted in one or more applicable rows. DENV denotes dengue virus and VRNT,  60% virus
reduction neutralization test.

T Race and ethnic group were reported by the participants. American Indian and Alaska Native were reported as
Indigenous, Black and African American were reported as Black, multiracial Brazilian was reported as Pardo, and
Hispanic and Latino were reported as Hispanic.

1 Previous exposure to dengue virus is defined as a baseline DENV-1 VRNT titer of at least 18, DENV-2 VRNT_ titer of
at least 15, DENV-3 VRNT_ titer of at least 12, or DENV-4 VRNT__ titer of at least 13.

§ Unknown results include missing test results and results from samples obtained from participants who did not provide
written informed consent or who were not tested for DENV-3. Missing data denotes participants who did not undergo
serologic testing because they did not provide informed consent or for other reasons.
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was similar in the two groups. Serious adverse
events occurred in 20 participants in the vaccine
group (0.2%) and in 8 participants in the place-
bo group (0.1%) (Table 3 and Table S6). One
death that was not related to the vaccine or pla-
cebo (as assessed by the investigator) occurred
within 21 days after injection. The percentage of
participants with serious adverse events in the
2-year follow-up period was 3.9% in the vaccine
group and 4.0% in the placebo group (Table S7).
There were 16 deaths in the 2-year follow-up
period: 9 in the vaccine group and 7 in the placebo
group. None of the deaths were deemed by the
investigators to be caused by dengue or related
to the vaccine or placebo.

Within 21 days after injection, three partici-
pants in the vaccine group and two participants
in the placebo group had serious adverse events
that were considered to be related to the vaccine
or placebo (Table 3). Two additional partici-
pants had vaccine- or placebo-related serious
adverse events occurring at 22 days or later after
injection, for a total of seven vaccine- or placebo-
related serious adverse events (i.e., Bell’s palsy,
bronchospasm, facial paralysis, Guillain-Barré
syndrome, peripheral neuropathy, transverse sinus
thrombosis, and viral infection) in the 2 years of
follow-up. The trial-group assignments with re-
spect to the participant-level safety data remain
concealed; however, the data and safety monitor-
ing committee reviewed all serious adverse events
and did not recommend unblinding of the safety
data in any case.

The majority of solicited and unsolicited ad-
verse events occurring within 21 days after injec-
tion were mild to moderate in severity (Tables S8
and S9). The percentage of participants with
solicited systemic, vaccine- or placebo-related
adverse events was higher among those who re-
ceived vaccine (58.3%) than among those who
received placebo (45.6%) (Table 3). The solicited
administration-site, vaccine- or placebo-related
adverse event that was most reported was ad-
ministration-site pain reported by 14.9% of the
participants in the vaccine group and by 11.1%
of those in the placebo group. The solicited sys-
temic, vaccine- or placebo-related adverse events
that were reported most were headache (report-
ed by 36.4% of the participants in the vaccine
group and by 30.9% of those in the placebo
group), fatigue (reported by 19.3% and 15.1%,
respectively), and rash (reported by 22.5% and
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Years since Injection
No. at Risk
Placebo 5,946 5,865 5,811 5,741 5,668 5,571
Vaccine 10,213 10,014 9,925 9,840 9,750 9,628
Figure 2. Cumulative Incidence of Virologically Confirmed Dengue through
2-Year Follow-Up.
Shown is the incidence of symptomatic, virologically confirmed dengue oc-
curring more than 28 days after injection through the end of the 2-year follow-
up period. Analysis excludes results that did not follow standard operating
procedures for the reverse-transcriptase—polymerase-chain-reaction-assay.
I bars indicate 95% confidence intervals.

4.2%, respectively). The percentage of participants
with adverse events occurring within 21 days
after injection according to age group and den-
gue serostatus at baseline are shown in Table $10
and S11. The percentage of participants with
solicited systemic, vaccine- or placebo-related
adverse events tended to be higher as participant
age increased.

DISCUSSION

A single dose of Butantan-DV was efficacious in
children, adolescents, and adults across an age
range of 2 to 59 years in this ongoing phase 3
trial. Our primary efficacy criterion was met, with
a vaccine efficacy of approximately 80% for pro-
tection against symptomatic, virologically con-
firmed dengue through 2 years of follow-up.
Solicited systemic, vaccine- or placebo-related ad-
verse events were reported more frequently by
recipients of Butantan-DV than by recipients of
placebo, a finding that is similar to the safety
profile described in the phase 2 trial.?®
Approximately half the participants in our
trial did not have evidence of previous dengue
exposure at baseline, which enabled robust as-
sessments of vaccine efficacy and safety in this
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BUTANTAN-DENGUE VACCINE IN CHILDREN AND ADULTS

population. After 2 years of follow-up, vaccine
efficacy was nearly 74% in participants without
evidence of previous dengue exposure. Previous
evaluations of the yellow fever—based CYD-TDV
dengue vaccine showed an increased risk of se-
vere dengue after vaccination in persons without
previous exposure to dengue,® a finding that
highlights the need for inclusion of this popula-
tion in studies of dengue vaccines. In the current
trial, we enrolled a substantial percentage of
participants without previous dengue exposure
whom we plan to follow-up for a projected
5 years in a country where dengue is endemic,
thereby allowing a careful assessment of vaccine
efficacy and safety in this population.

The effect of dengue serostatus at baseline on
vaccine efficacy and safety is particularly impor-
tant for young children, who are less likely to
have had previous dengue exposure at the time
of vaccination. In previous studies of CYD-TDV,
vaccine efficacy was lower among young chil-
dren (<9 years of age) than among children
9 years of age or older, who were not as likely to
be seronegative.!’ In addition, children between
2 and 5 years of age who were seronegative had
an increased risk of hospitalization or severe
dengue after CYD-TDV vaccination.”’ In the cur-
rent trial, approximately one third of the partici-
pants were 2 to 6 years of age, 81% of whom had
not had previous dengue exposure, which makes
this age group an ideal target for vaccination to
protect against first infection. After 2 years of
follow-up, vaccine efficacy among children 2 to
6 years of age without previous dengue exposure
was 73%, a finding which is similar to that in
the older age groups. In addition, no safety
concerns were identified among all three age
groups regardless of dengue exposure. Longer-
term follow-up of the youngest age group will be
important to assess the durability of protection
conferred by Butantan-DV and the severity of any
breakthrough infections after vaccination.

A single dose of Butantan-DV offered protec-
tion against symptomatic, virologically confirmed
dengue over the follow-up period. In previous
trials, a second dose of Butantan-DV or TV003
given at 6 months or 12 months did not induce
vaccine viremia or substantially boost antibody
responses.’”?1? Thus, the single-dose schedule
of Butantan-DV was advanced to the current
phase 3 trial. The utility, if any, of a booster dose
given after an extended period (>12 months) is

N ENGL J MED 390;5

Table 3. Adverse Events within 21 Days after Injection.*
Vaccine Placebo
Adverse Event Type (N=10,259) (N=5976)
no. (%)
Any adverse event 7137 (69.6) 3595 (60.2)
Serious 20 (0.2) 8 (0.1)
Unsolicited 3360 (32.8) 1917 (32.1)
Systemic 6204 (60.5 2864 (47.9)
Event related to vaccine or placebo 6527 (63.6 3109 (52.0)
Serious 3 (<0.1 2 (<0.1)
Unsolicited 1391 (13.6 720 (12.0)
Solicited 6395 (62.3) 2998 (50.2)
Administration-site adverse event: 2012 (19.6 879 (14.7)
Pain 1527 (14.9 665 (11.1)
Pruritus 585 (5.7) 239 (4)
Erythema 318 (3.1) 92 (1.5)
Induration 195 (1.9) 94 (1.6)
Swelling 120 (1.2) 63 (1.1)
Systemic adverse event 5980 (58.3 2725 (45.6)
Headache 3734 (36.4) 1846 (30.9)
Asthenia 1984 (19.3 905 (15.1)
Exanthema 2312 (22.5 250 (4.2)
Myalgia 1789 (17.4 757 (12.7)
Pruritus 1938 (18.9 526 (8.8)
Retro-orbital eye pain 1618 (15.8 641 (10.7)
Nausea 1244 (12.1 631 (10.6)
Arthralgia 1152 (11.2 487 (8.1)
Photophobia 993 (9.7) 486 (8.1)
Pyrexia§ 1047(10.2 398 (6.7)
Chills 871 (8.5) 328 (5.5)
Vomiting 574 (5.6) 291 (4.9)

* For specific administration-site and systemic adverse events, every participant

was counted once for each applicable row and column.

T All adverse events that presented a reasonable causal relation to the trial
vaccine or placebo were considered to be vaccine- or placebo-related adverse

events.

1 All administration-site reactions after injection were considered to be adverse

events with causal relation to the vaccine or placebo.

§ Pyrexia (fever) was solicited on the form for reporting form for data relative
to suspected dengue from the time of injection through day 21 after injection.

NEJM.ORG

not currently known. There are several advan-
tages to a single-dose dengue vaccine. Protection
from disease after one dose of vaccine may be
especially important for travelers or for an
outbreak response when rapid protection is
needed. A one-dose schedule eliminates the time

FEBRUARY 1, 2024

The New England Journal of Medicine

Copyright © 2024 Massachusetts Medical Society. All rights reserved.

405

ownloaded from nejm.org at CCSS CAJA COSTARRICENSE DE SEGURO SOCIAL BINASSS on February 26, 2024. For personal use only. No other uses without permissiol



406

The NEW ENGLAND JOURNAL of MEDICINE

between doses in which a person may have par-
tial or incomplete immunity. Furthermore, a one-
dose vaccine may ease logistic and economic
considerations, simplify vaccine scheduling, and
increase uptake.

The safety profile of Butantan-DV reported
here is consistent with that shown in a previous
phase 2 trial of Butantan-DV* and numerous
phase 1 studies of the analogous vaccine
TV003."*22 The incidence of rash among Butan-
tan-DV vaccinees in this trial was numerically
lower (23%) than that observed in the phase 2
trial of Butantan-DV (45 to 65%).2 The reasons
for the differences between the trials in the in-
cidence of observed rash are not known, and
demographic characteristics of the participants
or their dengue serostatus at baseline could af-
fect the results. The phase 2 trial was conducted
in an area where most of the population had not
had previous exposure to dengue and rash was
observed more frequently among participants
who did not have previous exposure to DENV
(65%) than among those who had a history of
exposure (45%).* In addition, observer percep-
tion may play a role. In this trial, rash was re-
ported by the participant or parent; in the phase
2 trial, rash was reported by a trial physician.

Our trial had several limitations. Cases of
DENV-3 or DENV-4 were not observed during
the follow-up period, thereby preventing the
evaluation of vaccine efficacy against these sero-
types. The absence of DENV-3 and DENV-4 cor-
responds with the lower circulation of these DENV
serotypes in Brazil during the trial period.?**
Although numerous DENV serotypes cocirculate
and infect a wide range of populations, DENV-1
and DENV-2 may be more commonly associated
with disease and (in the case of DENV-2) severe
clinical outcomes®3* and are the serotypes against
which the vaccine trial showed protection. The
effect of preexisting immunity from other flavi-
viruses (i.e., the viruses that cause Zika and
yellow fever) on subsequent DENV infection or
Butantan-DV vaccination needs to be explored.
The large-scale Zika outbreak in Brazil may have
driven lower incidence rates of dengue in 2016
through 2018, shortly after the start of this
trial. The incidence of dengue with warning

signs and severe dengue during the 2-year follow-
up period was low in both the vaccine and pla-
cebo groups, a finding that is reflective of the
overall lower rates of virologically confirmed
dengue, precluding meaningful analyses and
potentially resulting in the unblinding of data in
this ongoing trial. Serologic tests for dengue
inherently capture cross-reactive antibodies®?’;
thus, understanding the effects of type-specific
immunity at baseline on vaccine efficacy is not
possible at this time. We report the prespecified
outcomes for the initial 2 years of the trial; on-
going assessments through 5 years of follow-up,
as recommended by the WHO,* aim to provide
longer-term insights regarding safety and effi-
cacy.

In this phase 3 trial, a single administration
of Butantan-DV was shown to have a favorable
safety profile and be efficacious in preventing
symptomatic, virologically confirmed dengue
caused by DENV-1 and DENV-2, irrespective of
previous dengue exposure, throughout a 2-year
follow-up. These data support the continued de-
velopment of Butantan-DV for the prevention of
dengue disease in adults and children.
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