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Abstract 
 

Vaccines are the most cost-effective way of preventing influenza A infections. However, most 

of the current vaccines are based on eliciting an antibody response against the mutation-

sensitive HA and NA surface proteins. These proteins differ between strains of influenza and 

therefore current vaccines cannot elicit a cross-reactive immune response. Peptide vaccines 

provide a promising way to combat this issue. These vaccines use peptides from conserved 

regions of the influenza virus and elicit a cross-reactive T cell response over multiple strains 

of influenza A. Furthermore, this helps in inducing pre-existing immunity to prevent a new 

emerging influenza strain from causing widespread infections. Also, peptide vaccines can be 

produced more easily than current vaccines. 

However, there are multiple challenges in the development of peptide vaccines. Foremost 

they need to contain conserved peptides. but these peptides can differ in their HLA restriction. 

Conserved peptides can be found in proteins with a low frequency of mutations like PB1, M1, 

M2 and NP. For the HLA restriction, peptides can be used that target the globally most 

frequent HLA types. There are already some peptide vaccines in development that use this 

approach called M-001, FLU-v and Fp-01.1. These vaccines show to be safe, well tolerated 

and can induce a cellular immune response. However, populations across the globe differ in 

which HLA type is most abundant. A new approach that could improve the binding of 

peptides to these specific HLA types is chemically altering peptides at anchor points. This can 

help the peptide vaccines in eliciting a stronger immune response at different areas around the 

globe. Influenza A peptide vaccines should also include peptides for both CD4+ and CD8+ T 

cells to induce an effective cellular response. Moreover, vaccines should contain peptides of 

multiple proteins as the virus is less likely to escape the immune response and the virus can be 

targeted at different stages of infection.  

When these different conditions are met, peptide vaccines can prove to be a very effective 

combatant of influenza A virus infections. The chemical altering of peptides could provide an 

effective tool in the further refinement and improvement of the vaccines. 
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Introduction 
 

The influenza virus causes millions of infections worldwide, leading to high treatment costs 

and deaths in susceptible groups like the elderly and children (WHO, 2015). Vaccines are the 

most (cost-)effective tool for the prevention of infections and are thus the main method used 

to prevent influenza disease (Frieden et al., 2011). Two types of influenza, influenza A and B, 

circulate among humans. This thesis will focus on influenza A, which can cause seasonal 

infections of influenza but more importantly is the major cause of pandemics of influenza. 

Influenza A is subdivided into different strains by their distinct hemagglutinin (HA) and 

neuraminidase (NA) surface proteins (Dolin, 2011; WHO, 2015). These surface proteins are 

known to change due to antigenic drift and shift (T. Horimoto & Kawaoka, 2001). The main 

problem with current influenza A vaccines is that they are in general not able to elicit a cross-

reactive immune response between different influenza strains. The vaccines are aimed at 

eliciting an antibody response to the two variable surface proteins. The first consequence of 

this is that every year a new seasonal vaccine needs to be formulated and produced, leading to 

higher production costs. Furthermore, it means that for a new emerging strain there is little to 

no pre-existing immunity which in turn results in high risks of infection and even pandemic 

spread (Sridhar, 2016).  

One kind of vaccine that can be used to solve these problems are peptide vaccines. Peptide 

vaccines, in contrast to conventional vaccines, contain only parts of proteins from the 

influenza A virus. These so-called peptides contain epitopes of conserved regions of the virus, 

regions that are not susceptible to mutations and therefore are the same among the different 

strains of influenza A. Peptide vaccines can thus elicit an immune response to multiple 

strains. This induced cross reactivity of the vaccines is the major benefit over current vaccines 

because only one vaccine should be needed for multiple strains (De Groot et al., 2014). 

Moreover, peptide vaccines can be synthetically produced rather easily, in contrast to current 

seasonal vaccines (Huber at al., 2014).  
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Peptides can target both the humoral immune system using B cell epitopes, or target the 

cellular immune response by using T cell epitopes. The T cell peptide vaccines are taken up in 

a dendritic cell (DC) that processes the peptides and presents the epitopes they contain on 

their major histocompatibility complex-I (MHC-I) and MHC-II molecules (Abbas et al., 

2014). These epitopes are the part of the peptide that get recognized by the immune system. 

The epitopes can then activate T cells. Some of the activated T cells will remain as memory T 

cells which stay in the body for years and are already primed for the specific epitope. This 

leads to long term immunity against an actual infection with influenza as the virus gets 

recognized immediately and cleared effectively. B cell peptide vaccines can be directly 

recognized by the B cells, meaning no processing is needed by DCs (Abbas et al., 2014). 

The function of the B cell response in the humoral immunity is producing antibodies against a 

specific protein of a pathogen, which helps in the neutralization of the pathogen and its 

clearance from the body. The cellular immune response can be divided into two types of T 

cells; CD4+ and CD8+ T cells. The function of CD4+ cells (also known as T helper cells) is 

both assisting in the maturation of B cells into antibody producing plasma cells and memory 

B cells, and the activation of the CD8+ cells and macrophages. CD8+ cells (also known as 

cytotoxic T cells) are vital for the specific killing of virus infected cells (Abbas et al., 2014). 

This review will limit itself to the cellular immunity, therefore focussing on peptides directed 

at a T cell response. 

When the T cell epitopes are presented on the MHC molecules they can activate T cells, 

which elicits a specific cellular response against these epitopes. This is crucial for effective 

clearance of the virus (Huber et al., 2014). The MHC molecules I and II differ in their 

function and structure. MHC-I molecules present their epitopes to CD8+ cells and MHC-II 

molecules present their epitopes to CD4+ cells. The molecules also differ in the way antigens 

are processed. For MHC-I, virus proteins and peptides from the cytosol are degraded to 

epitopes by proteasomes and then presented on the MHC-I molecule. For MHC-II, antigens 

taken from outside the cell are presented on the molecule. The structure of the MHC 

molecules differs too as MHC-I molecules can present antigens of 8 to 11 amino acids in 

length. MHC-II can present antigens of 10 up to 30 amino acids, with an optimum of 16 

(Abbas et al., 2014). First off, the differences between the two MHC types have implications 

for the way the peptide vaccines are administered to the DC cell. For binding MHC-I, 

peptides should enter the cytosol. Whereas for MHC-II, peptides can be taken from outside 

the cell. More importantly however, the differences in the structure of MHC-I and MHC-II 

means certain peptides might only be able to bind to MHC-I or MHC-II and therefore only 

elicit a CD4+ or CD8+ T cell response. 

Wilkinson et al. (2012) studied the importance of pre-existing influenza CD4+ T cells for the 

protection against influenza infection. The study showed that a higher amount of pre-existing 

CD4+ T cells was associated with lower virus shedding and less severe illness. Sridhar et al. 

(2013) showed the importance of the specific CD8+ T cell response during an influenza 

infection. It showed that people with higher amounts of pre-existing T cells against conserved 

CD8 epitopes also developed less severe illness after infection with the H1N1 influenza virus. 

As peptide vaccines are aimed at eliciting this specific T cell response, in contrast to current 

influenza vaccines, peptide vaccines could prove to be a more efficient combatant of 

influenza infections.  
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Peptide vaccines do however have their challenges as well. The main issue encountered in 

developing peptide vaccines is the choice of peptide to use. First of all, peptides to be used 

must be conserved over different influenza A strains. However, peptides can differ in the 

strength of immune response they elicit, for example based on their abundancy in the virus. 

(Grant et al., 2013). Therefore, a consensus of which peptides to use in a vaccine is hard to 

make. Moreover MHC molecules, known in humans as human leukocyte antigen (HLA) 

molecules, can differ between individuals. There are a lot of different HLA alleles, with 

different affinity to epitopes (Abbas et al., 2014). The consequence is that epitopes of peptide 

vaccines can sometimes not effectively bind to the HLA molecules of certain individuals, the 

epitopes are HLA-restricted. This is a major obstacle in making a universal vaccine that works 

for all individuals. 

As illustrated, there are a lot of advantages but also challenges to be found with peptide 

vaccines. This thesis first aims to examine the peptides that can be used in peptide vaccines of 

influenza A. It will then discuss how the characteristics of these peptides can influence the 

effectiveness of peptide vaccines and how some characteristics can be changed to improve the 

vaccines. 

 

Proteins to target for an influenza A peptide vaccine 
 

The first issue with peptide vaccines is the subject of peptide selection. For this, a crucial 

element is which regions of the influenza A virus are well conserved. The influenza A virus 

consists of many different proteins. The following section will discuss some parts of the 

influenza A virus that could be targets for use in peptide vaccines. 

HA and NA 

The envelope of the virus consists of both HA and NA. HA cleaves into subunits HA1 and 

HA2, which helps the virus to fuse with the host cell (Cross et al., 2009; Worch, 2014). The 

function of NA is mediating the release of new virus particles from infected cells. Epitopes of 

these two proteins are known to mutate easily and are different between influenza strains (T. 

Horimoto & Kawaoka, 2001; Tewawong et al., 2015). These proteins are therefore in general 

not suitable targets for peptide vaccines.  

PB1 and M1 

Possible good candidates for a peptide vaccine were studied by Assarsson et al. (2008). This 

study focussed on the proteins polymerase basic 1 (PB1) and matrix protein 1 (M1). PB1 is a 

polymerase of influenza. Its function is the replication and transcription of the viral RNA 

(Fodor, 2013). The protein M1 plays a pivotal role in stabilizing the HA and NA on the 

surface (Sharma et al., 2001). Both PB1 and M1 proteins have previously been shown to be 

well conserved and therefore associated with cross-reactivity between different influenza 

strains (Lee et al., 2008). The study by Assarsson et al. (2008) studied both the CD4+ and 

CD8+ T cell response by using six types of HLA class I molecules that are common across 

the globe, and an HLA class II (HLA-DR) type that encompasses many common HLA-DR 

alleles. This study again showed that both PB1 and M1 peptides contain well-conserved 
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epitopes and that the peptides are major targets for an effective CD4+ and CD8+ T cell 

response.  

M2 
The other matrix protein, M2, was studied by Fiers et al. (2004). M2 is a protein that forms an 

ion channel, helping in the release of virions from infected cells. The protein M2 is scarcely 

present on the surface of the virus itself but is expressed on cells infected with influenza. M2 

has an internal domain for anchorage in the membrane of the infected cells and it has an 

external domain, called M2e (Fiers et al., 2004; Lamb et al., 1985). Fiers et al. (2004) first 

studied how well conserved this M2e-sequence was by compiling reported human influenza 

M2e-sequences. M2e showed to be very well conserved, only displaying alternative amino 

acids at two positions.  

The next step in the study was testing whether or not a vaccine based on this M2e could 

induce immunity. The results of the study showed that their vaccine provided long lasting, 

protective immunity against all tested influenza A strains, indicating a good cross-reactive 

response. The peptide mainly induced an antibody mediated immune response with a B cell 

epitope, but a significant cellular response can also be induced especially by activation of 

CD4+ T cells (Pejoski et al., 2010). The study by Fiers et al. (2004) ends with a possible 

outlook for the M2e protein to be used for CD8+ T cell epitopes, indicating the possibilities 

for this protein to be used in other peptide vaccines. 

NP 

The last major protein to target is the nucleoprotein (NP). Viruses that contain single-stranded 

RNA, like influenza, encode a single-strand RNA-binding protein called NP. Its function is 

key in effective RNA transcription and replication for the virus (Portela & Digard, 2002; 

Turrell et al., 2013). Grant et al. (2013) studied which proteins of the influenza A virus elicit 

the highest CD8+ T cell immune response, e.g. which proteins are the most immunodominant. 

The study focussed on individuals expressing different HLA types then HLA-A2 to avoid a 

previously identified immunodominant response to the M1 mentioned earlier. The research 

showed that NP induced the largest response of CD8+ T cells compared to other proteins (like 

M2). This might be due to the high abundance of the NP protein found in the virions of 

influenza A. The NP was however found to be less conserved than the earlier mentioned M1. 

 

These studies show that multiple proteins of influenza A are well conserved and elicit 

effective T cell responses. Therefore, peptides of these proteins could potentially be used in 

the development of a universally working influenza A peptide vaccine. 

 

HLA diversity between individuals 
 

The next thing that is important for developing a universally working vaccine is a clear 

understanding of the differences in HLA molecules between individuals. There are a lot of 

distinct alleles that code for HLA molecules. Each individual has three types of HLA class I 

genes: HLA-A, HLA-B and HLA-C. Next to that, everyone has three HLA class II genes: 

HLA-DP, HLA-DQ and HLA-DR. There are over 5000 different HLA alleles of these genes 
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all with their different affinity to antigens, in this case the epitopes of the peptide vaccines. 

(Abbas et al., 2014). The diversity in HLA types leads to problems with making peptide 

vaccines universally effective as they cannot effectively bind to every HLA type, they are 

HLA-restricted. 

HLA alleles can be clustered together based on their overlapping peptide repertoires. A study 

by Sidney et al. (2008) showed that the most commonly found subtypes worldwide for HLA 

class I, the HLA for CD8+ T cells, are HLA-A1, -A2, -A3, -A24, -B7 and -B44. Peptides and 

epitopes HLA-restricted to these dominant HLA subtypes have been discussed in a study by 

Alexander et al. (2010). This research studied protein sequences from influenza A and 

evaluated the most conserved sequences that bind to the globally most frequent HLA-A and 

HLA-B types. The research found 25 potential inducers of specific CD8+ T cell response.  

However, looking at different populations around the globe, abundancy of alleles still differs 

between populations. For example, in African populations HLA-A3 and -A6 are more 

dominant than in European individuals and in the European population HLA-A2 is the most 

frequently found allele. Within a population, frequencies are however mostly consistent 

(Gonzalez-Galarza et al., 2011; Gourraud et al., 2014). 

This shows that different populations around the world differ in which HLA molecules are 

most frequent. Therefore, it is vital to know which HLA molecules are most common in an 

area to know whether or not the peptide can effectively bind to them and thus work 

effectively. Peptide vaccines can then be focussed specifically on the most frequent HLA 

molecule to target the biggest group of people in an area. This does mean that for different 

areas around the globe it could be needed to develop other peptide vaccines that are HLA-

restricted to the specific HLA molecules in that area. This also does not solve the problem of 

people with rare HLA alleles as vaccines are then not specifically made for them and 

therefore might not effectively bind and be presented to T cells. 

 

Chemically altering peptides for improved HLA binding 
 

A promising approach for tackling this problem is chemically altering peptides that are 

suitable for a peptide vaccine. The affinity of a peptide for an HLA molecule is determined by 

its shape, size and electrostatic interactions (Silver et al., 1992). The specific binding of a 

processed peptide depends on the positively charged N terminus and the negatively charged C 

terminus of the peptide (Abbas et al., 2014). For example, HLA-A3 has a preference for long 

positively charged residues on the C-terminus of peptides whereas HLA-A2 prefers long 

hydrophobic residues (McMahon et al., 2011). To chemically change a peptide to increase its 

affinity, modifications could therefore be performed at positions near this N and C-terminus. 

A study by Schumacher et al. (2014) focussed on the commonly found HLA class I (MHC-I) 

subtype HLA-A2 and how several influenza A peptides restricted to this HLA type could be 

further improved in terms of their binding levels. Peptides with already high binding affinity 

and peptides with moderate binding affinity to the HLA-A2 molecule were used. The study 

tried to substitute amino acids at anchoring points close to the N and C-terminus, making 

chemically enhanced altered peptide ligands (CPLs). Proteogenic amino acids (amino acids 

that are translationally incorporated into proteins) and nonproteogenic amino acids (amino 
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acids that are not encoded for by humans) were used (Ambrogelly et al., 2007). Both 

conditions lead to enhanced affinity of the HLA molecule to the peptides used, but 

introduction of nonproteogenic amino acids was the most effective. The increase in affinity 

led to a stronger and longer induction of T cell activation.  

The results of this study are comparable with a more recent study by Huber et al. (2016). This 

study first focussed on peptides for HLA-A2, by introducing the more effective 

nonproteogenic type amino acids as discussed by Schumacher et al. (2014). The binding 

groove of the HLA-A2 molecule prefers long hydrophobic residues and therefore amino acids 

with hydrophobic side chains, e.g. norleucine and norvaline, were introduced. The CPLs were 

again able to improve the T cell responses. Peptides that normally have a low affinity for the 

HLA molecule and therefore induce a lower T cell response were improved significantly. 

Besides the HLA-A2 allele the HLA-A3 allele was also studied to find out if these 

modifications could be extended to other alleles, which was the case.  

These two studies show that it is possible to take known peptides for specific alleles and 

increase their binding affinity to the HLA molecule. This provides an important tool for 

increasing the T cell response induced by a peptide vaccine and thereby the effectiveness of T 

cell peptide vaccines. Moreover, this could also help improving peptide vaccines for people 

with less frequent HLA types as the binding affinity of the peptides can be improved by 

studying the characteristics of the HLA molecule binding groove. 

However, Huber et al. (2016) mentioned the fact that modifications need to be performed 

carefully. Too many substitutions might also affect the recognition by the T cell receptor to 

which the peptide is presented as the amino acid chain is changed. In order to limit the 

consequences these modifications have on the recognition by T cells, a maximum of two 

changed amino acids was used. Another thing to keep in mind is that changes in the amino 

acids at the anchor position might still influence the structure of the peptide as a whole. This 

could also affect the recognition of the peptide by T cells (Sharma et al., 2001). Therefore, 

when developing new, better binding peptide vaccines by chemically modifying anchor points 

care must be taken to analyse if the T cell response is still effective. 

 

Current development of influenza A peptide vaccines 
 

In the following section, several vaccines that are currently in the process of being tested will 

be discussed to show how current insights about conserved proteins and peptide HLA 

restriction can be applied to the actual development of vaccines.  

M-001 

The vaccine that is currently furthest in the process of development is Multimeric-001 (M-

001). M-001 is a peptide-based vaccine in the form of a synthetic recombinant protein. This 

synthetic protein is made up of multiple conserved epitopes from peptides of influenza A, but 

also of the influenza B virus. It therefore targets both seasonal infections caused by influenza 

A and B and the pandemic infections caused by influenza A. The vaccine uses in total 9 B- 

and T-cell epitopes, coming from HA, NP and M1 which have been mentioned earlier 

(Atsmon et al., 2014; van Doorn et al., 2017). 
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The vaccine has already gone through a phase IIa trial where the safety and tolerance was 

tested in an elderly population (ages 65 years and older). The vaccine was found to be safe 

and well tolerated. It also showed to elicit influenza specific T cell responses and did so 

across multiple strains of influenza. The vaccine was also tested as a primer to an HA-based 

influenza vaccine, this showed increased elevations in HA antibodies (Atsmon et al., 2014). 

However, the sample size used in the trial was in many cases too small to draw actual 

significant statistical conclusions, mainly in the case of using M-001 as a primer to an HA-

based vaccine. Therefore, in order to understand the actual effectiveness of the vaccine, a 

larger scale research is needed. The vaccine is currently being tested in a phase IIb trial to 

again study its safety and focus more on its immunogenicity, this time in a large group of 

healthy individuals of 18 to 60 years of age. Both the effects as a standalone vaccine and as a 

primer will be studied (van Doorn et al., 2017) 

The cell mediated immunity and the elevations of HA antibody levels as seen in the phase IIa 

trial show the potential of M-001 to be used as a universal working influenza vaccine. 

However, the phase IIb still has to show whether these effects are indeed consistent and 

significant. 

FLU-v 

A second peptide vaccine that has already gone through some testing is FLU-v. This vaccine 

contains several peptides of conserved regions of NP, M1 and M2 proteins. The phase 1a trial 

used both FLU-v with and without an adjuvant. The trial showed that FLU-v is safe and well 

tolerated and showed to induce cellular immunity with and without the adjuvant. No 

significant antibody response was elicited as the vaccine specifically targets the cellular 

immune response (Pleguezuelos et al., 2012). 

A phase 1b trial again tested the capacity of the vaccine to induce T cell responses to the 

influenza virus in humans. Volunteers received either a placebo containing only the adjuvant 

or the vaccine plus adjuvant. The groups were then challenged with live influenza A virus 

(Pleguezuelos et al., 2015). Questions can be raised at the ethics of such a treatment, 

especially for the group that was administered only the placebo. The people did however 

apply voluntarily. The results of the study were said to be consistent with the phase 1a trial 

results; the vaccine was found to be safe and well tolerated and increased cellular immunity, 

correlating with decreased virus shedding and less severe symptoms (Pleguezuelos et al., 

2015). However, the results of the study actually showed that in the group of volunteers who 

were administered the FLU-v vaccine most volunteers only produced a weak immune 

response. In some cases, the placebo group even showed lower virus shedding and symptom 

scores than the FLU-v group. Only the few cases of strong immune responses were associated 

with decreased virus shedding and less severe symptoms. The dose used in this trial (500 μg) 

was not enough to induce these strong immune responses consistently. Therefore, a general 

statement about the capability of the vaccine to induce a strong immune response cannot yet 

be made. Further research is needed to elucidate whether or not higher doses of FLU-v are 

able to result in more consistent and effective immune responses.  

Fp-01.1 

Another vaccine that is currently in testing is called Fp-01.1. This vaccine specifically targets 

influenza A and consists of a total of 6 well-conserved peptides containing multiple CD4+ 

and CD8+ T cell epitopes. The used peptides come from NP, M1, M2 and PB. Sequences of 

these proteins were selected on their HLA restriction, sequences that were chosen contained 
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binding motifs that target the globally most present HLA class I and II molecules (Francis et 

al., 2015). The study by Francis et al. (2015) tested the vaccine for its safety and 

immunogenicity in a phase 1 trial in a group of healthy adults. Fp-01.1 was found to be a safe 

and well-tolerated vaccine. All of the six peptides induced an immune response of both CD4+ 

and CD8+ T cells. The vaccine also showed that the T cells activated after vaccine 

administration were cross-reactive among the multiple types of H1N1 and H3N2. This is 

important for Fp-01.1 to induce a broad protection and it means the vaccine doesn’t need to be 

changed for new emerging strains of influenza. The phase 1 trial shows the potential of Fp-

01.1 as an effective vaccine for a broad range of different influenza strains.  

 

The vaccines mentioned here show that the use of peptide vaccines against influenza A is 

currently being tested and in general shows promising results, but more extensive research is 

needed. The vaccines use multiple peptides of various proteins and target both the CD4+ and 

CD8+ T cell responses. The vaccines mainly use the method of targeting the most common 

HLA types over the globe by choosing sequences that are restricted to these HLA types. This 

is in order to provide a broad effectiveness and it aims to provide a universally applicable 

influenza peptide vaccine. 

 

Discussion 
 

T cell peptide vaccines are a promising new combatant of the influenza A virus. The peptide 

vaccines are taken from conserved regions of specific proteins; mainly PB1, M1, M2 and NP. 

Because the sequences are conserved, the peptides can provide a cross-reactive T cell 

response over multiple strains giving the possibility of creating a universally working vaccine 

for influenza A. Moreover, the vaccine-induced immune response provides pre-existing 

immunity to protect against newly emerging influenza A strains. This counters the need for 

new vaccines to be produced every time a new strain emerges, leading to a higher cost-

effectiveness of the vaccines. The production of peptide vaccines is also a simple and scalable 

process, in contrast to current vaccines. For the conventional influenza A vaccines, 

development of a new vaccine can take over 30 weeks (Jin & Chen, 2014). The peptide-based 

vaccine M-001 however, is produced in Escherichia coli and takes only 6 to 8 weeks in total. 

It can be manufactured year round which means that producing the vaccine can also be 

planned to coincide with differences in market demands at different points in time (van Doorn 

et al., 2017). 

Three major vaccines are currently in development; M-001, FLU-v and Fp-01.1. These 

vaccines show to be safe to use and mostly show a promising induction of T cell response in 

testing. However, further research has to show if the induction of this immune response is 

indeed effective and consistent. The vaccines use a combination of peptides that are HLA 

class I restricted and peptides that are HLA class II restricted to induce both a CD4+ and 

CD8+ T cell response. Huber et al. (2014) show that a combination of CD4+ and CD8+ T 

cells in response to a viral infection is vital to effectively clear a virus. The CD8+ T cells are 

required for killing of the infected cells and therefore removing the virus from the body, but to 

do this effectively the CD4+ T cells play an important role. The CD4+ T cells help in the 
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activation and growth of the CD8+ T cells. Moreover, CD4+ T cells can also induce the 

humoral response through CD4+ T cell induced maturation of B cells (Abbas et al., 2014). To 

induce simultaneous activation of the T cells, vaccines therefore need to include peptides for 

both CD4+ and CD8+ T cells. A different interesting approach is looking for peptides that are 

HLA class I and HLA class II double restricted. Pedersen et al. (2016) studied this method by 

testing eight influenza A derived peptides that should bind to both HLA-A2 (HLA class I) and 

HLA-DRB1 (HLA class II). Results showed that 4 of the 8 peptides did indeed bind both 

classes of HLA and were therefore double restricted. These peptides elicited both CD4+ and 

CD8+ T cell responses against the same peptide epitope. This study by Pedersen et al. (2016) 

shows a potential area of interest for peptide vaccines that simultaneously induce CD4+ and 

CD8+ T cell responses by using only one peptide. This may help in the effectiveness of 

development of peptide vaccines and may increase their immunogenicity.  

The next vital component in the development of an effective vaccine is using peptides derived 

from multiple proteins. The vaccines that are currently in development all use a combination 

of peptides from different proteins. First, this is important for a higher chance of the vaccines 

to be effective. Immune responses targeted against multiple parts of the virus will be induced, 

providing a broader immune response. This makes it more difficult for the virus to escape the 

response. Besides this, the virus has different levels of protein expression at certain stages of 

the viral infection. For example, for the initial infection of the cells by the virus HA, NA and 

M1 are important. After the actual infection proteins like M2, PB1 and NP begin to play a 

role. Therefore, for an effective immune response against the influenza virus, multiple protein 

peptides are key. This will induce an immune response against multiple stages of the virus 

infection and therefore provide a higher level of immunity (Assarsson et al., 2008). 

The chemical altering of peptides could provide a useful tool in increasing the effectiveness of 

vaccines that are currently being developed or that will be developed in the future. It can 

improve the binding of the peptides to HLA molecules and therefore help in inducing a more 

effective immune response. Next to that, it could also help in increasing the effectiveness of 

the vaccines in individuals or populations with less frequent HLA molecules by altering the 

peptides and changing their HLA restriction to the less frequent HLA types. 

An important topic for peptide vaccines that has not yet been discussed in this thesis is that of 

the actual delivery of the vaccine and its peptides to the DC cell. This delivery is of course 

also pivotal in the development of an effectively working vaccine as it is vital in order to 

activate DCs to present the peptides to T cells. There are multiple ways of delivery to the DC, 

for example with peptide loaded virosomes or in liposomes. The different methods of delivery 

have their specific advantages and disadvantages which have been discussed thoroughly in a 

thesis by P.C. Soema (2015). 

In summary, influenza A peptide vaccines could prove to be a useful combatant of influenza 

A virus infections. Vaccines that are currently in development show promising first results 

eliciting both CD4+ and CD8+ T cell responses simultaneously. Peptide vaccines use 

conserved peptides derived from multiple proteins, helping them elicit an effective cellular 

immune response against multiple stages of the infection. Because the regions are conserved, 

these peptide vaccines can elicit immune responses against multiple strains of influenza and 

even new emerging strains, which makes them more (cost)-effective than vaccines that are 

currently being used. Also, peptide vaccines are more easily produced than current vaccines. 
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The chemical altering of peptides could provide an effective tool in improving the immune 

response they elicit. This could likewise help in altering peptides in vaccines that are currently 

being developed to be able to bind to less frequent HLA types across the globe.  
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