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Adeno-Associated Virus (AAV) and Recombinant Vectors

• Icosahedral capsid (20-25 nm diameter) and single-stranded DNA genome of 4.7 kb
• 13 serotypes identified with different tissue tropism
• Able to transduce a wide variety of both dividing and nondividing cells in humans, nonhuman primates 

and other mammals
• Replication-deficient 
• Non-pathogenic
• Recombinant AAV vectors are one of the most popular and promising tools for gene therapy 
• Minimum vector related toxicities
• Long-term gene expression

• Approved gene therapy products
• Glybera® (AAV1 encoding lipoprotein lipase – Hyperlipoproteinemia Type I) – withdrawn
• Luxturna® (AAV2 containing RPE65 gene – Inherited retinal dystrophy) 
• Zolgensma® (AAV9 containing SMN1 transgene – Spinal muscular atrophy)
• Roctavian® (AAV5 containing coagulation factor VIII gene – Haemophilia A)

Images owned by Labcorp
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AAV Vector Immunogenicity

• Up to 90% human populations could have 
already been exposed to AAVs and have 
capsid-directed humoral immunity

• Varying levels of circulating AAV antibodies in 
many animal models

• Pre-existing neutralising antibodies (NAb) to 
capsid block vector transduction and gene 
delivery

• Activated immune memory may destroy the 
transduced cells

• Antibody cross-reactivity
• Treatment emergent or boosted anti-drug 

antibodies (ADA) can result in failure of AAV 
re-administration Image owned by Labcorp
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Detection of Antibodies to AAVs in Cynomolgus Monkey Serum

• Support preclinical studies in cynomolgus monkeys using AAV gene therapy 
• Colonies in-house can be screened for pre-existing AAV immunity before the negative or low-responding animals 

are assigned to a toxicology study to maximize the likelihood of successful transduction 
• Ligand binding assay to detect total anti-capsid antibodies (TAb) using Gyrolab® 
• Sensitive, robust, ease of use and quick turnaround time
• Presence of ADA, regardless of neutralising activity, is an indicator of previous exposure to the wild-type virus 
• In general, titers of anti-AAV IgG antibodies correlate with those of AAV NAb
• Non-neutralising ADA could alter biodistribution in vivo and accelerate clearance and compromise gene therapy efficacy 

and safety 
• Cell-based NAb assays for transduction inhibition (TI) may suffer from variability, matrix interference and non-specificity
• Gyrolab immunoassay platform selected with project in collaboration with Gyros Protein Technologies
• Project started with AAV2
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Gyrolab® Platform and Assay Format

Figures created with BioRender.com

Direct Bridging Generic

Streptavidin-coated bead

Biotin AAV capsid

Anti-AAV capsid antibody

Alexa Fluor 647 AAV capsid

Empty capsid

Biotin pan anti-AAV antibody

Alexa Fluor 647 anti-IgG

• Automation and high throughput
• Open platform with flexible assay design
• Small sample assay volume (20 nL – 4 µL)
• Easy assay transfer across different types of CDs for the 

required assay sensitivity and range
• Broad dynamic range
• Matrix tolerance
• Project started with bridging assay format

Images from Gryos Protein Technologies
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AAV2 Capsid Conjugation and Initial Assay Development

• AAV2 empty capsid 1013 PP/mL, SIRION BIOTECH GmbH
• In-house Biotin and Alexa Fluorä 647 capsid labelling
• Anti-AAV2 (intact particle) monoclonal antibody, A20, PROGEN – Positive Control (PC)
• Rexxip™ F for all sample and reagent dilution
• Checkerboards with both conjugates at 1 in 6 dilution 

(~1012 PP/mL nominal) selected
• Gyrolab® Bioaffy™ 1000 CD --> Gyrolab® Bioaffy™ 4000 CD
• PMT 25% – Optimal

C3D3 C6D3 C12D3
PC (ng/mL) Response %CV S/N PC (ng/mL) Response %CV S/N PC (ng/mL) Response %CV S/N
40000.00 90.479 0.6 105.1 40000.00 55.518 6.4 66.0 40000.00 32.821 8.8 62.6
10000.00 65.236 2.2 75.8 10000.00 33.866 9.4 40.2 10000.00 21.729 0.1 41.4
2500.00 36.365 4.7 42.2 2500.00 20.954 1.2 24.9 2500.00 12.832 5.1 24.5
625.00 18.958 9.9 22.0 625.00 13.076 13.6 15.5 625.00 7.850 7.5 15.0
156.25 3.371 3.1 3.9 156.25 3.152 0.7 3.7 156.25 2.311 3.3 4.4
39.06 1.011 20.1 1.2 39.06 1.524 59.6 1.8 39.06 1.114 35.6 2.1
9.77 0.753 23.7 0.9 9.77 1.889 20.6 2.2 9.77 0.611 10.6 1.2

0 0.861 48.9 1.0 0 0.841 65.5 1.0 0 0.524 2.1 1.0

C3D6 C6D6 C12D6
PC (ng/mL) Response %CV S/N PC (ng/mL) Response %CV S/N PC (ng/mL) Response %CV S/N
40000.00 63.113 9.2 99.1 40000.00 40.730 2.6 118.7 40000.00 21.178 0.3 60.1
10000.00 33.642 12.0 52.8 10000.00 24.865 5.4 72.5 10000.00 13.845 9.0 39.3
2500.00 21.290 15.2 33.4 2500.00 13.159 10.5 38.3 2500.00 7.150 18.9 20.3
625.00 10.930 10.3 17.2 625.00 7.847 4.2 22.9 625.00 3.607 10.3 10.2
156.25 1.968 5.8 3.1 156.25 1.432 8.7 4.2 156.25 1.343 32.4 3.8
39.06 0.612 41.5 1.0 39.06 0.400 33.1 1.2 39.06 0.332 45.4 0.9
9.77 0.851 28.2 1.3 9.77 0.315 27.5 0.9 9.77 0.368 100.3 1.0

0 0.637 68.5 1.0 0 0.343 57.5 1.0 0 0.352 22.3 1.0

C3D12 C6D12 C12D12
PC (ng/mL) Response %CV S/N PC (ng/mL) Response %CV S/N PC (ng/mL) Response %CV S/N
40000.00 41.513 1.5 67.2 40000.00 30.644 9.1 97.7 40000.00 18.149 2.7 41.0
10000.00 23.310 6.1 37.7 10000.00 17.323 5.6 55.3 10000.00 10.063 4.7 22.8
2500.00 13.299 5.9 21.5 2500.00 4.940 111.1 15.8 2500.00 4.859 7.9 11.0
625.00 8.157 26.6 13.2 625.00 4.759 4.6 15.2 625.00 2.192 22.3 5.0
156.25 1.096 4.2 1.8 156.25 0.885 6.9 2.8 156.25 0.698 7.2 1.6
39.06 0.350 48.9 0.6 39.06 0.290 51.0 0.9 39.06 0.291 3.4 0.7
9.77 0.097 21.3 0.2 9.77 0.116 28.2 0.4 9.77 0.224 38.5 0.5

0 0.618 113.3 1.0 0 0.314 108.4 1.0 0 0.442 99.1 1.0

PC 
(ng/mL)

Bioaffy 1000 CD Bioaffy 4000 CD
Response %CV S/N Response %CV S/N

40000.00 224.094 4.5 65.8 492.403 2.7 731.9
10000.00 138.889 5.8 40.8 325.032 4.0 483.1
2500.00 71.871 10.5 21.1 166.166 1.0 247.0
625.00 43.412 4.7 12.7 79.956 0.2 118.8
156.25 7.194 4.0 2.1 41.791 0.7 62.1
39.06 1.973 20.7 0.6 7.189 5.8 10.7
9.77 1.783 45.1 0.5 1.242 24.1 1.8

0 3.405 66.4 1.0 0.673 1.6 1.0
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Bridging Assay Establishment

• Whole column saturation with nonsense Biotin BSA
• Biotin BSA spiked at 0, 25, 50 and 100 µg/mL
• Proved not beneficial

• Positive control titration at different serum levels
• A low responding pooled cyno serum used
• Minor matrix interference observed
• MRD of 1 in 4 (25%) selected
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Images from Gyros Protein Technologies
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Screen Cynomolgus Monkey Individuals

• 25 individuals and MRD 1 in 4
• Box-plot outlier analysis
• Outliers > Q3 + 1.5 × IQR or < Q1 - 1.5 × IQR 

• Same outlier animals identified each run
• Cut point 0.1% false positive rate
• Cut point = Mean + 3.09 × SD 

• Total positive rate 28.0% (7/25)
• Samples with high %CV were not excluded
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Run 5 Run 6 Run 7

Sample ID Run 5 Run 6 Run 7

Mean %CV Mean %CV Mean %CV

C20/01357 2.200 42.6 2.302 6.0 5.070 29.5

C20/01358 86.486* 14.1 102.447* 6.1 76.592* 1.8

C20/01359 115.964* 7.0 152.503* 12.3 136.123* 5.9

C20/01360 3.169 37.4 2.595 14.5 5.014 13.9

C20/01361 18.161 14.2 19.719 5.1 20.213 3.3

C20/01362 2.176 224.0 2.227 51.2 3.860 26.2

C20/01363 42.258 28.9 27.917 1.3 26.806 20.3

C20/01364 400.437* 9.4 446.359* 0.4 507.687* 1.4

C20/01365 10.021 14.1 9.673 6.4 9.480 6.4

C20/01366 0.757 28.9 1.485 64.7 2.129 55.1

C20/01367 2.193 11.4 1.648 4.4 13.745 91.0

C20/01368 5.243 13.5 4.739 1.3 5.409 11.7

C20/01369 1.885 7.5 2.670 18.5 2.204 16.7

C20/01370 33.604 7.6 28.048 6.2 20.951 0.8

C20/01371 2.969 17.7 2.745 25.0 6.131 11.8

C20/01372 2.861 1.4 2.962 3.4 4.422 6.8

C21/01041 665.382* 1.0 671.207* 1.1 685.726* 1.8

C21/01042 42.937 11.7 41.725 5.8 44.956 7.5

C21/01043 13.465 22.2 12.873 3.2 13.264 1.7

C21/01044 2.392 14.5 1.190 12.4 3.576 68.8

C21/01045 35.752 8.4 32.695 5.0 32.229 11.5

C21/01046 706.104* 1.0 715.975* 1.1 719.144* 0.7

C21/01047 647.474* 1.1 656.058* 2.4 641.373* 2.9

C21/01048 2.154 9.2 1.667 1.6 1.821 96.7

C21/01049 454.426* 4.3 472.272* 3.5 521.615* 1.6

Mean 12.455 11.049 12.294

SD 15.222 13.058 12.218

Cut Point 59.5 51.4 50.0
* Outlier
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Bridging Assay Further Characterisation and Optimisation

• Assay specificity
• Capsid depletion on positive control 5000 ng/mL signal in a dose-dependant manner 

• Slow spin method 
• Further improved assay signals and sensitivity

• Slow spin with extra mixing method
• Did not fully resolve issue of high CVs
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Cut Point and Assay Sensitivity

• Slow spin with extra mixing method
• Capsid 1 in 40 dilution (2.5×1011 PP/mL) for inhibition
• Individual positive responses well depleted apart from one 

animal – likely too high ADA
• Negative pool (NC) depletion 50% – Capsid too high?
• Matrix CV > 20% observed – more in low signals
• Sensitivity ~150 ng/mL using cut point from pseudo-negative 

samples

PC (ng/mL) Response %CV S/N

40000.00 373.627 9.3 114.9
10000.00 180.644 8.8 55.5
2500.00 74.088 6.7 22.8
625.00 33.978 5.6 10.4
156.25 9.470 6.7 2.9
39.06 4.570 0.8 1.4
9.77 4.461 1.3 1.4

0 3.253 9.3 1.0

* Outlier

Screening Capsid Inhibition

Sample ID Response %CV Response %CV % depletion

C20/01357 3.240 4.0 1.817 17.2 43.9

C20/01358 108.192* 7.2 5.660 35.8 94.8

C20/01359 202.017* 5.8 2.176 8.2 98.9

C20/01360 3.974 11.1 2.228 7.8 43.9

C20/01361 44.645 3.2 2.187 11.3 95.1

C20/01362 3.906 7.8 2.383 2.8 39.0

C20/01363 37.426 7.2 3.968 10.3 89.4

C20/01364 624.552* 4.2 4.248 1.5 99.3

C20/01365 11.895 7.4 4.110 10.1 65.4

C20/01366 3.185 38.9 2.710 15.9 14.9

C20/01367 3.946 29.6 2.342 2.1 40.6

C20/01368 12.218 13.1 1.833 19.9 85.0

C20/01369 3.312 7.2 1.034 39.1 68.8

C20/01370 50.447 1.1 1.913 35.9 96.2

C20/01371 2.849 14.8 1.167 9.0 59.1

C20/01372 21.859 1.2 1.245 6.8 94.3

C21/01041 703.086* 1.1 4.728 27.2 99.3

C21/01042 77.404 1.0 3.208 8.0 95.9

C21/01043 28.097 1.3 1.221 30.5 95.7

C21/01044 5.651 0.5 0.837 21.2 85.2

C21/01045 70.047 6.8 2.595 15.9 96.3

C21/01046 726.395* 0.7 100.978* 83.6 86.1

C21/01047 663.021* 2.3 687.945* 3.8 -3.8

C21/01048 8.260 48.7 2.360 7.1 71.4

C21/01049 627.783* 3.2 5.589 13.2 99.1

Mean 21.8 2.7

SD 24.3 1.4

Cut Point 96.8 7.0
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Generic Format – No Need to Label Capsid

• Biotin pan anti-AAV antibody – Camelid VHH to AAV of various serotypes 
(not AAV9)

• Monoclonal anti-AAV2 with mouse detection
• Bioaffy™ 1000 CD
• Cyno serum does not interfere in mouse detection

• Cyno Positive Control (PC) and Negative Control (NC) serum samples from 
bridging assay
• Three commercial cyno detection antibodies tested
• NC instrument response higher than PC
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Generic Assay Development

• Blocking or sample extraction?

• Subtract nonspecific signal with “no-capsid” column

• Higher capsid higher response – Capsid 1 in 5 
dilution (2×1012 PP/mL) selected

• MRD 1 in 4 (25%)

• Detection 25 nM

• PMT 5%

Total
Signal

Non-specific Specific

Capsid 1 in 5 Capsid 1 in 15 Capsid 1 in 45

Detection NC PC NC PC NC PC

5 nM -18.68 20.45 2.44 16.89 0.16 10.95

10 nM -4.62 57.62 8.21 54.43 4.44 35.57

25 nM -22.27 74.90 -10.49 56.22 -4.92 38.87
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Generic and Bridging Assay Matrix Profiles
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Generic Assay Cut Point Analysis
• Overall good inter-assay consistency and good replicate %CV
• Cut point – from individuals or negative control (NC)?

Run 6 Run 7 Run 8 Run 9
Capsid No Capsid Capsid No Capsid Capsid No Capsid Capsid No Capsid

Sample Mean %CV Mean %CV S-N Mean %CV Mean %CV S-N Mean %CV Mean %CV S-N Mean %CV Mean %CV S-N
NC-A 392.603 2.3 427.576 0.5 -34.97 413.180 1.3 431.266 3.2 -18.09 357.671 3.4 423.319 1.2 -65.65 368.189 1.9 357.579 1.4 10.61
NC-B 416.359 1.5 431.760 0.2 -15.40 422.715 5.9 430.032 0.8 -7.32 375.568 0.1 432.645 1.2 -57.08 355.792 6.5 357.706 6.0 -1.91
NC-C 422.595 1.5 423.478 4.0 -0.88 418.024 1.9 424.399 0.5 -6.37 377.911 1.1 400.348 5.9 -22.44 335.686 1.3 385.122 6.9 -49.44
C20/01357 591.121 1.6 577.368 0.2 13.75 571.065 0.8 572.000 0.2 -0.93 568.421 0.8 601.399 2.9 -32.98 518.937 5.5 535.632 3.2 -16.70
C20/01358 600.173 1.6 502.261 0.1 97.91 552.204 2.2 510.494 0.8 41.71 624.043 2.9 530.168 0.4 93.88 561.020 2.1 468.487 3.4 92.53
C20/01359 542.208 2.4 391.794 3.0 150.41 540.606 0.0 484.235 4.9 56.37 608.787 1.6 509.749 6.3 99.04 271.091 135.5 403.041 4.4 -131.95
C20/01360 368.124 0.6 345.696 4.4 22.43 375.197 6.3 398.928 1.6 -23.73 398.461 4.3 418.648 7.9 -20.19 381.019 4.4 353.308 8.7 27.71
C20/01361 675.976 0.8 657.684 1.1 18.29 656.593 1.6 664.934 0.5 -8.34 702.933 3.1 653.372 6.5 49.56 685.407 0.1 652.861 0.6 32.55
C20/01362 384.162 5.8 361.840 4.2 22.32 373.394 0.8 404.854 1.2 -31.46 387.152 7.6 409.791 3.5 -22.64 435.105 4.5 439.430 25.1 -4.33
C20/01363 423.795 8.9 462.514 6.7 -38.72 436.002 0.8 448.436 0.7 -12.43 398.912 0.2 492.006 0.2 -93.09 307.298 0.6 352.218 6.5 -44.92
C20/01364 329.146 1.1 143.502 2.2 185.64 279.846 0.1 145.923 3.0 133.92 344.711 1.2 144.462 3.0 200.25 290.284 0.2 116.215 3.4 174.07
C20/01365 540.115 0.6 522.973 0.9 17.14 520.968 2.1 507.358 0.0 13.61 563.693 0.8 534.606 3.3 29.09 510.657 7.0 513.190 1.8 -2.53
C20/01366 574.397 2.7 592.420 0.0 -18.02 665.569 1.2 670.165 0.3 -4.60 625.209 0.8 646.842 0.4 -21.63 600.132 1.4 621.886 1.2 -21.75
C20/01367 505.703 0.5 504.530 1.3 1.17 514.051 0.1 509.661 1.9 4.39 532.507 2.1 524.175 1.4 8.33 489.394 0.6 507.723 8.3 -18.33
C20/01368 677.898 0.7 675.559 0.6 2.34 710.517 4.0 702.733 1.4 7.78 670.604 0.3 693.103 0.0 -22.50 669.449 1.0 677.758 0.3 -8.31
C20/01369 451.926 0.1 499.121 0.1 -47.19 479.981 0.7 515.029 1.2 -35.05 468.424 2.7 530.304 6.9 -61.88 411.826 4.2 466.791 3.0 -54.96
C20/01370 149.432 2.2 129.689 2.5 19.74 147.626 6.7 136.415 9.5 11.21 209.012 3.5 176.402 13.0 32.61 140.222 2.0 118.756 9.8 21.47
C20/01371 251.220 1.0 265.978 2.3 -14.76 284.546 2.7 289.201 2.2 -4.66 230.122 0.3 257.488 9.7 -27.37 212.537 6.2 247.506 3.9 -34.97
C20/01372 324.527 2.7 246.083 6.9 78.44 180.630 8.2 169.302 8.6 11.33 461.301 1.0 196.322 0.3 264.98 267.490 1.8 177.194 20.7 90.30
C21/01041 43.1274 0.5 0.864184 17.3 42.26 26.7691 6.2 1.01717 13.7 25.75 61.6196 1.0 1.00384 9.3 60.62 45.4213 4.5 0.618902 6.4 44.80
C21/01042 367.553 1.3 295.460 6.5 72.09 350.166 6.8 327.260 1.0 22.91 403.557 0.7 315.623 4.4 87.93 315.629 4.5 263.491 5.8 52.14
C21/01043 408.807 2.0 331.206 1.1 77.60 387.655 3.4 322.224 3.1 65.43 431.397 1.8 375.163 1.7 56.23 375.235 3.0 277.273 9.3 97.96
C21/01044 330.508 4.1 355.481 2.8 -24.97 373.321 2.7 365.214 0.4 8.11 340.324 0.8 402.115 0.7 -61.79 313.668 0.0 342.409 8.4 -28.74
C21/01045 218.303 2.7 234.584 1.4 -16.28 262.876 1.8 283.121 4.0 -20.24 223.793 4.1 288.412 9.3 -64.62 198.512 10.8 225.535 3.8 -27.02
C21/01046 505.043 2.1 95.2401 2.0 409.80 * 403.082 7.6 95.324 6.8 307.76 * 506.990 1.2 97.7795 1.7 409.21 * 487.910 6.0 87.6534 3.5 400.26 *
C21/01047 698.114 3.6 132.157 3.8 565.96 * 697.174 6.4 137.999 9.3 559.17 * 686.043 0.4 132.840 0.4 553.20 * 690.670 1.1 125.290 4.2 565.38 *
C21/01048 350.793 3.4 385.785 0.0 -34.99 373.861 5.3 388.293 0.2 -14.43 290.650 13.5 364.740 1.6 -74.09 330.864 4.0 359.330 2.1 -28.47
C21/01049 648.515 0.1 546.441 1.1 102.07 613.777 0.5 537.661 3.7 76.12 646.532 3.8 571.737 1.7 74.80 641.588 1.7 263.706 140.8 377.88 *
NC-D 375.838 2.7 403.721 2.3 -27.88 403.185 0.2 405.896 2.0 -2.71 361.472 3.0 424.114 16.1 -62.64 352.929 0.1 368.136 1.9 -15.21
NC-E 376.432 2.1 396.932 4.0 -20.50 399.817 2.0 401.658 0.2 -1.84 334.439 3.0 386.306 0.9 -51.87 352.020 2.7 368.066 0.5 -16.05
NC-F 394.586 0.5 422.481 3.4 -27.89 388.822 1.6 411.483 0.1 -22.66 335.930 0.2 377.651 6.7 -41.72 331.813 2.7 358.507 8.7 -26.69

Mean: 31.68 14.03 24.11 9.57
SD: 60.96 39.22 87.87 65.04

Cut-point 0.1% 220.06 135.22 295.63 210.54
* Outlier

NC Mean: -21.26 -9.83 -50.23 -16.45
NC SD: 12.05 8.55 16.04 20.68

Cut-point 0.1% 15.98 16.59 -0.67 47.45
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Generic Assay Specificity, Reproducibility and Cut Point

• Specificity confirmed from two positive individuals

• Matrix positive control (PC) titration showed good 
intra- and inter-assay consistency

• Cut Point Control (CPC)
• PC dilution 1 in 2000
• Sample result ≥ CPC Positive
• Sample result < CPC Negative
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Run 15a Run 15b Run 16a

Run 16b Run 17a Run 17b

Dilution Run 15a Run 15b Run 16a Run 16b Run 17a Run 17b %CV
32 616.72 620.01 604.77 616.65 645.59 643.09 2.6
64 484.20 465.55 461.81 464.40 507.03 501.09 4.1

128 276.97 263.53 278.28 250.27 323.65 312.95 10.0
256 132.52 119.29 131.25 134.96 156.14 157.58 10.9
512 62.63 54.81 70.18 61.23 76.84 75.93 13.2

1024 28.92 24.69 29.12 27.88 37.86 37.94 17.8
2048 13.45 10.83 13.11 13.56 19.05 17.88 21.5
4096 6.43 5.34 7.61 6.05 9.10 8.90 21.4
8192 3.15 2.43 3.17 3.08 4.79 4.39 25.6

16384 1.46 1.19 1.55 1.40 2.25 2.23 26.9
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Summary

• Sequential Bridging Anti-AAV2 Assay
• A 3-step assay with Biotin-AAV2 capsid as capture and Alexa Fluor 647-AAV2 capsid as detection
• Preliminary assay sensitivity in cyno serum around 150 ng/mL 
• Assay deemed specific and day-to-day reproducible
• Issue of sample poor replicate %CV – mainly in low responders 

• Generic Anti-AAV Assay
• A 4-step assay with Biotin pan anti-AAV antibody as capture to capsid of interest 
• Subtracting nonspecific signal of capsid unloaded column to obtain specific ADA signal
• Issue of high background due to reactivity of serum with capture reagent resolved
• Simple and quick assay procedure due to Gyrolab automation

• Assay deemed specific and day-to-day reproducibility
• Sensitivity? Matrix screening profile and 2 individual’s capsid inhibition results correlated with bridging assay
• Test other serotypes to fully claim its generic nature
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Thank you.


