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Figure 7. dsRNA length and modifications impact GoStix Value quantitiation, similar to ELISA. dsRNA GoStix Plus was used to evaluate the effect of dsRNA 
length (142 bp, 700 bp, and 1 kbp) and chemical modifications (e.g., m1ψ or ψ) on test line signal intensity. 20 μl of each sample, containing varying concentrations of 
different dsRNA species in STE buffer, were applied to GoStix Plus cassettes, followed by 80 μl of chase buffer. After a 10-min incubation, the cassettes were scanned, 
and GoStix Values were recorded and analyzed. Results indicate that both dsRNA length and chemical modifications influence the GoStix signal for dsRNA quantitation. 

Figure 6. Detection of dsRNA in IVT mRNA using GoStix Plus and J2-based ELISA. IVT mRNA was synthesized using the Takara IVTpro  T7 mRNA Synthesis Kit 
(Takara Bio, Cat. # 6144) with the FLuc positive control template provided in the kit. dsRNA levels were measured using (Panel A) GoStix Plus and (Panel B) a J2 
antibody-based dsRNA ELISA (GenScript, Cat. # L01020). Both assays demonstrated similar dose-dependent responses. Notably, the GoStix Plus assay was completed 
in 10 minutes, whereas the ELISA required 4 hours.

Detection antibody-AuNP complex: mouse anti-dsRNA antibody

ABSTRACT

Objective: The rise of mRNA-based therapeutics has 
revolutionized modern medicine, exemplified by the success of 
COVID-19 vaccines. These therapies are typically 
manufactured via in vitro transcription (IVT), a process that 
inevitably generates double-stranded RNA (dsRNA) as a 
byproduct. dsRNA contaminants pose serious safety risks due 
to their potent immunostimulatory properties, which include 
inducing cytokine release, cellular toxicity, and inhibiting 
translation of therapeutic mRNA. Current analytical dsRNA 
detection methods, such as dot blot and ELISA, are limited by 
insufficient sensitivity, long assay durations, and labor-
intensive workflows. This creates a critical bottleneck in 
process development optimization of mRNA manufacturing.

Methods: To overcome these challenges, we developed a 
rapid and quantitative lateral flow immunoassay utilizing a 
dual-antibody system (K1 and J2 mouse anti-dsRNA 
monoclonal antibodies) for the detection of dsRNA impurities in 
mRNA IVT reactions. In this assay, 20 µl of sample is applied 
to a lateral flow cassette where J2-gold nanoparticle 
complexes bind to dsRNA targets. These complexes then 
move via capillary action to a test (T) line coated with K1 
dsRNA antibodies, producing a colorimetric signal proportional 
to dsRNA concentration. Excess J2-gold complexes continue 
to a control (C) line containing immobilized anti-mouse 
antibodies, enabling internal validation and signal 
normalization. Following sample migration, results are 
captured and analyzed with the user-friendly GoStix  Plus 
smartphone app. This software compares the ratio of test-to-
control (T/C) band color intensities against a preloaded, lot-
specific standard curve and automatically calculates the 
GoStix Value (GV). 

Results: This assay delivers results in 10 min and achieves a 
quantitation limit of 6.25 ng/ml (0.000625% in a 1 mg/ml IVT 
sample), using poly(I:C) as a dsRNA standard. It demonstrates 
high structural specificity for dsRNA over ssRNA and dsDNA, 
with signal performance influenced by dsRNA length and 
modification. This method also shows excellent precision, 
accuracy, and reproducibility across replicate tests.

Conclusion: This user-friendly, rapid, quantitative detection of 
dsRNA impurities—with minimal hands-on time—is a valuable 
tool for enhancing product safety, streamlining manufacturing 
workflows, and supporting research and process development 
in mRNA production.

1
10-min workflow for dsRNA 
quantitation using GoStix Plus and 
smartphone app

Figure 1. dsRNA titration is fast and easy with the GoStix Plus cassette and 
app. Panel A. This lateral-flow assay detects dsRNA present in IVT mRNA 
samples. Simply add 20 µl of sample, followed by chase buffer, and incubate at 
room temperature for 10 min. Panel B. Test and control bands develop during the 
10-minute incubation time. Panel C. Band intensities are analyzed and quantified 
using the GoStix Plus smartphone app. Panel D. The GoStix Plus app can be 
downloaded from the App Store or Google Play.

5 Establishment of poly(I:C) control curve for dsRNA quantitative detection in the smartphone app

3 Antibody clones used for dsRNA capture and detection in the lateral flow 
cassettes were selected to ensure the strongest signal
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• Streamlined workflow with a 10-minute 
protocol—reduces hands-on time and 
operator-related variability while maintaining 
accuracy

• Reliable and accurate—delivers strong 
linear correlation of quantitation values and 
target concentration, across poly(I:C) and 
dsRNA standard dilutions, ensuring 
consistent and dependable results

• Comparable results to ELISA, in less 
time—achieves detection that closely 
correlates with ELISA results, offering a 
rapid and robust alternative for routine 
dsRNA quantification

CONCLUSIONS

Rapid Quantitative Detection of dsRNA Impurities in 
mRNA Therapeutics Using a Novel Lateral Flow Assay
Yi Zhao *, Boris Levitan, Lily Lee, Thomas Quinn, Michael Haugwitz *, and Andrew Farmer
Takara Bio USA, Inc., 2560 Orchard Pkwy, San Jose, CA  *Corresponding Authors 

A B

C

Figure 2. Schematic of dsRNA GoStix Plus test. In this assay, 20 µl of sample is 
applied to a GoStix Plus cassette where detection antibody-gold nanoparticle 
(AuNP) complexes bind to dsRNA targets. These complexes then move via 
capillary action to a test (T) line coated with capture anti-dsRNA antibodies, 
producing a colorimetric signal proportional to dsRNA concentration. Excess 
detection antibody-AuNP complexes continue to a control (C) line containing 
immobilized capture rabbit anti-mouse antibodies, producing a colorimetric signal, 
enabling internal validation and signal normalization.

B

D

Capture antibody: mouse anti-dsRNA antibody

Capture antibody: rabbit anti-mouse antibody

Figure 5. Establishment of control curve. A standard curve was generated using average T/C values from a dilution series of poly(I:C) prepared in chase buffer (Panel A). Samples were run on GoStix Plus cassettes in triplicate, developed for 10 min 
(Panel B), and analyzed using the GoStix Plus App on both iOS and Android devices. T/C ratios corresponding to each poly(I:C) concentration were plotted to create the standard curve (Panel A). This standard curve is preloaded in the app and does not 
need to be recreated by the user. When poly(I:C) is used as a reference, the app uses a linearized equation from this curve to automatically quantify dsRNA levels in unknown mRNA samples, with results reported in ng/ml of poly(I:C) equivalents.

Figure 3. For assay optimization, six different configurations of three anti-dsRNA antibody clones were tested to determine which antibody used for 
detection and which antibody used for capture would produce the strongest signal on the GoStix Plus cassette. Panel A. J2, J5, and K1 anti-dsRNA antibodies 
were passively adsorbed onto gold nanoparticles to be used for dsRNA detection. Different possible combinations of the J2, J5, and K1 antibodies were used for 
capture. pH and concentration were optimized for efficient binding. All six combinations were tested with varying concentrations of poly(I:C) (used as a dsRNA 
reference). Three combinations produced a detectible signal at the highest concentration of poly(I:C), as indicated with the red arrows. Panel B. The two antibody 
combinations with the highest signal were selected for further investigation. Using K1 for capture and either J2-AuNP or J5-AuNP for detection produced titers 
comparable to the poly(I:C) control, with J2 showing stronger signals than J5.

6 GoStix Plus measures a similar dose-dependent response as ELISA

4 Antibodies showed high specificity 
for dsRNA over ssRNA

Figure 4. Specificity of the antibody for dsRNA over single-stranded RNA 
(ssRNA). GoStix T/C values of 1,000 bp ψ dsRNA were compared to those of the 
same dsRNA in the presence of 50-fold or 500-fold excess ssRNA. No significant 
differences (n.s.) in T/C values were observed among the three groups. Statistical 
analysis was performed using one-way ANOVA.

Table 1: technical specifications
Detection range 6.25–125 ng/ml poly(I:C)

R2 >0.970

CV <20%

8 dsRNA GoStix Plus specifications

Rapid quantitative detection of dsRNA impurities in 
mRNA therapeutics using a novel lateral flow assay
Yi Zhao*, Boris Levitan, Lily Lee, Thomas Quinn, Michael Haugwitz , and Andrew Farmer

Takara Bio USA, Inc., 2560 Orchard Pkwy, San Jose, CA  *Corresponding Author: yi_zhao@takarabio.com 

Control (C) band
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Sample (S) 
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GoStix Plus

2 Schematic of dsRNA GoStix Plus

Antibodies used:

Blue indicates decreasing concentration of poly(I:C)

Using the K1 antibody for capture and J2-AuNP for 
detection produces the strongest signal on the 
GoStix Plus assay.

A B

A B

Sample Negative
control

0

20

40

60

80

100

120

140

0 50 100 150 200 250 300

1 kb ψ UTP

Poly(I:C)

700 bp m1ψ UTP

700 bp UTP

142 bp UTP

7 Create a standard curve specific to the length and modifications of your 
dsRNA with less hands-on time using GoStix Plus

Poly(I:C) or dsRNA (ng/ml)

G
oS

tix
 V

al
ue

 (G
V)



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



