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ABSTRACT

The current test of acellular Bordetella pertussis (aP) vaccines for residual pertussis toxin (PTx) is the
Histamine Sensitization test (HIST), based on the empirical finding that PTx sensitizes mice to histamine.
Although HIST has ensured the safety of aP vaccines for years, it is criticized for the limited understanding
of how it works, its technical difficulty, and for animal welfare reasons. To estimate the number of mice
used worldwide for HIST, we surveyed major aP manufacturers and organizations performing, requiring, or
recommending the test. The survey revealed marked regional differences in regulatory guidelines,
including the number of animals used for a single test. Based on information provided by the parties
surveyed, we estimated the worldwide number of mice used for testing to be 65,000 per year: ~48,000 by
manufacturers and ~17,000 by national control laboratories, although the latter number is more affected
by uncertainty, due to confidentiality policies. These animals covered the release of approximately 850
final lots and 250 in-process lots of aP vaccines yearly. Although there are several approaches for HIST
refinement and reduction, we discuss why the efforts needed for validation and implementation of these
interim alternatives may not be worthwhile, when there are several in vitro alternatives in various stages of
development, some already fairly advanced. Upon implementation, one or more of these replacement
alternatives can substantially reduce the number of animals currently used for the HIST, although careful
evaluation of each alternative’s mechanism and its suitable validation will be necessary in the path to
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implementation.

Introduction

Pertussis or whooping cough is a disease caused by a respira-
tory infection with the bacterium Bordetella pertussis. The
disease is characterized by severe coughing, sometimes pro-
gressing to pneumonia, and can - on rare occasions and pri-
marily in young infants - be fatal. The introduction of the first
pertussis vaccines in the 1950s-60s led to a dramatic drop in
pertussis incidence. These early vaccines were based on inacti-
vated bacteria (WP vaccines). Downsides of these vaccines were
their side effects and occasional but severe reactions temporally
associated with their administration, which resulted in a search
for safer vaccines. In the 1980s-90s, the acellular vaccines (aP)
gradually replaced the wP vaccines in most industrialised coun-
tries (Table 1)."* In non-industrialized countries, vaccination
with wP vaccines has remained the preferred strategy, due to
simpler manufacturing and consequent lower costs. aP vaccines
consist of one or several purified proteins of the pathogen that
are considered to contribute to protection.”> Remarkably, the
incidence of pertussis has increased since the 1980s, even in
areas with high vaccination coverage.” Worldwide, the WHO
estimated the number of pertussis cases to be about 16 million
in 2008.”® Because of the persistent circulation of B. pertussis,
there will most likely be a continued need for aP and wP vac-
cines in the near future.

All aP vaccines include detoxified pertussis toxin (referred to
as pertussis toxoid: PTd) and one or more of the following

proteins: filamentous hemagglutinin, pertactin, fimbria type 2
and type 3. Testing for the presence of residual activity of per-
tussis toxin (PTx) and reversion of PTd to PTx is a regulatory
requirement in all countries that use aP vaccines. For this pur-
pose, the in vivo Histamine Sensitization test (HIST) is broadly
applied, a procedure based on a discovery made in 1948 by
Parfentjev and Goodline.” The test design consists of adminis-
tering to groups of mice the vaccine lot under study, followed
by a challenge with histamine 4-5 days post-vaccine injection.
Originally the HIST was developed to test wP vaccines,'® but
nowadays it is only used for testing aP vaccines. In addition to
its use for batch release testing, the HIST may also be per-
formed in-process, and may be included in stability programs
and optimization protocols of the vaccine production pro-
cesses. Although widely used, the HIST is criticized for its poor
reproducibility and the high variability in the sensitivity of the
mouse strains.'' Additionally, the test can inflict severe pain
and distress, especially for mice receiving a reference PTx or
mice that receive a vaccine containing residual PTx. For these
reasons, manufacturers, as well as regulators, are highly moti-
vated toward the successful development and implementation
of a reproducible, validated in vitro method to replace the
HIST. "

This review aims to estimate the impact of the HIST in
terms of animal numbers used worldwide. In addition, it dis-
cusses the potential use of in vitro alternatives and the
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Table 1. Immunization programs.”

Whole cell
pertussis vaccines

Acellular

pertussis vaccines Mixed

North America Africa Eastern mediterranean
Europe South-East Asia Western Pacific
121

information that may be required for their implementation.
Before we discuss the alternatives that have been proposed or
are under development we will provide some background
information on the mechanism of PTx intoxication and the
HIST. A preliminary version of the calculations summarized in
this review were presented at the international workshop:
“Alternatives to HIST for Acellular Pertussis Vaccines: Progress
and Challenges” held on August 24, 2014 in Prague, Czech
Republic."?

The mechanism of the HIST

PTx is an ABs toxin, composed of a B oligomer and an A sub-
unit that are responsible for binding to the cell membrane and
intracellular interference with the cAMP-PKA pathway,
respectively (see Box 1 for a detailed description'>'**°). Since
PTx by itself does not cause any noticeable acute effects in
mice at the doses expected in aP vaccines, the HIST is based
on the observation that PTx reduces the lethal dose of hista-
mine about 30-300x.'“*” Histamine is a compound involved
in immunological responses, but can also act as a neurotrans-
mitter.”® Tt is typically released by mast cells upon activation
by IgE antibodies and stimulates endothelial cells, increases
blood vessel permeability and decreases blood pressure.”*° In
the HIST, histamine administration causes a reduction in
blood volume as a result of increased permeability of the
blood vessels.”’ Bergman and Munoz have demonstrated that
injection of compensatory volumes of saline into the blood-
stream can prevent HIST-induced death.”” Other studies have
shown that PTx reduced the contractile properties of arteries,
causing a hypersensitivity to histamine-induced vasodila-
tion.>>*> The histamine hypersensitivity is also observed in
removal of adrenal glands and after blocking of B-adrenergic
receptors of mice, suggesting that a common insensitivity to
catecholamines is involved in both phenomena.>* Taken
together, these studies demonstrate that PTx affects essential
properties of arteries and strongly suggest that these phenom-
ena are responsible for PTx-induced sensitization to
histamine.

HIST testing: regulatory requirements and test designs

aP vaccines were first manufactured and used in Japan in
1981.%° Currently aP vaccines are also produced in Canada,
Europe and China. These vaccines are widely used in the
United States and Canada, the European region and the afore-
mentioned Asian countries and are being gradually introduced
in other parts of the world. Despite the widespread application
of the HIST for aP vaccine testing, requirements for test perfor-
mance are region-specific and vary with regard to mouse speci-
fications (sex, age, etc.), inclusion of positive and/or negative
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Box 1. The cellular relevance of PTx in aP vaccines

The B oligomer of PTx consists of 5 subunits (52, S3, two
copies of $4, and S5)."* and is of importance for binding
the toxin to glycoconjugate cell receptors,”” upon which
the holotoxin enters the cell by endocytosis, followed by
retrograde transport to the Golgi and the endoplasmic
reticulum. Subsequently the S1 subunit is released into the
cytosol.'® Within the cytosol, the S1 subunit catalyzes the
transfer of ADP-ribose from NAD™ to the a-subunit of
Gy, proteins,'” thereby preventing interaction of these
proteins with their cognate receptors. ADP ribosylation
fixes the a-subunit of the G-proteins in their inactive
(ADP-bound) form and the «-subunit is therefore unable
to inhibit its target enzyme, adenylate cyclase. The conse-
quent accumulation of the second messenger (cAMP)
interferes with cellular signaling. PTx-induced changes in
cell signaling can generally be detected within a couple of
hours.'® The B oligomer binds to several target proteins
on the membrane of cells and thereby PTx influences sev-
eral cellular processes. The B oligomer by itself causes pro-
liferation of T cells,'”? results in glucose oxidation in
adipocytes'® and induces activation of TLR4.*' These
effects of the B oligomer appear 2-24 hours after exposure
to PTx, while effects on intracellular cell signaling appear
more rapidly.”*** Generally cellular effects of B oligomer
require higher levels of PTx,* i.e. 250ng/mL-2pug/ml,"* >
while ADP ribosylation by the S1 subunit is induced by
50ng/mL of PTx or lower concentrations.”>*® The levels
necessary for B oligomer effects are substantially higher
than the levels accepted in aP vaccines (approximately
14.8ng PTx/mL'?). The relevance of the direct effects of B
oligomer for aP vaccines is therefore questionable, though
B oligomer binding is essential for cell entry and therefore
indirectly for S1 subunit functioning.

control groups, test group sizes, time interval between vaccina-
tion and challenge, time interval between challenge and reading
of the test outcome and histamine challenge dose. There are
basically 3 versions of the test. The first version determines
whether the level of PTx is at or below an acceptable threshold,
by recording death of the mice after a histamine challenge. Sim-
ilar to the first version, the second version is based on PTx-
induced histamine sensitization; however, whether the level of
PTx exceeds a specified threshold is determined by assessing a
decrease in body temperature, rather than death of the mice.>®
The third version uses the same principle as the second version,
but measures the actual level of PTx by comparing the associ-
ated decrease in body temperature caused by several doses of
the vaccine on test, relative to a toxicity reference preparation.
For the second and third versions, body temperature can be
monitored by a rectal probe or by infrared detection of the der-
mal temperature.”” Although changes in body temperature and
death are both dose-dependent, there doesn’t seem to be a
direct link between both parameters,”” and it is unclear whether
both methods are based on the same mechanism.

Regional requirements and global guidelines (WHO) for the
HIST, including relevant validity and acceptance criteria, are
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provided in Tables 2 and 3. Both Japan and China apply the
third version and assess the PTx content of a new batch of aP
vaccine relative to a toxicity reference to which histamine sensi-
tization units (HSU) have been assigned. The accepted levels of
PTx are 0.4 and 0.8 HSU, for Japan and China, respectively. In
Europe, the US and Canada, safety testing of aP vaccine batches
is primarily based on the HIST with a lethal endpoint, although
the second version of the HIST is also approved in Europe.
Though the general outline of the lethal and temperature ver-
sions of the HIST are similar, there are notable regional differ-
ences (Tables 2 and 3). Independent of the test design, testing
is performed in-process, on the final vaccine formulation or
both. Apart from the regulatory requirements, the final lay-out
of the test is influenced by the testing stage, that is, whether the
test is the first one performed, a repeat of the first test or a
retest. Repetition of a HIST is required when the validity crite-
ria of the test are not met, and test validity is primarily deter-
mined by the responses of the positive and negative control
groups. Generally, for repeated testing the same design and
number of animals are used. Retests are performed when a vac-
cine lot does not meet the acceptance criteria. For retesting, in
general, twice the number of animals is required for the lethal
endpoint method, while the same number of animals is
required when the temperature method is used. It appears,
from this survey (data not shown), that repeated testing and
retesting occurs more often for HIST protocols based on lethal-
ity as an endpoint (2.5%-7.5%), than for HIST protocols with
the body temperature as a readout parameter (less than 1%), at
least for the tests performed in Asian countries. The reason
could be the inherent higher sensitivity of the temperature
method and the relative evaluation of residual PTx to a PTx ref-
erence that enables compensation of assay variation.””

The HIST and laboratory animal use

To estimate the impact of the HIST in terms of animal num-
bers, a survey was conducted among manufacturers, national
control laboratories (NCLs) and multinational organizations
involved with vaccine quality. Sanofi Pasteur SA (France),
Sanofi Pasteur Limited (Canada), GlaxoSmithKline Biologicals
(Belgium) and Statens Serum Institut (Denmark) were asked to
specify how many lots of vaccine containing an aP component
were subjected to the HIST, either in the year 2012 or 2013 and
to indicate the specifications of the HIST performed and proce-
dural details, including the number of animals used. Informa-
tion on test design was combined with literature on aP vaccine
production in Japan and China.*®*** Manufacturers provided
their consent for publication of the data.

Following safety testing by the manufacturers, NCLs may
also subject aP vaccine lots to the HIST. Eight NCLs/organiza-
tions (Pan American Health Organization (PAHO), US FDA,
Health Canada (Canada), European Directorate for the Quality
of Medicines & Health Care, Statens Serum Institut (Denmark),
Indian Academy of Pediatrics (India), National Institute of
Infectious Diseases (Japan), and National Institutes for Food
and Drug Control (China)) were queried for their testing strat-
egies, or the testing strategies of the NCLs in the region. The
organisations were given random code numbers herein, not
related to the order above. Organizations 1-4 provided

complete information or as far as possible (for details see
Table 4). Organizations 5 and 6 were unable to provide infor-
mation, and therefore we assumed a testing regime in which
50% of the lots were tested. Precise information on testing by
NCLs could not be provided by organization 7, while organiza-
tion 8 indicated that aP vaccines were not produced in that
region. Since exact numbers were only partly available, some of
the data were estimated as shown in Table 4. Although our cal-
culations attempt to provide an estimation of the number of
mice required for the HIST on a global scale (Table 5), in reality
they cover only the manufacturers and NCLs in the regions in
which aP vaccines are mainly produced and used (Table 1). For
example, one organization reported the purchase of aP-con-
taining vaccines for 14 countries from 3 of the manufacturers
surveyed, but data on additional HIST testing by NCLs at the
local level, if any, were not available. The data are presented
masked.

To calculate animal numbers used for the HIST, 2 assump-
tions were made, in consultation with the manufacturers and
NClLs. Firstly, the percentages of repeated testing and retesting
were known or estimated to occur between 0% and 16% and
0% and 7.5% of the cases (as indicated), respectively. Secondly,
when information on testing by a NCL was not available, we
assumed that 50% of the lots being released by these NCLs
were tested, and that repeated testing and retesting frequencies
were similar to those of the manufacturers. Evaluation on the
HIST performance revealed substantial regional differences in
the number of animals used for a single test, as well as group
size (10 to 20 animals per group), and inclusion of positive and
negative control groups (data not shown). Based on the evalua-
tion we estimated that worldwide approximately 65,000 mice
are used for the HIST each year, ~48,000 by the manufacturers
and ~17,000 by the NCLs (Table 5). These tests covered the
release of approximately 850 final lots and 250 in-process lots
of aP vaccines each year, of which 152 were destined for the
Canadian and international markets, 251 for the United States,
474 for Europe, and 193 for China and Japan. 27 additional
lots/batches were produced for non-commercial purposes.
These vaccines were deployed mostly for the protection of the
population of industrialised countries, and a few emergent
economies, against pertussis.

The HIST and 3R alternatives: perspectives

The scientific and animal welfare concerns associated with the
HIST provide a strong incentive for the development and appli-
cation of 3R methods. In general, replacement of an animal
method by an animal-free method takes time during which
there may be opportunities for refinement and reduction before
replacement. In this context, we evaluated whether there were
any possibilities to reduce animal numbers for the HIST. Sur-
prisingly, there were marked differences in group sizes used,
primarily for the lethal version of the HIST, ranging from 10 to
22 animals per group (data not shown). These differences in
numbers are mainly associated with local regulatory practices
although they may be justified by assay variability, as a conse-
quence of the use of different mouse strains'' or different vacci-
nation-challenge schedules. There is no evident scientific
justification for applying various group sizes, since the various



Table 4. Origin of information on animal numbers.
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Average number

Manufacturer/ Number of final lots/ Average Percentage of Percentage of Percentage of
Organization of in-process ~ Number of in-process lots ~ number of Total animal animals used for animals used for animals used
code Year lots final lots per test” animals/ test ~ number first test repeated tests for retesting
M1 2013 N.T. Known Estimated Calculated Known Estimated Estimated Estimated
M2 2012 Known N.T. Known Known Calculated Estimated Estimated Estimated
M3 2013 N.T. Calculated Estimated Calculated Known Estimated Estimated Estimated
M4 2012 N.T. Known Known Known Known Known Known Known

Or1 — N.T. N.T. N.T. N.T. N.T. N.T. N.T. N.T.

Or2 — NT. N.T. N.T. N.T. N.T. N.T. N.T. N.T.

0or3 2012 N.T. Known Known Known Calculated Known Known Known

Or4 2012 N.T. Known Known Known Calculated Known Known Known

Or5 — N.T. Estimated Estimated Estimated Estimated Estimated Estimated Estimated
Oor6 — N.T. Known Estimated Estimated Estimated Estimated Estimated Estimated
Or7 — NT. N.T. N.T. N.T. N.T. N.T. N.T. N.T.

(0]¢] — NT. N.T. N.T. N.T. N.T. N.T. N.T. N.T.

N.T. = Not tested, testing is not done or required by indicated organization.
M = Manufacturer.

Or = Control, Regulatory or Guiding Organization.

Known: Numbers were provided.

Estimated: Numbers could not be provided and were therefore estimated in consulation with the organization/manufacturer.
Calculated: Exact numbers were unavailable, but could be calculated based on the information indicated as ‘known'’.

performances of the HIST are based upon the same principle,
and since each group size is accepted by one or more NCLs.
Therefore, a possible approach to reduce animal numbers for
the HIST would be using the smallest group size (i.e. 10 animals
per group). Recalculations revealed that universal application of
this group size would reduce total animal numbers by 10%
(data not shown). Another option to diminish the animal use,
might be the adoption of testing plans by NCLs with reduced
testing frequency. It should be noted, however, that the number
of mice used by NCLs may be lower than the number reported.
As the actual frequency is often confidential, we had been
forced to estimate it. In any event, application of either of these
approaches requires international consensus, which has proven
to be a challenging process. In addition to reducing animal
numbers, another 3R option is to minimize the distress inflicted
to the animals. As mentioned before, the presence of PTx can
be assessed by changes in body temperature, a method applied

Table 5. Estimated annual number of animals used for HIST.

Total
Manufacturer Number of final lots or in-process lots tested 1100
Number of tests 640
Number of animals per group 10-22
Average number of animals per test” 40-132
Total animal number 47700
Of which used for first test™ 43800
Of which used for repeats™" 1100
Of which used for retesting® 2800
Con Or Total animal number 17100
Of which used for first test*s 15600
Of which used for repeats®* 400
Of which used for retesting® 1100

Con Or = Control organization.

“Numbers depend on group size, inclusion of positive and negative controls and
the number of final lots/in-process products tested.

**Percentage of animals used for this purpose varied between 79-100%.
“**Percentage of animals used for this purpose varied between 0-16%.
$Percentage of animals used for this purpose varied between 0-7.5%.
%percentage of animals used for this purpose varied between 90-100%.
$55percentage of animals used for this purpose varied between 0-2.5%.

in some Asian countries and by SSI in Denmark.”® A drop in
rectal or dermal temperature as a consequence of PTx is
assessed within 30 minutes of histamine challenge.”” Applica-
tion of this method might therefore reduce the duration of
potential suffering.’® However, the majority of the deaths occur
within the 30 minutes following the histamine injection,”” and
these fatalities most likely happen among the animals that
experience the highest level of suffering. Using body tempera-
ture as a readout parameter may only reduce suffering of ani-
mals that receive a borderline lethal level of PTx. In a study of
the transferability of the non-lethal test for PTx in aP vac-
cines,*’ the maximum decrease in temperature post-histamine
challenge was achieved with a dose as low as 1.75 IU of PTx
per mouse, a dose which already caused > 50% death in groups
of 10 mice, in 4/10 experiments. This represents a high level of
lethality in a non-lethal alternative, if we consider that a collec-
tively agreed suitable baseline HIST sensitivity is 2.0 IU of PTx
per mL of vaccine.'>"> Taken together, possibilities to reduce
and refine the HIST are available, but it is questionable whether
the gain in animal welfare justifies the efforts needed for valida-
tion and implementation, considering the number of animals
needed for validation. In addition, refinement and reduction
alternatives still encompass the variation inherent to the princi-
ple of the HIST, and several promising in vitro methods are in
the final stage of development. Thus, given the lack of clear
benefits of the refinement and reduction alternatives, some
National Regulatory Authorities (NRA), NCLs and manufac-
turers may opt not to pursue them.

In addition to refinement and reduction, several research
groups have attempted to develop animal-free methods for
replacement of the HIST. Generally, the acceptance of an
alternative method would be easier to justify if it is based on a
principle which has similarity with pharmacologically relevant
mechanisms of PTx.*'™** As discussed before, the mechanisms
primarily involved in the HIST have been elucidated. How-
ever, the relationship between the mechanisms of the HIST
and the pharmacological effects of PTx in humans is not
totally clear. As mentioned in Box 1, theoretically B oligomer
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and S1 may have direct and independent effects on cell func-
tioning. Nevertheless, the concentration of PTx that has raised
concern for vaccine safety is one at which only S1 is able to
induce cellular effects, while the direct activity of the B oligo-
mer at these concentrations (Box 1) has not been described.
Noteworthy is that a functional B oligomer is necessary for
cell binding and internalisation and therefore essential for S1
intracellular effects.

There has been debate on what the acceptable and clinically
relevant level of PTx in aP vaccine is to guarantee vaccine
safety.'>** Only indirect evidence is available to approach this
question, since - for ethical reasons - it is not possible to carry
out clinical studies to quantify toxic PTx effects in the clinic.
Nonetheless, a study of the therapeutic effects of PTx for diabe-
tes revealed that the intravenous injection of 1 ug/kg of the
protein did not cause any pronounced adverse effects in healthy
volunteers.* Additionally, clinical evidence for a relevant level
of PTx is provided by studies showing that the PTx content of
whole cell vaccines is approximately 0.3 pg/mL,""*® while these
vaccines are generally considered to be safe and efficacious.
Also, the HIST itself provides information by means of its sen-
sitivity and acceptance criteria. According to the guidelines of
the European Pharmacopeia (Ph. Eur.), a mouse strain is gener-
ally considered suitable for the HIST if the LDs, for Ph. Eur.’s
Biological Reference Preparation (BRP) for PTx is between 6
IU and 50 TU.*” A vaccine is accepted if not more than 5% of
the immunized mice die when challenged with histamine.
Based on this information and data from a collaborative study
organized by the EDQM,*® the LD for the BRP1 PTx standard
was estimated to be approximately 2.22 TU/ml '* (correspond-
ing to 14.8 ng/mL for BRP PTx batch 1).

There has been a range of initiatives aimed at replacing the
HIST by suitable animal-free methods. One advanced alterna-
tive entails a combination of 2 analytical methods. The first of
the 2 methods assesses the binding of PTx to a fetuin coated
ELISA plate,*”*° and mimics B oligomer’s binding to glycopro-
teins on the cell surface."” The second method is based on the
HPLC measurement of the enzymatic activity of the A subunit,
using a fluorescent peptide.’’ The combination of these
assays reflects properties essential for PTx toxicity, although
not simultaneously, and has proven to be a useful tool to study
the inactivation procedures.>* However, the assays do not cover
the internalisation and translocation of the toxin from the cell
membrane to the cytosol, nor is intracellular ADP-ribosylation
or its effects measured. These latter aspects are an inherent part
of the pharmacological effects of the toxin, and are addressed
by the 3 in vitro cell culture alternatives. The first of these
methods is the Chinese Hamster Ovary cell (CHO) test, based
on a PTx-induced clustered growth pattern.>>® A study in
which genetically modified CHO cells constitutively expressed
the S1 subunit demonstrated that this moiety was ultimately
responsible of the cell clustering.”” Nevertheless, under physio-
logical conditions, B oligomer binding and internalisation of
the toxin will be necessary for S1 to execute its effect in the
cytosol. This CHO cell clustering test is only suitable for evalua-
tion of pre-formulated and non-adjuvated products, due to
inherent toxicity of the adjuvants for CHO cells,* though
recent studies have demonstrated that these cytotoxic effects
can be overcome by dilution or the use of transwell inserts.”®

Another hurdle is the visual reading of the cell clustering.
Despite attempts of several research groups, automatic analysis
reading is not yet possible. Nevertheless, the CHO-cell assay
was deemed by the International Working Group on Alterna-
tives to HIST at a recent workshop in London as deserving fur-
ther development/validation.” The other 2 cell-based methods
assess the intracellular effects of PTx on adenylate cyclase regu-
lation, by measuring changes in hormone-stimulated cCAMP or
ATP levels.*>**** Since toxin binding, internalisation and dis-
turbance of the regulation of adenylate cyclase are intrinsic ele-
ments of the adverse outcome pathways, the methods cover all
cellular aspects relevant for the safety of aP vaccines. Proof-of-
principle for the cAMP-PTx assay has been positive and further
development (pre-validation) of this quantitative method has
been supported.** In conclusion, there are various animal-free
alternatives in different stages of development, which reflect
several distinct properties of PTx. A strategic, stepwise plan
was proposed at the London meeting of the International
Working Group on Alternatives to HIST,” in which an alterna-
tive test would be adopted for release purposes first, and then,
once sufficient confidence in its suitable performance has been
gained, its use would be extended to stability testing. On the
other hand, representatives of regulatory organizations present
agreed, in principle, that the approval of the elimination of the
HIST testing requirement from the stability program might be
entertained if manufacturers would be able to provide unequiv-
ocal evidence that the chemical treatment used to detoxify PTx
yields irreversible toxoid. Such a removal would obviously have
a major impact on the number of animals used for aP vaccine
safety testing, while toxin inactivation by chemical procedures
will continue, being demonstrated in-process by the CHO-cell
assay on every bulk of PTd before its adsorption to adjuvant.

Concluding remarks

A survey of vaccine manufacturers and regulatory bodies has
allowed us to estimate the use of mice for safeguarding the
safety of recipients of aP vaccines worldwide at about 65,000.
Although this figure constituted a useful baseline for discussing
a plan for the replacement of HIST,” its accuracy should not
be overestimated, and the challenges associated to its estima-
tion (summarized in Table 4) should not be ignored. For exam-
ple, while manufacturers test 100% of the lots introduced into
the market, the proportion of lots tested by some NCLs had to
be estimated, due to their confidentiality policies. Though the
HIST has ensured the release of safe aP vaccines for many
years, there is now reasonable scientific and animal welfare jus-
tification to change this testing regime. There are means to
refine the test and reduce the animal number for the existing
testing strategy. However, it is questionable whether there
would be a meaningful gain in animal welfare, given that there
is often a lethal outcome in the ostensibly non-lethal test. Thus,
given the lack of a clear benefit, some NCLs and manufacturers
may not consider worthwhile the efforts needed for validation
and implementation of these interim alternatives in the path to
replacement, especially since various in vitro alternatives are
under development. However, if an interim reduction strategy
is sought, NCLs may consider a reduction scheme (if one is not
already in place), where only a limited number of batches of



each product is tested per year. This paper discusses several in
vitro alternatives that have scientifically sound mechanistic sub-
stantiation, a more permanent solution. After appropriate vali-
dation, these alternatives have the potential to replace the HIST
all together, although a careful comparative evaluation of their
mechanisms, as well as the sensitivity of each test, will be part
of the selection process. With regard to replacement, a refer-
ence should also be made to one of the conclusions of the Inter-
national Working Group on Alternatives to HIST’s London
meeting, suggesting a stepwise adoption of one or a combina-
tion of these in vitro methods. An eventual elimination of the
HIST testing requirement might be considered if there is
unequivocal evidence that reversion to toxicity cannot occur.
Any of these approaches will significantly reduce the number
of animals that are currently used for the HIST.
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