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Abstract
Recombinant adeno-associated virus (rAAV) vectors have emerged as a promising platform for gene therapy. As 
the demand for rAAV-based gene therapies grows, reliable and efficient methods for rAAV vector titer 
quantification become increasingly important, especially in process development and manufacturing. We 
developed a novel method for measuring AAV titer using Variable Pathlength Technology (VPT). Testing of various 
downstream in-process samples showed a remarkable linear correlation between vector titer values obtained with 
the CTech™ SoloVPE® System and technologies predominantly established in the industry at present. The method 
demonstrated excellent linearity, repeatability, and intermediate precision, with a dynamic testing range from 
1011 vg/ml up to 1015 vg/ml for vector titer measurement. Here, we discuss the applications of VPT in downstream 
process development and its ability to provide real-time feedback to accelerate the process.

Background
Vector and capsid titers and full/empty ratio are Critical Quality Attributes (CQAs) of rAAVs and are closely tracked 
during downstream process development. Current industry-accepted rAAV titer assays include qPCR, ddPCR, 
Capsid ELISA, transmission electron microscopy (TEM), analytical ultracentrifugation (AUC), and some high-
performance liquid chromatography (HPLC) methods. These methods have their own advantages; however, assay 
turnaround can be time consuming. Variable Pathlength Technology is a UV technology that allows for measuring 
the optical density (OD) of samples by analyzing changes in absorbance over multiple pathlengths of interest, 
which differs from traditional UV-Vis spectroscopy. Although VPT, using the SoloVPE System, has been widely 
adopted as a titer measurement method in various biopharmaceutical industries for concentration measurement, 
its use in gene therapy has been limited.

Methods
Variable pathlength spectroscopy differs from traditional fixed pathlength spectrophotometers in that it uses 
multiple pathlengths to calculate the optical density (OD) value. It does not rely on absolute absorbance 
measurements and can provide results quickly without sample dilution.

VPT in Downstream Process Development Applications: 
Chromatography Steps and Ultrafiltration/Diafiltration 
(UF/DF)
We assessed the viability of VPT for rAAV vector and capsid titer measurement as well as empty/full capsid ratio 
determination during downstream process development. VPT has demonstrated its value as a process analytical 
technology (PAT) tool to provide real-time feedback to ensure step recovery and to meet target titer requirement 
in the UF/DF step.

Linearity, Repeatability, and Intermediate Precision

Conclusion
The development of recombinant adeno-associated virus (rAAV) processes necessitates the availability of a rapid 
and dependable method for measuring vector and capsid titers. The application of Variable Pathlength Technology 
(VPT) for titer determination has yielded comparable results to those obtained through qPCR titer and Capsid 
ELISA titer analyses performed on purified samples. A comprehensive evaluation of VPT has demonstrated its 
commendable accuracy, linearity, repeatability, and intermediate precision. In comparison to the prevailing 
technologies currently employed in the industry, VPT offers a substantial advantage in terms of time to results and 
user friendliness. A triplicate-combined measurement of viral genome and capsid titers can be completed in less 
than five minutes, rendering this method highly suitable as an at-line test during downstream process 
development, enabling real-time decision-making.
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Sample Sample 
Repeats m260 Mean 

m260 RSD m280 Mean 
m280 RSD

1

R-1 0.28146

0.28101 0.15%

0.26049

0.26021 0.19%R-2 0.28094 0.26048

R-3 0.28064 0.25965 

2

R-1 0.09246

0.09247 0.03%

0.13438

0.13456 0.18%R-2 0.09250 0.13483

R-3 0.09245 0.13448

Figure 4. Comparison of variable pathlength spectroscopy to qPCR and ELISA. Concentration range tested: qPCR: 4.7 E+11 – 2.6 E+13 
vg/mL and Capsid ELISA: 2.9 E+12 – 1.6 E+14 capsid/mL.

Table 2. Intermediate Precision: The AAV sample was measured by 
two scientists on different days using different Fibrettes, sample 
vessels, and aliquots.

Sample m260 Mean 
m260 RSD m280 Mean 

m280 RSD

N-1 0.28288
0.28183 0.52%

0.26820
0.26662 0.84%

N-2 0.28079 0.26504

Table 1. Repeatability: The AAV samples were measured in 
triplicates, using the same Fibrette and the same aliquoted sample 
within the same sample vessel.

Variable pathlength spectroscopy

Multiple absorbance measurements 
for slope-based concentration results

Pathlength (l) is a variable 
value, capturing multiple 
absorbance measurements 
in less than 1 minute

Concentration (c) is a fixed 
value, and does not require 
sample dilution

Traditional UV-Vis spectroscopy

Single absorbance measurement

Pathlength (l) is a fixed 
value

Concentration (c) is the 
variable, requires sample 
dilution to ensure 
concentration falls within 
the linear range of the 
spectrophotometer
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→

mfull = total slope absorbances, c= capsids, D = DNA, mc= slope absorbance from capsid proteins, 
mD = slope absorbance from DNA, ε = extinction coefficient, conc = concentration, MW = 
molecular weight, 
R = 𝜀𝜀260𝐶𝐶  / 𝜀𝜀280𝐶𝐶  , K = 𝜀𝜀280𝐷𝐷  / 𝜀𝜀260𝐷𝐷  , NA =Avogadro’s constant.  

Figure 1. Comparison of fixed pathlength spectroscopy and variable pathlength spectroscopy with application of Beer–Lambert law. 

Figure 2. AAV Titer Calculation based on slope data utilizing Variable Pathlength Technology at UV 260 nm and UV 280 nm wavelengths. 

Figure 5. Elution Buffer Conductivity Screening– Recovery/Full%. Overlay of elution peaks from different screening runs demonstrated VPT 
measurement of vector titer and full capsid % allows for quick decision making in AAV polishing step process development based on 
recovery and full capsid enrichment. Rapid analytics provided with the SoloVPE System may be apply to other downstream applications.

Potential Applications
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Figure 6. VPT application in UF/DF step. The 
concentration factor obtained through the VPT method 
aligns well with the calculation based on volume 
reduction during TFF run using the KrosFlo® KR2i TFF 
System. This finding suggests that the SoloVPE titer 
assay can be used as a practical method for process 
control during the UF/DF step.

Accuracy

Figure 3. AAV titer for downstream intermediate samples calculated using VPT shows excellent agreement with qPCR and Capsid 
ELISA data in a linear trend 

Full and empty AAV2, AAV8, and AAV9 standards were used to assess the accuracy of the SoloVPE System. The 
system compared the various serotypes against qPCR and ELISA to evaluate differences in viral genome titer as 
well as viral capsid titer.
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