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- Clostridial bacteria are ubiquitously found in soil and the intestines of 
animals.

- Infection canbe triggered by avariety of conditions ranging from a change 
indiet through to shearing cuts.

- Toxinsproduced by clostridia are typically responsible for pathology.

- Mostclostridial toxins are pore forming, creating perforations in cell 
membranes, leading to cell death.

- Disease progression is usually rapid making treatment with antibiotics 
impractical.

- Vaccination is the best strategy.

Introduction–Clostridial antigens and vaccines
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Introduction–High level manufacturing process



Introduction –Cell line cytotoxicity assays

- Cell viability and proliferation are key indicators of cell health

- Physical and chemical stress canaffect cell viability and metabolism

- Cytotoxicity can be caused via various mechanisms:
Cell membranedamage  

Seizingproteinsynthesis  

Irreversiblereceptor binding

Inhibition of biochemical reactions within thecell.

- Cell-based in vitro assays canbe developed to quantify these changes
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Review: SultanAslanturk (2018) in vitro cytotoxicity and cell viability assays: Principles, advantages, and 
disadvantages, IntechOpen.



Scope of the project
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Overall aim:

Todevelop, validate and implement toxicity assays for QCtesting of Clostridium antigens.

C. perfringens D, C. chauvoei, C. septicum andC. novyiantigens

Project milestones

- Optimisecell line assay for C. perfringens type Dantigens

- Identify asuitable cell line for toxicity testing of C. chauvoei antigens

- Confirm sensitivity of Vero cell line to C. novyi and C. septicum antigens

- Submitdossier variation to regulatory authority

Scope



Cell lines

Strain Cell line

Clostridium perfringens D MDCK

Clostridium chauvoei

(bacterin)

MDCK

Clostridium chauvoei

(toxoid)

MDCK

Clostridium septicum Vero

Clostridium novyi Vero

MDCK:Madin-Darbycaninekidney

Vero:Africangreenmonkey kidney epithelial cells.

Scope

MDCK VERO
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C.perf. DMLDassay demonstratesequivalence across both microtitre plate
formats.

(a)
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MDCK minimal lethal dose (MLD) cell toxicity assay carried out using identical CpD toxoid 

high and low toxicity samples in 96-well and 384-well microtitre plate formats. The 

samples were manually pipetted in duplicate across three rows on 96-well plates (a), and 

across two single rows in the 384-well plate (b). Replicate 1 and 2 indicate independent 

dilution series (n=2).

(b)
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Both MDCKand Vero cell line assays demonstrate linearity

y=2.8163x - 17.277  
R² =0.9686
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C. septicum

(Veroassay)

y=0.0733x - 0.4494  
R² =0.9686
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C. perfringensD

(MDCKassay)

Assay linearity was demonstratedfor both cell lines through thedilution of toxoid samples

Results



Validation studies: Robustness, repeatability and intermediate precision
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Robustness parameters assessed:

- Overnight incubation time(15h, 18hand 21h)

- Cell seeding density (1x105, 3 x105 and 5x105 cells/ml)

- Cell refrigeration (4°C) time post-detachment (fresh cells, 2days and4days old)

Repeatability and intermediateprecision studies

- Performed in duplicate on three independent days by two operators using high, medium and 
low toxicity samples.

- Low, mediumandhigh sample toxicity was determined through pilot toxicity assays.

- Samples were diluted or spikedwith toxin in anattempt to reduce or increase toxicity, respectively.

Results



C. perfringens Dvalidation studies: Robustness and intermediate precision

Robustness

Precision

Results
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Technical challenges: Alleviating the impact of formaldehyde on cell monolayers

- Theformaldehydecontentof toxoid sampleslead to falsepositivestaining 
of initial wells containinghighestconcentrationsof sample.

- C. Perf.D toxicity assaywas previously abandonedfromQCdue to these 
non-specific readings.

Control
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Results



Technical challenges: Alleviating the impact of formaldehyde on cell monolayers

Solution: Theinclusion of apre-stain washstep in tap water completely 
removes falsepositive that appear within initial wells.
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Characterisation of cell line sensitivity towards C. chauvoei antigens
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- Asensitive cell line for C. chauvoei hadnot yet been described.

Aims:

- Screenand compare the suitability of several cell lines for use with C. chauvoei cell-
based toxicity assays.

- Assesswhich cell line is mostsuitable for bacterin and toxoid samples.

– Both are usedas componentsof the vaccine.

Results



MDCKcell line demonstrates toxicity to C. chauvoei antigens

Samples from manufacturing to estimate toxicity

of chauvoei  antigens oncell lines (active

toxin)

End of  

fermentati

on

Cell 

pell

et

Supernatant Supernat

ant  

Conc.

MDCK 7 3 6 9

VERO 4 – 5 2 5 – 6 -

Sensitivity ofcell lines to C.chauvoeiantigens

Weshouldaimforacell line that is sensitive in order todetect anyresidual toxin in the toxicity samples.

Simulated 

concentrationof  

QCsamples
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Neutralisation of toxicity using antisera

FermentationsamplesMLD
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FermentationsamplesL+  

AntiseraA(frommultivalent vaccine)
FermentationsamplesL+

AntiseraB(frommonovalent C. chauvoei vaccine)

Both antisera (diluted1:50) effectivelyneutralised sample toxicity.

Note: Fermentationsamples are not concentrated to production levels.

Results



Conclusions
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- All cells line assays showed good linearity with toxin concentration

- All four cell line assays were found to be robust, reproducible and precise

- Thepresence of formaldehyde in the test samples that causedproblems was remediated 
with apre-stainwash step

- 3of the tests described have been approved by the EuropeanRegulatory authorities

- Awaiting feedback for 2 tests

Ongoing work

- Transfer of new in vitro tests to Quality Control laboratories



THANK YOU

Email: silvia.fragoeiro@msd.com
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Assay Overview
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Day 1 Day 2 Day 3

Seed cells into 96-well 
assay plates, incubate 

overnight.

Switch to serum free
maintenance media,
incubate 37°C (2h max)

C. perf. D antigen only
Activate epsilon toxin by adding 2% trypsin 

solution to neutralised sample.

Transfer dilutions to 
cell plates, Incubate 

overnight

Discard solution in 
plates

Discard crystal 
violet, wash 

with tap water 
and allow 

plates to dry.
Neutralisation of formaldehyde in 

toxoided production samples

Visualise endpoint as last well 
causing at least 50% cell death.

Clear well = cell death 
Purple stained well = cell survival

Generate serial 
dilution plates 

(1.5-fold dilution)

MDCK cell-line assays only 
wash 2x in tap water

Stain with crystal 
violet, 5 min, RT.


