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Potential applications of the CBA

❑Safety testing of bulk purified 
tetanus toxoid – this is the focus 
on current NC3Rs funded project

❑Tetanus toxin activity / stability 
monitoring

❑Tetanus antitoxin potency 

Alternative to mouse MLD 
test

Alternative to guinea pig 
safety test

Alternative to mouse TNT



NanoLuc-VAMP2 cells are used as the assay system

NanoLuc-VAMP2 
cells

The cells stably express the 
intracellular target for TeNT 
(VAMP2) that is linked to 
luciferase

TeNT cleaves the VAMP2 
protein and a highly specific 
monoclonal antibody is 
used to detect the cleavage 
product in the cell lysate 



Now: total assay time 6-7 days Next: assay ready cells to reduce 
total assay time to ~3 days



NanoLuc-VAMP2 cells are highly sensitive to TTxn
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Specificity of the CBA

Data shows the signal obtained with purified tetanus 
toxin alone or after mixing with hyperimmune equine 
tetanus antitoxin (MHRA product code 66/021)

Tetanus antitoxin fully neutralizes the toxin – no 
signal in the CBA

We see the same effect also using the crude TeNT 
preparationPurified 
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Tetanus toxoid in the CBA

WHO Toxoid

Non-treated 
control (NTC)
Cells fully viable

WHO IS 16/302, 
20 Lf/mL
(plain tetanus 
toxoid)
Cells fully viable

WHO IS plain (non-adsorbed) 
tetanus toxoid does not produce 
any signal in the CBA

Note: these are observations from a single toxoid sample – the current NC3Rs funded project has allowed us 
to expand this picture to other toxoids (data not yet available to publish)

Crude TeNT, 
1/10,000
Cells fully viable



Tetanus toxoid inhibits the activity of TeNT 
in a dose dependent manner

Data is the CBA signal from TeNT 
alone (crude toxin 1/10,000 
dilution) or mixed with 
increasing concentrations of 
WHO tetanus toxoid (16/302)

This reflects the biology of 
tetanus toxin and toxoid 
interaction with cells



Tetanus toxoid inhibits the activity of TeNT 
in a dose dependent manner

Data is the CBA signal from TeNT 
alone (crude toxin 1/10,000 
dilution) or mixed with 
increasing concentrations of 
WHO tetanus toxoid (16/302)

This reflects the biology of 
tetanus toxin and toxoid 
interaction with cells

Note: this is NOT a 
phenomenon that is specific 
to the CBA or to tetanus toxin



Vero cell assay - diphtheria toxin
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We see the same phenomenon in a cell-based 
assay for another toxin (Vero cell assay for DTx)

In the Vero cell assay – the inhibitory effect 
of diphtheria toxoid is toxoid specific and 
varies from 2-fold inhibition to as high as 
32-fold inhibition of toxin activity based 
on experience at MHRA



..and the same phenomenon observed in vivo

Cell studies suggest it is a mainly GT1b-
independent mechanism, targeting another 
receptor – may explain why competition was 
not observed in the BINACLE assay



Sustainability of the CBA

Pre-differentiated Assay Ready Cells

Recombinant Antibody

Tetanus toxin 
There are commercial purified toxins available
Manufacturers will have in-house toxin

However, for use as a positive control in the 
CBA, a single large batch of a highly stable 
TeNT preparation will be valuable for assay 
validation and performance monitoring



-20 4 20 37 45

0.5

1

2

4

8

16

Tetanus Toxin Stability
Freeze-dried vs. liquid

Storage temperature °C
(4 month incubation)

F
o

ld
 c

h
a

n
g

e
 i

n
 s

ig
n

a
l 

c
o

m
p

a
re

d
to

 u
n

tr
e

a
te

d
 c

o
n

tr
o

l Freeze-dried

Liquid

Lyophilized tetanus toxin as a positive control for alternative methods?

Data is from pilot scale production of a 
lyophilized (crude) TeNT

Still see excellent performance in CBA

Stability profile of lyophilized toxin is 
excellent – especially when compared 
to the pre-dried liquid formulation

We will share this pilot batch with PEI to 
assess potential suitability as a control 
for the BINACLE



Summary

• TeNT CBA
• highly sensitive
• specific to tetanus holotoxin
• multiple potential applications

• TeNT CBA reflects the in vivo biology of toxin action

• It will be important to compare like with like to fully understand relative 
sensitivity of CBA to in vivo in the relevant sample matrix
• That means sensitivity of each model, with the same toxin preparation, in the presence 

of the same toxoid preparation



NC3Rs funded project running now consists of 2 phases

Phase I: 10 vaccine manufacturers (human and veterinary) provided a representative batch of 
tetanus toxoid from their production process for evaluation in the CBA (assays performed at 
University of Sheffield with samples that had been blinded by MHRA)
Complete: results have been fed back to individual manufacturers; publication being prepared

Phase II: manufacturers from Phase I are invited to transfer the technology to their own laboratory to 
then participate in a multi-lab transferability study
Planning now for launch in early 2026

Future: involvement of NCLs? Will be important for regulatory laboratories to see the assay first hand
No formal plans in place yet for a study involving NCLs but if you are keen to be involved in a future study 
please contact paul.stickings@mhra.gov.uk 

mailto:paul.stickings@mhra.gov.uk


Acknowledgements: Tetanus CBA Project Team

Dr Andrew Peden a.peden@sheffield.ac.uk 
Dr Ciara Doran c.doran@sheffield.ac.uk 
Dr Ceyda Caliskan
Dr Charlotte Lees

Dr Shalini Rajagopal
Dr Kevin Markey
Dr Paul Stickings paul.stickings@mhra.gov.uk 

mailto:a.peden@sheffield.ac.uk
mailto:c.doran@sheffield.ac.uk
mailto:paul.stickings@mhra.gov.uk

	Slide 1: Cell-based assay for tetanus toxin
	Slide 2: Potential applications of the CBA
	Slide 3: NanoLuc-VAMP2 cells are used as the assay system
	Slide 4: Now: total assay time 6-7 days
	Slide 5: NanoLuc-VAMP2 cells are highly sensitive to TTxn
	Slide 6: Specificity of the CBA
	Slide 7: Tetanus toxoid in the CBA
	Slide 8: Tetanus toxoid inhibits the activity of TeNT in a dose dependent manner
	Slide 9: Tetanus toxoid inhibits the activity of TeNT in a dose dependent manner
	Slide 10
	Slide 11
	Slide 12: Sustainability of the CBA
	Slide 13
	Slide 14: Summary
	Slide 15
	Slide 16

