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Abstract 

 Dengue virus (DENV) is endemic in a large part of South Asia, the America’s and Africa. The 

virus has four serotypes and each of them can cause plasma leakage, shock and even death. Vaccine 

research focuses primarily on vaccines that induce an antibody response, but the most important 

vaccine candidate doing this, recently failed to induce immunity against all serotypes. This thesis 

investigates whether dengue vaccine research should focus more on eliciting T-cell mediated 

immunity. T-cells might contribute to disease pathogenesis, but overall, the T-cell response against 

DENV is beneficial for the individual. Furthermore, although original antigenic sin of T-cells occurs 

during a secondary T-cell infection, this has proven to be non-pathogenic. It also does not reduce the 

efficiency of the T-cell response to DENV infection. Lastly, with a vaccine that only induces a T-cell 

response, the antibody-dependent enhancement of infection can be avoided. In conclusion, dengue 

vaccine research should focus more on T-cell response for both a vaccine that only evokes a T-cell 

response and a vaccine that elicits a T-cell and an antibody response.  
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Introduction 

 

Dengue virus 

Half of the world’s population is now at risk of being infected with dengue virus (DENV). The 

mosquito-borne viral disease that was seen in only nine countries before 1970, is currently seen in 96 

million individuals per year primarily living in the America’s, south-east Asia, the Pacific and Africa1. 

Outbreaks of DENV also occurred in Europa and might be more prevalent when the vectors of this 

disease, Aedes aegypti and Aedes albopictus, enlarge their territory2. DENV is a member of the 

Flavivirideae family, genus Flavivirus. It is an enveloped virus with a single-stranded positive RNA 

genome. The viron consist of three structural proteins, 2 of them: precursor membrane (preM) and 

envelope (E), are present of the of the viral envelope while capsid (C) and RNA encoding seven non-

structural proteins involved in viral replication (NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5) 

comprise the nucleocapsid3,4. There are four serotypes of the dengue virus (DENV-1 to 4) that all 

cause dengue fever (DF), dengue haemorrhagic fever (DHF) and dengue shock syndrome (DSS). 

However, the majority of cases are in fact asymptomatic. While DF is a mild disease, DHF and DSS, 

who can develop from DF, are more severe and cause haemorrhagic bleeding and vascular 

permeability5. Half a million people are diagnosed with DHF or DSS each year, which causes death in 

2,5% of those affected1. The first infection with DENV is usually asymptomatic or results in DF and 

mounts an immune response that protects the individual against secondary infection with the same 

serotype (homotypic infection) but only temporarily against secondary infection with one of the 

other serotypes (heterotypic infection). In fact, individuals with secondary heterotypic infections are 

at risk of developing DHF or DSS. This is due to the immune response against DENV infection5.  

 

Adaptive immune response to DENV 

Cellular T-cell response against DENV is primarily focused against the non-structural proteins 

of the virus, especially NS3 and NS5. These proteins contain immunodominant T-cell epitopes, 

resulting in a higher quantity of T-cells for these immunodominant epitopes6,7. In reaction to these 

proteins, serotype-specific and cross-reactive memory T-cells are produced5. Furthermore, CD4+T-

cells respond to DENV infection primarily with the production of T-helper 0 (th0) and th1 cytokines, 

though they also have the ability to lyse infected cells. Cytokine response shifts from th0 and th1 

response to th2 cell response when the condition of the patient worsens. CD8+ T-cells produce less 

cytokines, mainly TNFα and IFNγ. Their primary function is to lyse infected cells8,9. Individuals with 

DHF and DSS were found to have elevated levels of pro-inflammatory and vasoactive cytokines, such 



 
5 

as TNF and IL-10, in comparison to individuals with DF. This so-called cytokine storm induces vascular 

permeability8.  

Humoral immunity against DENV is primarily directed against structural DENV proteins E and 

preM and against  soluble non-structural protein NS1. NS1 can be secreted by the infected cell or can 

be found on the cell membrane. The secreted NS1 causes an antibody response that can lead to 

activation of the complement system and as a result lysis of the infected cell 5,8. In primary infections, 

antibody levels rise when viremia is already declining and peak two weeks after the onset of infection 

when vireamia is undetectable. Therefore, antibodies in primary infection do not control vireamia10 

(fig. 1). However, this is not the case during a secondary heterotypic infection11. Within a few weeks 

after the start of the DENV infection, affinity maturation occurs8. Most of the memory B-cells 

produced will later generate cross-reactive antibodies. Only a 5% of dengue specific memory B-cells 

produces serotype specific antibodies12. During a secondary heterotypic infection, these cross-

reactive antibodies will bind to the E protein of the virus, but instead of neutralizing the virus, these 

antibodies are thought to enhance viral uptake. This occurs through the binding of this complex to 

the Fcγ receptor after which the virus enters the cell via phagocytosis. Because of this so-called the 

antibody-dependent enhancement of infection (ADE), more cells are infected with DENV during a 

secondary heterotypic infection then during a primary or homotypic infection. This results in a higher 

vireamia and therefore a more severe disease11 (fig. 2).   

Accordingly, a safe and efficacious dengue vaccine is sought to induce immunity against all 

serotypes. When a vaccine induces immunity to, for example, only one serotype, infection with 

another would probably induce more severe dengue in comparison to a primary DENV infection in 

someone who is not immune to a serotype. However, inducing a balanced immune response have 

proven very difficult, making it one of the main reasons no licensed vaccine against dengue is on the 

market yet5. 
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Figure 1. Antibody response to DENV. Reprinted from: Guzman, et al., 2010, Nature Review Microbiology, S7-S16. Copyright 2010 by 
WHO/TDR.  

Figure 2. Mean dengue virus titer (log mosquito infectious doses/ml [log MID50/mL]) by fever day for dengue 2 virus patients 
experiencing DF (thin dashedline, n = 16),  DHF  (solid thin line, n = 26), and DSS (heavy solid line, n = 5). Defervescence occurred on fever 
day 0.  Adapted from: Vaughn, et al., 2000, The Journal of Infectious Diseases, 118(1), p. 7. Copyright 2015 by Infectious Diseases Society 
of America. 

Vaccine development 

Vaccine development for DENV has proven to be very difficult. Not only should this vaccine 

induce protection against all DENV serotypes, but the response against each of them should also be 

very well balanced. A response that is too low will not induce immunity, while a response that is too 

high might cause cytokine storms and pathogenicity4.  
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Different approaches can be taken in the development of a vaccine. One of the most used 

methods is to use inactivated or attenuated virus to induce a response. Life attenuated vaccines are 

made by weakening the viruses by serial passage through non-human cells or by introducing 

mutations in the virus that limit its ability to replicate4. Another method is the inducement of genes 

of a heterologous virus into the genome of a harmless virus. This chimeric virus will induce an 

immune response against antigens of the inserted genes and the backbone virus. A vaccine can also 

be produced with only some parts of the virus. This is the case in antigen vaccines. These antigens 

can be purified or synthetically produced. These antigens are often adapted using recombinant DNA 

techniques. Lastly, DNA can be used as a vaccine. This DNA is then presumably transcribed and 

translated by antigen presenting cells and presented as antigens. Although this kind of vaccine is 

never tested in humans, it is thought to induce a very strong, broad and lasting immune response13.  

One of the vaccines currently tested for dengue is DENVax. This is a chimeric vaccine with 

preM and E genes of all serotypes into the backbone of a live-attenuated DENV-2 strain. Therefore, 

the vaccine consists of 4 live attenuated viruses, one live attenuated DENV-2 and three live-

attenuated DENV-2 viruses, each inserted with proteins of DENV-1, DENV-3 or DENV-4. This vaccine 

currently undergoes phase II testing. Live attenuated vaccines have proven to be successful for other 

flaviviruses, such as yellow fever(YF) and Japanese encephalitis4. Therefore this method looks very 

promising for DENV. Another live-attenuated vaccine undergoing phase II is TV003/TV005. This 

vaccine is composed of live-attenuated DENV-1, DENV-3 and DENV-4 vaccines and a chimeric DENV-2 

vaccine. Furthermore a tetravalent inactivated vaccine, a synthetic antigen vaccine and a DNA 

vaccine are presently tested in phase I clinical trials14. 

Lastly, one of the most promising vaccine currently tested is made of the live attenuated YF 

vaccine. Sanofi Pasteur used this vaccine as a backbone for a chimeric dengue vaccine. To elicit a 

response against DENV, preM and E genes were inserted into YF 17D virus. To prevent ADE, chimeric 

vaccines were made for all 4 serotypes and combined in a so-called tetravalent CYD vaccine15. The 

vaccine was shown to mount neutralizing humoral responses against all four DENV serotypes, 

however in phase IIb and III trials the vaccine failed to protect against DENV-2 infection and only 

partly protected against this serotype in another phase III trials (42%). Moreover, although 

significant, protection against the other serotypes was never optimal. This suggests an insufficient 

immune response to all four DENV serotypes16,17.  

 

Research question 

Important lessons can be learned from the CYD clinical trials for further DENV vaccine 

development. For instance, further research might have to be alert on interference from the four 

vaccine viruses18. More importantly, the vaccine only induced a response against structural proteins 
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preM and E15. This causes an antibody, but not a T-cell response7,19. T-cell response to DENV is 

primarily focused on the non-structural proteins of the virus, such as NS37. The failed CYD clinical 

trials showed that only inducing an antibody response might not be enough to gain immunity against 

dengue16. This raises a question whether dengue vaccine research should focus more on inducing a T-

cell response. The aim of my thesis is to address this question by reviewing the current knowledge on 

the pros and cons of T-cells mediated immunity. To answer this question, I will discuss both the 

positive and negative views on inducing T-cell response for vaccination purposes. After this, I will 

compare both and then share my own opinion on the subject.   
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Arguments against inducing a T-cell response with a dengue vaccine 

Recent vaccine development is primarily focused against inducing antibody-mediated 

immunity, instead of T-cell mediated immunity. T-cell response is often seen as pathogenic instead of 

protective. Here below, I will summarise the arguments against inducing a T-cell response with a 

dengue vaccine .  

 

Original antigenic sin impairs T-cell response to DENV infection 

Just as antibodies, T-cell response differs in secondary infections as opposed to primary 

infection. Cross-reactive memory T-cells react and proliferate faster than naïve T-cells to DENV 

infection. Because of this, cross-reactive T-cells with a high avidity for a non-infecting DENV serotype 

are abundantly present in contrast to T-cells specific for the infecting DENV serotype. This is called 

original antigenic sin8,20. Mongkolsapaya et al.20 showed that original antigenic sin occurs in T-cells 

during a DENV infection in humans. They saw a high concentration of CD8+ with a low avidity for the 

currently infecting serotype and a high avidity for a non-infecting serotype and a much lower 

concentration of T-cells with a high avidity for the currently infecting DENV serotype. Although a 

pathogenic result of original antigenic sin during a DENV infection was not proven during this study20, 

multiple observations strengthen to the idea that T-cells contribute to the pathogenesis of DHF and 

DSS via original antigenic sin. Firstly, DHF and DSS occur mostly after a secondary heterotypic 

infection5. During a such an infection, cross-reactive T-cells with a high avidity for a non-infecting 

DENV serotype are present20. This is also an argument for pathogenesis caused by ADE, as cross-

reactive antibodies are also present during secondary heterotypic infection11. However,  severe 

symptoms of DHF and DSS do not occur until virus loads are diminishing fast, suggesting that another 

immune response than ADE contributes to the development DHF and DSS21. Lastly, Studies with 

other viruses do show impairment of viral clearance or even pathology due to original antigenic sin 

or a similar phenomenon22,23. In mice infected with lymphocytic choriomeningitis virus (LCMV), 

original antigenic sin was shown to impair viral clearance by CD8+ cells in comparison to a primary 

infection23. Other studies with murine cytomegalovirus, vaccina virus and influenza A virus 

demonstrated that heterologous T-cell immunity causes pathology22,23. Heterologous immunity is a 

phenomenon like original antigenic sin, but in this case the secondary infection is unrelated to first 

infection24. However, with -25-40% difference at the amino acid level, dengue serotypes are also 

diverse5.  
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T-cell produced cytokines contribute to plasma leakage in DHF and DSS   

One of the more severe symptoms of DHF and DSS is plasma leakage, which can lead to 

shock5. Although the reasons for this increased vascular permeability are not entirely clear, DENV 

infection of endothelial cells does not seem to be the primary cause. Plasma leakage is induced at the 

end of the fever when the virus is almost cleared. This suggest that plasma leakage is a result of the 

pathogen but of the host response25. More specifically, the result of a cytokine storm caused by T-cell 

response. In patients with DHF and DSS more CD8+ and CD4+ T-cells are present. There are also more 

Th2 cytokines produced which are associated to more severe disease9. Some of the cytokines 

produced by T-cells, such as IL-2 and TNF, are known to produce vascular permeability26-28. Increased 

levels of TNFα, IL-6 and IL-8 are linked to disturbed coagulation. Likewise IL-6 and IL-8 probably 

mediate fibrinolysis. Lastly, increased levels of IL-10 are known to reduce platelet concentration. This 

is all thought to contribute to plasma leakage in patients with DHF or DSS22.  

 

 In conclusion, these studies show that T-cell response to DENV infection might be harmful to 

the patients. In secondary infection low avidity T-cells can cause impaired or pathogenic reactions to 

DENV. Furthermore, cytokines produced by T-cells are associated with plasma leakage. 
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Arguments for inducing a T-cell response with a dengue vaccine 

 

Although T-cell response to DENV infection was previously often seen as pathogenic, recent 

studies have shown a more protective role29. Here below I will summarize these studies.  

 

T-cells have a protective role in DENV infection 

 The cytokine storm during DHF and DSS contributes to plasma leakage and thereby worsen 

the condition of the patient8. However, these cytokines also help clearing the virus and modulate 

immune response. TNF mediates the recruitment of leukocytes, IL-10 modulates the innate immune 

system and IL-2 is essential for regulatory T-cells survival and activity30. This indicates that the 

cytokines produced upon DENV infection are not only pathogenic, but can also be protective. This 

protective role is further strengthened when HLA alleles associated with an increased risk of severe 

dengue were also associated with a weaker CD8+ response and vice versa31. For example, patients 

with the HLA-A*01 allele are more likely to develop severe dengue in comparison to other HLA 

alleles, recent studies showed that patients with this allele also showed a very weak T-cell 

response32. T-cells have also been proven to protect against harmful effects of DENV infection in 

multiple mouse models33-35. In one of those studies, vaccine induced cellular and humoral response 

against DENV were compared. When isolated from the rest of the immune system, T-cells always 

reduced viral load, while antibodies sometimes reduced viral load and sometimes increased it34. 

Another study by An et al.35 showed that DENV specific CD8+ T-cells partially protected mice from an 

otherwise lethal DENV infection. This in contrast to mice without any DENV specific CD8+ T-cells, 

indicating a protective role for T-cells. Furthermore, a mouse model of DENV-2 infection was also 

used to study the effects of CD8+ T-cells33. This study showed that CD8+ T-cells enhanced viral 

clearance. When mice were immunized with viral peptides an infection with DENV caused a 350-fold 

lower viral load than without immunisation. This was confirmed to be caused by T-cell response. This 

proves that vaccines focused on inducing T-cell mediated immunity against DENV could work33. All of 

these studies together show an overall protective role for T-cells. 

 

T-cells can prevent ADE in DENV infection  

A infection with DENV mostly passes without any symptoms. When symptoms do occur it is 

almost always in the form of DF. In less than 3% of the cases DF is followed by DHF or DSS. 90% of the 

cases of DHF of DSS occur during a second infection with DENV25. Cases of DHF or DSS during primary 

infection with DENV occur mostly in infants with DENV immune mothers, were about 20% of the 

cases DF is followed by DHF or DSS36,37. This is significantly more than in children or adults25. The 

severity of the disease in infants is associated with ADE, just as secondary infections with DENV25,37. 
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In infants ADE is mediated through maternal antibodies from the placenta protects neonates until six 

months after their births38(fig. 3). Although T-cells are present in infants, in contrary to adults their 

functionality is poor of even absent39. This could indicate that, if functional, T-cells might help to 

prevent ADE. This hypothesis is strengthened by the fact that in the case of a secondary infection 

with DENV, infection does not always result in DHS of DSS, although antibodies against a previously 

infecting serotype are present40. It was recently proved that CD8+ T-cells could prevent ADE in mouse 

infected with DENV. Zellweger et al.41 discovered this by first priming mice with an adjuvant 

containing inactivated DENV-2 (al-UV-DENV-2). This induced an non-neutralizing antibody response, 

but no significant CD8+ T-cell response. Before infection with DENV-2, DENV-2-primed CD8+ T-cells 

were injected into one of the two groups of mice. The primed CD8+ T-cells prevented ADE and 

reduced viral concentration in the mice (fig. 4). Although this may not directly apply to humans, it is 

very likely that T-cell response does reduce the risk of DHF and DSS mediated by ADE41. This is 

supported by the finding that HLA alleles associated with weak T-cell response are also associated 

with a bigger risk of getting severe dengue31. 

Figure 3. Relationship between the age distributions of infants hospitalized for dengue hemorrhagic fever/dengue shock syndrome 
(DHF/DSS) and the protective and infection-enhancing effects of maternal dengue antibodies. Shown are mean age specific 
hospitalization rate/1,000 for Bangkok and Thonburi, 1962–1964. At birth, antibodies are at protective concentrations. With the passage 
of time, maternal immunoglobulin G antibodies are catabolized to concentrations that result in antibody-dependent enhancement 
(ADE) of infections. By the end of the first year of life, ADE antibodies are catabolized to concentrations below the ADE threshold, and 
DHF/DSS cases disappear. Reprinted from: Halstead, et al., 2002, Emerging Infectious Diseases, 8(12), p. 356. Copyright 2015 by EBSCO. 



 
13 

 

Figure 4. Model summarizing the effect of al-UV-DENV2 priming on subsequent DENV2 infection with or without transfer of exogenous 
DENV2-primed CD8+ T cells. Reprinted from: Zellweger, et al., 2014, The Journal of Immunology, 193(8), p. 3122. Copyright 2015 by The 
American Association of Immunologists. 

Vaccines that only induce a T-cell response can avoid ADE  

As previously stated, adaptive immune response in infants with DENV immune mothers 

consists only of maternal antibodies38. In the case of dengue, these antibodies are more a curse then 

a blessing. Maternal IgG antibodies are only protective against DENV in high concentration. When the 

antibodies are catabolised to a titer less than 1:8, these antibodies can enhance the uptake of viral 

particles, thereby worsening the symptoms (fig. 3). Vaccines must therefore induce a high antibody 

response or none at all, because a low antibody response will more likely result in ADE upon infection 

with DENV42. Furthermore, ADE might have caused failure in live-attenuated and recombinant 

vaccines as is elegantly describes by Halstead42.  

With a vaccine that only induces T-cell response, ADE can be avoided. One of these vaccines 

consists of recombinant nucleocapsid-like particles from DENV-243. This vaccine does not induce an  

antibody response that could evoke ADE, but does induce a T-cell response that results in a reduced 

viral load in mice and vervet monkeys. The vaccine could not induce full immunity against DENV-2. 

This is probably due to the low quantity of T-cell epitopes that the C protein contains43,44. However, 

this method would probably work with a protein that evokes a bigger T-cell response, such as NS3 or 

with the use of adjuvants7,44. Such vaccine will not only avoid ADE, but also other negative effects 

associated with antibody response against DENV. One of the other negative effects of antibody 

response against DENV is the inducement of the complement system, which is associated to plasma 

leakage. Furthermore, antibodies against DENV also react to host proteins such as plasminogen and 

endothelial cell proteins 8. 
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Original antigenic sin does not have a negative effect on the immune response to DENV infections 

In these previously discussed studies, T-cell response in secondary infections remained a 

mechanism that could have a negative effect on the immune response or even harm the patients due 

to original antigenic sin. However, a study by Weiskopf et al.31 showed that original antigenic sin does 

not decrease the quality or quantity of T-cell mediated immune response. They studied naturally 

occurring DENV infection in Sri Lankan, a country in which DENV-2 infection has been the most 

common serotype for years. Recently DENV-1 and DENV-3 have also been introduced in the 

population. Researchers therefore presumed that in the case of a secondary heterotopic infection, 

DENV-2 caused the primary infection. Next they analysed CD8+ T-cells response ex-vivo from 

conserved T-cells against the primary DENV infection to T-cells specific for the secondary infecting 

serotype. They found that CD8+ T-cells were more prone to have a response against the primary 

infecting serotype, but this did not quantitative of qualitative impair viral clearance31 (fig 5.). This 

study changed the way we think about original antigenic sin and T-cell contribution to dengue 

vaccine development29,31. Furthermore, Weiskopf et al.29 greatly improved the number of 

characterized DENV T-cell epitopes. This resolves one of the limitations regarding T-cell research in 

DENV. DENV vaccine development concentrated on T-cell mediated will benefit from this enlarged 

database.  

 

Figure 5. Avidity of responding T-cells was determined by incubating peripheral blood mononuclear cells  with ascending concentrations 
op peptide pools (0.001, 0.01, 0.1, 1, 10µg/mL). The peptide concentration necessary to induce 50% of the maximum responses (EC50) 
was calculated, and the average EC50 was compared between the conserved and serotype-specific epitopes. Reprinted from: Weiskopf, 
et al., 2013, Proceedings of the National Academy of Sciences, 110(22), p. E2050. Copyright 2015 by National Academy of Sciences. 

As discussed, multiple studies show that T-cell response in DENV infection is more helpful 

than harmful. It was also shown that T-cells could prevent ADE. Furthermore, it was discussed how 

DENV-specific antibodies can induce ADE if their concentration falls below a certain level and that 

this could be averted by producing a vaccine that only induces a T-cell response. Lastly, original 
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antigenic sin was shown to have no negative effect on viral clearance in DENV infection. Combined, 

these arguments form a solid case for the inducement of a T-cell immunity with a dengue vaccine. 
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Summarising discussion 

 

A protective or pathogenic role of T-cells in DENV infection? 

 Cytokines produced by T-cells during a dengue infection are associated with increased 

vascular permeability and other damage leading to plasma leakage9,22,25,26,28. However, these 

cytokines can also be protective30. Little evidence that shows an overall negative effect of T-cells on 

the host during a dengue infection exists and even in this case, both protective and pathogenic roles 

are assigned to T-cells in DENV infection35. This in contrary to the positive effects of T-cells during a 

DENV infection. Not only did T-cells reduce viral load33,34, it was also shown that a stronger T-cell 

response reduced the possibility of severe dengue31. Furthermore, the ability from T-cells to reduce 

the risk of ADE clearly suggests a protective role. In conclusion, components of the T-cell response to 

DENV infection might be pathogenic, however, in total the T-cell response is protective and even 

reduces the risk of DHF or DSS.  

 

Original antigenic sin 

 In the case of original antigenic sin, cross-reactive memory T-cell response outnumbers the 

serotype specific response in a secondary DENV infection8. Original antigenic sin can impair viral 

clearance, as is shown with LCMV23. Heterologous immunity, a phenomenon similar to original 

antigenic sin, is even proved to be pathogenic in some viruses22,23. Original antigenic sin of T-cells is 

confirmed to exist during a secondary dengue infection in mice20. Although existing, original antigenic 

sin was proven not to be pathogenic or even impairing to the viral clearance during a DENV infection 

in humans31. Although this was only proven in one study ex-vivo, the results will probably stand in 

further studies. Negative effects of original antigenic sin are only seen for other viruses than DENV, 

but never during a dengue infection. To conclude, original antigenic sin of T-cells exist in secondary 

dengue infections but does cause any harmful effects.    

 

How to prevent ADE? 

Because only a high concentration of DENV specific antibodies will cause antibody-mediated 

immunity against dengue virus and a low concentration of antibodies will cause ADE42, the question 

arises if DENV vaccine research should aim for antibody-mediated immunity or if antibody-mediated 

immunity should be avoided altogether. Vaccines that only induce an antibody response have 

recently failed to induce full immunity16,17. This could be due to ADE42. A vaccine that only evokes T-

cell mediated immunity could prevent ADE. Unfortunately, such a vaccine would not prevent 

infection with DENV, but it would quickly reduce viral load and prevent DHF and DSS44. Both of these 
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methods are flawed. A third possibility is a vaccine that mounts both a T-cell and an antibody 

response. With such a vaccine, induced antibody levels should be high enough to avoid ADE.  

 

Conclusion and implications 

T-cell response seems to have a protective role in DENV infection and is not impaired by 

original antigenic sin. A vaccine that only elicits a T-cell response would avoid ADE. Such a vaccine will 

not stop DENV infection immediately. However, because it does not evoke any antibody reaction, an 

imperfect serotype coverage of the vaccine is not dangerous for the people that get vaccinated. 

When immunity against a certain serotype is not induced, infection with this specific serotype will 

not result in a higher change of severe dengue in comparison to someone that is not vaccinated. 

Therefore, I conclude that it would be wise to focus on a vaccine that only evokes a T-cell response. 

Such a vaccine would be safe and effective. Furthermore, research should also continue with 

vaccines that induce a strong humoral response, but this in combination with a T-cell response. A 

combination of both will induce a stronger response against the serotypes and could potentially 

eradicate DENV. This could for instance be done by changing the YF NS3 in the Sanofi Pasteur vaccine 

for the DENV NS3. In conclusion, dengue vaccine should focus more on inducing a T-cell. 
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