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Determination of physical
viral vector titer in process
development & QC for cell
& gene therapy

Daniel Forsstrom & John Chappell

The rapid and efficient development, production, and release of viral vectors for cell and
gene therapy depends on high-performance analytics that support process understanding
and enable QC for release testing. Critical quality attributes (CQAs) include total physical
viral vector titer and the ratio of full to empty capsids, which are the focus of this article.
A range of analytical methods to measure these CQAs are being evaluated to support
process analytical technology (PAT) and QC. While advanced methods such as analytical
ultracentrifugation (AUC) and cryo-electron microscopy (cryo-EM) are in use or being
evaluated to analyze the highly pure final product, the analysis of multiple samples of
lower purity during process development requires another approach. A common method
to determine the full:empty capsid ratio during process development involves combining
genome data from quantitative PCR (qPCR) or, more recently, droplet digital PCR (ddPCR),
with capsid titer data determined by enzyme-linked immunosorbent assay (ELISA). While
ddPCR is an effective and precise assay method, ELISA has several drawbacks, including low
throughput, high sample consumption, labor-intensive steps, and long turnaround times. The
generation of viral vector capsid titer can be streamlined by using the Gyrolab system, which
enables the miniaturization and automation of immunoassays to address these drawbacks.
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INTRODUCTION

Since the first clinical trial conducted in
1990, major advances have been made in
gene therapy, including the development
of much-improved vectors. To date, most
gene therapies utilize viral vectors, mainly
adeno associated virus (AAV) and lentiviral
(LV) vectors, to deliver the gene of inter-
est. The major difference between LVs and
AAVs is genome integration. LVs integrate
their DNA into the host genome. This, to-
gether with the ability to express multiple
genes means that LV vectors are frequently
used to treat complex disease states such as
congenital diseases, immune and metabolic
disorders, and cancers. Genomic integra-
tion by LV prevents the dilution of genetic
material over time due to cell division but
poses a risk of oncogenesis. This problem is
being addressed by third-generation, self-in-
activating LV vectors that reduce the risk of
insertional mutagenesis.

In contrast, genes delivered by AAVs be-
come an episome, or circular piece of DNA
that resides inside the nucleus. While a ge-
nome of ~4,7 kilobases (kb) limits the ability
of AAV vectors to effectively package much
more than -5 kb, their extensive viral tropism
means that AAV vectors are valuable for tar-
geting gene therapies involving the heart, liv-
er, and central nervous system.

Gene therapies represent over half of the
3726 gene, cell, and RNA therapies currently
in development, with cancer and rare diseas-
es as the main targets [1]. The revolution in
gene therapy development is putting signifi-
cant pressure on bioprocess development and
quality control (QC) to ensure that vectors
can be quickly brought to the market.

This article focuses on one aspect of en-
suring vector safety and efficacy — the deter-
mination of physical titer including empty,
full, and partially-filled capsids, in process
development and QC. We start by briefly
looking at the regulatory landscape con-
cerning vector analytics, particularly physi-
cal titer, and then summarize how different
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analytical methods fit the needs for deter-
mining titer in viral vector process develop-
ment, production, and release testing. We
conclude by illustrating how the measure-
ment of capsid titer can be refined to ensure
high data quality and productivity with an
example involving the miniaturization and
automation of immunoassays.

THE REGULATORY LANDSCAPE

The US Food and Drug Administration
(FDA) published revised regulatory guide-
lines for cell and gene therapy in January
2020 [2]. Overall, the FDA requires more de-
tailed characterization and regulatory docu-
mentation for viral vector analytics regarding
impurities, replication, titer, and infectivity.

The critical quality attributes (CQA) as
mandated by the FDA’s chemistry, manu-
facturing, and control (CMC) guidelines for
viral vector manufacturing include identity,
strength/potency, purity, safety, and stability
to ensure safety and efficacy. More specifically,
the CQAs that should be monitored during
development include “dosing units, genotyp-
ic or phenotypic variation, particle number
and size, aggregation state, infectivity, specific
activity (ratio of infectious to non-infectious
particles or full to empty particles), biologi-
cal activity or potency, and/or immunological
activity)”.

Regarding product-related impurities, the
Guidance states that, “For viral vectors, typ-
ical product-related impurities may include
defective interfering particles, non-infectious
particles, empty capsid particles, or replicat-
ing recombinant virus contaminants. These
impurities should be measured and may be
reported as a ratio, for example, full:empty
particles or virus particles:infectious units”.

Similarly, the EMA guidelines on gene
therapy products [13] state that, “The quan-
tity of the drug substance should be es-
tablished. For viral vectors, infectious titer
should be quantified; the number of parti-
empty/ge-

nome-containing) should also be determined.

cles (infectious/non-infectious,




Particle to infectivity ratio should be included
to define the content of the drug substance.
For plasmids and other forms of nucleic ac-
ids, the quantity or concentration of nucleic
acid should be established”.

Specific release criteria have also been indi-
cated. For example, the proposed draft guid-
ance for FDA consideration on testing AAV
products for empty capsids [4] states that, “it
is recommended that a maximum release cri-
terion of < 30% consisting of empty capsids
be established for drug product. Accordingly,
more than or equal to 70% of the product
should consist of primarily full genome cap-
sids”. However, Biophorum indicates that, “it
is premature and impractical to set a minimal
specification of less than 30% empty capsids
to apply to all AAV-based gene therapies in
development”. This organization suggests that
the industry continues with a QbD risk-based
strategy toward setting capsid specifications
depending on the product [5].

OVERVIEW OF TITER ANALYTICS

The prospect of ensuring that a virus vec-
tor has the required purity for safe and ef-
fective use can be daunting. The key is to
adopt a risk-based testing strategy in process
development and final QC that minimizes
the testing effort needed while meeting reg-
ulatory requirements and ensuring patient
safety.

Process analytical technology (PAT) within
the framework of Quality by Design (QbD)
is becoming more widely applied to viral vec-
tor manufacturing. This has stimulated the
development of advanced analytics that can
quickly provide reliable data, including in-
line testing, to improve process understand-
ing to boost yields, improve vector safety, and
lower costs. Rapid data generation for CQAs
such as physical titer, including the full:empty
ratio, is essential if techniques such as Design
of Experiment (DoE) are to be effective. An-
alytical methods must therefore be rapid, ac-
curate, and robust. Another important aspect
is the ability to generate substantial amounts
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of data from limited amounts of precious
sample, especially since regulatory demands
are increasing the number of tests needed for
batch release.

The testing strategy for viral vectors should
include analytical methods with several
important attributes that ensure the rapid
and efhcient generation of reliable data.

The need for speed to treat a
select few

Cell and gene therapy can offer spectacular
successes, including the treatment of pa-
tients suffering from genetic disorders pre-
viously thought to be incurable. Some ther-
apies have been developed and approved for
a relatively broad population, for example in
the treatment of hemophilia A and B, and
beta-thalassemia. Other therapies are only
developed for a select few suffering from
rare diseases and place particularly high de-
mands on drug development. Patient popu-
lations are small, with personalized medicine
sometimes being refined to truly individual-
ized medicine, making treatments very ex-
pensive. Added to that, treatments are often
fast-tracked from phase I for accelerated ap-
proval. Long assay times also add to the bot-
tleneck in the development, production, and
final QC of new products [6,7], emphasizing
the need for faster analytical approaches to
characterize the therapeutic with regard to
quality and titer [8].

The demand for rapid turnaround times
means that there is little time to validate
new bioanalytical assay technologies, and
rapid assay development and sample analysis
are critical factors in reducing development
times.

Increasing demands on data quality

As the number of clinical studies for AAV
and LV-based gene therapies grows, the reg-
ulatory authorities are emphasizing the im-
portance of vector titer assay reproducibility
and the measurement of full:empty capsid
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—» TABLE 1
Distribution of AAV capsids during production.

Capsid type Harvest (%) Purified (%)
Full <30 >70
Partially filled <10 <1

Empty > 70 <30

ratios to facilitate dose comparison between
clinical programs. For example, a recent
workshop formulated a target of less than or
equal to 15% precision for measurement of
empty AAV capsids for early phase studies,
which may require improvements in the reli-
ability of analytical methods for viral vector
titer [9,10].

Getting more data from smaller
sample volumes

Viral vector production is an expensive
process that produces very little final
product. For example, the product of a 200
L bioreactor can be concentrated down to
20 mL. Added to that, regulatory demands
have increased the number of analyses
required for characterization, putting an even
higher premium on analytical techniques
requiring less sample. It was estimated by
one chemistry, manufacturing and control
(CMC) specialist that almost half of the viral
vector production batch may be consumed
during QC bioanalysis steps [9], which means
that analytical methods that can process very
small sample volumes are at a premium.

THE NEED TO MEASURE
CAPSID IMPURITIES

Capsid content characterization is a major
challenge that puts a lot of pressure on ana-
lytics. Inefficiencies in viral vector production
result in a fraction of viral particles that fail to
package the vector DNA properly. This results
in impurities that include empty capsids and
capsids that contain nucleic acid sequences
other than the desired vector genome.

402

DOI: 10.18609/cgti.2023.060

Estimates of the distribution of AAV cap-
sids during production are summarized in
Table 1. Data from [11]:

Aggregates can also be present at different
levels (small less than 2% and large less than
1 ppm).

Taking AAV as an example, empty capsids
can have several negative effects that threaten

safety and efficacy [13]:

» Increasing the overall antigenic load that
may exacerbate innate and adaptive
immune responses;

» Contributing to the peptides presented by
major histocompatibility complex (MHC)
molecules, with consequent recognition
and clearance of transduced cells by
capsid-specific cytotoxic T cells;

» Functioning as a pathogen-associated
molecular pattern (PAMP) that can be
recognized by toll-like receptor (TLR) 2,
resulting in the induction of innate immune
responses;

» Competing with full capsids for receptor
binding, which could necessitate a dose
increase.

While the presence of empty capsids can
have benefits in certain situations, for ex-
ample as decoys for anti-AAV antibodies to
enhance gene transfer, minimizing the level
of empty capsids generally improves safety,
especially when high vector doses are ad-
ministered in clinical studies [13]. Removing
AAV empty capsids during manufacture is
a real challenge, especially during scale-up,
which means that reducing the load by op-
timizing upstream and downstream processes
is critical.

A recent draft guidance regarding AAV
testing for FDA consideration [6] proposed
identifying the following product impurities:

> Empty capsids;

> Non-infectious AAV;




» Aggregated AAV;

» Replication-competent AAV;

» Encapsidated host-cell DNA;

» Encapsidated helper plasmid DNA;
» Encapsidated partial genome*;

» Encapsidated mutated* or methylated
genome;

» Capsid post-translational modifications
(PTMs)*.

* not included in prior FDA recommendations

ANALYTICS FOR
CAPSID TITER CQAS

Several reviews have summarized the wide
range of analytical methods available for
determining capsid titer and genome ti-
ter [14-17]. In a draft guidance for FDA
consideration, the consulting firm Dark
Horse narrowed the field by proposing the
methods shown in Table 2.
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There are additional aspects of these tech-
niques that should be pointed out:

Charge detection mass spectrometry
(CDMS) measures the charge and mass-to-
charge ratio of individual ions and can be
used to resolve empty, partially filled, and
full capsids with a repeatability of less than
2% CV and a turnaround time of

2 h. But the method is less mature than,
for example, analytical ultracentrifugation
(AUC) [11].

Transmission electron microscopy (TEM)
has shown problems with poor agreement
with orthogonal methods, low throughput,
and long turnaround time [11].

AUC is highly repeatable (2% CV) and can
be used to resolve partially filled, empty,
and full capsids. But this method consumes
a lot of material (400-500 pL sample) and
has a throughput of only seven samples

in 6 h, making it more suitable as an
orthogonal method to validate more rapid
methods [11].

—» TABLE 2
Analytical methods for determining capsid titer and genome titer, as proposed by Dark Horse.
Method Throughput Ease of use Material used Partial Accuracy/
genomes precision
Charge detection mass + - ++ ++ ++
spectrometry (CDMS) But re- Specialized
quires buffer equipment
exchange
ELISA + ddPCR + ++ ++ - -
But d(d)PCR Commonly
requires sam- used
ple treatment
Size exclusion chromatography ++ + + - +
with multi-angle light Relatively
scattering (SEC-MALS) common
equipment
Transmission electron - - ++ - -
microscopy (TEM) Sample Specialized
staining, low equipment
throughput
Analytical ultracentrifugation - - + ++ ++
(AUC) Specialized
equipment
Based on guidance proposal from Dark Horse [4].
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» Methods to measure partially filled capsids
include AUC and CDMS shown in Table 2,
and also Cryo-EM [12].

A common approach used today for mea-
suring the full:empty ratio therefore involves
measuring the genome content and capsid
content separately and then using the quo-
tient to determine the % of full:empty cap-
sids. Quantitative polymerase chain reaction
(qPCR) or digital droplet PCR (ddPCR),
which is replacing qPCR, are widely used
methods to quantify genome titer due to
their simplicity, specificity, and robustness.
They are based on fluorescence detection
of specific DNA sequences during amplifi-
cation (qQPCR) or after amplification (ddP-
CR) in a thermocycler. Both require sample
preparation to remove non-encapsidated
DNA and denature capsid proteins to ex-
pose the encapsidated DNA. qPCR is the
standard procedure for determining genome
titer of rAAV reference standard material
(RSM) but suffers from low precision, with
repeatability as low as >30 %CV and repro-
ducibility of 70-100%. In contrast, ddPCR,
which does not require a standard curve and

measures the endpoint of PCR cycles, has a
repeatability of 2-20 %CV [11].

ELISA is the most common method
for determining capsid titer and has a high
specificity for intact capsids and is relatively
robust to matrix effects. This method can
deliver acceptable performance when used to
determine AAV capsid titer, with a repeatability
0f 10-15 %CV and reproducibility of around
40 %CV [11]. This traditional plate-based
method suffers from several disadvantages,
however, including low throughput (10
samples per 96-well plate), high sample
consumption, and requires labor-intensive
steps together with turnaround times of
several hours.

TRANSLATIONAL INSIGHT

Miniaturization & automation
boost immunoassay performance

The combination of data from qPCR or ddP-
CR and ELISA is often used to generate data
on full:empty capsid ratios, but data quali-
ty can be compromised by the accumulated
error resulting from combining results from

—» TABLE 3

The key factors in choosing an immunoassay platform.

Key factors

High precision and accuracy
Broad analytical range
Robustness

Matrix tolerance

Rapid data generation
High throughput
Flexible open platform

Automation
Low sample- and reagent consumption
Easily sanitized

Readily validated and 21 CFR Part 11
compliant software

Confidence in decisions
Reduces need for dilutions and repeats
Reliable and repeatable data

Enable the analysis of complex samples with low
minimum required dilution (MRD), which improves
functional sensitivity.

Meet tough timelines
Efficiently handle large sample sizes in development

Run multiple assays in parallel to save time
Enable the development of novel assays

Free up scientist’s time for other critical tasks
Reduces risk of error

Ensure maximum data generation with the minimum
of precious samples and reagents

Meet biosafety requirements when working with
viral vectors

Meet the demands of regulatory guidelines
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two analytical methods. The shift from gPCR
to ddPCR can improve the repeatability of
genome measurements but there remains a
need for the efficient and rapid determina-
tion of physical capsid titer with high accu-
racy and repeatability. ELISA is a well-estab-
lished method to determine capsid titer but
has relatively low throughput, narrow analyt-
ical range, requires many manual steps, and
consumes relatively large volumes of sample.
The question is, how the immunoassay-based
determination of capsid titer can be improved
to support the rapid generation of high-qual-
ity data?

The key factors in choosing an immunoas-
say platform are summarized in Table 3.

Gyrolab system has been developed by
Gyros Protein Technologies to address the
requirements listed in Table 3 and is now
well established in the biotech and pharma-
ceutical industry for a wide range of appli-
cations, including vector quantitation and
characterization, host cell protein impurity
measurement, and monitoring in vitro po-
tency. Kits are available to determine titers

of AAV serotypes 1-10 and the p24 antigen

INNOVATOR INSIGHT

of LV. The principle of a Gyrolab assay is
shown in Figure 1.

The automation and miniaturization of
the flow-through assays afforded by Gyro-
lab technology results in several benefits over
plate-based ELISA (Table 4 & Figure 2).

When compared to ELISA kits, Gyrolab
microfluidic immunoassays greatly reduce
the sample volumes, hands-on time required,
and overall assay time, while extending the as-
say dynamic range. These dramatic improve-
ments in assay performance and sample con-
sumption meet the demands for vector titer
bioanalysis required by the compressed pro-
duction timelines and limitations on batch
yields.

The high quality of data generated using
Gyrolab assays can be seen in Figures 2-4
and Tables 5 & 6.

In the context of ICHQ2(R1) [18], these
data summarize repeatability (intra-assay pre-
cision), intermediate precision (inter-run pre-
cision), linearity, and range.

Gyrolab AAVX Titer Kit has working
ranges of 1x10°~1x10"" for serotypes AAV1
— AAV7 and AAVrh10, and 1x10°-1x10"* for

—» FIGURE 1

movements using centrifugal force.

€=

on streptavidin
bead

column (15 nlL)

Gyrolab® Bioaffy™ CD-based microfluidic immunoassay design utilizing a 15 nL affinity capture
column, streptavidin beads, and microstructures in a circular array for precise, automated liquid

. Greos A

Sandwich assay  Affinity-capture - Gyrolab Bioaffy™ CD
microstructure

Gyrolab Bioaffy™ CD

Parallel processing of Gyrolab CD-based immunoassays on streptavidin beads within the affinity capture column
uses centrifugal force and capillary action to precisely control the flow of reagents and samples over the column.
On-column laser-induced fluorescence results are read automatically, and results are ready to analyze at the end
of the run. The short contact times minimize matrix interference and dramatically shorten assay times.
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—» TABLE 4

Performance of Gyrolab AAVX capsid titerimmunoassay exceeds ELISA performance and suitability

for bioprocess development.

Sample volume required 100-200 pL
Number of hands-on steps 5

Total assay time 4 h
Dynamic range 1-2 logs

Gyrolab system
8 uL

1h
> 3 logs

AAV8. A separate kit is available to measure
AAV9 titer. Table 5 shows data for standard
curves and QC samples over the working
range of the Gyrolab AAVX Titer Kit when
used to measure AAV?2 titer. Samples were run
in duplicate in six runs on four instruments
by three operators. Six duplicate runs were
performed on four different instruments, or

—» FIGURE 2

Gyrolab AAVX capsid titer immunoassay performance
versus ELISA.

10000+
1000+
S 1004
104
1 . . ; i
3 38 3 S S o
Qo+'\’ Qo+'\' 00+"/ S S
NN NN N N
{(VP/mL)
® Gyrolab AAV2
® ELISA AAV2

The broad dynamic range of Gyrolab AAV immunoassays reduces the
need to dilute or re-run samples. The 2-log increase in dynamic range
is especially useful in high-titer AAV batch production. The Gyrolab
AAV2 immunoassay was performed using Gyrolab AAVX Titer Kit.
ELISA was performed according to the kit instructions (PROGEN).
AAV2 standards (Sirion Biotech GmbH) were measured in duplicate
after dilution in steps of 1:5 from 2.0x10'* VP/mL or in steps of 1:2
from 2.4x107 (ELISA). (S/B, signal/background; VP/mL, viral particles
per mL).
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N=12 per standard concentration. The intra-
and inter-run precision was well under 10%
(1.7-5.3%), demonstrating an extremely ro-
bust assay.

Table 6 shows similar accuracy and
precision data for the quantification of LV
capsid titer by determining p24 antigen using
Gyrolab 24 Kit.

Further support for the suitability of
Gyrolab system in the determination of capsid
titer is shown in Figures 3 and 4. Gyrolab
assays deliver comparable data to ELISA
when used to analyze a range of samples
from upstream and downstream processing
(Figure 3) and the assays show high dilutional
linearity (Figure 4).

DISCUSSION

Rapid advances in cell and gene therapy in-
clude the development and evaluation of a
wide range of analytical techniques to deter-
mine the CQAs needed to guide process de-
velopment and support QC and final release
testing. Advanced methods such as AUC and
cryo-EM for final release testing are being
evaluated to generate data on empty, full, and
partially filled capsids in one analysis but re-
quire complex instrumentation. Immunoas-
says, on the other hand, are based on readily
available instrumentation and can generate
data relatively quickly to support process de-
velopment in particular.

The determination of CQAs such as cap-
sid titer, including full:empty ratios, for pro-
cess development and final QC, relies on
the availability of analytics that can quick-
ly deliver high-quality reliable data with a
minimum of effort and sample. Plate-based




immunoassays (ELISA) are commonly used
to measure physical virus/capsid titer in pro-
cess development and QC. Measuring the
CQA, empty:full ratio, means combining
the capsid data with genome data generated
using PCR-based methods, which results in
accumulated error and necessitates the devel-
opment of individual methods with high pre-
cision. The need for high precision, for exam-
ple, was noted in an interview with Christine
Le Bec in Cell & Gene Therapy Insights, with
a target for precision of less than or equal to
15% CV for the measurement of empty AAV
capsids being recommended for early phase
studies [9].

In the case of genome determinations, the
need for increased precision has resulted in a
shift from using qPCR to ddPCR to improve
data quality. On the other hand, the genera-
tion of capsid data using plate-based immu-
noassays has several disadvantages, including
the need for large sample volumes, relatively
laborious and time-consuming workflows, and

INNOVATOR INSIGHT

—» FIGURE 3

Analyzing samples from upstream and downstream pro-
cessing: Gyrolab assay versus ELISA.
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1.00x1072
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m Gyrolab assay
NELISA

Gyrolab AAV9 Titer Kit and a manual capsid ELISA gave comparable
results for a range of samples. The data was supplied by a CRO
providing analytical services for cell and gene therapy customers.
USP, upstream process; DSP, downstream process.

—» FIGURE 4

Gyrolab AAVX Titer Kit results in the determination of capsid titer for AAVS5.

Predicted VP titer (VP/mL) versus dilution {1/x) & replicate

Sample number

Gyrolab AAVX Titer Kit shows good dilutional linearity with comparable determinations for
titer whether the sample was diluted 1:50 or 1:12800. Data is for serotype AAVS5.
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TABLE 5

Gyrolab AAVX Titer Kit: representative accuracy and precision data for seven QC samples for the
determination of the working range when determining AAV2 capsid titer.

Expected Average Intra-run CV Inter-run CV Average ac- Average TE
conc (VP/ measure (%) (%) curacy (%) (%)
mL) conc. (VP/
mL)
uLoQ1 1.87x101 1.86x10™1 1.67 2.8 99.3 0.93-8.16
uLoQ 2 1.26x101 1.22x101 2.52 5.3 96.6 2.47-12.24
MQC 9.16x107 9.27x10° 4.03 4.1 101.2 4.80-12.92
LQC 4.65x108 4.56x108 2.49 2.3 98.0 2.30-9.79
LLOQ 1 1.76x108 1.74x108 7.91 4.5 98.7 6.55-17.86
LLOQ 2 1.22x108 1.20x108 9.15 10.9 98.3 13.12-27.22
LLOQ 3 9.85x107 8.94x107 1.18 5.5 90.8 9.30-39.94
limited dynamic range. Gyrolab system has  and reducesrisk of error, and the system is readi-
been developed to address these problems and  ly validated and is supported by 21 CFR Part 11
illustrates how technology development can  compliant software.
support cell and gene therapy in a similar way
to the shift from qPCR to ddPCR for genome CONCLUSION
determinations. Gyrolab assays can quickly
deliver data with a precision of better than The application of Gyrolab technology
10 %CV, which matches the performance of  represents just one example of the search for
ddPCR (repeatability 2%-10% CV [11]) to  analytical methods with short turnaround
increase the precision of not only total cap- times, high throughput, and simple sample
sid determinations but also full:empty ratios.  preparation that deliver reliable data for a wide
The microfluidic design, flow-through affinity ~ range of CQAs in vector development and
column, and automation all contribute to the  production. These efforts will help address
high reproducibility both within runs and be-  bottlenecks in vector production and support
tween runs. process understanding, with the goal of
Gyrolab system and associated kits can also  matching advances made in the production of
be used to measure other impurities, suchashost  other complex pharmaceuticals and the timely
cell proteins (HCPs), endonuclease, and trans-  release of safe and efficacious cell and gene
ferrin. The automation increases throughput  therapeutics.
—» TABLE 6

Gyrolab p24 Kit: Intra- and inter-run precision for the standards used to prepare the standard curve.

Blank
Standard 1°
Standard 2
Standard
Standard 4
Standard 5
Standard 6
Standard 7

Expected conc

Average measured

(ng/mL) conc (ng/mL)
1250 1250

250 251

50 50

10 10

2 2

04 04

0.08 0.08

Intra-run CV (%)! Inter-run CV (%)?

3.6 3.1
2.3 1.9
2.8 2.7
2.9 2.8
1.7 21
2.0 1.8
5.0 5.3

!Intra-run CV (%) = standard deviation of response divided by mean response from one run performed in duplicates.
2Inter-run CV (%) = standard deviation of means from six runs performed in duplicates divided by mean response for the six runs.

SPurified recombinant p24 standards diluted in assay buffer.
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