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ARTICLE INFO ABSTRACT

Edited by Professor Bing Yan The fish acute toxicity test (TG203; OECD, 2019) is frequently used and highly embedded in hazard and risk
assessment globally. The test estimates the concentration of a chemical that kills 50% of the fish (LCso) over a 96

Keywords: h exposure and is considered one of the most severe scientific procedures undertaken. Over the years, discussions

TG203

at the Organisation for Economic Co-operation and Development (OECD) have resulted in changes to the test
which reduce the number of fish used, as well as the development of a (potential) replacement test (TG236,
OECD, 2013). However, refinement of the mortality endpoint with an earlier (moribundity) endpoint was not
considered feasible during the Test Guideline’s (TG) last update in 2019. Several stakeholders met at a UK-based
workshop to discuss how TG203 can be refined, and identified two key opportunities to reduce fish suffering: (1)
application of clinical signs that predict mortality and (2) shortening the test duration. However, several aspects
need to be addressed before these refinements can be adopted. TG203 has required recording of major categories
of sublethal clinical signs since its conception, with the option to record more detailed signs introduced in the
2019 update. However, in the absence of guidance, differences in identification, recording and reporting of
clinical signs between technicians and laboratories is likely to have generated piecemeal data of varying quality.
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Harmonisation of reporting templates, and training in clinical sign recognition and recording are needed to
standardise clinical sign data. This is critical to enable robust data-driven detection of clinical signs that predict
mortality. Discussions suggested that the 96 h duration of TG203 cannot stand up to scientific scrutiny. Feedback
and data from UK contract research organisations (CROs) conducting the test were that a substantial proportion
of mortalities occur in the first 24 h. Refinement of TG203 by shortening the test duration would reduce suffering
(and test failure rate) but requires a mechanism to correct new results to previous 96 h LCs( data. The actions
needed to implement both refinement opportunities are summarised here within a roadmap. A shift in regulatory
assessment, where the 96 h LCsg is a familiar base for decisions, will also be critical.

1. Introduction

The fish acute toxicity test is a frequently used test for chemical
hazard characterisation (Burden et al., 2017, 2020) and is strongly
embedded in the risk assessment of chemicals globally. In brief, fish are
exposed to the test chemical for a period of 96 h, mortalities and ab-
normalities are recorded at 24, 48, 72 and 96 h and the concentration
which kills 50% of the fish (LCsg) is derived. The test was originally
adopted as an Organisation for Economic Cooperation and Development
(OECD) test guideline (TG203) in 1981. At that time, there was little
consideration of animal welfare such as managing the health of stock
animals or addressing the 3Rs (Replacement, Reduction, Refinement;
Russel and Burch, 1959) within the test protocol. Over the past 40 years,
TG203 has been revised on three occasions (1984, 1992 and 2019).
These updates reflected scientific and regulatory needs, harmonisation
with acute toxicity tests used by OECD member countries (e.g. US EPA
Test OCSPP 850.1075) and recommendations from the Fish Toxicity
Testing Framework (FTTF, OECD, 2014). The FTTF encouraged
consideration of reliable alternative methods (QSAR, read-across, fish
embryos, fish cell lines and others) using a weight-of-evidence approach
before conducting the test. However, discussions at the OECD validation
management group for ecotoxicity (VMG-Eco), which oversees OECD
ecotoxicity test guideline development and revision, concluded that fish
acute toxicity data continue to be core regulatory requirements and
current suggested alternative methods (e.g. TG236, OECD, 2013) are not
sufficient for all jurisdictions and testing needs, including REACH
(ECHA (European Chemicals Agency), 2016) Another key FTTF
recommendation (OECD, 2014) was to address animal welfare, a point
of concern in TG203. Therefore, given that replacement is not an
(imminent) option, efforts during the 2019 TG203 update, focused on
reducing the level of suffering that fish experience during the test.

Pollution is considered as one of the top direct drivers of biodiversity
loss (IPBES, 2019) and effective chemicals management internationally
is an important regulatory measure to help reduce environmental harm.
Chemical pollution is increasingly viewed as a planetary boundary issue
and lessons learned from the past, where highly toxic chemicals were
released in the environment, indicate that hazard and risk assessment
for chemicals must remain rigorous and regulation aligned with the best
available science. Fish represent a significant phylogenetic group of
animals that we aim to protect and the LCs - as derived from TG203 for
four decades - has become embedded within chemical hazard and risk
assessments. The increasing size of the human population has been a key
driver in the growth of the chemicals industry, where sales are expected
to double between 2017 and 2030 (UNEP, 2019) to meet societal de-
mands for key sustainable development goals such as zero hunger and
good health. Certain chemicals, such as plant protection products, are
key in achieving these goals but do present acute toxicological concern.
This landscape creates the need to further consider how we can meet the
societal standards on animal welfare whilst maintaining the environ-
mental protection goal that fish acute toxicity assessment provides.

One way to reduce suffering during animal experiments is by
applying earlier, more humane endpoints, including, for example,
moribundity. Early termination of fish showing signs of “considerable
suffering” is featured in other test guidelines such as the Medaka
Extended One Generation Test (MEOGRT; TG240; OECD, 2015).

However, generally these are guidelines designed to examine less severe
sub-lethal toxic effects, not acute toxicity. Historically, acute toxicity
assessment has employed a lethality estimate, the LCso. However,
although relevant signs of toxicity for fish have been suggested (Rufli,
2012), no consensus was reached in the OECD VMG-Eco on the effec-
tiveness of these signs in predicting death in acute fish testing during the
most recent TG203 update. An early stumbling block was the lack of
agreement on a definition of moribund fish. However, it has since
emerged that a key obstacle in moving away from mortality in fish acute
toxicity studies is concern that such change would result in a reduction
in the derived LCsg, which in turn would lead to an overly conservative
risk assessment and increase the use of animals by triggering further
tests. For example, when assessing a pesticide active substance for use in
plant protection products, if a risk is identified and driven by fish, op-
tions for toxicity refinement include use of the geometric mean and
species sensitivity distributions. Both these options would involve the
acute testing of up to 4 additional species of fish (EFSA (European Food
Safety Authority), 2013), noting vertebrate studies must be justified
under EU regulations. Other assessment paradigms may result in the
triggering of chronic testing where reduced toxicity values result from
implementation of early clinical signs. It is therefore critical that the
early signs need to be genuinely predictive of death, a link that is still
elusive. Consequently, mortality remains the endpoint in the fish acute
toxicity test.

In contrast, the mammalian acute oral toxicity test (OECD TG401)
was deleted in 2002 due to animal welfare concerns (OECD, 2002), and
superseded by refined methods that also reduced animal use. Refined
methods have also been developed for other acute mammalian and
avian toxicity tests, including inhalation (Sewell et al., 2015, 2018) and
dermal routes of administration. Improvements involved the adoption of
the ‘up-and-down’ procedure and the use of ‘evident toxicity’, whilst for
avian testing sequential testing methods have been employed. The up-
and-down procedure for mammalian testing is based on a range esti-
mate, rather than a point estimate of the LC50 that requires the use of
multiple doses/concentrations to construct a
concentration/dose-mortality curve. This allowed a significant reduc-
tion in the number of animals used for classification and labelling pur-
poses (e.g. OECD TG423, 425, 436 for acute oral and acute inhalation
toxicity studies). For avian testing it has been demonstrated that the use
of a similar sequential testing methodology (OECD 223) resulted in a
reduction of around 65% in animal usage (Maynard et al., 2014;
Edwards et al., 2017) for a pesticide data set. Another approach, i.e. the
use of the threshold approach (OECD, 2010a) or the limit test, has been
adopted in TG203 (OECD, 2019a, 2019b) and is expected to reduce the
number of fish used, (Jeram et al., 2005; Creton et al., 2014). In the limit
test, only one group of fish is exposed for 96 h to 100 mg L ™! or at the
limit of solubility of the test chemical. In the absence of mortality, there
is at least 99% confidence that the LCs is greater than the tested con-
centration and would be considered non-toxic to fish for most safety
assessment purposes (OECD, 2019a, 2019b). In the “threshold
approach” - an initial test is carried out using just one concentration
selected based on the results of prior Daphnia and algae toxicity tests.
Only if mortality is observed at the threshold concentration a full TG203
(at least five concentrations) is triggered.

A key refinement method in mammalian testing is the use of evident
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toxicity in place of death as the endpoint': the range estimate of the
LCs0/LDs is predicted based on clear signs of toxicity at a lower dose/
concentration, using biometrical evaluation tools and/or observations of
clinical signs to assess evident toxicity in individual animals as an
endpoint (OECD TG402, 433, Mielke et al., 2017; Sewell et al., 2015,
2018). This refinement reduces animal suffering and was accepted in the
revised acute oral toxicity (TG420) in 2002 and in the revised inhalation
(TG433) and dermal routes (TG402) in 2017. The TG203 (2019) update
included a comprehensive list of fish clinical signs (along with defini-
tions and a suggested score sheet), to aid systematic recording of the
‘observations’ required in TG203, ultimately allowing their retrospec-
tive evaluation as predictors of death of that same animal. This approach
has some similarities with the concept of evident toxicity adopted in
mammalian acute tests, although there is a subtle, yet important dif-
ference. In fish there is an explicit requirement to assess certainty of
death at individual animal level, whilst in mammalian testing evident
toxicity is the identification of signs in a group of animals that will
predict animals will die if exposed to higher levels, it is not a signal for
euthanasia and not equivalent to death of the animal. Importantly,
during the consultation period before the last TG203 update (2019),
OECD member countries expressed a concern over the high level of
subjectivity in recording clinical observations in fish. There is also a
distinct difference in the protection goals for mammalian toxicology and
ecotoxicology - for mammalian assessments the protection goal is the
individual whereas for ecotoxicology the protection goal is most often
the population.

There was similar reluctance before acceptance of evident toxicity
for certain routes of administration in mammals (despite this term being
used in acute oral toxicity as early as 2002). For the inhalation route
(TG433), substantive retrospective evidence was collected to support its
use and provide guidance on what constitutes evident toxicity. This
involved analysis of a large database of clinical signs recorded during
acute inhalation studies to determine the signs which, if observed at a
lower concentration, would predict death or severe toxicity in animals
exposed to a higher concentration. Information on the predictivity of a
wider range of signs was included with the TG as supplementary ma-
terial to help guide decisions. Comparative analysis with methods which
used death as an endpoint, formed the evidence that this refinement
provided equivalent protection of human health, without leading to
overly conservative risk assessments or classifications (Sewell et al.,
2015, 2018). More recently, for human health, there is a desire to
eliminate acute toxicity testing altogether. e.g. US Environmental Pro-
tection Agency (US EPA) announcement to stop animal testing for
human health protection by 2035 (US EPA, 2019), and a NC3Rs/NI-
CEATM/JRC workshop in 2017 “Towards elimination of the acute
toxicity six-pack” (Prior et al., 2019).

A multi-sectoral, international, stakeholder group met in London, UK
in early March 2020 to discuss what further actions were needed to
improve fish welfare in TG203. The workshop was sponsored by the
Department for Environment, Food and Rural Affairs (Defra) and co-
organised by the Centre for Environment, Fisheries and Aquaculture
Science (Cefas) and the National Centre for the Replacement, Refine-
ment & Reduction of Animals in Research (NC3Rs). The aim of the
workshop was to identify knowledge gaps impeding refinement of
TG203 and identify a roadmap to address animal welfare concerns
whilst maintaining environmental protection. The following objectives

1 The term endpoint has different meaning in the context of toxicology and
animal experimentation (see Ellis and Katsiadaki, 2020), hence we attempt a
quick clarification of the terminology used thereafter. Humane endpoints refer
to animals removed at a pre-defined state based upon clinical signs to limit
suffering, whilst an endpoint in regulatory toxicology refers to a response
variable, used to analyse treatment effects once the experiment has ended.
Clinical signs, observations and sub-lethal signs are used interchangeably as
they are terms employed in various test guidelines.
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were deemed prerequisites for achieving these aims.

1. To share feedback from contract research organisations (CROs) on
the TG203 2019 update following a Cefas-led survey (Supplementary
file 1).

2. To discuss and identify what training materials are required to
standardise reporting of sublethal clinical signs of toxicity
internationally.

3. To identify a viable mechanism by which data from TG203 tests
conducted internationally can be collected and stored to support
analysis of linkages between sublethal clinical signs, moribundity
and death, and chemical mode of action.

2. The current status of fish acute toxicity testing
2.1. The origin of TG203

The notion that altered water chemistry can be hazardous to the
physiology of fishes was reported over a century ago (Ringer, 1884), and
the first proper reports of toxicity experiments followed in the 1920s and
1930s (Belding, 1927; Harukawa, 1923; Jones, 1938). However, it was
not until the 1950s that work began to develop a standard laboratory
test method for assessing industrial wastewaters for fish toxicity (Dou-
doroff et al., 1951; Turnbull et al., 1954) and individual new chemicals
(Freeman, 1953). The methodology for acute testing was further
developed in the 1960s (Alabaster and Abram, 1964; Sprague, 1969).
These early studies addressed basic issues such as: the aeration of the
water in relation to oxygen requirements and ventilation rates in the
fish, the design of apparatus for dosing, test duration, and how to report
median survival time. Data sets were also generated with known poisons
such as cyanide (Alabaster and Abram, 1964), and there were even some
attempts at mixtures toxicity (Brown, 1968). Methodology and use of
data from the toxicity tests evolved further in the 1970s (Sprague,
1970); and by 1980 the American Society for Testing and Materials
(ASTM) had released a standardised method [see review on the history
of fish toxicity testing in the USA, (Hunn, 1989; ASTM, 1980)].

The OECD introduced the TG203 in 1981, and following the Euro-
pean Inland Fisheries Advisory Commission (EIFAC) opinion on stand-
ardising methods for fish toxicity testing (EIFAC, 1983), the OECD
TG203 was updated in 1984 and 1992. The European Commission
published the standard method for the acute toxicity testing of fish and
other organisms in December 1992 (EEC, 1992). These early OECD
versions of TG203 described how to conduct a test with juvenile fish and
set the need to report the lethality estimate.

2.2. The current regulatory context

This test guideline has long served the regulation of chemicals due to
its intrinsic link with lethality. Regulators around the world have been
using the resulting LCs values as reference points for acute toxicity over
four decades, resulting in lethality data from TG203 becoming core in-
formation in global chemical management and a hard-wired concept in
risk assessment. Although lethality tests are more ethically acceptable in
tests with non-sentient (plant and many invertebrate) species, acute fish
toxicity data are required by most, if not all, regulatory regimes globally
(Burden et al., 2020). Consequently, when laboratories contracted to
conduct the test were surveyed between 2014 and 2017, TG203 was by
far the most commonly used vertebrate ecotoxicology study (Burden
et al.,, 2017). The use of the acute toxicity fish data along with re-
quirements varies depending on the regulatory scheme; these were
recently discussed elsewhere (Burden et al., 2020) and as such are not
repeated here. Briefly, the data generated by the test generally has three
main regulatory applications:

a) Hazard identification (classification and labelling of chemicals),
along with invertebrate and algae toxicity data.
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b) Risk assessment for a substance or discharge as fish represent a key
surrogate for many aquatic species and are environmentally
relevant.

c) Water quality assessment of surface waters and effluents.

However, it should be noted that many legislations governing
chemical safety assessment, particularly in Europe, demand that verte-
brate animal tests are conducted as a last resort and that non-animal
methods are used where possible and existing data shared (e.g. article
39 of (EC regulation, 2009)), hence, vertebrate tests need to be fully
justified. Examples of non-animal methods considered include QSAR
predictive approaches and in the case of plant protection products
determining whether toxicity can be predicted based on active substance
data. The data requirements (Commission Regulations 283/2013 and
284/2013) are such that vertebrate testing may still be required (EU,
2013a, 2013b). If this is the case in order to minimise fish testing, a
threshold approach to acute toxicity testing on fish should be considered
(see framework in Creton et al., 2014).

For an environmental assessment under the REACH regulations, al-
ternatives such as predictive models, read-across data or an early life
stage test can be used to fulfil the acute toxicity to fish on a case by case
basis (ECHA, 2021). Nevertheless, REACH standard requirements often
include acute, chronic or early life stage fish toxicity tests (EC regula-
tion, 2006). However, since REACH also enables a weight of evidence
approach, then more emphasis could be placed on invertebrate data
instead.

Furthermore, for establishing water quality criteria for the environ-
ment, there is no requirement to use fish mortality data. For example,
the US EPA guidance on water quality criteria indicates that 96 h ECso”
values of the percentage of immobilised fish (i.e., moribundity not
lethality) should be used instead of LCsq values for fish (US EPA et al.,
1985). In environmental risk assessment, species sensitivity distribu-
tions (SSDs) can be used to derive environmental concentrations that
protect 95% of the species [e.g., the HCs, the median hazardous con-
centration for 5% of the organisms (Stubblefield et al., 2020)]. Given
that invertebrate species are usually the more sensitive species in such
distributions to predict the HCs value (Weyers et al., 2000; Hutchinson
et al., 2003; Jeram et al., 2005), it should be questioned whether
fish-based SSDs are an appropriate approach in all cases. Overall, there
is certainly a case to be made to question the utility of TG203, or other
fish tests that use mortality as the endpoint, in environmental protec-
tion. In addition, the variability present in species extrapolation, from
acute to chronic, from freshwater to marine, etc., that are used in reg-
ulatory schemes may be larger than any experimental uncertainty in
using non-lethal endpoints in fish tests.

2.3. Is TG203 fit for purpose?

TG203 is currently considered fit-for-purpose in most frameworks
due to an historic understanding or acceptance that the protection goals
are met through the use of the LCs( value generated in an appropriate
assessment scheme. We consider the main barriers to alteration or
substitution of the mortality endpoint revolve around the specific un-
derstanding of the protection goals, which are only just beginning to be
critically examined (e.g. EFSA (European Food Safety Authority), 2016;
Brown et al., 2017), and the level of protection offered by the endpoints
and assessment schemes utilised.

The environmental protection goal with reference to fish acute
toxicity is usually to avoid visible mortality; however, in most EU

2 ECs (the half maximal effective concentration) refers to the concentration
of a drug, antibody or toxicant which induces a response halfway between the
baseline and maximum after a specified exposure time. More simply, ECso can
be defined as the concentration required to obtain a 50% effect. The effect can
be defined in contract to the LCso, where the effect is death.
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legislation this is not explicitly stated, and the goals are in fact to avoid
unacceptable effects on non-target species or similar (Brown et al.,
2017). It can be assumed that most jurisdictions would consider visible
mortality as an unacceptable effect from environmental exposure to a
chemical. While the LC50 is qualitatively relevant to a protection goal of
ensuring no unacceptable mortality (the biological endpoint being the
same), quantitatively there is a need to extrapolate down to the
acceptable level, which is typically managed by application of an
appropriate assessment factor. It is therefore, also assumed that the
assessment factor will ensure this protection goal is met. While data-
bases of wildlife poisoning incidents do exist in various jurisdictions,
which could be used to retrospectively evaluate the level of protection,
the authors are not aware of any formalised attempt to do so. It should
also be considered whether the sub-lethal effects observed in a highly
controlled laboratory test in model species (often captive bred strains)
are reflective of that seen in wild fish populations. The fitness of the test,
in terms of wider environmental protection goals, is further questioned
via the concept of ‘ecological death’ (Scott and Sloman, 2004; Rand,
1995).

It should be noted that early euthanasia of moribund fish is already
regularly practiced in Europe and Canada (with EU Directive, 2010/63/
EU® stating that, where possible death should be “substituted by more
humane endpoints using clinical signs that determine the impending
death™). The risk of OECD member countries adopting different ap-
proaches may compromise the mutual acceptance of data (MAD)
requirements.

In summary, TG203 causes severe suffering and death, yet its
translatability to real-life field situations is open to question. A shift in
the regulatory paradigm is needed before the test is replaced, which we
anticipate will take some time. Therefore, immediate, international, and
evidence-based action is needed to achieve refinement. The discussions
held during the 2-day workshop in London, identified two main
refinement opportunities which are summarised in Section 3.

2.4. 3Rs opportunities

European legislation regulating the use of sentient animals for sci-
entific purposes requires equivalent assessment and reporting of
suffering for all vertebrates, regardless of taxon (EU, 2010; UK Home
Office, 2014). However, the additional provisions on the use of certain
animals including non-human primates suggests a wider perception that
‘some animals are more equal than others’. This is also implicit in the
requirement to select ‘species with the lowest capacity to experience
pain, suffering, distress or lasting harm’ (EU, 2010), although given the
difficulties in determining animal sentience’ (Dawkins, 2012) it is no
longer clear what ‘lowest capacity’ means, or what criteria ought to be
used for decision-making. It is often still assumed that fishes are ‘lower’
animals, although these assumptions do not stand up to scrutiny (Brown,
2015; Message and Greenhough, 2019). Fishes used in research and
testing have traditionally received less attention than terrestrial animals
(Hawkins et al., 2011) as demonstrated by the relatively sparse guidance
on standards of housing, husbandry and care in research establishments
(EU, 2010) and greater acceptance of death in captivity, justified in part
because wild fishes experience high mortality rates during early life
stages (Hawkins et al., 2011). There is also a general lack of public
concern about fish welfare, due to the evolutionary distance from fish,
reduced empathy and the cultural acceptance of suffering during com-
mercial and sport fishing. However, these views are changing with

3 https://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.
htm.

4 Sentience can be defined as the ability to experience ‘feelings that matter’,
such as fear, pain and pleasure. Attributes of a sentient animal include some
kind of centralised nervous system, and behaviours that show they are actively
avoiding painful or distressing situations and seeking out positive experiences.
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increasing recognition that fishes can feel pain, experience psychologi-
cal distress and have positive welfare (Balcombe, 2016).

The authors of this report believe that it is essential to ensure that
fishes used in research and testing receive the same consideration as
other vertebrates, and that mortality as an endpoint — and all avoidable
suffering — should be critically scrutinised and every opportunity to
apply the 3Rs implemented. There is a growing desire to apply the 3Rs to
vertebrate ecotoxicity testing, whilst at the same time ensuring that the
intended environmental protection goals are met. It is particularly
important that this is considered for acute toxicity tests, which by nature
cause severe suffering to test animals. While TG203 and similar standard
in vivo tests often remain the principle or only acceptable means of
generating fish acute toxicity data for new chemicals, under current
regulations, it is imperative that the 3Rs are implemented as widely as
possible (Burden et al., 2020).

Replacement - The ultimate aim would be for fish acute toxicity data
to be generated using alternative technologies and approaches which
replace the TG203 test. This includes computational approaches such as
quantitative structure activity relationship (QSAR) models, which show
promise for use in a regulatory context for certain purposes (e.g. Ben-
fenati et al., 2011; Chaudhry et al., 2010; Burden et al., 2016). Invest-
ment has also been made in developing in vitro assays with cytotoxicity
endpoints, including the rainbow trout RTgill-W1 cell line assay (ISO,
2019 and OECD - TG development in progress). Fish embryo assays have
so far been the most promising potential alternative for predicting fish
acute toxicity, as a (partial) replacement for fish at later life stages.
While technically being in vivo, these tests use fish at an early life stage
that is not protected under many legislations (e.g. EU, 2010), because
they are not considered to have developed sentience (EFSA (European
Food Safety Authority), 2005). Despite validation of the Fish Embryo
Toxicity Test as an OECD test guideline (OECD, 2013) and evidence that
the endpoints correlate well with those from TG203 tests (Belanger
et al., 2013), the broad applicability of this assay has been questioned
(ECHA (European Chemicals Agency), 2016). As a result, FET data are
not currently widely accepted for regulatory purposes and work is
currently underway to determine how - rather than being used as a 1:1
direct replacement of TG203 data - they can be incorporated into inte-
grated approaches to testing and assessment (IATAs; Project 2.54:
Guidance Document on IATA for Fish Acute Toxicity Testing; Paparella
et al., 2021) or used in weight-of-evidence approaches (CEFIC, 2020).

Reduction — Although it has been shown that reduction to six fish per
test concentration would yield LCsg estimates of quality similar to that
obtained using the seven fish presently required, unless the slope of the
concentration-response curve is low (Rufli and Springer, 2011), this was
not unanimously supported by VMG-Eco. The minimum group size (n =
7 fish) stated in TG203 was reduced in the 1992 revision from 10 fish,
but other ways to reduce the number of animals tested have been
introduced. Importantly, the limit test and the newly incorporated
threshold approaches have, and will, further reduce the number of fish
used. New to the 2019 revision of TG203, was the option to omit the
dilution water control when a solvent is used, reducing the number of
fish by seven per test. The OECD also recently updated Guidance
Document (GD) 23 on Aqueous-Phase Aquatic Toxicity Testing of
Difficult Test Chemicals (OECD, 2019a, 2019b), including revisions to
reduce occasions when solvents need to be used for poorly water-soluble
substances. This is also intended to reduce additional solvent control
groups.

Refinement - Anticipating that it will be some time before alternative
approaches are routinely or widely accepted to replace TG203 data, and
given that no further reduction in fish numbers (group size and treat-
ment groups) is achievable, participants agreed that the biggest impact
on animal welfare in the coming years would come from refinement
approaches.
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3. Refinement opportunities for TG203

The key refinement opportunities identified to limit the level and
duration of suffering were:

a) Applying early endpoints sufficiently predictive of death and/or
toxicity.
b) Reducing the duration of the test (< 96 h).

Both approaches would reduce suffering and could be applied alone
or in combination. However, they both require collection of evidence for
progress towards international adoption.

3.1. Evidence base needs on moving away from mortality as an endpoint

The most efficient way of linking clinical signs to mortality in a test
where mortality is the endpoint, is to perform the test and record clinical
signs as required (including moribundity) and continue until mortality is
reached at the end of the test. This information is highly compatible with
what is legally required in TG203 (2019) and the data could be collated
for analysis. An additional benefit of such a collated dataset is that it
would be a resource for validation of adverse outcome pathways rele-
vant to basal toxicity, and thereby provide a solid foundation for pre-
dictive toxicology, a key scientific, regulatory, and societal aim. This
would allow exploring the relationship between the physicochemical
properties of the test substance and/or any information on mode of
action, with the clinical signs and mortality data. Fish tests however
present unique challenges in this context, that preclude or reduce our
ability to collect certain type of information at individual level, which
are summarised below.

1. Fish are maintained in populations which, compounded by fish
movements, makes identification and tracking the behaviour and
state of individuals over time difficult (Midtlyng et al., 2011; Rufli,
2012). Mammals and birds are typically housed in small groups,
where individual identification is possible. An additional issue
impeding tank observation can be poor visibility (Dennison and
Ryder, 2009) as some chemicals can cause turbidity. Since the issue
of individual fish identification has been a key impediment in linking
clinical presentation to an individual, further details on the disad-
vantages of marking and future perspectives are discussed in Sup-
plementary file 2.

2. Fish are not amenable to handling for direct clinical examination as
recommended for mammals (CCAC Canadian Council on Animal
Care, 1998). Handling fish out of water is considered to cause a
maximal acute stress response, can damage the immuno-protective
skin, and cause injury, scale loss and gill collapse (Hawkins et al.,
2011; Wedemeyer, 1996). As handling could compromise the
experiment (and cause additional suffering) clinical signs for fish are
restricted to visual abnormalities in appearance and behaviour
assessed via non-intrusive observations. Capturing fish can also
prove difficult and a prolonged capture attempt may increase stress
in both the individual and remaining population.

3. In mammals, physiological measurements (e.g. weight loss, body
temperature changes, heart rate) can be used as clinical signs that
may be predictive of mortality (CCAC Canadian Council on Animal
Care, 1998). Such physiological parameters are irrelevant or not
measurable in fish. Factors such as ventilation rate are expected to be
more variable in fish due to changes with temperature, fish size and
activity levels at the time of observation. Fish also differ to mammals
in lacking vocalisation or recognisable facial expressions.

Moribundity is already being applied as an early endpoint equivalent
to mortality in TG203 (OECD, 2019a, 2019b), primarily in European
countries, and there was general consensus amongst workshop attendees
that future inclusion in TG203 should be a refinement aim to reduce the
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Fig. 1. Conceptual time-line of stages between initiation of exposure and death during an acute toxicity test to illustrate the application of UK CRO pre-mortality
endpoints. Figure adapted from Brgnstad (2019) and Wolfensohn and LLoyd (2003). See Ellis and Katsiadaki (2020) for further explanation.

level of suffering. A study has shown that the LCsy can be affected if
moribundity, rather than mortality, is used as the endpoint. The effect of
applying five different definitions of moribundity on the LCso, based on
the four general observations/signs required in TG203 (1992) from 512
studies, revealed that in 36-52% of the studies, the MCs( (concentration
at which 50% of the fish were moribund) was lower than the conven-
tional LCs¢ depending on the definition of moribund (Rufli, 2012). The
study also concluded that the inclusion of the moribund criterion in
TG203 would reduce the period of suffering, lowering the LCso by a

factor of approximately 2 (median), and maximally by 16 (Rufli, 2012).
When discussions on the TG203 update re-started at VMG-Eco in 2014, it
was suggested that to produce consistent TG203 data worldwide, the
following information was required (Rufli, 2012).

e A unique definition for the moribund state in fish (could be species-
specific)

e Specifications on an unambiguous type of visible abnormality to be
reported (quality of effect)
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e Specifications on the degree of the effects to be reported (quantity of
effect)

Therefore, initial efforts towards eliminating mortality focused on
defining moribundity. TG203 required that ‘Records are kept of
visible abnormalities (e.g. loss of equilibrium, swimming behaviour,
respiratory function, pigmentation, etc.)’. As such, the definition for
moribundity was initially based on these four clinical signs. How-
ever, UK-based CROs that have been applying the moribundity
endpoint for several years suggested that the following two clinical
signs could be considered as strongly indicative of imminent death:
e Fish show little or no sign of locomotory movement often, with

very slow respiratory action (immobile fish may be present at any

level in the water column-not just at the bottom).
e Fish elicit little or no response to stimulation.

This description is very close to the definition of mortality in TG203:
“No sign of physical movement together with no response to physical
stimulation”. However, no consensus was reached at VMG-Eco for
adopting the UK-proposed definition. The only agreed definition
included the two existing signs used for mortality, immobility and
inactivity after stimulus. In summary, the lack of implementation of
moribundity in place of mortality in TG203 has been due to two main
technical difficulties: the lack of consensus on the definition of mori-
bundity; and the difference between the derived toxic concentrations
(MCsg and the LCsp) that regulators are familiar with and have used
routinely for four decades.

Some authors debate the value of this refinement even if a definition
of moribundity in fish was agreed (e.g. based on immobility and inac-
tivity after stimulus); by that time the fish could be considered uncon-
scious and beyond suffering (Ellis and Katsiadaki, 2020). As fish are
observed at discrete observation times, if a pre-mortality endpoint is
applied then fish will be euthanised at any state between first showing
the defined clinical sign(s) and death. This is illustrated in Fig. 1 where
the CRO endpoints are imposed on a theoretical time-line of exposure to
a chemical: the earlier the pre-mortality endpoint is applied, then the
greater the range of states encompassed and the “noisier” the data from
the test will be. However, this is the space where most of the ethical
gains can be made, provided evidence could be collected in a scientifi-
cally robust manner, supported by guidance and training.

To support implementation of pre-mortality endpoints, actions need
to include (1) development of guidance and training material (glossary
and atlas of clinical signs) to aid consistent recording, followed by a
validation exercise (2) analysis of historical and prospective data to
identify appropriate endpoints and conversion factors to enable esti-
mation of LCsg values, and (3) adjusting reporting template tables to
ensure systematic reporting of clinical sign data.

3.1.1. Guidance and training

TG203 (2019) included a comprehensive list of morphological and
behavioural abnormalities potentially displayed by fish (with defini-
tions). However, categorisation of such clinical signs in fish remains
subjective in practice and is currently not harmonised between labora-
tories and/or countries. Appropriate training, both in-house and via a
shared manual, is the only means by which clinical sign recording can be
harmonised. An overarching guidance document, including a vetted
pictorial training manual is key in addressing the issue of subjectivity in
observing fish appearance and behaviour. Like any training material, the
guidance should be simple, clarify binary responses (absence/presence
of a sign) and include competency assessment. Competency assessment
would also feedback which clinical signs are most difficult to recognise.
Importantly, a key success feature of the guidance would involve OECD
endorsement. There are prior examples where expert knowledge was
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gathered in a form of ‘guidance document’ or ‘supporting document’, e.
g. a histopathology atlas for assessing endocrine disrupting chemicals
(OECD, 2010b). Training materials exist in the CROs that undertake the
testing, at least in the UK, due to the Good Laboratory Practice (GLP) and
ASPA® regulations requiring evidence of competence. This is also true
for many other countries; particularly where humane endpoints are
commonly applied. Discussions acknowledged that image sensitivity
issues may prove an obstacle, nevertheless, it was unanimously agreed
that CROs would be the ideal means of collecting material for the
training manual. The fact that chemicals with different modes of action
cause different clinical signs (Drummond et al., 1986), means that
various signs and pre-mortality endpoints need to be defined. Adding to
this complexity is the large number of fish species used and recom-
mended for the test, that almost certainly will present variations in the
clinical presentation. Nevertheless, each OECD member country tends to
use a limited number of fish species for the risk assessment; hence work
can be divided based on experience.

Several existing initiatives, such as the ‘FISHWELL project’, pictorial
manual on salmon (Noble et al., 2018) could contribute to the design or
content of a guidance; training material specifically designed for
chemical toxicity, supported by images and videos, would be more
valuable in achieving refinement in the short term. Finally, the potential
need for an additional workshop, specific to the training and guidance
needs and chaired by the OECD was discussed. The idea was supported
as means of ensuring a direct dialogue between experienced CROs,
regulators, clients and notifiers, which is necessary as a means of
removing some of the perceived difficulties in fish welfare assessment.

3.1.2. Data analysis

Fish acute chemical toxicity data is a rich resource as TG203 was not
only one of the first OECD test guidelines published, but also one that is
highly used in both hazard and risk assessment of chemicals globally. As
such it lends itself to both retrospective and prospective data analysis on
the key information reported. Observations on fish appearance, respi-
ration and swimming behaviour as well as mortality outcomes are, and
have always been, reportable as key information. The first dataset to be
mined for differences between mortality and moribundity endpoints
(LCsp and MCsg) included a series of 512 TG203 tests performed from
1990 to 2001 (Rufli, 2012). A second dataset, collected during the
period that preceded the recent TG203 update but not analysed due to
the lack of linkage to individual fish, includes a further 111 studies from
10 laboratories; six laboratories from Europe (Harlan, Ibacon, Safe-
pharm, Springborn Smithers, Brixham, and Eurofins) and four from the
United States (Springborn Smithers, Wilbury, ABC, Wildlife Interna-
tional). All these data derived from tests using mortality as an endpoint.
Many more data that can be used to enhance this dataset for
meta-analysis exist, primarily within CROs, but also within industry as
the sponsors. Even if there is no individual fish link, the tank level ob-
servations can provide important insights on the clinical presentation of
toxicity in fish.

Retrospective data analysis of existing and future datasets could
reveal the extent of fish recovering from a severe clinical picture, as data
on both fish observations and mortality outcomes are reported for each
day of the test. Severe clinical signs that are present on one day but
absent the following day could be used as rough indicators of the fre-
quency at which fish appear to recover. Data from CROs that apply
moribundity as an endpoint will also be extremely useful. Prospective
data analysis will greatly benefit from guidance and training material.
The use of the full list of clinical sings in TG203 (OECD, 2019a, 2019b)
can contribute to generating fundamental knowledge on baseline
toxicity in fish, allowing the linking of molecular targets with key events
and adverse outcomes (lethality). This pathway description is needed for

5 ASPA: Animals (Scientific Procedures) Act 1986 https://www.legislation.
gov.uk/ukpga/1986,/14/contents’.
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predictive toxicology to replace animal testing in the future altogether.

To further advance our ability to predict toxicity in the future, both
retrospective and prospective data analysis will benefit from the addi-
tional information on the chemical, notably key physico-chemical
properties such as Ky, special structural features and suspected mode
of action. Such information could allow potential links between the
mode of action of the chemical and time to effect, sequence of clinical
sign appearance and importantly frequency of recovery from a mori-
bund state, to be explored (e.g. is the expression of transient but severe
clinical signs in fish associated with some form of narcosis?).

3.1.3. Reporting templates

Harmonisation of the reporting template was one of the workshop
recommendations that has already been achieved. The OECD harmon-
ised template (OHT) for reporting short term toxicity to fish information
(OECD template#41, V6.5 and associated tables, 2020a) was recently
updated and includes fields to record a summary of results including
information on test organism size/age (mean wet weight or length), test
type (flow through, static, static renewal) and the derived LCsq (95% C.
L), NOEL (Probit Slope) and ECsy (95% C.I.) along with tables on
mortality and sublethal clinical signs as presented in TG203 (2019)
Annex 4 (OECD, 2019a, 2019b). Increased reporting of clinical signs in
substance property or ecological databased/reporting tools in the public
domain, along with more consistent recording (e.g. through use of a
technical manual or the recently updated TG203) will enable a contin-
uous retrospective assessment of clinical signs in the future.

Importantly, the use of the harmonised template including the pre-
determined tables should be strongly encouraged by regulators as non-
endpoint data entry (e.g. data other than the LCsg) is often optional
within individual regulatory regimes. Use could be encouraged via
quality observation requests from regulators as part of compliance
checks/substance evaluations and supported via a targeted working
group within the industry operating via sponsors and CROs.

3.2. Evidence based needs for reducing the test duration

Decreasing suffering can not only come from addressing the level of
suffering but also its duration. The original reason behind the 96 h
duration for fish toxicity testing, and eventually for TG203 was dis-
cussed during the workshop. Participants were unaware of multiple lines
of robust scientific reasons, with the exception of a general agreement
that most chemicals reach a steady state within that period as reported
by McCarty (2012). Nevertheless, even this analysis that was based on
777 tests with 644 chemicals conducted by a standard 96 h LCs testing
protocol on the fathead minnow Russom et al. (1997) concluded that a
steady-state LCso is not consistently met in test results obtained
following standard 96 h LCsq protocols (McCarty, 2012). Indeed, sci-
entific arguments around the test substance coming into equilibrium
with the internal organs of the fish over 96 h, and therefore offering a
‘true’ exposure, do not stand up to scrutiny of the animal physiology. In
sub-lethal conditions where the gills likely remain functional, the time
for steady-state equilibrium between the external water and the fish is
many days, often several weeks, as shown by bioaccumulation studies
(Veith et al., 1979). In acute aqueous testing, where gill pathology and
respiratory distress are often the cause of death, the concept of equilibria
is undermined. In such situations, the test substance may quickly diffuse
through the damaged gill into the blood supply. It is not a controlled
exposure with respect to dose in the internal organs. So, there is no
justification for keeping the test duration as 96 h. One might argue to
make the test duration 48 h or 24 h from the perspective of internal
dose. For substances that are actively taken up through transport path-
ways in the gills, such as Na*, it might take as little as 30 s for the
substance to appear in the blood (Handy and Eddy, 2004), and for
organic chemicals with uptake rate constants of the order of ml/g/h (e.
g., Erickson et al., 2006), the dose will appear in the blood within a few
hours. Thus, from a dosimetry perspective, TG203 could be substantially
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NUMBER OF FISH REMOVED PER 24H PERIOD
(TOTAL = 521 ACROSS 39 TG203 TESTS)

Fig. 2. Number of fish removed as dead or moribund per 24 h period
(Total = 521, 39 TG203 tests from 2 UK-based CROs).

0-24 h

shorter than 96 h. Workshop participants agreed that reducing the test’s
duration should be considered, as a refinement opportunity. It was also
noted that the acute toxicity test using Daphnia is 48 h long.

This idea gained further support as CRO interviews revealed that
most, if not all signs of toxicity are evident within the first 24 h, at least
in high concentrations, and that mortalities become fewer over time.
Pilot data, readily available from two CRO’s, were analysed shortly after
the workshop. The sample size is small but indicative of the point that
acute toxicity signs tend to appear very early after the onset of exposure
(Fig. 2).

Furthermore, reducing test duration would have additional benefits:
from a failure perspective as the risk of non-procedural mortalities in
control fish would decrease; and from a welfare (hunger) perspective, as
fish are fasted for 1-2 days before, and for the duration of the current
test. Although there is still little scientific basis on maximum periods of
feed withdrawal in fish, these never exceed 72 h in most codes and
standards following recommendations of the Farm Animal Welfare
Committee’s (Defra) report (Farm Animal Welfare Committee (FAWC),
1996). Although it is generally accepted that wild fish can withstand
longer periods without feeding than warm-blooded animals, farmed and
experimental fish may have become habituated in regular feeding and as
such food withdrawal may be stressful. In addition, sudden feed with-
drawal may reduce welfare because aggression may increase (Farm
Animal Welfare Committee (FAWC), 2014).

Importantly, the calculation of LCsg at different time points (24 h,
48 h, 72 h, 96 h) using both existing and newly collected datasets should
be a straightforward process. It was thought that many CROs, who are
the custodians of the data for 5 years under GLP regulations, would be
willing to share them provided they remain anonymous. Sponsors may
also have a strong interest in data sharing, and where intellectual
property issues allow, facilitate the provision of additional test sub-
stance information (i.e. chemical structure, K,y and mode of action
where known).

Given that some fish, even if relatively few, will die on days 3 and 4
of exposure, it was safely assumed that this refinement would generally
result in higher (less protective) LCsy values and as such, may not be
acceptable to regulators. Risk and hazard assessments are often binary
(e.g. pass/fail or category a or b) hence even modest changes in the
derived LCsq can have major implications for risk, potentially adding the
need for revised assessment factors. However, the participants agreed a
working group could define the magnitude and quality of evidence
needed to allow efficient data mining for correction factors.

Acknowledging the importance of the current LCsg benchmark, to
accommodate difficulties with risk assessment, the effect of both ap-
proaches (application of early endpoints and reduction of test duration),
on LCsp should be investigated, singly and in combination. Applying
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Fig. 3. Recommendations on the roadmap to refine TG203.

both refinements that push the LCsq in different directions, may just
achieve a negligible drift from current risk assessment, whilst vastly
improving fish welfare and building solid toxicological knowledge.

Furthermore these recommendations to characterise sublethal ef-
fects, can also be taken forward for other regulatory acute fish toxicity
tests in addition to and in alignment with TG203, namely the Interna-
tional Standards Organisation (ISO) acute fish toxicity methods (ISO
7346-1_1996 static and ISO 7346-2_1996 semi-static) as part of the ISO 5
year systematic review.

In summary, a highly fertile ground of discussions took place around
considering reducing the exposure period for estimating fish acute
toxicity, not only as means of reducing animal suffering but also as
means of maximising toxicological information derived from animal
studies.

4. Workshop recommendations

During the last part of the workshop discussions, participants sum-
marised the refinement opportunities for TG203 in a realistic roadmap,
highlighting the key issues that need to be addressed in order to harness
these refinement opportunities in coming years.

The current TG203 requires the recording of observations that fish
may display, with the option to record a comprehensive list of clinical
signs, in addition to mortality outcomes. Although this is common
practice in countries such as the UK, harmonisation of training in clinical
sign recognition, interpretation and reporting needs to be addressed at a
global level to support consistency and quality of acute toxicity data.
Without this clear guidance, it can be safely assumed that individual
differences at either CRO or country level will be substantial, not only in
how signs are identified but the terminologies used, and how they may
be grouped together. This is critical to enable a data-driven evaluation of
clinical observations that could potentially be useful in defining evident
toxicity, including its relationship with lethality and recovery.

Although several training manuals and online resources exist for fish
health assessment, notably as a result of the increasing importance of
farmed fish as a food source, but also as laboratory models (e.g.

zebrafish), discussions concluded that the guidance should be focused
on the clinical presentation and progression of chemical toxicity
addressing both toxicological and welfare interests. Countries where
application of humane endpoints during scientific procedures on fish
occurs (e.g. UK), should take the lead in collecting relevant material and
road test its fitness. However, since this guidance should cover all fish
species used in the acute toxicity testing and different countries prefer
certain species, an international effort is needed for its completion. For
this reason, the participants agreed that the process would be best
initiated via a project proposal to the OECD, on the basis of this work-
shop report, such that the OECD could request member countries to
provide input where available and the formation of an OECD working
group that will overview the guidance document. It was acknowledged
however that both the training material and the guidance document will
take time to complete via this process, with optimistic scenarios span-
ning three years.

In the meantime, mining historic and current TG203 data in the form
of predetermined tables, as required for reporting, is key in calculating
how frequently recovery or lack of deterioration from severe clinical
signs, that otherwise would progress to lethality, occurs during fish
acute toxicity testing. The summary tables, theoretically required for
reporting, are perfectly suitable for extracting this information, even if
the granularity in the description of clinical picture is low. The fre-
quency of table usage by CROs when reporting the studies was ques-
tioned, however. A quick and easy ‘fix’ can come from regulatory bodies
such as the European Food Safety Authority (EFSA), the European
Chemicals Agency (ECHA) and the US EPA recommending their use as
good practice and highlighting omissions in quality or compliance
checks. The data needed to support refinement in mammalian toxicity
testing were collected via use of professional networks. A similar exer-
cise could be conducted for fish, even before funding is secured.

Furthermore, reducing the test duration was also identified as a
potentially ‘low hanging fruit’ refinement opportunity as data on LCsg
progression on 24, 48, 72 and 96 h can easily be pooled. Professional
networks of stakeholder groups can request the data in parallel with the
clinical signs.
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One of the most difficult workshop tasks was the identification of
organisation(s) that can act as the data repository that provides quality
assurance and curation (not necessarily analysis). The NC3Rs for
example has both interest, capability and experience, via the mamma-
lian data exercise (Sewell, 2015, 2018). Another option could be an
OECD-managed web portal for data repository, but this would first
require provision of funds.

Importantly, it was agreed that alongside the guidance and training
resource and the collection and analysis of data-driven evidence, a shift
in regulatory paradigm may also be required, at least in the way
assessment factors are applied. Environmental protection levels are not
necessarily synonymous to acute lethality estimates via the LCso. Be-
sides, even transient severe suffering may translate into death in the real
environment (high probability of predation), presenting no clear justi-
fication for the prolonged suffering experienced by test fish. Equally, the
translation of sub-lethal effects in response to toxicants observed in fish
in the laboratory has not been demonstrated to those relevant fish in the
environment. The systematic evaluation of clinical signs as predictors of
toxicity and lethality, will undoubtedly result in the identification of a
group of signs, that are reasonably predictive of acute toxicity and
lethality. In addition, the scope of a fish acute toxicity test should be in
parallel evaluated as if reducing the exposure duration proves to have a
negligible effect on LCs(, the welfare benefit could be substantial.

Key to the acceleration of the science needed to modernise current
toxicological approaches that rely on animal data, is to make the data
publicly available for further scrutiny and analysis. Several initiatives to
this effect exist as imminent plans, for example the OECD is creating a
Global Chemicals Knowledge Base and due to the recent Transparency
Regulation (EU, 2019),6 EFSA is developing the Metapath format, an
international database on pesticide metabolism (Kolanczyk et al., 2013;
OECD, 2020b) allowing publication of the non-confidential content of
pesticide dossiers in a searchable electronic format. This level of trans-
parency will enable the analysis of the large quantity of regulatory data
available. Sponsors can and already play a significant role by adopting
transparency policies and data sharing. Finally, a similar initiative can
aim at strongly encouraging reporting of academic research in the same
format (Fig. 3).
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