
“Membrane-based platform technologies for the purification of viruses, virus-like particles and viral 
vectors” 

 
Michael W. Wolff 

Institute of Bioprocess Engineering and Pharmaceutical Technology, University of Applied Sciences 
Mittelhessen, Wiesenstrasse 14, 35390 Giessen, Germany 

 
Bioprocess Engineering, Max Planck Institute for Dynamics of Complex Technical Systems, Sandtorstr. 1, 

39106 Magdeburg, Germany 
Viruses, virus-like particles (VLPs) and viral vectors (VVs) for gene therapy are important components in 
the pharmaceutical industry for the production of prophylactic and therapeutic medications. Technical 

and economic bottlenecks of these production processes are mainly in the areas of comprised the 
applied downstream procedures and, in particular, chromatographic methods. For industrial scale-

chromatography of biological components, conventional bead-based resins are still preferred as 
stationary phase. Resins generally have large internal surface areas which require compounds to be 

transported into their pores in order to utilize the full potential of the matrices. However, for 
macromolecules or larger biomolecules like viruses, this is commonly limited by pore-diffusion or pore-
exclusion effects. Alternative stationary phases for the purification of larger biomolecules are based on 
monoliths and membrane adsorbers. The main advantage of the latter compared to conventional bead-

based resins are: flow-independent performance over a wide range of flow regimes, high binding 
capacities for large components, low dispersion of macromolecules adsorbed to the matrix via a high 

ligand density, a lower pressure drop over the length of the column, a greater concentration factor, easy 
scalability, and the application as a single-use technology. In addition to the backbone structure, the 
stationary phases can be optimized via the used ligand technology, especially if these are suitable for 

platform technologies. We have developed two membrane-based platform technologies for the 
chromatographic purification of virus particles (VP), VLPs, and VVs. The first is based on chemically 

sulfated cellulose where the backbone of the stationary phase constitutes the pseudo-affinity ligand 
(sulfated cellulose). Sulfated polysaccharides, such as heparin, are involved in a wide range of pathogen-
host cell interactions in nature; sulfated cellulose presumably mimics these natural ligands. Additionally, 
sulfated cellulose (in form of membrane adsorbers and resins) has already been successfully used for the 
purification of numerous viruses and viral/microbial agents.   The second platform technology revolves 
around membrane steric exclusion chromatography. Its selectivity is mainly based on target size, which 

is adjusted via a reversed proportional relationship of the concentration and molecular weight of an 
applied nonionic polymer, i. e. polyethylene glycol (PEG), and the size of the target species such as VPs. 
These are captured without a direct chemical interaction by the mutual steric exclusion of PEG between 

the product (VPs) and the hydrophilic matrix. The potential of these membrane-based platform 
technologies developed in our laboratory have been applied for the purification of numerous viruses 
(e.g. influenza virus, Modified Vaccinia Ankara virus, measles virus, yellow fever virus) and VLPs (e.g. 
influenza), obtaining product recoveries of at least 75% as well as an excellent depletion of process 
contaminates. Furthermore, for some viruses it was shown that the productivity of these processes 

compared to bead based methods could be significantly improved. This can be largely attributed to the 
raised dynamic binding capacity (up to 10x) of the membrane adsorbers and the applied higher flow 
rates.  Preliminary studies, in which these platform technologies were sequentially combined for the 

purification of clarified and nuclease-treated cell culture-derived influenza A virus particles, indicated an 
overall yield of at least 70%. Moreover, product purity in terms of host cell proteins and DNA meet 

regulatory expectations for human vaccines and thus represents an economic alternative to current 
vaccine purification processes.   
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