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1

Based on discussions within the OECD Meeting of the Expert Group on Skin and Eye Irritation and Corrosion
from 9-10 November 2015, detergents are defined as: “a mixture (excluding dilutions of single surfactant)
containing one or more surfactants at a final concentration of > 3%, intended for washing and cleaning processes.
Detergents may be in any form (liquid, powder, paste, bar, cake, moulded piece, shape, etc.) and marketed for or
used in household, or institutional or industrial purposes.”
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1. Background
Based on the A.I.S.E. data presented at the Expert Group on Skin and Eye Irritation and
Corrosion from 9-10 November 2015 (Addendum I), and the discussions from the OECD
expert group (Addendum II), it was agreed that reproducibility should be demonstrated for
ICE histopathology, so that it can be included within OECD TG 438 as an additional endpoint
to the standard ICE test method to aid prediction of UN GHS Cat. 1 non-extreme pH
(2<pH<11.5) detergents.
A.I.S.E. has undertaken since then a reproducibility study on ICE histopathology involving
multiple laboratories, and present here the process and results obtained.

2. Preliminary trials
Due to the fact that, at the time of its performance, no other studies investigating the
reproducibility of histopathological slices were known to A.I.S.E., this study represented a
‘learning by doing’ process. As a consequence, preliminary trials took place that helped to
define the elements needed for an appropriate conduct of the reproducibility assessment
involving multiple laboratories. These trials are described here below, whereas the final
evaluation of the ICE histopathology reproducibility are discussed in chapter 3.
2.1. Process definition (February 2016)
A meeting between pathologists, from laboratories that conducted the standard ICE testing
was organized in February 2016 to discuss the best approach for assessing the
reproducibility of ICE histopathology. From this meeting the following recommendations were
made:
- Need to perform histopathology training followed by a transferability assessment
based on the evaluation of blind slides before reproducibility is assessed;
- Need for laboratories to have an internal system of peer-review of histopathological
observations in place;
- Suggestions to revise OECD GD 160 (version from 2011) as follows:
* include an ATLAS on ICE histopathological observations clarifying the
histopathological observations used to score the ICE histopathological effects;
* pathologists to build a bandwidth of background morphological effects based on
negative controls;
* indicate the need for histopathological training;
* make updates to the histopathological procedures described;
* indicate the need to introduce a histopathological peer-review system within
laboratories.
The following laboratories were preliminarily selected to take part of the ICE histopathology
reproducibility assessment:
- Triskelion (Netherlands) as the reference laboratory;
- Envigo (UK) as an experienced laboratory with ICE histopathology;
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- Anapath (Switzerland) & CiToxLAB (Hungary) as laboratories experienced with
histopathology but naïve with regard to ICE histopathology.
During that meeting the semi-quantitative scoring of ICE histopathological effects was also
discussed. In particular the experienced laboratory requested clarification on what was
meant by ‘single’ regarding the original definition of epithelium vacuolation score of ½, i.e.
‘single to few scattered cells’ (Cazelle et al., 2014). With the knowledge available at that time,
a decision was made to remove the wording ‘single’ and have the vacuolation score of ½
defined as ‘few scattered cells’ to avoid a potential risk of over-scoring by the participating
laboratories. However, with the increased knowledge gained by the reference laboratory (see
section 2.4), it was later found that this potential risk of over-scoring could be overruled by
providing clarification on the histological effects to be scored and distinguishing them from
background morphology. As such, the original description of vacuolation score of ½ was then
re-established to ‘single to few scattered cells’ (cf. also section 2.4).
2.2. Training and transferability (spring - summer 2016)
The training of the two naïve laboratories took place in April 2016, whereas the experienced
laboratory had already been trained in June 2015. Transferability took place during the
period April to August 2016. For that purpose, photomicrographs of blinded slides were sent
to the participating laboratories for evaluation by the main pathologist and the peer-reviewer
of each laboratory. However, it was noted that the photomicrographs did not allow the
observation of some effects for which a three dimensional assessment is required such as
‘ghost cells’ (i.e., cells that lost their nuclei during technical processing and so should not be
scored as vacuolation) and ‘foamy cells’ (i.e., cells presenting very fine vacuolation which
causes a foamy appearance of the cytoplasm, an effect which should be scored for
vacuolation).
Based on the above finding, a meeting was organized between pathologists in order to
assess the original slides rather than photomicrographs. The meeting took place at
Triskelion’s premises on 3 August 2016 with all participating laboratories, in which an
additional set of blind slides was evaluated by the participating laboratories to assess
transferability of histopathological scoring. Based on the outcome of this additional blind set,
it was decided to proceed towards the reproducibility study with one experienced and one
naïve laboratory.
During the meeting of 3 August 2016, it was also suggested to score the epithelial necrotic
cells not only in the attached cells/tissue (as originally performed by the reference laboratory)
but also in the detached cells, to take into account the overall effect of the test materials.
Although a decision to score necrotic cells of detached cells was then taken, with the
additional knowledge gained during the following preliminary trials (see section 2.4), it was
noted that some detached cells/tissue may remain in the prepared slides whereas others
may be removed from the slides e.g. during the technical processing, so that here again the
original necrosis scoring of ‘attached cells/tissues’ was later re-established in order to ensure
the scoring of effects independent of possible technical processing elements (see section
2.4).
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2.3. Preliminary ICE histopathology reproducibility assessment (fall 2016)
A preliminary reproducibility assessment was conducted during fall 2016, by the pathologist
and peer-reviewer of the following laboratories:
- Triskelion as the reference laboratory;
- Envigo as an experienced laboratory with ICE histopathology;
- Anapath as a laboratory experienced with histopathology but naïve with regard to ICE
histopathology.
In order for laboratories to have access to the original slides, a courier was used to transport
the slides from Triskelion to the two participating laboratories. However, during distribution
between the laboratories, the order of the slides was mixed up, and some codings
were wrongly reported by the participating laboratories such that it was not possible
to directly link the observed slides with the coding provided to the laboratories.
Furthermore, during that period, the reference laboratory noted the need to clarify
some ICE histological effects. In order to do this, a thorough evaluation took place of the
existing negative saline controls and treated samples and some criteria were clarified as
described in chapter 2.4 here below.
2.4. Clarification on ICE histological effects as identified by the reference laboratory
During Fall 2016, the reference laboratory noted to A.I.S.E. the need to clarify some
histological effects. In particular, with its increasing experience gained since the first
histopathological evaluations conducted in 2011, the reference laboratory identified that in
some negative controls, small vacuoles could be observed close to the basement membrane
that should not be accounted for when scoring for ‘vacuoles’ according to the A.I.S.E. criteria
described by Cazelle et al. (2014) and within the revised OECD GD 160 (2017) (Figure 1).

A

A: Arrows show examples of small vacuoles (i.e., <
1/3 the size of the nuclei of adjacent epithelial cells)
close to the basement membrane observed as part
of background morphology.

B

B: Arrows show examples of true vacuoles ( 1/3 the
size of the nuclei of adjacent epithelial cells) that should
be scored as a histopathological effect related to test
chemical exposure and which is not part of background
morphology.

Figure 1: Example on the differences between: A) ‘small vacuoles’ observed close to the
basement membrane which are part of the background morphology observed for saline
controls and B) ‘true vacuoles’ to be scored as an adverse effect.
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In order to thoroughly characterize the ‘small vacuoles,’ A.I.S.E. and Triskelion conducted an
assessment between January and April 2017 on a total of 112 slides, distributed as 38 slides
of saline negative controls obtained from at least 8 independent studies and on 74 slides of
treated samples coming from at least three independent studies (representing 8 slides of
positive controls and triplicate slides from 12 UN GHS Cat. 1 test chemicals, and 10 test
chemicals not inducing UN GHS Cat. 1 effects in vivo).
Based on this evaluation, the most relevant aspects to allow discriminating a ‘true vacuole’
(deriving from exposure to the test chemical) from a ‘small vacuole’ observed as background
morphology were identified to be the vacuole size and its location. On this basis,
clarifications on scoring criteria have been defined as described in Table 5.

Table 5: Clarification of histological effects that allow distinguishing ‘true vacuoles’ to be
scored from the ‘small vacuoles’ observed as background effects.
Vacuole size

Vacuole location

Score for
vacuolation?
(Yes/No)

Equal or bigger than 1/3 the size of
the nuclei of adjacent epithelial cells

Anywhere in epithelium

Yes

Attached to the basement membrane

No

Above the first row of nuclei (from bottom to top)
in the epithelium

Yes

Between basement membrane and first row of
nuclei in the epithelium (from bottom to top)

Consult additional
information*

Smaller than ‘1/3 the size of the
nuclei of adjacent epithelial cells’

* Make use of a step-wise approach: Step 1: Observe the other two isolated chicken eyes. If no effects are
observed in the two other eyes do not score for vacuolation. If unequivocal effects are observed in one of the two
eyes, score for vacuolation. Step 2: If the results are still unclear based on the other two eyes (e.g., unclear
vacuolation), consult observations from the standard ICE test method to take into account e.g. possible localized
effects by solid materials.

When using these criteria, no true vacuoles were observed in the saline negative controls
evaluated. Furthermore, it is believed that the previously unclear discrimination of the ‘small
vacuoles’ from ‘true vacuoles’ could explain the risk of over-scoring raised during the meeting
of February 2016 by the experienced laboratory (see chapter 2.1). Indeed, the clarified
criteria as described in Table 5 allows a better discrimination between background small
vacuoles and true vacuoles.
Based on this, the ICE histopathological criteria were reviewed and it was found that there
was a need to revert back to the original ICE histopathological criteria according to
Cazelle et al. (2014), where epithelium vacuolation score of ½ was defined as ‘single to
few scattered cells’, in order to prevent potential under-predictions due to the non-scoring
of true vacuoles
In addition, it was noted that the modification of necrosis scoring criteria as described in
chapter 2.2, should also revert back to its original form as conducted by the reference
laboratory in the study of Cazelle et al. (2014), i.e., where only attached necrotic cells were
counted. This is due to the fact that some detached cells may remain in the prepared slices,
whereas depending on the severity of effects some detached cells may be removed from the
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slides due to e.g. technical issues. For this reason, it was recommended that necrosis of
detached cells/tissue should not be scored, and that only necrosis of attached
cells/tissue are scored.
Finally, it was noted that effects/changes close to the limbus should be scored if the
tissue architecture is preserved. However, effects/changes occurring within the limbus
should not be scored.

3. ICE histopathology reproducibility assessment (summer 2017)
3.1. Organization
Based on the process definition and clarification of histological effects as described above, a
final meeting was undertaken at Triskelion’s premises on 6-7 June 2017 to assess the
reproducibility of ICE histopathology. The meeting aimed at:
- Providing clarification on the ICE histological criteria as defined by the reference
laboratory and explained in chapter 2.4,
- conducting a training and proficiency appraisal on the clarified ICE histological criteria,
and
- assessing the reproducibility of ICE histopathology by the pathologists and their peerreviewers from three laboratories.
The following laboratories contributed to the evaluation: Triskelion as the reference
laboratory, Envigo as the experienced laboratory with ICE histopathology and Anapath
having a new pathologist that was naïve with regard to ICE histopathology.
In this study, only the reproducibility of histopathological semi-quantitative scorings and its
resulting classification prediction were made, as the reproducibility of the standard ICE test
method has already been extensively evaluated in earlier validation studies (OECD, 2013).

3.1.1. Slides selection
In order to enlarge the dataset of ICE histopathology with surfactants having existing in vivo
Draize data, ICE histopathology of surfactants were used for the assessment of the ICE
histopathology reproducibility. Surfactants represent indeed the major ingredients driving the
ocular hazard classification of non-extreme pH (2 < pH < 11.5) detergents. Furthermore, both
surfactants and non-extreme pH detergents have a similar proportion of materials classified
in vivo based on persistence of effects. When considering surfactants from publicly available
databases on historical in vivo eye hazard data analysed by drivers of classification (Barroso
et al., 2017) and the additional surfactants from the present study, a total of 62% (18/29)
surfactants were found to be classified based on persistence of effects. Similarly, a total of
64% (106/166) non-extreme pH (2 < pH < 11.5) detergents (including 97 laundry liquids, 15
laundry powders, 38 hand dish washing liquids and 16 all purpose cleaners) were found to
be classified based on persistence of effects only in an internal A.I.S.E. assessment.
Importantly, both surfactants and non-extreme pH detergents present all types of effects
evaluated semi-quantitatively within the ICE histopathology, i.e., epithelium erosion,
epithelium necrosis and epithelium vacuolation, with surfactants having a larger bandwidth of
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effects as compared to non-extreme pH detergents especially in which regards epithelial
necrosis and vacuolation (varying from 0 to 3 and 0 to 1 for the surfactants and non-extreme
pH detergents respectively). As a consequence, surfactants are relevant for evaluating the
reproducibility of the tissue effects observed within the ICE histopathology.
In order to obtain additional ICE histopathology slides on surfactants having existing Draize
in vivo data, A.I.S.E. sought collaboration from ERASM and Cosmetics Europe. Based on
this collaboration, and on additional slides from A.I.S.E., a total of 68 slides were selected
covering 6 Cat.1 & 6 No Cat. 1 (representing three UN GHS Cat. 2 and three UN GHS No
Cat.) surfactants having existing in vivo Draize data as well as the corresponding positive
and negative controls of each independent ICE histopathology study (see Table 6).
Four and two surfactants were obtained respectively from the collaboration with Cosmetics
Europe and ERASM. In addition, six surfactants from earlier A.I.S.E. studies were included
which allowed for an evaluation of reproducibility over time, comprising one same UN GHS
Cat. 2 material tested in two independent studies to check for reproducibility between
studies. The selected surfactants represented mainly cationic surfactants as these were the
surfactants mainly available. However, they allowed to have a larger representation of nonCat. 1 cationic surfactants as compared to the existing A.I.S.E. surfactants dataset (3 versus
1 in the existing dataset), and one UN GHS Cat. 1 anionic surfactant, for which there was no
representation in the existing A.I.S.E. surfactants dataset.
3.2.2. Training & proficiency appraisal
In order to ensure appropriate training and proficiency appraisal, the following procedures
were undertaken before assessing the ICE histopathology reproducibility by the pathologists
and their peer-reviewers from two additional laboratories:
- A presentation was given by Triskelion on the clarification of ICE histological effects (see
chapter 2.4) to the pathologists and peer-review pathologists of the participating
laboratories;
- Training was conducted on a first preliminary set of blind slides covering a range of
histological effects (n=17 slides), in which scoring and observations from the pathologists
and peer-review pathologists of the two participating laboratories (Envigo and Anapath)
were discussed with the reference laboratory (Triskelion) to ensure ICE histological
clarifications were well understood.
- Proficiency in scoring ICE histological effects was then appraised using a second set of
blind slides covering a range of histological effects (n=23 slides) by the pathologists and
peer-reviewers of the two participating laboratories. At the end of this proficiency
appraisal, any remaining discrepancies as compared to the scoring from the reference
laboratory were reviewed by the participating laboratories and discussed independently
with the reference laboratory.
3.2. Reproducibility between pathologists and their peer-reviewers from three
laboratories
Following the clarifications, training and proficiency appraisal as described above, a final
evaluation of reproducibility of the ICE histopathology classifications was conducted based
on the scoring provided by the pathologists and their peer-reviewers from three independent
laboratories. Reproducibility was assessed independently by each participating laboratory.
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Both the naïve and experienced laboratories performed their evaluation on the 7 June 2017,
with one laboratory performing the evaluation in the morning and the second laboratory
conducting their evaluation in the afternoon. A.I.S.E. provided a continuous presence during
this day to ensure that no communication occurred between the pathologists and peerreviewers of the participating laboratories and the reference laboratory. The reference
laboratory in turn, performed its evaluation on the 12 June 2017.
It is important to note that the pathologist from Anapath represented a “naïve” pathologist as
he was conducing ICE histopathology scoring for the first time. Furthermore, for each
laboratory, slides were scored by the pathologists and their respective peer-review
pathologists, who evaluated at least 1/3 of the slides as recommended in the recently
adopted revised OECD GD 160 (July 2017).
The final predictions obtained by each laboratory are shown in Table 6, and the detailed
scoring given are shown in Table 7. Based on those results the following concordance in
prediction between the pathologists and peer-reviewers of the three participating laboratories
was found:
- 83% (10/12) of the assessed surfactants had concordant predictions between the
pathologists and peer-reviewers of the three independent laboratories;
- There was concordance on the main histopathological effects triggering UN GHS Cat. 1
prediction between pathologists and peer-reviewers of the three laboratories;
- The following predictive capacity values were observed when combining the results from
the 3 laboratories (based on majority): 100 % sensitivity (6/6) and 100 % specificity (6/6).
- The same results were observed for Triskelion as an individual laboratory, whereas for
both, Envigo and Anapath, 100% sensitivity (6/6) and 83% specificity (5/6) was found.
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Table 6: ICE histopathology-based predictions obtained from the pathologists and peer-reviewers of three independent laboratories.
Chemical name

CAS n.

Physical
state

Type of
surfactant

In vivo UN GHS Cat.

Triskelion

Envigo

AnaPath

Benzensulphonylchloride

98-09-9

L

Anionic

Draize Cat. 1
(severity & persistence)

Cat.1
(vacuolation & necrosis)

Cat.1
(vacuolation & necrosis)

Cat.1
(vacuolation)

Cetyl pyridinium bromide 100%

140-72-7

S

Cationic

Cat. 1
(by extrapolation)

Cat.1
(vacuolation)

Cat.1
(vacuolation & erosion)

Cat.1
(vacuolation & erosion)

Cetyl pyridinium bromide 10%

57-09-0

L

Cationic

Draize Cat. 1
(severity & persistence)

Cat.1
(vacuolation)

Cat.1
(vacuolation)

Cat.1
(vacuolation)

Domiphen bromide 10%

538-71-6

L

Cationic

Draize Cat. 1
(severity & persistence)

Cat.1
(vacuolation)

Cat.1
(vacuolation & erosion)

Cat.1
(vacuolation)

Stearyltrimethylammonium chloride
- 10% unwarmed

112-03-8

L

Cationic

Draize Cat. 1
(persistence only)

Cat.1
(vacuolation)

Cat.1
(vacuolation)

Cat.1
(vacuolation)

63449-41-2

L

Cationic

Draize Cat. 1
(severity & persistence)

Cat.1
(erosion & vacuolation)

Cat.1
(erosion)

Cat.1
(erosion & vacuolation)

Cetyl pyridinium bromide 1%
- study 1

140-72-7

L

Cationic

Draize Cat. 2A

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

Cetyl pyridinium bromide 1%
unwarmed - study 2

140-72-7

L

Cationic

Draize Cat. 2A

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

N-Lauroyl sarcosine Na salt 10%

137-16-6

L

Anionic

Draize Cat. 2A

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

1-Ethyl-3-methylimidazolium ethyl
sulphate

342573-75-5

L

Cationic

Draize
No Category

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

Cat.1
(vacuolation)

Cetyl pyridinium bromide -0.1%

140-72-7

L

Cationic

Draize
No Category

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

Polysorbate 20 (Tween 20)

9005-64-5

L

Non-ionic

Draize
No Category

No triggers for Cat. 1
prediction

Cat.1
(vacuolation)

No triggers for Cat. 1
prediction

Benzalkonium chloride 5%
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Table 7: Individual scoring of ICE histopathology effects obtained from the pathologists and peer-reviewers of three independent laboratories.
Epithelial Erosion

Chemical name

In vivo
UN GHS Cat.

Benzensulphonylchloride

Draize Cat. 1

0.5
0.5
-

Cetyl pyridinium bromide 100%

Draize Cat. 1

Cetyl pyridinium bromide 10%

Epithelial Necrosis

Ana
Path

Triskelion

0.5
-

-

1
2
1

1
2
2

Draize Cat. 1

1
1
1

Domiphen bromide 10%

Draize Cat. 1

Stearyltrimethylammonium
chloride - 10% unwarmed
Benzalkonium chloride 5%

Epithelial Vacuolation (top)

Envigo

Ana
Path

Triskelion

2
2
2

3
3
2

-

1
2
2

-

-

1
1
1

1
1
2

0.5
0.5

1
1
0.5

2
2
-

0.5
1
-

Draize Cat. 1

1
1
1

0.5
1
1

Draize Cat. 1

3
2
3

Cetyl pyridinium bromide 1% study 1

Draize Cat. 2A

Cetyl pyridinium bromide 1%
unwarmed - study 2

Epithelial Vacuolation (m/l)

Envigo

Ana
Path

Triskelion

Envigo

Ana
Path

1
1
1

2
1
2

1
2
2

1/1
2/1
1/1

2/2
3/3
2/1

1/1
2/2
2/1

0.5

0.5
-

2
-

-

0.5 / 0.5
0.5 / 0.5
0.5 / 0.5

0.5 / 1
0.5 / 2
1/2

1/2
-/2
1/2

-

-

0.5
0.5
0.5

-

-

-/1
-/1
- / 0.5

0.5 / 0.5
0.5 / 0.5
-

- / 0.5
- / 0.5
-

-

0.5
-

0.5
-

-

-

1
-

0.5 / 0.5
0.5 / 0.5
-

1 / 0.5
1/1
0.5 / 0.5

0.5 / 1 / 0.5
-/-

1
0.5
0.5

0.5
-

-

0.5

2
3
3

1
1
2

1
1
1

0.5 / 0.5
1/1
1 / 0.5

0.5 / 1
1/1
1 / 0.5

0.5 / 0.5
1/0.5 / 0.5

3
2
3

3
2
2

-

2
-

-

1
-

-

-

- / 0.5
-/- / 0.5

-/-/-/-

- / 0.5
0.5 / 0.5 / -

1
1
1

1
1
1

1
1
1

-

0.5

0.5
0.5

1
0.5
0.5

1
1

3
1
1

-/-/-/-

-/-/-/-

-/-/- / 0.5

Draize Cat. 2A

1
1
1

1
0.5
1

0.5
1
1

-

0.5

0.5

2
3
3

0.5
0.5

0.5
0.5
1

-/-/-/-

-/-/-/-

-/-/0.5 / -

N-Lauroyl sarcosine Na salt 10%

Draize Cat. 2A

0.5
0.5
0.5

0.5
0.5
0.5

1
0.5
0.5

0.5
0.5
1

0.5
1
1

0.5
0.5
-

0.5
0.5
0.5

-

0.5
-

-/-/-/-

-/-/-/-

-/-/- / 0.5

1-Ethyl-3-methylimidazolium
ethyl sulphate

Draize No Cat.

0.5
0.5
0.5

0.5
0.5

0.5
-

0.5
0.5

0.5
0.5

-

0.5
0.5
0.5

0.5
-

0.5
0.5
1

-/- / 0.5
-/-

-/- / 0.5
-/-

- / 0.5
-/- / 0.5

Cetyl pyridinium bromide -0.1%

Draize No Cat.

0.5
0.5
0.5

0.5
0.5
0.5

0.5
0.5
-

-

-

-

1
1
1

-

1
0.5
1

-/- / 0.5
-/-

-/- / 0.5
-/-

-/-/-/-

Polysorbate 20 (Tween 20)

Draize No Cat.

0.5
0.5
-

0.5
0.5
0.5

0.5
0.5

0.5
1
-

0.5
1
0.5

-

1
1
1

-

-

-/-/-/-

- / 0.5
- / 0.5
-/-

-/- / 0.5
-/-

Triskelion Envigo
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Table 7 (cont.): Scoring of ICE histopathology effects obtained from the pathologists and peer-reviewers of three independent laboratories.
In vivo
UN GHS Cat.

Chemical name

Stromal disorder of fibers

Stromal pyknotic nuclei

Endothelium necrosis

Triskelion

Envigo

Ana
Path

Triskelion

Envigo

Ana
Path

Triskelion

Envigo

Ana
Path

Notes
TrisEnvigo
kelion

Ana
Path

Benzensulphonylchloride

Draize Cat. 1

-

-

-

-

-

-

-

-

-

A
A
A

A
A
A

A
-

Cetyl pyridinium bromide 100%

Draize Cat. 1

-

-

-

-

-

-

-

-

-

B
B
B

B
B
B

D

Cetyl pyridinium bromide 10%

Draize Cat. 1

-

-

-

-

-

-

-

-

-

-

-

-

Domiphen bromide 10%

Draize Cat. 1

-

-

-

-

-

-

-

-

-

-

C

-

Stearyltrimethylammonium chloride 10% unwarmed

Draize Cat. 1

-

-

-

-

-

-

-

-

-

-

-

-

Benzalkonium chloride 5%

Draize Cat. 1

-

-

-

-

-

-

Present
Present
Present

Present
Present

Present
-

B
B
B

-

D
D
D

Draize Cat. 2A

-

-

-

-

-

-

-

-

-

-

-

-

Draize Cat. 2A

-

-

-

-

-

-

-

-

-

-

-

-

N-Lauroyl sarcosine Na salt 10%

Draize Cat. 2A

-

-

-

-

-

-

-

-

-

-

-

-

1-Ethyl-3-methylimidazolium
sulphate

Draize No Cat.

-

-

-

-

-

-

-

-

-

-

-

-

Cetyl pyridinium bromide -0.1%

Draize No Cat.

-

-

-

-

-

-

-

-

-

-

-

-

Polysorbate 20 (Tween 20)

Draize No Cat.

-

-

-

-

-

-

-

-

-

-

-

-

Cetyl
pyridinium
- study 1

bromide

1%

Cetyl
pyridinium
unwarmed - study 2

bromide

1%

ethyl

A: Multifocal; B: Epithelial layer (partly) detached from basal membrane; C: Clefts in epithelium but no detachment; D: Parts of the mid layer still present.
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3.3. Reproducibility over time
Reproducibility over time for both non-extreme pH (2<pH<11.5) detergents and surfactants,
was also investigated and results are shown in Tables 8 and 9 respectively. An overall
concordance of 17/18 and 6/6 was found respectively for non-extreme pH detergents and for
surfactants, suggesting an appropriate reproducibility over a time-frame of 2-4 years .
Table 8: ICE histopathology reproducibility over time for non-extreme pH (2<pH<11.5)
detergents.
Physical
state

Approximate
surfactant
content
(%)

In vivo UN GHS (1)

HDWL 1

L

35

HDWL 2

L

HDWL 3

A.I.S.E. nonextreme pH
detergents

ICE histopathology (2)
Triskelion 2013

Triskelion 2017

LVET – Cat. 1

Cat. 1 (vacuolation)

Cat. 1 (vacuolation)

40

LVET – Cat. 1

Cat. 1 (erosion)

Cat. 1 (erosion)

L

45

LVET – Cat. 1

Cat. 1 (vacuolation)

Cat. 1 (vacuolation)

HDWL 4

L

35

LVET – Cat. 1

Cat. 1
(vacuolation & erosion)

Cat. 1
(vacuolation & erosion)

HDWL 5

L

30

LVET – Cat. 1

Cat. 1 (vacuolation)

Cat. 1 (vacuolation)

Laundry
powder 1

S

25

LVET – Cat. 1

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

Laundry
liquid 1

L

50

LVET – Cat. 1

Cat. 1 (erosion)

Cat. 1 (erosion)

Laundry
liquid 2

L

55

LVET – Cat. 1

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

HDWL 13

L

20

Draize – Cat. 2A

Cat. 1 (vacuolation)

No triggers for Cat. 1
prediction

HDWL 14

L

20

Draize – Cat. 2A

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

HDWL 17

L

30

Draize – NC

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

APC 3

L

10

LVET Non-Cat. 1 (3)

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

APC 4

L

5

LVET Non-Cat. 1 (3)

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

HDWL 15

L

25

LVET Non-Cat. 1 (3)

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

HDWL 16

L

45

LVET Non-Cat. 1 (3)

Cat. 1 (erosion)

Cat. 1 (erosion)

Laundry
liquid 4

L

45

LVET Non-Cat. 1 (3)

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

Laundry
powder 4

S

20

LVET Non-Cat. 1 (3)

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

Laundry
powder 5

S

15

LVET Non-Cat. 1 (3)

No triggers for Cat. 1
prediction

No triggers for Cat. 1
prediction

APC: All purposes cleaner; Cat.: Category; HDWL: Hand dishwash liquid; L: liquid; LVET; Low Volume Eye Test NC: No
Category; S: solid;
(1) LVET classification derived using the Draize criteria for classification;
(2) Based on histopathological criteria as described in the revised OECD GD 160 (2017);
(3) Representing a No Category if the Draize criteria for classification was used
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Table 9: ICE histopathology reproducibility over time for surfactants.
Triskelion 2014 - 2015

Three labs - June 2017

ICE histopathology (1)

ICE histopathology (1)

Draize – Cat. 1
(severity & persistence)

Cat. 1 (erosion)
- Sept 2014

Cat. 1 (erosion)

140-72-7

Draize – Cat. 1
(severity & persistence)

Cat.1 (vacuolation)
- Sept 2014

Cat.1 (vacuolation)

Stearyltrimethylammonium
chloride - 10% unwarmed

112-03-8

Draize – Cat. 1
(persistence)

Cat.1 (vacuolation)
- Sept. 2015

Cat.1 (vacuolation)

N-Lauroyl sarcosine Na salt
(10%)

137-16-6

Draize – Cat. 2A

No triggers for Cat. 1
prediction (1) / Cat. 1 (3) July 2015

No triggers for Cat. 1
prediction (1) / Cat. 1 in 1 out
of 3 labs (3)

Cetylpyridinium bromide (1%)
– study 1

140-72-7

Draize – Cat. 2A

No triggers for Cat. 1
prediction - July 2015

No triggers for Cat. 1
prediction

Cetylpyridinium bromide (1%)
– study 2 (unwarmed)

140-72-7

Draize – Cat. 2A

No triggers for Cat. 1
prediction - Sept 2015

No triggers for Cat. 1
prediction

Polysorbate 20 (Tween 20)
(100%)

9005-64-5

Draize No Cat. and
LVET Non-Cat. 1 (2)

No triggers for Cat. 1
prediction - Sept. 2014

No triggers for Cat. 1
prediction (2 out of 3 labs) (1) /
Cat. 1 (1 out of 3 labs) (1)

Chemical name

CAS

In vivo GHS Cat.

63449-41-2

Cetylpyridinium bromide (10%)

Benzalkonium chloride (5%)

Cat.: Category; L: liquid; LVET; Low Volume Eye Test; NPCM: No Prediction Can be Made; S: solid.
(1) Based on histopathological criteria as described in the revised OECD GD 160 (2017) if not indicated otherwise;
(2) Representing a No Category if the Draize criteria for classification was used;
(3) Predicted as Cat. 1 if necrosis threshold of 1 is used (instead of 2);

4. Discussions
The results obtained with the new dataset on surfactants were combined with the existing
A.I.S.E. surfactants dataset evaluated based on the same histopathology criteria as used
here (cf. Addendum I). Results are shown in Table 10 and the ensuing predictive capacity
shown in Table 11. Similar findings were obtained in that the use of ICE histopathology as an
adjunct to the standard ICE test method according to the OECD TG 438 enabled a decrease
of the false negative rates from 64% to 27% in both the entire dataset, and in the dataset
comprising materials having only Draize data and LVET in vivo Cat. 1 data. Furthermore, if
an epithelial necrosis threshold of 1 instead of 2 was used for the identification of UN GHS
Cat. 1 surfactants (see note below), the rate of false negatives could be further decreased to
18%. However, this change was not supported by the expert working group during the
meeting from 9-10 November 2017.
As a consequence, ICE histopathology proved to be reproducible between pathologists and
peer-viewers of independent laboratories, and within time. It is noted that the reproducibility
of the ICE histopathology has been determined independently from the reproducibility of the
standard ICE test method, in order to understand the contribution from histopathology,
independently from the known reproducibility of the standard ICE test method. Finally, use of
histopathology in addition to the standard ICE test method according to the OECD TG 438,
allowed to increase sensitivity, improve the overall concordance and to maintain an
acceptable level of false positives.
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Table 10: Results of the combined new and existing surfactants dataset
CAS

Physical
state

Type of
surfactant

In vivo GHS Cat.

Benzensulphonylchloride

98-09-9

L

Anionic

Draize – Cat. 1

Cetyl pyridinium bromide 100%

140-72-7

S

Cationic

Cat. 1

Domiphen bromide 10%

538-71-6

L

Cationic

Draize – Cat. 1

Stearyltrimethylammonium chloride - 10%
unwarmed

112-03-8

L

Cationic

Draize – Cat. 1

Benzethonium chloride (10%)

121-54-0

L

Cationic

Draize – Cat. 1

Cetylpyridinium bromide (6%)

140-72-7

L

Cationic

Distearyldimethylammonium chloride
(neat)

107-64-2

S

Cationic

63449-41-2

L

Cationic

140-72-7

L

Cationic

Amines, C12-14 (even numbered)alkyldimethyl, N-oxides (~28%)

308062-28-4
(1643-20-5)

L

Non-ionic

Coco alkyl dimethyl betaine (~30%)

68424-94-2

L

Amphoteric

Benzalkonium chloride (1%)

63449-41-2

L

Cationic

68201-55-8

L

Amphoteric

137-16-6*
140-72-7
342573-75-5
151-21-3

L
L
L
L

Anionic
Cationic
Cationic
Anionic

68201-55-8

L

Non-ionic

140-72-7

L

9005-64-5

L

Chemical name

Benzalkonium chloride (5%)
Cetylpyridinium bromide (10%)

50% active N,N-Dimethyl-N-coco-N-(3sulfopropyl) ammonium betaine
N-Lauroyl sarcosine Na salt (10%)
Cetylpyridinium bromide (1%)
1-Ethyl-3-methylimidazolium ethyl sulphate
Sodium Lauryl Sulphate (5 %)
50% active N,N-Dimethyl-N-coco-N-(3sulfopropyl) ammonium betaine (30 %)
Cetyl pyridinium bromide -0.1%

Tissue driver for Cat. 1
ICE
classification
Categories

ICE UN GHS
prediction (1)

ICE + ICE
histopathology (2)

II;IV;IV

Cat. 1

Cat. 1

III;IV;IV

Cat. 1

Cat. 1

II;IV;IV

Cat. 1

Cat. 1

II;IV;IV

Cat. 1

Cat. 1

Severity of effects

IV;IV;III

Cat. 1

Cat. 1

Draize – Cat. 1

Severity of effects

III;III;II

NPCM

Cat.1

Draize – Cat. 1

Severity of effects

IV;IV;II

Cat. 1

Cat. 1

IV;IV;III

Cat. 1

Cat. 1

III;III;II

NPCM

Cat.1

III;III;II

NPCM

NPCM (2) / Cat. 1 (4)

III;III;II

NPCM

NPCM (2) / Cat. 1 (4)

III;II;II

NPCM

NPCM

III;II;III

NPCM

NPCM

III;III;II
III;III;II
I;II;III
III;II;II

NPCM
NPCM
NPCM
NPCM

NPCM (2) / Cat.1 (4)
NPCM
NPCM
NPCM

III;II;II

NPCM

NPCM

Cationic

I;I;II
II;II;I

NPCM / No Cat. (5)
NPCM /
No Cat. (5)

NPCM

Non-ionic

Severity + persistence of
effects
By extrapolation
Severity + persistence of
effects
Persistence of effects (3/3
animals)

Severity + persistence of
effects
Severity + persistence of
Draize – Cat. 1
effects
Persistence
Draize – Cat. 1
(3/3 animals)
Persistence
Draize – Cat. 1
(4/4 animals)
Persistence of effects (4/10
Draize – Cat. 1
animals)
Persistence of effects (2/6
LVET – Cat. 1
animals)
Draize – Cat. 2A
Not applicable
Draize – Cat. 2A
Not applicable
Draize - No Cat.
Not applicable
LVET Non-Cat. 1 (3)
Not applicable
Draize – Cat. 1

LVET Non-Cat. 1 (3)

Not applicable

Draize - No Cat.
Not applicable
Draize No Cat. and
Not applicable
LVET Non-Cat. 1 (3)
Cat.: Category; L: liquid; LVET; Low Volume Eye Test; NPCM: No Prediction Can be Made; S: solid.
(1) Based on the Decision Criteria as described in OECD TG 438 for all other predictions than “I;II;II”;
(2) Based on histopathological criteria as described in the revised OECD GD 160 (2017) if not indicated otherwise;
(3) Representing a No Category if the Draize criteria for classification was used;
(4) Predicted as Cat. 1 if necrosis threshold of 1 is used (instead of 2);
(5) Based on the proposed revised ICE Decision Criteria of ‘I;II, II’ be considered as (see separate position paper from 23.09.2015).

Polysorbate 20 (Tween 20) (100%) (7)
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NPCM

Table 11: Performances of the ICE with or without histopathology (histo.), based on the
available dataset of non-extreme pH (2<pH<11.5) detergents and surfactants.
A: All tested materials

Surfactants

Non-extreme
pH (2 < pH <
11.5)
detergentsA

Combined
dataset

Concordance

Sensitivity

False negatives

Specificity

False positives

ICE

70.0% (14/20)

53.8% (7/13)

46.1% (6/13)

100% (7/7)

0% (0/7)

ICE + ICE histo.*

80.0% (16/20)

69.2% (9/13)

30.8% (4/13)

100% (7/7)

0 % (0/7)

ICE + ICE histo.**

85.0% (17/20)

84.6% (11/13)

15.4% (2/13)

85.7% (6/7)

14.3% (1/7)

ICE

74.2% (23/31)

11.1% (1/9)

88.9% (8/9)

100% (22/22)

0% (0/22)

ICE + ICE histo.***

74.2% (23/31)

77.8% (7/9)

22.2% (2/9)

72.7% (16/22)

27.3% (6/22)

Additivity approach

32.3% (10/31)

100% (9/9)

0% (0/9)

4.5% (1/22)

95.5% (21/22)

ICE

72.5% (37/51)

36.4% (8/22)

63.6% (14/22)

100% (29/29)

0% (0/29)

ICE + ICE histo.*

76.5% (39/51)

72.7% (16/22)

27.3% (6/22)

79.3% (23/29)

20.7% (6/29)

ICE + ICE histo.**

78.4% (40/51)

81.8% (18/22)

18.2% (4/22)

75.9% (22/29)

24.1% (7/29)

A

Including the training set of 11 non-extreme pH detergents distributed as 5 Cat. 1 (0/5 and 5/5 sensitivity with ICE and ICE +
histo respectively) and 6 No Cat. 1 non-extreme pH detergents (6/6 and 5/6 specificity with ICE and ICE + histo respectively)
* Histopathological criteria as described in the revised OECD GD 160 (2017)
** Considering epithelial necrosis scores of 1 (instead of 2) as threshold
*** No difference in outcome observed for formulations if using the necrosis score of 1 as a threshold, as very few necrosis
observed with formulations.

B: Materials having Draize in vivo data (Cat. 1 and non-Cat. 1), and LVET in vivo Cat. 1 data only

Non-extreme pH (2 <
pH < 11.5)
detergentsA and
surfactants

False negative rate
False positive rate
Concordance

ICE

ICE + histo*

ICE + histo**

63.6% (14/22)

27.3% (6/22)

18.2% (4/22)

B

0.0% (0/8)

12.5% (1/8)

25.0% (2/8)

53.3% (16/30)

76.7% (23/30)

80.0% (24/30)

A

Includes 8 non-extreme pH detergents from the training set distributed as 5 LVET Cat. 1 (5/5 and 0/5 false negatives with ICE
and ICE + histo respectively) and 3 Draize No Cat. 1 non-extreme pH detergents (0/3 and 1/3 false positives with ICE and ICE +
histo respectively).
B
The false positive observed with ICE histopathology is a Draize Cat. 2A non-extreme pH detergent.
* Histopathological criteria as described in the revised OECD GD 160 (2017).
** Considering epithelial necrosis scores of 1 (instead of 2) as threshold based on the original score system, i.e., only necrosis
of attached cells/tissues being scored.

Note about necrosis: When evaluating the histopathology results obtained with surfactants,
epithelial necrosis was observed in 8 out of the 20 tested surfactants and in 6 of the 13 UN
GHS Cat. 1 tested surfactants. Such findings are in contrast to the observations obtained
with the 48 tested mixtures of the use domain of detergents, where epithelial necrosis was
found only for 2 out of the 48 tested mixtures, and did not affect the predicted classification
based on the A.I.S.E. ICE histopathology criteria. As a consequence, at the time when the
histopathology criteria were originally developed for identification of UN GHS Cat. 1 nonextreme pH detergents, only a limited dataset was available on epithelial necrosis to make
conclusive decisions. This meant that only preliminary decision criteria could be established
for the epithelial necrosis effects, in contrast to epithelial erosion and vacuolation for which a
considerably larger amount of data was available.
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5. Conclusions
In conclusion, good reproducibility was found between pathologists and peer-reviewers from
three independent laboratories of (10/12 or 83%) and over time (17/18 for non-extreme pH
detergents and 6/6 for surfactants) for the ICE histopathological derived predictions.
However, to ensure such reproducibility, there is a need for:
- an internal peer-review system to be in place;
- assessment of the original slides in order to enable the evaluation of three dimensional
effects;
- appropriate training & proficiency appraisal.
It is to be noted that the reproducibility of ICE histopathology between pathologists and their
peer-reviewers was determined independently from the reproducibility of the standard ICE
test method. This was done in order to understand the contribution from histopathology,
independently from the already known reproducibility of the standard ICE test method.
Although the overall reproducibility of the standard ICE together with the ICE histopathology
has not been characterized in the present study, the OECD Expert Group in November 2017
expressed the opinion that such characterization was not necessary due to the fact that:
- ICE histopathology is used only to further identify UN GHS Cat. 1 non-extreme pH
detergents and surfactants, whereas test chemicals predicted as No Prediction Can Be
Made remain as such in case the ICE histopathology criteria are not met,
- histopathology may be conducted by a different laboratory than the laboratory
conducting the standard ICE test method (i.e., without histopathology),
- that the approach undertaken by A.I.S.E. allows to evaluate the reproducibility of the
standard ICE test method and the reproducibility of the ICE histopathology separately.
Furthermore, with the enlarged dataset, the results previously observed were confirmed, i.e.
that use of ICE histopathology in addition to the standard ICE test method allows to reduce
the false negative rates observed with the standard ICE test method alone.
Based on the above results, it is suggested that TG 438 is revised to include the possibility of
using ICE histopathology in addition to the standard ICE test method to identify UN GHS Cat.
1 surfactants and non-extreme pH detergents as described below. It is important to note
however that, based on the dataset currently available, histopathology cannot be used in a
stand-alone manner to identify UN GHS Cat. 2 and UN GHS No Cat. test chemicals.

Standard ICE results

No prediction can be
made

ICE histopathology criteria as
defined by A.I.S.E.

Predicted UN GHS
Classification

Criteria met

UN GHS Cat. 1

Criteria not met

No prediction can be
made

In addition, it is suggested to update the recently revised GD 160 (2017) in order to:
- Ensure the full Atlas on ICE histopathological effects is shown, since in its current
version only reference to the full photo Atlas is given (see OECD GD 160 from 2017 - p.
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44 and 45);
- Clarify the distinction between small vacuoles (not to be scored) from true vacuoles (to
be scores) as described in chapter 2.4;
- Clarify that only necrosis of attached cells/tissue should be scored and that necrosis of
detached cells/tissues should not be scored (see chapter 2.4),
- Clarify that effects/changes close to the limbus should be scored if the tissue
architecture is preserved, whereas effects/changes within the limbus should not be
scored though.
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