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Abstract. Dengue fever is a disease spread by mosquitoes infected with the dengue virus (DENV)
that bite people. It is produced by any of the four serotypes of DENV. Dengue fever has become one
of the most widespread mosquito-borne infectious diseases in the world. According to the World
Health Organization (WHQO) dengue fever is a serious global public health concern. To suppress the
spread of dengue fever and reduce the social, medical, and economic burden brought by dengue
fever, vaccination is an effective measure to prevent the disease. Research teams around the world
have worked on the development of a dengue vaccine for many years. At present, three live
attenuated vaccines have made great progress and entered the final stage of clinical trials. In order
to enable dengue vaccine researchers to grasp the latest research status and promote faster
development of the dengue vaccine, this paper provided a comprehensive overview of the research
progress of three different live attenuated vaccines: CYD-TDV, TAK-003, and TV003/005.
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1. Introduction

Dengue fever is an acute systemic infectious disease in humans caused by the bite of mosquitoes
that carry DENV, whose main vectors are Aedes aegypti and Aedes albopictus [1, 2]. The non-
mosquito-borne transmission routes of dengue fever include mother-to-child transmission, sexual
contact, organ transplantation transmission, and blood transfusion transmission [3].

In the last 30 years, public health has been affected by uncontrolled global population expansion,
disorderly urbanization, failure of mosquito control methods, increased international travel, and
deteriorating infrastructures [2], worldwide epidemic regions of dengue fever are expanding and the
number of hospitalizations and deaths caused by DENV infection is increasing [4]. According to one
experiment, over 390 million individuals will be infected with dengue fever each year, with 96 million
showing overt clinical symptoms, with the most dangerous places being Africa, America, Southeast
Asia, and the Western Pacific [5]. Over the past 20 years, the cases of dengue fever reported to WHO
have astonishing increased more than 10 times [6]. Nowadays, WHO has recognized dengue fever as
a major public health problem [7].

The severity of the symptom of dengue fever varies from person to person and most patients have
no symptoms or mild symptoms [6]. However, if patients were not treated in due course, they would
suffer a series of complications such as dengue hemorrhagic fever (DHF) and dengue shock syndrome
(DSS), which means the patients have got severe dengue fever and organ damage leading to death
[5].

Currently, there is no effective therapeutic measure or specific medicine aiming at dengue fever
and the patients could only have symptomatic treatments [8]. In addition, the effects of controlling
mosquito-borne transmission of DENV are not good and the technologies of that are immature [9].
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Therefore, the most cost-efficient and successful way to reduce dengue disease is to develop and use
safe vaccinations. To let researchers timely understand the newest progress of researches on DENV
vaccines and to promote the development of vaccines, this article was aimed to summarize three types
of preventive live attenuated vaccines, including CYD-TDV, TV003/005, and TAK-003, which are
developed a bit faster at present.

2. Three types of Vaccines for Dengue Fever

DENV has 4 serotypes (DENV1-4) [10]. When a person is infected with one of these 4 viruses
and eventually recovers, his body will produce homologous antibodies (1gG), which give the body
lifelong immunity to this serotype virus and certain resistance to other serotypes cross-protection [11].
However, if the body is infected with another serotype of the virus months or years later, antibody-
dependent enhancement (ADE) occurs, which can lead to more severe clinical symptoms in patients
and significantly increase the risk of severe dengue [12].

Because of ADE, the antigen specificity of different serotypes of DENV is large, and cross-
immunity may occur. Researchers need to do what they can to address the challenge of quadrivalent
vaccines, considering both immune response and safety concerns. Three live attenuated vaccines are
currently in clinical trials. The following is a detailed description of the three live attenuated vaccines.

2.1. CYD-TDV (Dengvaxia)

CYD-TDV, chimeric yellow fever virus-DENV tetravalent dengue vaccine, is a live-attenuated
vaccine also named Dengvaxia. It was invented by Sanofi Pasteur and became the first dengue vaccine
to obtain formal licensure and authorization in 2015 [13]. Nevertheless, Dengvaxia can be used only
for individuals who have previous dengue infections confirmed by the laboratory. In 2019, U.S. FDA
also approved Dengvaxia to be used for children from the age of 9 to 16 living in areas where the
DENV is common and who have previous dengue infection. To be fully vaccinated, a person needs
to receive 3 doses of Dengvaxia each every six months apart [14].

The main mechanism of the invention of CYD-TDV depends on the yellow fever vaccine strain
and the use of recombinant DNA technology. Shown in Figure 1, the premembrane (prM) and
envelope genes commonly found within the 17D strain of yellow fever polypeptide backbone are
replaced by genes of one of the four wild-types DENV serotypes including Thailand PUO-359/TVP-
1140 (serotype 1), Thailand PUO-218 (serotype 2), Thailand PaH881/88 (serotype 3), and Indonesia
1228 (TVP-980) (serotype 4) [15]. After DNA transcription and RNA transfection, four individual
chimeric DENV will be produced. The four live-attenuated viruses will be combined into a single
vaccine, which is the CYD-TDV vaccine [16]. When the vaccine enters the body, it will trigger the
creation of neutralizing antibody titers against each 4 viral strain components in the vaccine.
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Figure 1. Detailed steps of the construction of the CYD-TDV vaccine [16]
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The overall strength of the CDV-TDV vaccine is that it is the first and the only licensed vaccine
against dengue fever. Moreover, according to the clinical trials data, this vaccine effectively protects
children against dengue fever for at least 6 years and reduces the chance of hospitalization and severe
dengue to 20% [17].

Phase 111 data of a vaccine is important as the efficacy and safety of the vaccine are investigated
in a large sampling size. Two studies collecting Phase 111 studies of CYD-TDV provided valuable
insights. CYD14 is the phase 11 trial conducted in five countries in the Asia-Pacific region in 2011
with a sampling size of 10275 children aged 2-14 years [18]. CYD15 is another trial conducted in
five countries in Latin America between 2011 to 2012 with a sample of 20869 children aged 9-16.
Participants were assigned randomly to receive the vaccine or placebo [19]. The data is collected and
compared in the following Table 1.

Table 1. Main findings of the Phase 111 clinical studies with CYD-TDV [18]

CYD14 (11 sites in Asia trial; CYD15 (22 sites in Latin America;
n=10,275 n=20,869)
2-9 years old 9-14 years old 9-16 years old
Virologically- 196/3,532 173/1,768 90/3,316 136/1656 277/13,914  385/6,940
confirmed dengue (5.5%) (9.8%) (2.7%) (8.2%) (2.0%) (5.5%)
Overall vaccine 44.6% 67.8% 64.7%

efficacy

DENV1 46.6% 65.7% 54.8%

DENV2 33.6% 36.8% 50.2%

DENV3 62.1% 69.5% 74.2%

DENV4 51.7% 87.9% 80.9%
Seropositive 70.1% 79.2% 83.7%
Seronegative 14.4% 61.6% 43.2%

Dengue 6/3,532 9/1,768 2/3,316  11/1,656 1/13,914 11/6,940

hemorrhagic fever  (0.17%) (0.5%) (0.06%)  (0.66%) (0.007%) (0.16%)

(DHF) 66.7% 90.9% 95.5%

As seen in the data, the overall efficacy of the vaccine was 67.8% for children aged 9-14 in the
Asia trial and 64.7% for children aged 9-16 in the Latin America trial. However, when breaking it
down into efficacy for each serotype, we see a relatively low efficacy for dengue serotype 2 and high
efficacy for dengue serotype 4. More significantly, without prior dengue infection (seronegative at
baseline), the efficacy of CYD-TDV decreases dramatically.

The most significant limitation of CYD-TDV vaccine is its ADE. Antibodies developed against
DENYV are highly cross-reactive which means that they can recognize prM of all 4 DENV serotypes.
A neutralizing antibody refers to an antibody that is capable of keeping a virus from infecting the cell
by neutralizing its effect biologically [21]. The research found out that in the Dengue vaccine, the
neutralizing antibodies at suboptimal levels facilitate the binding of non-neutralized DENV to
macrophages, which is the site of DENV replication. This means that antibodies developed in the
human body for one serotype cannot effectively protect the person against another serotype infection,
more significantly, this antibody will help the new serotype virus to quickly replicate and increase
the cellular viral load. Besides, the research found that the CYD-TDV vaccine elicited antibodies
predominantly specific to DENV-4, which explains why the vaccine efficacy for serotype 4 is
relatively higher than others [22].

2.2. TAK-003

Based on Dengvaxia, an "upgraded” version of the vaccine, TAK-003 produced by Tekada, is
gradually becoming available. The Takeda Pharmaceutical Company Limited is a Japanese
multinational pharmaceutical company with partial US and UK roots. It has announced that the
European Medicines Agency (EMA) has accepted the application for its dengue vaccine TaK-003,
which is being developed for use in people aged 4-60 years to prevent dengue caused by any dengue
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virus serotype. The company intends to file regulatory filings in Argentina, Brazil, Colombia,
Indonesia, Malaysia, Mexico, Singapore, Sri Lanka, and Thailand during 2021, also in Asia and Latin
America. TAK-003 from Takeda company is an experimental live attenuated tetravalent dengue
vaccine “TAK-003 prevents dengue fever caused by any of the four serotypes of the dengue virus
that causes dengue fever or Severe Dengue” [23]. TAK-003 targets all four serotypes of dengue fever,
indicating its comprehensiveness. It is a live attenuated vaccine based on the denV-2 skeleton and is
the most advanced of the dengue vaccine candidates in development.
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Figure 2. Structure of TAK-003 [25]

The structure of TAK-003 can also show its comprehensiveness against all four serotypes. The
immune system of taK-003 receptors is exposed to both structural and non-structural proteins of
DENV, as figure 2 shows. TAK-003 is a live tetravalent formulation based on genetically attenuated
DENV-2 strain (TDV-2) with three chimeric viruses and a TDV-2 genetic backbone [23]. So all four
different kinds of structures have DENV2 PDK-53 strains. To achieve immunity to the four serotypes,
prM and E proteins from DENV1, DENV3 and DENV4 have been replaced with the backbone of the
DENV2 PDK-53 gene, resulting in strains of vaccine for individual serotypes.

Takeda today announced that The Lancet, a leading international medical journal, published two
papers on TaK-003, a dengue vaccine for Takeda, reporting The results of an 18-month analysis of
The ongoing pivotal phase Il trials of Tetravalent Immunization against Dengue Efficacy Study
(TIDES). And final 48-month analysis of Phase 11 DEN-204 trial. The results were consistent with
previously reported safety, immunogenicity, and efficacy data of TAK-003.

In a November 2019 study, Takeda's dengue vaccine candidate demonstrated protection against
virologically confirmed dengue. . .in children ages 4 to 16 years [24]. This study, known as Phase 3
TIDES, made a huge contribution to the development and estimation of the efficacy of TAK-003.

Healthy 4-16-year-olds (n=20,099) were randomized 2:1 to receive TAK-003 or placebo (0, 3
month schedule) [26]. The protocol was composed of the basics serum status examining for all
children who participated in the experiment and serotype-specific RT-PCR for all symptomatic
dengue fever throughout the trial period. The aim of the study, which is currently being conducted in
eight dengue-endemic countries, is to determine whether TAK-003 is effective against symptomatic
dengue after three years. Before proceeding, the investigator obtained informed consent from the
participants' guardians and the ethics committee approved the study protocol.

After a three-year follow-up of the second dose, the results were gained. Viral infection was
analyzed within 30 days after the completion of the two injections, and the overall response rate was
shown in the table below. When analyzed together, the overall response rate was 73.3%. Table 2
shows what the response rates of each serostatus were like. Due to the use of the DENV-2 genomic
skeleton in all four types of TAK-003 vaccine, the response rate against DENV-2 was much higher
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than in the other three types. From figure 3, the record of VCD cases in different countries is showed.
Some countries in Southeast Asia or tropical areas, such as Thailand, Sri Lanka and the Philippines,
showed a high incidence even after receiving tak-003 vaccine, which may be related to the
environmental preference formed by dengue, waiting for further human research.

Table 2. Results of response rates of different serostatus in Tetravalent Immunization against
Dengue Efficacy Study

Serostatus Experimental group Placebo group Response rate
DENV-1 38/12700 62/6316 69.8%
DENV-2 8/12700 80/6316 95.1%
DENV-3 63/12700 60/6316 48.9%

DENV-4 5/12700 5/6316 51.0%
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Figure 3. The number of VCD cases in the placebo group in each year of the study after completing
vaccination by country (per protocol set data) [26]

TAK-003 is effective against symptomatic dengue for up to 3 years. Efficacy declines over time
but remains effective for hospitalized dengue. A booster dose assessment is planned.

Other exploratory analyses showed that TAK-003 reduced dengue-related hospitalizations by 95.4
percent, and the efficacy for the severe disease could not be assessed due to the limited number of
cases. TAK-003 showed protection immediately after the first dose of immunization, with 81%
vaccine efficacy between the first and second doses.

2.3. TV003/TV005

TV003/TV005 are dengue vaccines produced by the National Institute of Allergy and Infectious
Diseases (NIAID) and the Butantan Institute in Brazil. The difference between TV003 and TV005
and other TV serial numbers is the difference in strain modification/dose ratio. TV005 is an upgraded
version of TV003. TV0O05 increases the immune response to DENV-2 by increasing the dose of
DENV-2 10-fold. A striking feature of TV0O05 is the observation that the immunodominance of
TV005 following experimental vaccination is very similar to that observed in natural infection. This
is because TV005 mainly induces CD4+ T cells to produce coat protein, NS2A, and NS5 proteins,
resulting in different immunodominance patterns against NS proteins [27].

In a phase I clinical trial, scientists experimented with a tetravalent mixture of TV003 and TV005,
wanting to experimentally try to induce the two vaccines. The results of this trial were that TV003
and a vaccine mixture consisting of rDEN1A30, rDEN2/4A30, rDEN3A30/31 and rDEN4A30
appeared to induce the most balanced antibody response across the four DENV serotypes when
combined. The researchers tried and induced single doses of TV003 and TV005 over the next 6
months to 1 year of the trial. Using TV003 and TV005, the researchers seroconverted DENV, and
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following the single-dose trial, the researchers also performed sterile _against a second dose of the
immunogen.

In phase Il clinical trial, researchers are studying the trial and evaluation of the experimental
protocol for TV003's booster. Patients infected and uninfected with DENV in this trial were recruited
to participate in this trial. Following injection, the researchers observed no significant adverse
differences between DENV-infected and uninfected individuals. However, seroconversion rates were
significantly higher in the uninfected compared to those infected with DENV [28]. This could also
demonstrate that a single dose of TV003 is sufficient to induce protective immunity against dengue.

In phase Il clinical trials, researchers focused on the efficacy and safety of live attenuated,
quadrivalent, lyophilised dengue vaccines in vaccines. It is assumed that the vaccine is safe, so that
the viral protection against dengue fever is 80% or more [29]. But nowadays it is already still
experimental, as all participants will be followed up for 5 years and the results of the trial are not
expected to be published until 2024.

Both vaccines showed superiority in phase | clinical trials, and the researchers observed no
difference in vaccine adverse event rates between patients who received the two different vaccines,
regardless of which mixture was tested. Furthermore, there was no significant difference between
TV003 and TV0O05 in terms of the occurrence of adverse events. TV003 elicited higher DENV-3 viral
loads, DENV-2, DENV-3 and DENV-4 antibodies, and a higher frequency of tetravalent responses
in subjects previously infected with flavivirus [28]. Using the Dengue Human Challenge Model
(DHCM), researchers determined that TV003 provided 100% protection against DENV-2 infection
in a randomized, double-blind, placebo-controlled trial [28]. However, the model used in this study
cannot be used to assess the efficacy and safety of vaccination in clinical trials. Therefore, more
clinical studies as well as long-term observation and follow-up testing are needed to determine the
reliability of the vaccine.

The researchers encountered difficulties while studying TV003 and TV005. A disadvantage of
TV003 is the difficulty in raising its own mean nAb peak titers. For nearly a year, researchers were
unable to significantly increase nAb titers in any serum in TV003 [27]. Although TV0O05 is an
improved version of TV003, it significantly increases seroconversion frequency and overall antibody
titers against DENV2. However, by the third month after vaccination, TV0O5 elicited a fourth-
mediated response in more than 90% of the vaccinated population, while TV003 elicited a much
lower response rate than TV005.

A common disadvantage of TV003 and TVO005 is that people tend to develop rashes after being
vaccinated. In both clinical trials, 63% of subjects reported adverse events of vaccine-related mild
rash lasting an average of 7.7 days. The main problem that prevented TV003 and TV005 from coming
to market is that they both have ADE effects. In experiments, partial protection against DENV
protected patients from dengue infection [27]. But as the induced protection of short-term vaccines
declined and more vaccines were available to protect recipients, the researchers found that in the
event of a breakthrough infection, this condition could make them more susceptible to severe effects
from the dengue virus. Researchers must consider whether dengue vaccine recipients have normal
serostatus after vaccination and whether serotype-specific protection and maintenance capabilities
differ.

3. Conclusion

Under current circumstance, the progress and expectation of the development of vaccines against
dengue virus are of great significant. The current research progress of these three live attenuated
vaccines is relatively smooth. The first dengue vaccine, CYD-TDY, was approved for use in some
countries in 2015 or 2016, and phase 11 clinical trials have confirmed its safety and efficacy. TAK-
003 developed by Tekada and the TVV003/TV005 developed by NIAID of the United States are also
undergoing clinical phase Il trials. The overall effect of the TAK-003 vaccine in phase Il clinical
trials is good, but the protective effect of DENV-3 and DENV-4 is lower than that of DENV-1 and
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DENV-2. TV003/TV005 also showed good immune protection efficacy in single-dose immune
experiments. Although effective against all four serotypes, the ADE effect is a common shortcoming
of all three vaccines, which makes the vaccine have dual effects in controlling dengue infection.
Furthermore, the levels of neutralizing antibody responses differed significantly among the four
serotypes. At the same time, some vaccine trials, such as CYD-TDY and TAK-003, have
demonstrated protective effects in children, but there is still a lack of more extensive clinical trial data
to demonstrate protection rates in all age groups. The development of safer and more balanced dengue
vaccines requires further research on dengue epidemiology, immune protection and pathogenic
mechanisms, evaluation criteria for protection, animal models and virus interference. It is believed
that shortly, a highly effective quadrivalent vaccine against DENV will be developed, which will
greatly reduce the morbidity and mortality caused by dengue, and reduce the social, medical and
economic burden caused by dengue.

References

[1] Ferreira-de-Lima, V. H., & Lima-Camara, T. N., Natural vertical transmission of dengue virus in Aedes
aegypti and Aedes albopictus: a systematic review. Parasites & vectors, 11 (1), 2018, pp. 77.
https://doi.org/10.1186/s13071-018-2643-9

[2] Gubler D. J., Dengue and dengue hemorrhagic fever. Clinical microbiology reviews, 11 (3), 1998, pp.
480-496. https://doi.org/10.1128/CMR.11.3.480

[3] Chen, L. H., & Wilson, M. E., Update on non-vector transmission of dengue: relevant studies with Zika
and other flaviviruses. Tropical diseases, travel medicine and vaccines, 2, 2016, pp. 15.
https://doi.org/10.1186/s40794-016-0032-y

[4] Prompetchara, E. , Ketloy, C., Thomas, S. J., & Ruxrungtham, K. , Dengue vaccine: global
development update. Asian Pacific journal of allergy and immunology / launched by the Allergy and
Immunology Society of Thailand, 38 3), 2020, pp. 178-185.
https://journals.asm.org/doi/10.1128/JV1.76.16.8408-8419.2002

[5] Bhatt, S., Gething, P. W., Brady, O. J., Messina, J. P., Farlow, A. W., Moyes, C. L., Drake, J. M.,
Brownstein, J. S., Hoen, A. G., Sankoh, O., Myers, M. F., George, D. B., Jaenisch, T., Wint, G. R.,
Simmons, C. P., Scott, T. W., Farrar, J. J., & Hay, S. I., The global distribution and burden of dengue.
Nature, 496 (7446), 2013, pp. 504-507. https://doi.org/10.1038/nature12060

[6] https://mww.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue

[7] Buonsenso, D., Barone, G., Onesimo, R., Calzedda, R., Chiaretti, A., & Valentini, P., The re-emergence
of dengue virus in non-endemic countries: a case series. BMC research notes, 7, 2014, pp.596.
https://doi.org/10.1186/1756-0500-7-596

[8] Bhadra, S., Dengue guidelines for diagnosis, treatment, prevention and control. 2020
https://www.researchgate.net/publication/342215778 Dengue_guidelines_for_diagnosis_treatment pre
vention_and_control

[9] Bull, J. J., & Turelli, M., Wolbachia versus dengue: evolutionary forecasts. Evolution Medicine & Public
Health, 2013(1), pp. 197. https://pubmed.ncbi.nlm.nih.gov/24481199/

[10] Martins, A., Correia, F., Cavalcanti, L., & Alencar, C. H., Dengue in northeastern Brazil: a spatial and
temporal perspective. Revista da Sociedade Brasileira de Medicina Tropical, 53, 2020, €20200435.
https://doi.org/10.1590/0037-8682-0435-2020

[11] Guzman MG, Halstead SB, Artsob H, et al., Dengue: a continuing global threat [J]. Nat Rev Microbiol,
(12 Suppl), 2010: S7-16.D0OI:10.1038/nrmicro2460.

[12] Christine, A., King, Robert, Anderson, & Jean, et al., Dengue virus selectively induces human mast cell
chemokine production. J. Virol., 76(16), 2002, pp. 8408-8419.
https://journals.asm.org/doi/10.1128/JV1.76.16.8408-8419.2002

[13] Redoni, M., Yacoub, S., Rivino, L., Giacobbe, D. R., Luzzati, R., & Di Bella, S., Dengue: Status of current

and  under-development vaccines. Reviews in  Medical Virology, 30 (4). 2020
https://doi.org/10.1002/rmv.2101

503



Highlights in Science, Engineering and Technology BEHDP 2022
Volume 8 (2022)

[14] Dengvaxia dengue vaccine. Precision Vaccinations. (n.d.). Retrieved April 12, 2022, from
https://www.precisionvaccinations.com/vaccines/dengvaxia-dengue-vaccine

[15] Tully, D., & Griffiths, C. L., Dengvaxia: the world’s first vaccine for prevention of secondary dengue.
Therapeutic Advances in Vaccines and Immunotherapy. 2021.
https://doi.org/10.1177/25151355211015839

[16] Glick, B. R., Delovitch, T. L., & Patten, C. L. 2014. In Medical Biotechnology (pp. 644). essay, ASM
Press.

[17] Centers for Disease Control and Prevention, Frequently asked questions about the dengue vaccine.
Retrieved April 12, 2022, from https://www.cdc.gov/dengue/vaccine/parents/eligibility/fag.html

[18] Capeding, M. R., Tran, N. H., Hadinegoro, S. R., Ismail, H. I., Chotpitayasunondh, T., Chua, M. N.,
Luong, C. Q., Rusmil, K., Wirawan, D. N., Nallusamy, R., Pitisuttithum, P., Thisyakorn, U., Yoon, I.-K.,
van der Vliet, D., Langevin, E., Laot, T., Hutagalung, Y., Frago, C., Boaz, M., ... Bouckenooghe, A.,
Clinical efficacy and safety of a novel tetravalent dengue vaccine in healthy children in Asia: A phase 3,
randomised, observer-masked, placebo-controlled trial. The Lancet, 384 (9951), 2014, pp. 1358-1365.
https://doi.org/10.1016/s0140-6736(14)61060-6

[19] Dayan, G. H., Langevin, E., Forrat, R., Zambrano, B., Noriega, F., Frago, C., Bouckenooghe, A.,
Machabert, T., Savarino, S., & DiazGranados, C. A., Efficacy after 1 and 2 doses of Cyd-TDV in dengue
endemic areas by dengue serostatus. Vaccine, 38 (41), 2020, pp. 6472-6477.
https://doi.org/10.1016/j.vaccine.2020.07.056

[20] Ainaa Muhsin, N. 1., The Dengue Vaccine Dilemma: Route to prevention — are we there yet? Scientific
Malaysian Magazine. Retrieved April 12, 2022, from https://magazine.scientificmalaysian.com/issue-12-
2016/dengue-vaccine-dilemma-route-prevention-yet/

[21] Neutralizing antibody definition. Biology Articles, Tutorials & Dictionary Online. (2021, March 1).
Retrieved April 12, 2022, from https://www.biologyonline.com/dictionary/neutralizing-antibody

[22] Hukla, R., Ramasamy, V., Shanmugam, R. K., Ahuja, R., & Khanna, N., Antibody-dependent
enhancement: A Challenge for developing a safe dengue vaccine. Frontiers in Cellular and Infection
Microbiology, 10. 2020. https://doi.org/10.3389/fcimb.2020.572681

[23] Turner, M., Papadimitriou, A., Winkle, P., Segall, N., Levin, M., Doust, M., Johnson, C., Lucksinger, G.,
Fierro, C., Pickrell, P., Raanan, M., Tricou, V., Borkowski, A., & Wallace, D., Immunogenicity and safety
of lyophilized and liquid dengue tetravalent vaccine candidate formulations in healthy adults: a
randomized, phase 2 clinical trial. Human Vaccines & Immunotherapeutics, 16(10), 2020, pp. 2456—-2464.
https://doi.org/10.1080/21645515.2020.1727697

[24] Precision Vaccinations. TAK-003 Dengue Vaccine. 2022, February 3
https://www.precisionvaccinations.com/vaccines/tak-003-dengue-vaccine

[25] Hertanto, Y. J., & Novita, B. D., Efficacy of Live Attenuated Dengue Vaccines: CYD-TDV; TDV (TAK-
003) and TVO003/TV005. Folia Medica Indonesiana, 57 (4), 2021, pp. 365.
https://doi.org/10.20473/fmi.v57i4.21741

[26] Rivera, L., Biswal, S., S&z-Llorens, X., Reynales, H., Léez-Medina, E., Borja-Tabora, C., Bravo, L.,
Sirivichayakul, C., Kosalaraksa, P., Martinez Vargas, L., Yu, D., Watanaveeradej, V., Espinoza, F., Dietze,
R., Fernando, L., Wickramasinghe, P., Duarte Moreiralr, E., Fernando, A. D., Gunasekera, D., . . .
Borkowski, A., Three-year Efficacy and Safety of Takeda’s Dengue Vaccine Candidate (TAK-003).
Clinical Infectious Diseases. 2021. https://doi.org/10.1093/cid/ciab864

[27] Waickman AT, Victor K, Li T, Hatch K, Rutvisuttinunt W, Medin C, et al. Dissecting the Heterogeneity
of DENV Vaccine-Elicited Cellular Immunity Using Single-Cell RNA Sequencing and Metabolic
Profiling. Nat Commun 2019, 10 (1): pp. 3666. doi: 10.1038/s41467-019-11634-7

[28] Jue Hou, Weijian Ye and Jianzhu Chen, “Current Development and Challenges of Tetravalent Live-
Attenuated Dengue Vaccines”, 24 February 2022, https://doi.org/10.3389/fimmu.2022.840104

[29] Butantin Institute, "Phase Il Trial to Evaluate Efficacy and Safety of a Dengue 1, 2, 3, 4 (Attenuated)
Vaccine™ August 2021, https://clinicaltrials.gov/ct2/show/study/NCT02406729

504



