
Afrigen’s E xperienc e of Analytic al 
c hallenges in mR N A vac c ines : Current 

solutions  and future direc tions
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By Nov 2023: 14 of the 15 Partners have received mRNA 

development  knowledge transfer from Afrigen

W HO and MPP mRNA Technology Transfer Programme 

By Feb 2025: Technology packages nearing completion & 5/ 14 
partners  TT demonstration & hands-on training 

• Africa at its Centre 
• Building Sustainable Capacity and Capabilities
• A LMIC partnership network straddling 4 continents and connecting 15 countries, representing > 3 Billion people 



The Approach
• Follow regulatory guidelines

• Assay development follows strict regulatory guidelines depending on the stage of
development, intended use, and industry requirements. T he most widely recognized
regulatory guidelines for assay development and validation come from organizations
like: IC H & FDA

• Method Qualification
• A research- based evaluation conducted without a formal protocol, ensuring the

method is suitable for use in R &D.

• Method verification
• An assessment of a compendial method to confirm its suitability for use by evaluating

minimal performance characteristics.

• Method transfer
• T he process of transferring an analytical method from a sending unit to a receiving unit,

ensuring the assay remains suitable for its intended use through the addition of a
formal protocol.

Presenter Notes
Presentation Notes
Afrigen was tasked to development assay that were relevant to mRNA and mRNA-LNPs and how we went about doing so was to follow available guidelines namely USP for the methods and ICH for the qualification. 



mRNA Characterization 

4J ackson, N .A.C ., Kester, K .E ., C asimiro, D. et al. T he promise of mR N A vacc ines: a biotech and industrial perspective. npj
Vaccines 5, 11 (2020). https:/ / doi.org/ 10.1038/ s41541- 020- 0159- 8

U nited S tates Pharmacopeia" (U S P) as the source, specifically mentioning their "Analytical Procedures for mR N A V acc ine 
Quality" document

Presenter Notes
Presentation Notes
This is version 2 of the USP guidelines but when we started this table e



Alternative Delivery Methods

mRNA-LNP Characterisation 
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Front. Immunol. , 26 May 2022 S ec . C ancer Immunity and Immunotherapy V olume 13 - 2022 
| https:/ / doi.org/ 10.3389/ fimmu.2022.923647

U nited S tates Pharmacopeia" (U S P) as the source, specifically mentioning their "Analytical Procedures for mR N A V acc ine 
Quality" document

https://doi.org/10.3389/fimmu.2022.923647


Performance Characteristics
• W hen developing and validating an assay, several key performance characteristics must be 

assessed to ensure reliability, accuracy, and regulatory compliance. T hese characteristics 
depend on the assay type (e.g., quantitative, qualitative, bioanalytical).

• B ased on IC H Q2R 2; 

• S pecific ity
• S ensitivity
• Precision
• Accuracy
• linearity and range
• S ystem suitability
• R obustness

• S tability

Presenter Notes
Presentation Notes
Incorporate quality into the testing



Afrigen’s qualification approach based on ICHQ2 guidelines
Attribute Assay

R elease /  
Charac terization 

/  IPC /  IPT

pDNA
/  DS  
/  DP

T ype of 
Analytic al  
Proc edure 

(per ICH Q2 
guideline)

Qualif ic ation Charac teristic s  to be assessed (based on ICH Q2 guideline)

Accuracy
Precision

S pecific ity
Detection 
limit (L OD)

Quantitation 
limit (L OQ)

L inearity R ange R obustnessIntermediate 
Precision

R epeatability

pDNA linearization 
c onfirmation

Agarose gel IPT pDN A
Qualitative 
Purity

X - X X X - - X -

% Capping
Capture probe & 
R N ase H 
treatment + CGE

R elease DS
Quantitative 
Purity

X X X X X - - (1) X (brief)

PolyA tail  length
R N ase T 1 
treatment + CGE

R elease DS
Qualitative 
Purity

X X X X X - - - X (brief)

dsR NA dot blot R elease DS
Quantitative 
Purity

X X X X X X X X X

R esidual pDNA -
template

qPCR Characterization DS
Quantitative 
Purity 

X X X X X X X X -

R esidual Protein
AccuOrange 
(F luorescence)

Characterization DS
Quantitative 
Purity

X X X X X X X X -

mR NA c onc entration A260 (N anodrop) R elease DS Content
X (mR N A of 

known 
concentration)

X X X - X - - -

mR NA integrity

CGE

R elease DS , DP Quantitative 
Purity 
(Integrity, 
U S P 
guidelines)

- X X X - X (2) X X (brief)

mR NA s ize R elease DS , DP X X X X X - - X X (brief)

Identity
R T - PCR  + S anger 
S equencing

R elease DS , DP
Identity 
T est

- - - X (3) - - - - -

mR NA c onc entration & 
% enc apsulation

R ibogreen Assay 
(F luorescence)

R elease DP Content
X (for mR N A 
control only)

X X X - - X X X (brief)

Partic le  s ize  and PDI
Dynamic L ight 
S cattering (DL S )

R elease DP
Qualitative 
Purity 
(Integrity, 
U S P 
Guidelines)

X (only for size 
standards)

X X
X (only for 

size 
standards)

- - - X X

Zeta potential
Dynamic L ight 
S cattering (DL S )

Characterization DP
X (only for zeta 

standard)
X X - - - - X X

Protein express ion W estern B lot R elease DP
Protein 
expression

- - - X - - - - -

L ipid identity
HPL C- CAD

R elease DP Identity - - - X - - - - -

L ipid c onc entration R elease DP Content X X X X - - X X X

(1): S ample always tested at the same molar ratios  of mR NA:c apture probe:beads. R ange testing would be c hanging molar ratios , whic h is  anyway l imited bec ause only so many ratios  c an be tested.
PolyA is  qualitative : one does not say how muc h of the mR NA has a c ertain tail , but rather the average length of the tail  on average (assuming all  mR NA is  c apped).
(2): W orking range tested.
(3):  S ample matrix. S odium Ac etate  interferes  with c DNA synthesis  - this  has  been c onfirmed at Inqaba. S amples  are  therefore  submitted in water.



Capped 
Fragment

Un-
Capped 
FragmentThe uncapped sample (left) has a single major 

peak and falls on the shoulder of the capped 
sample. 

Total region without secondary site
Capped region without secondary site
Total region with secondary site
Capped region with secondary site

Capping Efficiency without secondary cleavage:
86,2/90,9 x 100 = 94,8 %
Capping Efficiency with secondary cleavage:
92,0/96,8 x 100 = 95,0 %               

Possible secondary cleavage had no impact on calculated 
capping efficiency.

Major 
Capped 
peak

Un-Capped 
shoulder

Potential 
secondary 
cleavage site





Alternative Delivery Methods

Challenges & Tech Transfer

• R eference material
• In- house reference material established as no standard industry references available

• Assays fit for purpose
• In R &D the method performed as intended

• Orthogonal methods e.g. C GE  & HPL C  & L C MS
• W ith developing technology it is  important to have orthogonal methods in case 

systems are done or waiting on material

• T ech transfer to QC  and partners
• On- site training very benefic ial, comparative results
• E quipment 

• Acceptance C riteria
• E stablish once processes are locked and over time with data generation
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Bio
Astrid Trimmel – R&D Analytics Lead
Dr. Astrid Trimmel is an accomplished scientist and leader in analytical research and development. She 
holds a PhD in Chemistry from the University of Cape Town, where her research focused on conjugate 
vaccines. With a strong background in analytical chemistry and biopharmaceutical development, Astrid 
currently leads the R&D Analytics team in advancing cutting-edge mRNA and mRNA-LNP assay 
development. Her expertise lies in optimizing analytical methodologies to support innovative therapeutic 
solutions. Passionate about scientific innovation and precision analytics, she is dedicated to driving 
impactful advancements in the field of mRNA technology.



As mR N A vaccines continue to transform modern medic ine, maintaining their quality, consistency,
and stability remains a critic al challenge. T his presentation addresses key analytic al hurdles in
mR N A and lipid nanopartic le (L N P) characterization, focusing on mR N A integrity, encapsulation
effic iency, potency, and stability. A range of physicoc hemical techniques, inc luding high-
performance liquid chromatography (HPL C), dynamic light sc attering (DL S ), and plate- based
assays, were employed to assess mR N A purity, structural integrity, c ap structure, and L N P
encapsulation effic iency.

After applying the typic al validation characteristics [ICH Q2(R 1)] to the test methods in detecting
impurities, evaluating mR N A length distribution, and analysing lipid composition, we found the
methods are highly effective. T he degree of revalidation required depends on the nature of
changes in m R N A (this means that we expect changes to happen and through revalidation these
changes will be identified). Furthermore, this work emphasizes the importance of cross- industry
collaboration in establishing global benchmarks for mR N A and L N P quality control.

B y sharing these insights, we aim to contribute to the development of standardized analytical 
protocols and encourage meaningful discussions among stakeholders. S uch collaborative efforts 
are essential for advancing the production and accessibility of high- quality mR N A therapeutics 
worldwide

Abstract



Alternative Delivery Methods

Additional Disease T argets

DNA &  R NA gen 
Development 

Overview of Analytical Methods

1
4

Proc ess S tage S tage Quality Attribute Assay Method Compendial IPC IPT Charac terization R elease S tabil ity

pDN A C oA release Identity PolyA tail length AGE / C GE X

pDN A C oA release Identity pDN A sequence S anger S equencing X

IV T  IPC In- process Purity C onfirmation of pDN A L inearization AGE X

IV T  IPT In- process C ontent mR N A crude quantification Qubit X

DS  & DP B ulk and FF Other Appearance Ph. E ur. 2.2.1 and Ph. E ur. 2.2.2, U S P <790> X X X

DS  & DP B ulk and FF Other pH Ph. E ur. 2.2.3, U S P <791> X X X

DS  & DP B ulk S afety E ndotoxin Ph. E ur. 2.6.14, U S P <85> X X

DS B ulk S afety B ioburden Ph. E ur. 2.6.12, U S P <61> X X

DS B ulk C ontent mR N A concentration U V  (A260) X X X

DS  & DP B ulk Identity mR N A sequence R T - PC R  followed by S anger sequencing X

DS B ulk Purity C apping effic iency C apture probe +R N ase H treatment followed by C GE X X

DS B ulk Purity PolyA tail length R N ase T 1 treatment followed by C GE X X

DS  & DP B ulk and FF Integrity S ize and integrity C GE X X X

DS B ulk Purity - Product 
related impurities dsR N A content Immunoblot (dot blot) X

DS B ulk Purity - Process 
related impurities R esidual pDN A template qPC R X X

DS B ulk Purity - Process 
related impurities R esidual enzymes and proteins AccuOrange - Fluorescence X X

DP B ulk and FF Integrity Partic le size & Polydispersity Dynamic  light scattering using the Zetasizer X X

DP B ulk Integrity Zeta Potential L aser Doppler E lectrophoresis using the Zetasizer X

DP B ulk and FF C ontent mR N A concentration & % E ncapsulation R iboGreen Assay - Fluorescence X X X

DP B ulk and FF Protein expression Protein expression (size /  purity) W estern B lot X X

DP B ulk and FF C ontent and Identity L ipid quantitation HPL C - C AD X X

DP FF Other C ontainer C losure integrity testing U S P <1207> X X X

DP FF Other E xtractable volume Ph. E ur. 2.9.17, U S P <697> X X

DP FF S afety S terility Ph. E ur. 2.6.1, U S P <71> X X X

DP B ulk and FF Other Osmolality Ph. E ur. 2.2.35, U S P <785> X X

DP B ulk and FF Other R esidual solvent Ph. E ur. 2.4.24, U S P <467> X X

DP FF Other Particulate matter Ph. E ur. 2.9.19, U S P <788> X X
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