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BACKGROUND
•	 Vaccines	 must	 undergo	 extensive	 quality	 control	 testing	 for	

safety	and	potency	before	they	are	released	onto	the	market.		

•	 Testing	typically	requires	 large	numbers	of	animals,	often	in-
volves	substantial	pain	and	distress,	and	may	have	death	as	an	
endpoint	(Council	of	Europe,	2008;	Hendriksen,	2002).	

•	 Alternative	testing	methods	exist	which	have	not	been	accept-
ed	into	Canadian	regulation.	

CASE STUDY
We	have	conducted	a	case	study	to	obtain	the	perspectives	of	vari-
ous	stakeholders	on	obstacles	and	opportunities	to	implementing	
the	Three	Rs	in	vaccine	quality	control	testing.	Understanding	these	
factors	should	provide	insight	into	how	the	adoption	of	scientifi-
cally	sound	alternative	methods	might	be	facilitated	in	Canada.	

Participants
•	 Participants	for	the	study	have	been	selected	through	purpo-

sive	sampling	and	snowball	sampling	(Palys	&	Atchison,	2007)	

•	 Sixteen	participants:	10	from	government,	6	from	industry

Methodology
•	 Perspectives	were	collected	through	in-depth,	semi-structured	

interviews

•	 Interviews	were	based	on	twelve	open-ended	questions	

•	 All	interviews	were	audio	recorded	and	conducted	under	strict	
anonymity

Case Study Test Methods
Interviews	 focused	 on	 understanding	 factors	 concerning	 the		
implementation	of	two	alternative	testing	methods:	one	currently	
in	use	in	Canada,	and	the	other	under	review	for	implementation.	
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Manufacturers may be deterred from adopting novel methods 
in favour of those published in pharmacopoeias or otherwise 
accepted by other countries.	

•	 Regulatory	authorities	may	require	different	methods	for	lot	re-
lease	testing	of	imported	vaccines,	so	manufacturers	may	have	
to	perform	multiple	methods	for	a	single	potency	or	safety	test.	

•	 Maintaining	 laboratories	 to	perform	multiple	 testing	 is	costly,	
and	performing	multiple	tests	can	be	time-consuming.	

•	 Importing	regulatory	authorities	may	perform	additional	test-
ing	before	releasing	the	vaccine	for	use	in	their	population	due	
to	differing	opinions	regarding:

•	 test	method	effectiveness;	
•	 lack	of	familiarity	or	experience	with	a	method;	or	
•	 lack	of	resources	to	perform	a	method,	especially	in	emerg-

ing	markets.	

Resistance to complete elimination of in vivo methods is due 
to their ability to provide evidence of a pathogen/vaccine in-
teraction in a functional biological system. 

•	 To	convince	scientists	and	regulators	that	in	vitro	assays	can	pro-
vide	enough	information	about	vaccine	quality,	there	must	be:

•	 a	well	understood	mechanism	of	action	of	the	pathogen;	and	
•	 well	characterized	vaccine	components.	

•	 This	information	is	regularly	gathered	for	new	vaccines	but	lack-
ing	for	older	ones.	

•	 In	 vitro	 models	 focus	 on	 isolated	 properties	 of	 a	 vaccine	 or	
pathogen.	

•	 Enzyme-linked	immunosorbent	assays	(ELISAs)	for	poten-
cy	testing	measure	the	quantity	of	antibodies	raised	against	
a	pathogenic	toxin,	but	do	not	indicate	whether	they	can	
neutralize	the	toxin.	

•	 Functional	ELISAs	can	be	designed,	but	it	takes	time.	

•	 The	ELISA	used	in	the	D/T	serological	assay	has	been	vali-
dated	to	show	that	the	antibodies	produced	by	immunized	
guinea	pigs	are	neutralizing.

Due to the difference in the type of information gained from 
in vivo and in vitro assays, as well as the high variability of 
in vivo assays, validation of in vitro methods against in vivo 
methods is difficult and slow. 

•	 Regulators	 require	 comparability	 studies	 to	 show	 that	 a	 new	
method	can	predict	vaccine	safety	and	efficacy	at	least	as	well	as	
the	current	animal	method.	

•	 Many	emerging	methods	are	in	vitro	or	have	an	in	vitro	compo-
nent	which:

•	 is	tailored	to	detect	specific	molecular	residues;	and	
•	 has	a	quantitative	readout.

•	 In	contrast,	whole	animal	methods:

•	 provide	an	overall,	non-specific	view	of	the	vaccine’s	
performance;	

•	 provide	qualitative	data;	and	
•	 are	highly	variable.

•	 Many	animal	processes	do	not	have	a	well	understood	mech-
anism	of	action,	such	as	 that	of	histamine	sensitization	 in	 the	
HIST.

The level of risk that the public will accept for vaccine use is 
very low because they are given to children at a high rate and 
children must be healthy prior to vaccination.

	•	 There	are	two	concerns:	

•	 children	could	be	given	a	disease	through	vaccination	with	
a	product	containing	an	excess	of	active	toxin;	and	

•	 children	vaccinated	with	sub-potent	vaccine	can	still	get	
sick	if	exposed	to	the	disease.	

•	 Manufacturers	and	regulators	must	gain	parental	trust	by	main-
taining	a	history	of	releasing	effective,	safe	products.	

•	 If	a	vaccine	makes	children	sick,	the	population	immunization	
rate	may	decrease.	

•	 As	they	are	responsible	for	public	health,	regulators	require	high	
confidence	in	methods	they	approve	for	use	and	are	therefore	
cautious	of	accepting	data	from	new	methods.

OPPORTUNiTiES
• Harmonization
	 The	desire	for	harmonization	is	strongest	within	industry	as	it	

saves	them	time	and	resources	to	use	one	test	method	for	all	mar-
kets.	Canadian	manufacturers	have	 initiated	discussions	with	
US	regulators	in	the	hopes	that	they	will	consider	data	from	the	
in	vitro	pertussis	safety	assays.	Harmonization	efforts	have	also	
been	conducted	by	the	Canadian	regulatory	agency,	the	WHO	
and	others	in	an	attempt	to	establish	guidelines	for	mutual	ac-
ceptance	of	test	data	between	countries,	which	would	reduce	or	
eliminate	repeat	testing.	

• Collaborations
	 Acceptance	of	the	D/T	serological	method	in	Canada	was	as-

sisted	by	national	and	international	collaborations	on	method	
development	between	industry	and	regulatory	authorities.	Cur-
rently,	industry	has	been	working	with	Canadian	and	interna-
tional	regulators	on	the	development	and	validation	of	the	in	
vitro	binding	assay	for	pertussis	safety.

• Domino Effect 
	 Acceptance	of	a	method	by	one	country’s	regulatory	authority	

increases	the	likelihood	that	it	will	be	accepted	by	other	coun-
tries.	Regulators	have	more	confidence	in	methods	which	have	
been	 published	 in	 pharmacopoeia	 than	 those	which	 haven’t	
because	they	have	already	gone	through	a	process	of	optimiza-
tion,	validation	and	risk	assessment.	Canadian	regulators	now	
accept	data	from	the	D/T	serological	method	in	part	because	
the	method	was	previously	adopted	by	Europe.

• Ethical Considerations
	 The	majority	of	participants	expressed	personal	concerns	for	the	

welfare	of	animals	used	in	vaccine	testing.	While	it’s	possible	that	
some	of	these	responses	were	biased	by	the	participant’s	aware-
ness	of	the	study	being	performed	by	a	CCAC	Research	Fellow,	
it	does	indicate	that	there	is	an	awareness	among	vaccine	stake-
holders	that	animal	welfare	is	important	to	the	public,	and	should	
be	taken	seriously	as	a	consideration	of	test	method	selection.	

Industry	and	the	Canadian	government	are	open	to	implement-
ing	 the	 Three	 Rs	 for	 vaccine	 quality	 control	 testing,	 but	 the	
methods	adopted	must	be	proven	to	be	reliable	and	biologically		
relevant.	Further	harmonization	and	collaboration	studies	between	
manufacturers	and	regulators	would	assist	in	alternative	method		
implementation.

Figure 1 40% of government and all industry participants cited varying 
regulatory testing requirements as a challenge to implemen-
tation of the Three Rs.

Figure 2 50% of government and 67% of industry participants cited 
biological functionality as a challenge to implementation of 
the Three Rs.

Figure 3 50% of government and 83% of industry participants cited 
comparison of new and existing methods as a challenge to 
implementation of the Three Rs. 

Figure 4 70% of government and 33% of industry participants cited 
low acceptable risk as a challenge to implementation of the 
Three Rs.

“…Also	when	we	try	to	make	changes	to	any	of	these	methods,	
it’s	 very	 complex	because	we	have	 to	get	 approvals	 from	so	
many	different	countries	before	we	can	implement.“

–	Study	participant

“So	the	closer	we	get	to	small	molecule	testing,	typically	but	not	
universally,	we	get	far	better	data.	The	difficulty	is,	is	that	you	
may	not	be	measuring	directly	what	you	want	to	be	measuring.”

–	Study	participant

“The	challenge	is	in	an	assay	that’s	very	old	and	scientifically	
not	well	defined,	biologically	not	well	understood,	it	just	hap-
pens	to	be	right,	how	do	you	do	a	comparison?”

–	Study	participant

“They	are	administered	to	healthy	infants	and	therefore	they	
have	the	highest	oversight	because...if	we	don’t	get	it	right	we’re	
putting	a	highly	vulnerable,	otherwise	healthy	population	at	
risk.	So	yes,	it	requires	special	consideration	and	that’s	why	it’s	
given	it.”

	 –	Study	participant
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