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„Die Neugier 
steht immer an erster Stelle eines Problems, 

das gelöst werden will.“ 
 

Galileo Galilei 
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Summary 

 

Yellow Fever 17D vaccine is one of the oldest and most successful vaccines ever 

developed and belongs to the most important vaccines in prevention of serious 

Yellow Fever (YF) in Africa and South America. 

The various mechanisms of a protective immune response against the Yellow 

Fever Virus (YFV) infection and the outcome of Yellow fever adverse events (YEL-

AE) are still widely unknown.  

 

In this study essential methodological improvements concerning future studies 

on immune response were elaborated.  

The developed TaqMan-PCR allows a quantification of YFV and YFV-infection 

related gene expression in infected samples (serum, tissue) with high accuracy. 

Three genes (L13, TBP, PPI) were determined as reference genes, which are in 

contrast to β-actin constitutively expressed in YFV infected cells and tissue. 

The cytokine array permits in comparison to other methods a cost-efficient, rapid, 

broad, and semi-quantitative determination of cytokines. 

The set of primers for sequence analysis of highly variable regions within the YFV 

genome allows a fast characterization of virus strains in vaccinated persons with 

or without side effects, so that virus mutations could be excluded as cause of 

complications. 

 

With these established and improved methods YFV infections after vaccination 

and after wild type infection could be examined. From the comparative analysis 

of the immune response of YFV-wild type infected (YFVInf), YFV vaccinated 

(vaccinees) and YFV adverse events (YEL-AE) new insights regarding YFV 

induced immune response could be achieved. 

The clinical data, the virus titer as well as the neutralizing antibodies of YFVInf 

and YEL-AE indicate that persons with YFV infection and YFV viscerotropic 

adverse events (YEL-AVD) with fatal outcome (YEL-AVDFat) show a very similar 

image and are hardly differentiated. YEL-AE with non fatal outcome vary in their 

manifestations. A reverse mutation from vaccine to wild type strain can be 

excluded as cause for YEL-AE due to the here performed sequence analysis. 

Therefore the focus for future studies should be laid on host factors.  
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In this study a partial issue of the cellular immune response was investigated as 

a host specific factor. It could be shown that the activation of the immune 

response by YFV-infection regarding the cytokines is lower as well in the 

vaccinees as in YEL-AE than in YFVinf. The number of the cytokines and the 

amount of their release are considerably stronger in YEL-AE than in vaccinees. 

This could be linked with the severity of side effects. Thereby the cytokines IL-6, 

IL-8, GRO, MIG, MCP-1, TGF-β1, TNF-β und RANTES could play a major role. In 

the YEL-AVDFat the same cytokines (IL-6, IL-8, MCP-1) were highly elevated as 

well as in YFVInf. GRO and MIG could also be measured in high concentrations in 

YEL-AVDFat. In the measurement of cytokines on protein level, persons without 

side effects showed only a high reactivity for RANTES, while other cytokines were 

only rarely or not detectable. 

 

Furthermore three mutation sites were analyzed in the E-protein region of the 

YFV-17D vaccine strain, which are suspected to be the reasons for the 

attenuation of YFV. The E-protein is supposed to be responsible for the virulence. 

Eight amino acids of the E-protein seem to be very interesting targets. Three of 

them were changed for mutation studies to get insights about the molecular 

determinants of the attenuation. The substitution mutants pMutE52 and 

pMutE200 showed in contrast to the wild type and the vaccine strain a similar 

replication efficiency while pMutE299 could not replicate in cell culture. 

 

The results of this study support the findings, that especially the cellular immune 

response after YFV infection and vaccination give a clear diagnostically indication 

regarding the course of infection and vaccination, respectively. The immune 

response as well the primary infection of cells by YFV needs further 

investigations to clarify the activation of a protective immune response.  This will 

help to find out details regarding the mechanism which could conduct to severe 

cases with side effects and deaths after YFV vaccination. 

 

To elucidate the causes of attenuation of YFV vaccination strains further 

comparative studies by reverse genetics as well as by alternative methods for 

the detection of viral fitness (replication efficiency, infectivity) are necessary to 

understand the specific molecular mechanism of the phenotypic effects. 
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