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SUMMARY  
 
Every year, more than one million people, mainly young children under the age of five, 
succumb to malaria. In spite of all efforts made to prevent malaria transmission and clinical 
disease, no effective vaccine is available yet. Since classical vaccine technology has thus far 
failed, novel approaches to battle the human Plasmodium falciparum parasite are in high 
demand. Hereto, naked DNA vaccines and live vector based vaccines show promise because 
they are potent in eliciting antigen specific cellular immune responses, which are usually 
poorly induced using classical vaccine approaches. From a manufacturing perspective it can 
however be argued that currently only live vector based vaccines can be made at sufficient 
scale to ensure the hundreds of millions of vaccine doses required to fight malaria and 
therefore much research attention is focused on this technology. Recombinant Ad5 vectors 
have been studied extensively as vaccine carrier for antigens from different pathogens and 
have shown to induce potent antigen-specific cellular immune responses in diverse pre-
clinical studies. However, a major limitation for clinical utility of rAd5-based vaccines is the 
high sero-prevalence and high titer of neutralizing antibodies against Ad5 in human 
populations, which have been shown to blunt Ad5 based vaccine potency in pre-clinical 
models and early clinical trials. Also, in vitro studies have shown that the Ad5 virus poorly 
infects antigen-presenting cells that are primarily involved in immune induction.  
With the aim to move forward promising adenovirus-based malaria vaccines into clinical 
trials, pre-existing immunity against the classical Ad5 vector needed to be addressed as well 
as identifying whether antigen specific immune responses could be further boosted when 
employing adenoviral vectors that are improved in their ability to deliver antigens to antigen 
presenting cells. Reasoning from the perspective that adenovirus capsid proteins (hexon, 
fiber, penton) must contain the major B-cell epitopes and the knowledge that the fiber 
protein determines cell tropism, capsid chimeric Ad5 vectors were constructed that carried 
the fiber protein from adenovirus type 35 since previous studies had identified that this 
vector well infects human monocyte derived DC as compared to rAd5 vector. This vector, 
called rAd5Fib35, was tested for its ability to circumvent anti-Ad5 neutralizing activity and 
further studies were employed to better understand antigen presenting cell uptake and 
immune induction in vitro and in vivo (chapter 2.1). From these experiments several 
important conclusions could be drawn. First, exchange of only fiber protein did not result in 
bypass of anti-Ad5 immunity in either mice or nonhuman primates. Second, rAd5.Fib35 
vector very poorly infected mouse dendritic cells as compared to rAd5 due to the absence of 
a high affinity CD46 receptor for the Ad35 fiber, however in vivo studies in mice showed 
comparable levels of immune induction. This finding was further strengthened by studies 
showing that a rAd35 vector, superior as compared to Ad5 for transduction of human 
dendritic cells, also proved equally potent in the induction of T-cell responses in a human 
artificial skin model (chapter 3.3). These findings had important implications for further 
vector design since it directly resulted in the preferred use of vectors based on a rare human 
serotype (Ad35) as opposed to capsid chimeric Ad5 vectors. Latter because a rAd5 vector 
carrying all capsid proteins derived from an alternative serotype could not be viably re-
created. These results also led to the conclusion that decisions on ultimate vector design, 
based on in vitro antigen presenting cell assays have to be carefully interpreted, as they 
clearly do not represent an in vivo situation.  
Next experiments were performed to identify the preferred antigen and antigen format 
derived from Plasmodium falciparum within the context of the chosen vaccine carrier, i.e. 
the rAd35 carrier. The circumsporozoite (CS) protein was chosen as preferred antigen for 
insertion into the rAd35 carrier given the knowledge that the most effective vaccine to date 
(30% protection in field trials), called RTS,S, contains this protein.  
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The CS protein in its native confirmation carries a so-called GPI anchor, which attaches the 
CS protein to the cell surface, an important process in the parasite life cycle. However, 
previous studies with the CS protein derived from rodent Plasmodium species, i.e., P, yoelii 
and P. berghei, demonstrated that deletion of the GPI anchor improved CS immune 
responses in vaccine settings. Based on these findings we modified the CS protein from P.
falciparum which causes high mortality in humans, and could demonstrate that deletion of 
the GPI anchor from this protein also resulted in increase immune induction in mice within 
the context of rAd35 (chapter 2.2). 
Next we tested the candidate rAd35.CS malaria vaccine for its potency and ability to bypass 
anti-Ad5 neutralizing activity in an established mouse model. Hereto the CS protein derived 
from the P. yoelii was inserted into rAd35 and mice were subsequently be challenged with 
P.yoelii sporozoites. From these studies it could be concluded that (i) anti-Ad35 neutralizing 
activity in malaria endemic areas is very low in contrast to Ad5 neutralizing activity, (ii) 
rAd35 induced immune responses in mice are not hampered by the presence of high level 
anti-Ad5 immunity in contrast to Ad5-based vaccine potency which proved severely 
hampered, (iii) presence of high levels of anti-Ad5 immunity proved to severely blunt not 
only immune responses but resulted in loss of protection, this in contrast to the use of rAd35 
which proved unaffected, and (iv) any homologous prime-boost regiment is less potent as 
compared to using two distinct adenoviral vectors as priming or boosting vaccine (chapter 
3.1) . Another important finding from the studies described in chapter 3.1 was that rAd35 in 
mice elicited less potent immune responses as compared to rAd5 based vaccines although 
both proved equally protective. This observation was however further strengthened by 
studies within the HIV field demonstrating in both mice and monkeys that rAd5 elicits more 
potent immune responses as compared to the rAd35 vector at equal dosing. It is therefore 
that a two-track research program was followed whereby on the one hand studies were 
initiated to identify whether also in a human in vitro model rAd35 is less potent as compared 
to Ad5 and on the other hand studies were initiated to identify whether immune responses 
using rAd35 could be improved in mice.  
In the latter case we tested whether formulation of the rAd35 vector carrying the P.
falciparum CS antigen with adjuvants could improve immune responses in mice. From these 
studies we learned that addition of aluminium phosphate (AlPO4) to rAd35 vaccine 
improved both B and T-cell responses against the CS antigen, a finding that could be 
directly extrapolated to a clinical setting since AlPO4 has been used as adjuvant in registered 
vaccines for decades (chapter 3.2). Further work is needed to better understand what 
mechanism underlies the improvement in immune responses since clearly the formation of a 
complex between rAd35 vector and AlPO4 is not required. Interestingly, the results also 
showed that vaccination regimen wherein AlPO4 was applied for both prime and boost 
vaccinition was the most efficient one (chapter 3.2). Finally, detailed studies were 
performed comparing rAd5 and rAd35 vector for antigen presenting cell uptake and 
stimulation of T-cell responses in an artificial human skin model, which represents a model 
as close to a clinical setting as possible. The data obtained demonstrated that rAd35 is more 
potent than Ad5 in the transduction efficiency of dendritic cells residing in human skin in 
turn resulting in equal induction of CS specific T-cell response (chapter 3.3). 
 
CONCLUSION 
The work performed in light of this thesis has helped to better understand which adenoviral 
capsids are involved in neutralization and cell tropism. This has fueled research into 
developing novel adenoviral vectors based on rare human serotypes. One of such vectors i.e. 
rAd35 has been developed that shows high promise for malaria vaccine development since 
the work performed here has shown that (i) human individuals living in malaria endemic 
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countries carry only low level anti-Ad35 neutralizing activity as compared to Ad5, (ii) the 
Ad35 vector elicits immune responses against the malaria parasite in mice that proved to 
afford protection, (iii) the Ad35 vector is not hampered by the anti-Ad5 preexisting 
immunity improving the clinical prospect of this vector. Furthermore, the ability of Ad35 to 
elicit antigen specific immune responses equals that of the commonly used Ad5 vector in a 
human artificial skin model that is as close to a clinical setting as possible. In addition it has 
been demonstrated that the potency of the Ad35 vector can be improved through 
formulation with clinically accepted adjuvant resulting in the prospect of either boosting 
immune responses or reducing vaccine dosing.  
As such this work has helped to advance a promising malaria vaccine candidate through pre-
clinical studies. Currently the rAd35.CS vaccine is being tested in a phase I clinical trial 
(USA) in healthy volunteers for its safety profile. 
 
 



 

 


