
In-process control of AAV downstream processes (DSPs) ensures process efficiency, product quality, safety and 
consistency [1, 2, 3]. Using liquid chromatography (LC)-based methods such as size exclusion chromatography (SEC), 
cation exchange (CEX), and anion exchange (AEX) chromatography enables real-time monitoring of critical quality 
attributes.. 

Introduction

Timotej Žvanut1, Jana Krušič1,  Sergeja Lebar1, Aleš Štrancar1, and Andreja Gramc Livk1*

1Sartorius BIA Separations, Mirce 21, SI-5270 Ajdovščina, Slovenia
* Corresponding author: andreja.livk@biaseparations.com

Enhanced Monitoring of AAV Downstream Processes Using Liquid 
Chromatography Approaches

Downstream Process Workflow and Analytics

1. Žigon, R., Tajnik Sbaizero, M., Petrović Koshmak, I., Fujs, V., Leskovec, M., & Štrancar, A. (2022). Roadmap to success in AAV purification. In-process control, 
high throughput &novel column modalities as necessary means for control over scalable AAV process. Cell and Gene Therapy Insights, 08(10), 1315–1328. 
2. Gagnon P., Goricar B., Mencin N., Zvanut T., Peljhan S, Leskovec M., & Štrancar A (2021). Multiple-Monitor HPLC Assays for Rapid Process Development, In-
Process Monitoring, and Validation of AAV Production and Purification. Pharmaceutics 2021, 13(1), 113.
3. Hebben M. (2018). Downstream bioprocessing of AAV vectors: industrial challenges & regulatory requirements. Cell Gene Therapy Insights 2018; 4(2), 131-146.
4. Mulagapati, Sri Hari Raju, Parupudi A., Witkos T., Bond N., Chen X., Linke T., Xi G., Schmelzer A. E., Xu W. (2024). Molecular Therapy Methods & Clinical 
Development, Volume 32, Issue 4, 101382.
5. Buff M., Goyon A., Elger C., Ruppert R., Haindl M., Zhang K., & Guillarme D. (2025). Systematic comparison of wide pore size exclusion chromatography 
columns for the characterization of gene therapy products. Journal of Chromatography A, Volume 1752, 5 July 2025, 465972.

DSP Sample

Recovery [%]

dPCR MALS 
Area

FLD 
Area ELISA

Clarified Harvest 109 87 96 132

TFF Retentate 121 116 134 157

SO3 Load 78 78 88 133

SO3 Eluate 52 52 59 43

QA Load 50 49 55 88

QA Empty 3* 24 35 25

QA Full 43* 26 21 23

Table 2: Recovery of A) AAV8 and B) AAV9 DSP samples. Percent recovery was calculated by LS90° area, Trp-FLD area, dPCR, and ELISA. *dPCR
detects only encapsidated genomes and cannot assess recovery of empty/full-enriched samples. **Not assessed.
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DSP Sample

Recovery [%]

dPCR MALS 
Area

FLD 
Area ELISA

Clarified Harvest 94 126 165 na**

TFF Retentate 89 73 128 na**

SO3 Load 99 107 139 na**

SO3 Eluate 67 77 101 na**

A)                                                                                                                           B)

Impurities Detection with SEC-based method
▪ Aim: fingerprinting, impurities identification (aggregates, host cell proteins and DNA) and tracking
▪ Background: separation by size. Broader impurity profiling in a single run, combining multiple signals: UV (260/280 nm), 

tryptophan/PicoGreen fluorescence (Trp FLD/PG FLD), and multi-angle light scattering (MALS). 
▪ Case study: AAV8 DSP impurity reduction. PATfix results were confirmed with orthogonal assays—Bradford total 

protein (orthogonal to Trp FLD) and PG dsDNA (orthogonal to PG FLD), as summarized in Table 1. 

Sample name Trp FLD Area [mVs] Bradford Assay 
[µg/mL]

PicoGreen FLD Area 
[mVs]

PicoGreen Assay 
[µg/mL] MALS 90° Area [mVs]

AAV8 Harvest 2465779,0 2584,0 189245,0 4,8 15287,0

AAV8 Clarified Harvest 2296452,0 966,0 170992,0 3,2 3974,0

AAV8 TFF Retentate 9144,0 816,0 33,0 na 686,0

AAV8 SO3 Eluate 7129,0 64,0 5,0 0,1 130,0

Table 1: Impurity reduction during AAV8 downstream process, as assessed by multiple methods..

Figure 1: Graphical representation of initial DSP monitoring.
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PATfix ® LC-based methods for DSP control are based on the following chromatographic columns:
▪ BIA SEC Methacrylate Analytical Column with 2000 Å pores (Impurities Detection), 
▪ strong CEX monolithic column – CIMac SO3 0.1 mL analytical column with 2 µm channels (Total Recovery), 
▪ strong AEX monolithic column – CIMac QA HR 0.1 mL analytical column with 2 µm channels (Product Purity). 
All columns are provided by Sartorius BIA Separations). Data analysis were performed using PATfix software.

Total AAV Recovery Estimation using CEX-based method
▪ Aim: total AAV recovery estimation and optional fingerprinting
▪ Background: separation occurs based on electropositivity. Impurities either pass through the SO3 column (flow-

through) or elute during cleaning-in-place (CIP), while the majority of AAV is eluted as a single peak in the salt gradient 
(Figure 3A). Recovery during DSP is calculated using MALS or Trp FLD signal areas, integrated over the main AAV peak.

▪ Case study 1: applicability to different AAV serotypes (Figure 3B). Most tested serotypes elute in a single peak between 
6 and 7 minutes. Notably, only AAV5 eluted earlier at approximately 5 minutes. 

Figure 3: A) Representative profile obtained with the Total Recovery method. The grey band marks the total AAV peak, encompassing full capsids and 
product-related impurities. Bold trace: AAV8 Harvest (Load); light trace: AAV8 SO3 Eluate. B) Profiles of different AAV serotypes analyzed using the 
same method.
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▪ Case study 2: AAV8 and AAV9 DSPs recovery estimation using PATfix Total Recovery method compared against dPCR
and ELISA. PATfix agreed well with both assays (Table 2A and 2B) providing a rapid, serotype-agnostic readout without 
separate specific kits. MALS aligned more closely with dPCR and ELISA than Trp FLD across serotypes.

Product Purity Assessment with AEX-based method
▪ Aim: product purity assessment → enabling safer AAV gene therapies
▪ Background: separation of full AAV8 capsids from the other AAV8 species by their electronegativity. 
▪ Case study: %F were measured in four purified AAV8 samples. Results from the PATfix Product Purity (PP) method 

(Figure 4, Table 3A) were compared with mass photometry (MP) and PATfix ultracentrifugation (UC). Results aligned 
closely with UC (RSD ≤3%; Table 3B), while MP showed greater variability.

DSP Sample

Full AAV Determined [%]

PP UC MP

AAV8 purified 
sample 1

93.6 93.5 88.1

AAV8 purified 
sample 2

68.4 67.9 62.8

AAV8 purified 
sample 3

80.8 77.5 78.3

AAV8 purified 
sample 4

92.3 90.4 81.7

Table 3: A) Percentage of full AAV8 capsids (%F) determined using PP, UC and MP; and B) Relative standard deviation (%RSD) for each method, used 
to evaluate measurement accuracy across the tested samples.

DSP Sample

RSD [%]

PP vs UC UC vs MP PP vs MP

AAV8 purified 
sample 1

0.1 4.3 4.2

AAV8 purified 
sample 2

0.5 6.0 5.5

AAV8 purified 
sample 3

3.0 2.2 0.8

AAV8 purified 
sample 4

1.4 8.6 7.2

A)                                                                                                                      B)
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•Impurities removal at each DSP step (safety)
•Pinpoints critical steps for process optimization
•Multi-detector setup → diverse outputs, and deep insights
•Works across many AAV serotypes - AAV serotypes 
are similar in size [4, 5]. 

•Complements conventional recovery assays
•Highlights product losses→ process optimization
•Linear gradient, high-throughput, multi-detector setup 
•Works across many AAV serotypes
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•Precise and high-throughput analysis
•Serotype-specific method (AAV8)
•Ensures the safety and efficacy of AAV-based therapeutics
•Multi-detector setup and baseline separation
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Figure 4 : Various AAV8 purified samples analyzed
by the Product Purity method. Sample 1 – 4.
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Figure 2: Graphical representation of DSP workflow (DSP steps) and the samples obtained from each step (listed below).
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