
Background
Gene and Cell Therapy
Gene and Cell Therapies (GCTs) have the 
potential to slow, stop or reverse disease 
progression where causative, single-gene 
mutations are inherited or developed [1]. 
Compared to traditional therapeutics which treat 
disease symptoms and must be repeatedly 
administered, GCTs aim to correct the root cause 
of disease through the introduction, removal or 
alteration of genetic material (Figure 1). 
Genomic editing for therapeutic applications 
are often achieved using viral vectors: viruses 
engineered for the delivery of genetic material to a 
target cell population. By altering a viral genome 
to include a therapeutic transgene and packaging 
this genetic material into a protein capsid, these 
viral vectors are able to efficiently deliver their 
genetic payload to specific cell types. Ideal viral 
vectors facilitate efficient gene transfer to specific 
tissue types, lack disease association, and exhibit 
minimal immunogenicity [2]. 
Development & Production Challenges
Current approaches to manufacturing GCTs 
face challenges in the production of consistent, 
clinical grade material. Batch-to-batch variability is 
common and often affects process yields, active

fraction, and sample purity (i.e. residual host 
cell protein and nucleic acid) [2, 3]. To diagnose 
and resolve issues relating to viral vector 
production, quality analytical technologies are 
needed to quantify the amount and integrity of 
the vector’s genetic material. The poor analytical 
performance and lengthy testing timelines of 
traditional technologies impact the manufacture 
of consistent, quality product. New analytical 
methodologies such as digital PCR (dPCR) offer 
a time and cost efficient alternative with greater 
reproducibility, sensitivity and precision than 
alternative analytical assays. First generation 
methodologies for calculating active fraction and
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ABSTRACT
Gene and cell therapies (GCTs) continue to show promise as novel treatments to improve patients’ lives. Develop-
ing effective and reproducible GCTs requires the use of sensitive and robust testing methods for treatment quality 
validation. Digital PCR (dPCR) has emerged as an effective tool in GCT manufacturing. However, the high per-sam-
ple cost and relatively long workflow time of the current dPCR systems limits the broad adaptation in GCTs manufac-
turing. Here, we review the challenges of GCT manufacturing, explore the benefits of dPCR in these workflows, and 
highlight new technology that will remove the barriers for broad adaption in current manufacturing workflows.

Application Note
50-PM-001, REV 000 1

therapeutic
protein therapeutic

receptor

viral vector

Figure 1. Graphic summaries of common gene 
(left) and cell (right) therapy technologies.



viral titer, such as infectivity assays and 
quantitative PCR (qPCR), do not offer rapid, 
sensitive, absolute detection of infectious titer at 
low cost in a single workflow. Infectivity assays 
enable absolute quantification of the active 
fraction at the expense of low throughput, high 
human labor and sluggish results (5+ days) [4]. 
While qPCR-based assays are capable of rapid, 
low cost viral titer quantification, they necessitate 
a standard curve for the interpolation of sample 
concentration. The resulting calculation is 
often skewed by poor primer design, reaction 
inhibitors and differences in secondary structure 
between reference standard and sample 
resulting in amplification inefficiencies that 
negatively impact reproducibility [5]. Digital PCR 
methods resolve many of these shortcomings. 
By utilizing absolute quantification rather than 
relative quantification, dPCR alleviates many 
of the analytical drawbacks of traditional qPCR 
while increasing specificity, precision, and 
quantification range. In fact, dPCR is already 
used by GCT companies to quantify active 
fraction, viral titer, sample sterility, and purity [6]. 
To quantify infectious titer, protocols often call for 
the measurement of viral DNA or virus-inducible 
reporter genes within inoculated cells [7].

Digital PCR and Gene & Cell Therapy
Impact of dPCR on Development and 
Manufacturing
Digital PCR assays enable absolute 
quantification of an analytical target by 
partitioning a single sample into many 
subsamples. As the number of partitions 
becomes sufficiently large, each partition will 
approach occupancy of either zero or one 
analytical target (i.e. viral genome). The exact 
allocation of target analyte in each of the 
partitions follows the mathematical Poisson 
distribution. Digital PCR detects the analytical 
target by amplifying a target DNA sequence in 
each partition using PCR and a fluorescence 
detection system. End point analysis is then 
performed on each partition to interrogate

whether it contains the target or not. Measuring 
both the total number of partitions, as well as 
those positive for an analytical target, then 
leveraging Poisson statistics, allows a user 
to absolutely quantify analytical targets in the 
sample.
Digital PCR assays have a number of 
advantages over traditional, quantitative assays: 
First, digital assays are less susceptible to assay 
noise and/or poor reaction efficiency given their 
binary readout. Second, when samples are 
partitioned into smaller, subsample volumes, 
there is an increase in relative concentration, 
increasing concentration-dependent sensitivity. 
Lastly, dPCR platforms offer rapid, absolute 
quantification of nucleic acid without the 
requirement of reference materials. This is 
particularly valuable when calibration standards 
are difficult to reliably reproduce with accuracy 
and when standardized reference materials 
are unavailable. Further, the lack of a reference 
standard increases the efficiency of running 
small sample sets and reduces variability 
across assays, instruments and users. Absolute 
quantification by dPCR positively impacts 
reference standard constraints, efficiency and 
variability, all while generating highly sensitive 
and reproducible data.
dPCR methodologies can be used to calculate 
viral titer, affirm genome integrity (by multiplexed 
targeting of distal amplicons) and detect host 
nucleic acid impurities. dPCR can even even 
be used as a measure of viral vector infectivity 
by, for example, quantifying DNA extracted from 
infected cells [7]. These methodologies not only 
generate precise and highly reproducible data, 
but also reduce development and production 
costs. Broad adoption of dPCR methodologies 
within GCT manufacturing would facilitate the 
development of a more consistent, predictable 
manufactured therapeutic product through rapid, 
high information content product characterization.
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Continuum™ - Advancements in Digital PCR for 
GCT
In the Continuum Digital Flow PCR System 
from Dropworks, samples are added to the 
instrument in a 96 well plate after adding PCR 
reagents. The system then partitions samples 
and amplifies nucleic acid templates in-line, 
without additional handling (Figure 2). The 
process of in-line partitioning and PCR maximizes 
partition yield, reduces sample loss seen in 
other dPCR methods, and improves analytical 
performance. This simple, one-touch workflow 
allows researchers to access the sensitivity and 
precision of dPCR technologies in applications 
where cost and complex workflows have 
prohibited adoption of current dPCR platforms. 
This simplified workflow resembles traditional 
qPCR, utilizing a single, integrated system and 
does not require sample handling after initial 
sample plate preparation. To prevent cross-
contamination between samples, Continuum uses 
proprietary emulsion and surface chemistries. 
This approach eliminates costly single-use 
consumables and enables the reuse of key 
components. Finally, Continuum provides results 
for a 96-well in just over four hours, with results 
for the first sample available in about 25 minutes. 
These key advantages of the Continuum Digital 
Flow PCR System have the potential to improve

speed, efficiency, and lower the cost of GCT 
development. Reliable, actionable data generated 
rapidly and without need of an independent 
standard allows researchers to access analytics 
where current technologies are problematic. 
Continuum reduces dPCR instrument and 
per-sample cost to a level on par with qPCR, 
democratizing access to digital PCR and all of its 
associated benefits.

For more information, visit www.dropworks.com. 
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Figure 2. (Top) Workflow of Continuum™ PCR.  
(Right) Continuum™ PCR instrument including 
consummables cartridge.
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