
R

S
d

V
V

a

A
R
R
A
A

K
D
C
M
S
E
I

1

t
o
n
m
[
a

f
a
o
l

m

h
0

Vaccine 32 (2014) 4885–4892

Contents lists available at ScienceDirect

Vaccine

j our na l ho me page: www.elsev ier .com/ locate /vacc ine

eview

afety,  immunogenicity  and  efficacy  of  a  recombinant  tetravalent
engue  vaccine:  A  meta-analysis  of  randomized  trials

ivaldo  G.  da  Costa ∗,  Ariany  C.  Marques-Silva,  Vitor  G.  Floriano,  Marcos  L.  Moreli ∗

irology Laboratory, Federal University of Goiás, BR 364 Km 192. Pq Industrial 3800, 75801615 Jataí, GO, Brazil

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 14 May  2014
eceived in revised form 17 June 2014
ccepted 8 July 2014
vailable online 19 July 2014

eywords:
engue vaccine
YD-TDV
eta-analysis

afety
fficacy
mmunogenicity

a  b  s  t  r  a  c  t

The  World  Health  Organization  has  stipulated  a target:  reduce  the  mortality  rate  caused  by  dengue  disease
by 50%  until  2020.  Most  likely,  this  goal  can  be  achieved  by means  of  a  dengue  vaccine.  Accordingly,  the
recombinant  and  tetravalent  dengue  vaccine  (CYD-TDV),  developed  by the Sanofi  Pasteur  Group,  is in
an advanced  stage  of human  testing.  Although  there  are  multiple  randomized,  placebo-controlled  trials
evaluating  the  CYD-TDV,  individual  results  may  have  little  power  to  identify  differences  between  the
populations  studied.  Thus,  we  conducted  a meta-analysis  to  determine  a more  precise  estimate  of  the
overall  parameters  of  safety,  immunogenicity  and  efficacy  of CYD-TDV.  A data  search  was  conducted  in
the  PubMed,  Medline,  Cochrane  Central  Register  of  Controlled  Trials  and  SciELO  databases  with  defined
selection  criteria.  We included  for  meta-analysis  seven  randomized  and  placebo-controlled  studies  that
included 6678  patients  randomized  to  receive  the  CYD-TDV  (4586)  or placebo  (2092).  Regarding  vaccine
safety,  it was  found  that  there  was no significant  difference  between  treated  and  placebo  groups,  as  only
approximately  5.5%  of patients  were  withdrawn  from  the  study.  Regarding  immunogenicity,  the  levels  of
neutralizing  antibodies  were  measured  by  weighted  mean  differences  (WMD),  which  were  always  higher
in the  vaccinated  group  (WMD/DENV1  = 59.7,  95%  confidence  interval  [CI]  57–61;  WMD/DENV2  =  99,

95%  CI  95–102;  WMD/DENV3  = 138,  95% CI 133–142;  WMD/DENV4  =  123,  95% CI 119–126).  The  clinical
efficacy of  the vaccine  was  59%  (95%  CI  15–80;  RR =  0.41,  95%  CI 0.2–0.85,  I2 =  30.9%).  In conclusion,  safety
and  a balanced  immune  response  to  the  CYD-TDV  were  found.  However,  to fully  establish  the  clinical
effectiveness  and  robustness  of  immunogenicity,  it is necessary  to  perform  further  studies  to assess  the
long-term  effects  of  the  vaccine.

©  2014  Elsevier  Ltd. All  rights  reserved.
. Introduction

A dengue vaccine is a matter of priority for many countries due
o increasing viral loads of dengue virus (DENV), to which half
f the world’s population is exposed, and due to the increasing
umber of severe disease cases. Moreover, a specific antiviral treat-
ent does not exist, and the disease leads to high financial burdens

1,2]. Therefore, dengue is an important public health problem for
pproximately 120 countries [3,4].

DENV belongs to the genus Flavivirus (FV) and is classified into
our serotypes (DENV1-4) which have distinct phylogenetic and

ntigenic characteristics [5,6]. This has hindered the development
f a dengue vaccine. It is necessary that the new vaccine be tetrava-
ent, because all four dengue serotypes can cause severe disease

∗ Corresponding authors. Tel.: +55 64 3606 8350; fax: +55 64 3606 8200.
E-mail addresses: vivbiom@gmail.com (V.G. da Costa),

lmoreli@jatai.ufg.br (M.L. Moreli).

ttp://dx.doi.org/10.1016/j.vaccine.2014.07.008
264-410X/© 2014 Elsevier Ltd. All rights reserved.
[7]. Additionally, it is necessary that vaccination would result in a
balanced, protective and prolonged immune response [8,9]. In var-
ious parts of the world, there are several research projects aimed
at developing the expected vaccine for dengue.

Several vaccine candidate have been developed and are in test-
ing phases. Among these candidates, there are vaccines made of
DNA (monovalent or tetravalent), of recombinant adenovirus, of
alphavirus replicons, of protein sub-units and E protein domain III
[10–17]. By means of recombinant DNA technology, there has been
an emergence of chimeric vaccines for various viruses in recent
years, including for DENV [18,19]. In this case, the chimeric vaccine
for dengue is comprised of fragments of complementary DNA that
encode the viral proteins (prM and E epitopes) of all four serotypes
of DENV, which were inserted into the yellow fever vaccine cDNA
(17D strain) [20].
Currently, the attenuated tetravalent dengue vaccine (TDV) is
more advanced in clinical trials compared to other vaccines. Two
TDV candidates have emerged: first, TDV has been developed by the
Walter Reed Army Institute of Research (WRAIR) in collaboration
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ith GlaxoSmithKline Vaccines [21]; second, Sanofi Pasteur has
eveloped a recombinant chimeric yellow fever/dengue vaccine
rom four recombinant strains of DENV, called CYD-TDV, includ-
ng viral strains PUO-359 (DENV1), PUO-218 (DENV2), PaH881/88
DENV3) and 1228 (DENV4). The CYD-TDV is the first to reach the
nal stages of human testing in different regions of the world [20].

Although there are multiple randomized controlled trials (RCT)
valuating the CYD-TDV, individual results may  have reduced
ower to identify differences between the populations studied.
ccordingly, we conducted this meta-analysis to determine an
verall estimate of the safety, immunogenicity, and efficacy param-
ters of CYD-TDV.

. Materials and methods

This meta-analysis adhered to the PRISMA protocol regarding
uidelines for systematic reviews [22]. Additionally, we  prospec-
ively recorded the study protocol in PROSPERO, with the regis-
ration number: CRD42014007230, available at http://www.crd.
ork.ac.uk/PROSPERO/display record.asp?ID=CRD42014007230.

.1. Search strategy

After defining our research protocol, we performed a systematic
earch in the PubMed, Medline, Cochrane Central Register of Con-
rolled Trials (CENTRAL), and SciELO databases. In order to define
ur study of interest in these databases, the following descriptors
ere used: “dengue” OR “dengue virus” OR “DENV” AND “vaccine”
R “CYD-TDV” AND “randomized controlled trials” OR “clinical

rial”.
Subsequently, we evaluated the studies found based on the fol-

owing inclusion criteria: (1) RCT type studies that evaluated the
se of CYD-TDV, (2) experiments involving humans, (3) studies
valuating the safety, immunogenicity, and preliminary efficacy
arameters of the vaccine; and (4) studies that presented similar
accination protocols, including the same formulation, the same
umber of doses (i.e., 0, 6 and 12 months) and the same sample
ollection period for evaluation of immunogenicity (28 days before
nd after each dose applied). The inclusion of only RCT type studies
as necessary because of the possibility of bias that may  arise in

bservational studies.
The selection of the studies of interest was performed by two

esearchers (V.G.C. and M.L.M.). Subsequently, data were extracted
y three researchers (V.G.C., A.C.M.S. and V.G.F.) according to the
ata extraction protocol. Thus, studies chosen for meta-analysis
ad the following information extracted: study identification, year
f publication, number of patients, mean age, age range, gender of
atients, study site, date of recruitment, length of follow up, param-
ters of safety, immunogenicity (expressed as geometric mean
iters (GMT)), and clinical efficacy of the vaccine, seropositivity for
V at baseline, and vaccine regimen of the test and control groups.

.2. Data analysis

In order to obtain the overall estimated average of GMTs
etween placebo and vaccinated groups, weighted mean differ-
nces (WMD)  were determined. In this case the variables are
resented as continuous measures, and the WMD  was calculated
ased on the average, standard deviation (SD), and sample size of
ach group [23]. However, as the sample SD was not disclosed, it
as estimated by the values expressed by subgroups.
To evaluate the safety and efficacy of CYD-TDV, dichotomous
ata were extracted from each study and were inserted into a 2 × 2
ontingency table, with subsequent individual determination of the
isk ratio (RR), to obtain a summarized overall estimate.
32 (2014) 4885–4892

Fixed-effects or random-effects models were chosen depend-
ing on whether there was an absence or presence of heterogeneity
between studies. Heterogeneity was  assessed by the I2 statistic
and Cochran Q test. I2 values <25%, 25 to 50% and >50% indicate
low, moderate and high heterogeneity, respectively [24]. There-
fore, if significant heterogeneity existed, we adopted two  strategies
to reduce or identify the source of variability between studies: (1)
analysis of the results in subgroups and; (2) continued exclusion of
studies that had greater divergence of the results analyzed in rela-
tion to other studies [25–27]. In addition, we  initially planned to
use the Egger funnel plot to assess possible publication bias [28],
but due to the limited number of selected studies and because of
the significant heterogeneity among the studies, we  chose not to
use this method of analysis [29].

The study quality was  assessed by a Jadad score [30], which was
based on the following three subscales: randomization (2–0), blind
(2–0), withdrawals and dropouts (1–0). For every answer of yes,
unclear, or not, the values of 2 to 0 points were assigned, respec-
tively. In our analysis, we judged that the studies evaluated that
had a score ≥3 would be considered high quality.

We chose to use the random effects model during statistical
analysis, because this model is applied when there is great vari-
ability between the results of studies, and because of this model
typically provides a more conservative estimate of the significance
of treatment [31]. To determine RR and WMD,  we used a confidence
interval (CI) of 95% with values of p < 0.05 considered statistically
significant. The analysis results were presented in a table and a for-
est plot. All statistical analyses was  performed using STATA IC/64
software (version 13.1, College Station, TX).

3. Results

We  found 129 studies of reference in the databases using the
descriptor combination previously established at the beginning of
the research. After more detailed analysis, we refined the results
by excluding eight studies [21,32–38]. The remaining seven stud-
ies were included for meta-analysis [39–45]. The flowchart of this
study is shown in Fig. 1.

The studies included in this meta-analysis were conducted in
Latin America [39,41,44] and Southeast Asia [40,42,43,45] and
included a total of 6678 patients who  received the CYD-TDV (4586)
or placebo (2092). In total, researchers assessed the immuno-
genicity and safety of the vaccine, but only one study targeted
analysis of the clinical efficacy of CYD-TDV [45]. The age of the
enrolled patients varied from 2 to 45 years, among which 47.3%
and 49.14% were males included in the vaccine and placebo groups,
respectively. Great similarities were observed in the vaccination
protocols used by researchers with the only difference being the
administration of the placebo solution. The placebo solution was
alternated in three doses with the CYD-TDV group, at months 0, 6
and 12. Most researchers utilized a saline solution (NaCl 0.9%) as
a placebo, but some researchers also used standardized vaccines,
such as tetanus/diphtheria/acellular pertussis [41], hepatitis-A,
influenza [42], typhoid VI polysaccharide, pneumococcal polysac-
charide [43,44], and rabies vaccine [45]. The characteristics of
selected studies are shown in Table 1.

3.1. Safety

Of the patients recruited to participate in the studies, approx-
imately 5.47% (251/4.586) did not fully complete the dengue

vaccination protocol. In the control group, this rate was 5.6%
(117/2.092). In both groups, the withdrawal occurred primarily
by the choice of the individual, often after observation of discrete
adverse reactions. In the vaccinated group (CYD-TDV), the main

http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42014007230
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42014007230
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Total number of references identified th roug h 
databases se arching n=  129  (Combined  use  of 
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- PubMed n= 32; 
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Trials databases  n=  42; 
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Fig. 1. Flow diagram of the selection process of studies.

easons for withdrawal of the participants were voluntary (58.2%),
lthough not related to adverse reactions, and by reason of non-
ompliance with the protocol (25%).

In order to better determine the safety of the new vaccine,
e calculated the RR (95% CI) of the groups during the study.

he clinical pictures observed in the two groups are shown in
able 2. The clinical picture of the participants was  grouped,
or better disclosure and quantification, into the following sub-
roups: solicited injection site reaction (0–7 days), represented
y symptoms of pain, swelling and erythema, solicited systemic
eaction (0–28 days), including fever, headache, malaise and myal-
ia, serious adverse event, defined as severe symptoms requiring
ospitalization (i.e., a condition that could be life threatening and
ay  result in death), unsolicited adverse events, including upper

espiratory tract infections, nasopharyngitis and dizziness, among
thers (occurring within 0–28 days after vaccination) and unso-
icited allergic reactions.

According to the information presented in Table 2, the major
olicited injection site reactions were pain (CYD-TDV: 50.5%,
lacebo: 60.4%) and erythema (CYD-TDV: 10.5%, placebo: 14.5%).

 statistical significance between the two groups of p = 0.00 and
 = 0.03, respectively, was found. In general, we  observed greater
afety in the CYD-TDV group than in the placebo group. Likewise, for
ll other items reported or observed in the patients, there was often

 low RR for the vaccinated group. The exception was symptoms of
ever, headache, dizziness and/or myalgia, which were more pro-
ounced in the vaccinated group. However, in this case the p values
anged from 0.06 to 0.84 and I2 < 50%, indicating no statistical sig-
ificance and low heterogeneity between the subgroups evaluated.

.2. Immunogenicity
The GMT, which served as an index to determine the
mmunogenicity of groups (CYD-TDV and placebo), was  obtained
sing plaque reduction neutralization tests (PRNT50). GMTs were Ta

b
le

 

1
D

es
cr

ip
ti

on

A
u

th
or

,  Y

D
ay

an
,  2

A
m

ar
-S

in

V
il

la
r,

 

20

Le
o,

 

20
12

Tr
an

,  2
01

La
n

at
a,

 

2

Sa
bc

h
ar

e

R
C

T:

 

R
an

d
o



4888 V.G. da Costa et al. / Vaccine 32 (2014) 4885–4892

Table 2
Safety parameters between vaccine and placebo assessed by RR index.

No of
studies

Grade CYD-TDV Group placebo RR (CI 95%) Test
heterogeneity

p Value

n/N % n/N %

Solicited injection site reaction
Pain 7 Any 1316/2605 50.5 628/1039 60.4 0.83 (0.79–0.89) I2 = 89.5% 0.00

4  3 16/1470 1.1 15/628 2.4 0.53 (0.26–1.09) I2 = 8.7% 0.35
Erythema 6 Any 199/1889 10.5 107/739 14.5 0.66 (0.54–0.81) I2 = 59% 0.03

4  3 0/1587 0 4/628 0.64 0.10 (0.01–0.89) I2 = 0% 0.73
Swelling 6 Any 144/2389 6 73/739 9.9 0.64 (0.49–0.83) I2 = 78% 0.00

4  3 1/1588 0.06 4/628 0.64 0.19 (0.03–1.45) I2 = 0% 0.37
Systemic events

Fever 5 Any 276/1709 16.15 79/692 11 1.51 (1.20–1.90) I2 = 0% 0.84
6  3 57/1908 3 34/739 4.6 0.57 (0.37–0.89) I2 = 64% 0.01

Headache 6 Any 795/1907 41.2 254/756 33.4 1.19 (1.07–1.33) I2 = 46% 0.09
4  3 76/1589 4.8 26/645 4 1.16 (0.74–1.82) I2 = 60% 0.06

Malaise 6 Any 734/1906 38.5 215/739 29 1.25 (1.10–1.42) I2 = 12.8% 0.33
4  3 65/1587 4.1 17/628 2.7 1.51 (0.88–2.58) I2 = 0% 0.50

Myalgia 5 Any 630/1707 37 237/678 35 1.02 (0.90–1.14) I2 = 0% 0.44
4  3 46/1587 2.9 17/628 2.7 1.08 (0.62–1.89) I2 = 0% 0.71

Serious adverse event 7 – 385/4583 8.4 218/2090 10.4 0.84 (0.72–0.98) I2 = 28.7% 0.21
Unsolicited adverse event 7 – 1053/2614 40 467/1271 36.7 1.09 (1.00–1.18) I2 = 72% 0.002

5.6 
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Unsolicited allergic reaction 3 – 29/518 

 = event; N = total. A p value less than 0.05 was considered as statistically significan

etermined 28 days before and after each vaccine dose. After the
ast dose of CYD-TDV there was a variation in the GMT  from 43 to
41, while in the placebo group values were lower and ranged from
.17 to 140. Fig. 2A shows a forest plot with the values of WMD  com-

ng from GMTs obtained from CYD-TDV and placebo groups. For
nalysis, the data were stratified according to serotypes, and we
enerally observed a significant mean difference which was higher
n vaccinated groups (WMD  = 59.7, 95% CI 57–61, p < 0.00 [DENV1];

MD  = 99, 95% CI 95–102, p < 0.00 [DENV2]; WMD  = 138, 95% CI
33–142, p < 0.00 [DENV3]; WMD  = 123, 95% CI 119–126, p < 0.00
DENV4]). In summary, the values of WMD  in the vaccine group
CYD-TDV) were higher, in descending order, for DENV3, 4, 2 and
.

Fig. 2B shows the results of GMTs in association with the geo-
raphical origin of samples collected. It is evident that WMD,
anging from 180 to 242 in the countries of Latin Amer-
ca, was higher than samples of patients from Southeast Asia
WMD  = 50–116), although there was high heterogeneity (I2 > 97%)
39–45].

.3. Clinical efficacy of the vaccine

Although the main focus of most researchers was to deter-
ine the immunogenicity and safety of CYD-TDV, we  decided to

etermine the clinical efficacy of the vaccine. Thus, Fig. 3 shows
 forest plot, with an overall pooled RR of 0.41 (95% CI 0.2–0.85,

2 = 30.9%, p = 0.2), i.e., the vaccine provided a 59% protection (95%
I 15–80), for preventing symptomatic DENV infections compared
o the placebo group. All suspected dengue cases were virologically
onfirmed by RT-PCR.

.4. Sensitivity analysis of heterogeneity

In order to reduce heterogeneity or determine its source, we
erformed an analysis of the meta-data by dividing into subgroups
nd excluding individual studies that contributed to a greater diver-
ence of results. Thus, as studies included in this meta-analysis had
 similar study design, they were analyzed in the following sub-
roups: age of patients enrolled, baseline FV serostatus and type
f placebo used in the control group. In view of this, we cannot
etermine the heterogeneity source between studies in terms of
9/215 4.2 0.95 (0.46–2.00) I2 = 0% 0.42

immunogenecity. However, for subgroups that reported symptoms
of pain, fever, swelling, erythema and unsolicited adverse events,
which were variable, we  observed that the source of heterogeneity
was related to the different types of placebo solutions, as groups
with the same type of placebo solution did not show significant
heterogeneity (I2 = 0.0% and p > 0.05 [data not shown]).

4. Discussion

Meta-analysis of the seven RCT studies shows that the CYD-
TDV is definitely a safe vaccine, because although some serious
side effects occurred, these were not related to the vaccination.
Furthermore, when standardized vaccines were used in the con-
trol groups, for example, tetanus, diphtheria, or acellular pertussis,
there were often milder symptoms in CYD-TDV group. These results
are encouraging, because safety is one of the main requirements
for the development of new vaccines. The safety of a vaccine is also
associated with a balanced immune response. Due to this, GMTs
were increased to four DENVs. There was  a mean fold increase from
baseline levels of GMTs of 3.5 to 14-fold for DENV1, 5 to 16-fold for
DENV2, 5 to 13-fold for DENV3, and 5 to 28-fold for DENV4. These
results were expressed in the forest plot for the continuous variable
WMD  that represented the individual values of GMTs and combined
estimates [39–45].

The difficulty in developing dengue vaccines was based on the
necessary complexity of a vaccine that could generate balanced
and protective immunogenicity against four serotypes of DENV
[46]. There has been concern that if the vaccine does not produce
a balanced immune response, with the generation of neutralizing
antibodies, a more severe clinical picture could occur in vaccinated
patients secondary to an exaggerated immune response and, con-
sequently, result in a severe form of dengue [47,48]. However, so
far this outcome has not been observed, again reflecting that the
CYD-TDV can be considered safe.

Another factor that shows that CYD-TDV has generated bal-
anced immune responses is that this vaccination protocol has been
implemented in various endemic areas for dengue. It may  be noted

that during the application of CYD-TDV, cases of DENV infections
have been constant. This is because in the control groups, levels
of GMTs at baseline showed a certain value, and after the last col-
lection of samples, the levels were slightly higher, showing that
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Fig. 2. (A) Forest plot of the levels of GMTs that were analyzed by the weighted mean differences (WMD), which were computed using a random effects model. Data were
grouped according to the DENV serotype; (B) shows the results according to the origin of the patients enrolled in the studies.
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Fig. 3. Forest plot of CYD-TDV efficacy in dengue diseas

he control group is being exposed to wild-type DENV. Similarly,
uring the study period the vaccinated group also may  have been
xposed to DENV. On the one hand, this shows a balanced immune
esponse generated by CYD-TDV, but on the other hand it can be
ontroversial, why does the vaccine only increase the levels of
MT? Asymptomatic infections by DENV may  also be contributing

o increased levels of GMTs. However, in contrast to this reason-
ng, a study conducted by Dayan et al. [38] observed high levels of
MTs after the third dose of CYD-TDV in population considered FV-
aive. These contradictory factors show the complexities involved

n developing a dengue vaccine, and more studies are needed to
larify these controversial points.

The PRNT method is commonly used to evaluate the immuno-
enicity of a vaccine [49]. This method measures the level of
eutralizing antibodies to the virions which prevents the virions

rom infecting cells in in vitro cultures. All studies included in
his meta-analysis used the PRNT50% method (titer ≥ 10 1/dil) and
xpressed the results in GMTs. However, there are detriments to
ssociating protective antibodies with neutralizing antibodies [50].
irst, the classification of neutralizing antibodies originates from
eutralization tests. Second, protective antibodies are described

n vivo by preventing the development of a specific disease. In
he case of dengue, the finding of protective antibodies is ham-
ered by the lack of an animal model that reliably mimics the
isease observed in humans. One of the most controversial stud-

es regarding the clinical efficacy of CYD-TDV was conducted by
abchareon et al. [45]. In this study, the authors reported higher
MTs for the four DENV after vaccination but did not observe
ignificant protection from disease caused by serotype DENV2. In
his case, several hypotheses can be formulated, however, we  call
ttention to a study by Sirivichayakul et al. [51] which recently
howed that the PRNT method may  not be a good test to correctly
easure levels of protective antibodies. So then, how do we  deter-
ine whether the antibodies generated are protective, if the gold

tandard PRNT test might fail? The most likely answer is found in a
tudy conducted by Mammen  et al. [52]. In this study, the authors

sed several slightly attenuated strains of dengue vaccine candi-
ates which were inoculated subcutaneously into healthy FV-naive
dults. Approximately 42% of these volunteers developed dengue
ever caused by the DENV1/3 strains. The authors believe that this
 diamond represents the pooled estimate with a 95% CI.

model can provide early indications of the protection of vaccine
candidates before employing them in large experimental field trials
involving human beings.

Regarding the low clinical efficacy of CYD-TDV for DENV2
observed in the study of Sabchareon et al. [45], additional stud-
ies will be important to clarify what types of protective immunity
the vaccines are providing [50]. Do they provide monotypic, hete-
rotypic or multitypic immunities as observed in natural DENV
infections? Another important point is that while Sabchareon et al.
evaluated the clinical efficacy of the vaccine, there is also efficacy
against infection [53]. If the vaccine reduced the levels of asymp-
tomatic infections, this would be an important point, because as
described by Endy et al. [54], asymptomatic dengue infection is
a key component to the global burden of the dengue infections.
Therefore, reducing DENV infections directly reduces the chances of
mosquitoes of the Aedes sp. of becoming infected and transmitting
the virus.

Regarding the variation in the clinical efficacy of the vaccine
between the study conducted in Thailand [45] and the others
[39,41,43,44], we cannot make a direct association with the other
studies included in our metadata due to a peculiarity of this study:
it was designed specifically to evaluate the clinical efficacy of the
vaccine. Why  was  the efficacy of the vaccine higher in other regions
compared with the study conducted in Thailand? The answers are
complex and there are several: the small sample size in the other
studies reflected a decreased probability of the occurrence of the
outcome of interest (in other words, there were reduced chances
for the dengue disease to be observed, consequently increasing
the clinical efficacy of the vaccine); the patients could have been
exposed to different loads of DENV, with some having been exposed
after the end of the first, second or third vaccine dose; the introduc-
tion during the study of a new serotype of DENV2 in which levels
of neutralizing antibodies generated by vaccine would not result in
sufficient protection against dengue disease; finally, the levels of
neutralizing antibodies reflecting protection could be higher than
anticipated and could vary depending on the serotype. One poten-

tial solution to increase the clinical efficacy of the vaccine would
be to make minor changes to the formulation; the number of infec-
tious doses was  the same among all four DENV (∼5 log10 50% cell
culture infectious dose).
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Regarding FV seropositivity at baseline, the recruited patients
ad high levels of dengue, yellow fever and Japanese encephalitis
eropositivity. In general, patients coming from Latin America had
MT  higher levels than those from Asia. Additionally, there was  a
reater number of FV-seropositive patients at baseline coming from
atin America. It is known that, in patients seropositive for FV, there
s the possibility that CYD-TDV will induce high levels of antibodies
55]. However, it is important to note that there is a possibility of
ross-reactions occurring between FV [56], so additional studies
ill be important to clarify if the results of the PRNT for dengue in

he vaccinated patients was masked by other FV.
The observed variability of the WMD  was associated to geo-

raphic region, we think that this difference could be directly
onnected to the serological status of the patients with previous
nfections by flaviviruses. However, this is perhaps not the only
actor causing the variability of WMD  between regions; because
CT type studies have long durations, it is likely that the patients
ave been exposed to various viral loads of DENV after the first vac-
ination. In view of this, the patient selection also may  have caused
ariation in WMD  occurrence because in an endemic country, the
irculation of DENV is variable; thus, the patients could have been
elected from highly endemic areas or those of medium endemicity,
onsequently influencing the values of WMD.

The results of this meta-analysis should be interpreted with
ome caution because our study had limitations. First, there
as significant heterogeneity among the studies that evaluated

mmunogenicity, and we were not able to determine the source
f the heterogeneity. Second, clinical efficacy was based on stud-
es with a small number of samples, in which the assessment of
fficacy was a secondary objective. Consequently, larger multicen-
er studies regarding vaccine efficacy are ongoing in the Americas
NCT01374516) and Asia (NCT01373281), which involve a total
f approximately 29 thousand volunteers. Thirdly, the WMD  was
ased on standard deviations of the group, and if it had been based
n individual samples it might have produced more accented values
han those observed.

. Conclusion

Despite the limitations discussed above, the results of our meta-
nalysis show that CYD-TDV is considered safe and provided a
alanced and robust immune response, while levels of GMTs were
nly evaluated for a relatively short period. Regarding clinical effi-
acy, there was a 59% protection, but this result was based on a
mall sample population. Therefore, more studies are needed to
valuate the clinical efficacy and immunogenicity of this vaccine in
he long term.
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