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Abstract

Recently, the ICCVAM evaluated four in vitro test methods for their ability
to identify ocular corrosives/severe irritants.  Ideally, these evaluations
would have included an assessment of the ability of the Draize rabbit eye
test to correctly identify human ocular corrosives/severe irritants, but
comparative human and rabbit data are not available.  Therefore, using
an in vivo rabbit eye test database of 180 severe irritant studies, the
estimated likelihood of underpredicting a corrosive/severely irritating
response as a nonsevere response was determined to evaluate the
performance of the Draize test according to the UN Globally Harmonized
ocular hazard classification system.  The distribution of individual rabbit
responses within each severity class was used to estimate the likelihood
of under- and/or over-classification for a sequential 1 to 3 rabbit testing
strategy.  Based on three assumptions about the variability in individual
rabbit responses among substances within each classification category,
the estimated likelihood for underclassifying corrosives/severe irritants
as nonsevere irritants or nonirritants ranged from 4% to 14%.  The
database of severe irritants showed strong evidence of heterogeneity in
response among substances, and when this heterogeneity was taken into
account, the estimated underclassification likelihood for the in vivo rabbit
eye test method ranged from 11% to 14%.  Analyses based on test
substance physical form suggested that the underclassification likelihoods
for solids were lower than liquids (2.8%-8.3% vs. 5.7%-16.2%, respectively),
although these differences were not statistically significant.  Estimated
likelihoods for underclassification were higher when corrosive/severe
irritant classification was based solely on persistent lesions present at
observation day 21.  By chemical class, carboxylic acids had the highest
underclassification likelihood (37-39%).  Likelihoods for overclassification
of substances as corrosive/severe irritants, based on 610 nonsevere and
nonirritant studies, were estimated to be 6.5%-7.6% for Category 2A,
3.2%-5.2% for Category 2B, and 0.3%-0.5% for nonirritant substances.
With the relative distribution of studies in the nonsevere/nonirritant
classification was taken into account the overall likelihood of overclassifying
these substances, as corrosives/severe irritants, was 1.2% to 1.7%.
Supported by NIEHS contract N01-ES 35504.

Abstract

1215 studies could not be assigned a GHS classification due to minimal study criteria not
being met (e.g., one or more rabbits exhibited an ocular response on the last observation
day but the observation period was not carried out to 21 days)

Introduction

Accidental eye injury is the leading cause of visual impairment in the
United States (BLS 2004).  In 2003, eye injuries from chemicals and
their products (6,080) accounted for 16% of all eye injuries (36,940)
reported as the cause of Days Away From Work for employees. The
ocular irritation or corrosion potential of substances to which humans
may be exposed has been evaluated since 1944 using the Draize rabbit
eye test (Draize et al. 1944).  In recent years, there have been widespread
efforts to develop and validate in vitro alternatives that might reduce or
replace the use of animals for ocular irritancy assessments.  ICCVAM
is evaluating four in vitro test methods for their ability to detect ocular
corrosives/severe irritants in a weight-of-evidence tiered testing strategy.
Ideally, this evaluation would assess the ability of each of the four in
vitro test method versus the Draize eye test to correctly predict human
ocular toxicity.  However, the lack of appropriate human data only allows
for a determination of how well the alternative in vitro assays predict
the rabbit response.  In evaluating the performance of alternative assays,
information on the reliability of the Draize eye test would be useful but
the paucity of repeat test data precludes a formal evaluation.  However,
Draize eye test results can be used to estimate the likelihood of
underclassifying an ocular corrosives/severe irritant or overclassifying
a nonsevere irritant/nonirritating substance according to the sequential
testing scheme implemented by the United Nations (UN) Globally
Harmonized System (GHS) for Classification and Labeling of Chemicals
(UN 2003).

Individual rabbit data from Draize eye tests using from 1 to 6 rabbits
was obtained for 1005 studies from different sources (e.g., publications,
U.S. Federal regulatory agencies, individual scientists, private and public
organizations/companies).  Studies were conducted in accordance with
the current or previous version of Organisation for Economic Co-operation
and Development (OECD) Test Guideline 405 (OECD 2002).  Ocular
irritation categories were assigned based on the GHS ocular hazard
classification system (UN 2003) (Table 1).  As some studies used more
than three rabbits, rather than the 1 to 3 rabbits currently needed for
the GHS classification system, rules were established by NICEATM to
classify the substances tested in these studies according to the 3-animal
GHS classification rules (Table 2).

Based on the classification rules described in Table 2, the distribution
of in vivo rabbit eye test results in the NICEATM database, by GHS
ocular hazard classification, was:

• 790 total studies classified1

• 180 studies classified as Category 1

• 61 studies classified as Category 2A

• 59 studies classified as Category 2B

• 490 studies classified as Nonirritant

Introduction
Underclassification Analysis

Classification Rules
The estimated underclassification rates for the in vivo rabbit eye test
was based on GHS sequential testing and the following rules:

First Rabbit:
• If the first rabbit is Category 1A, then the substance is classified

as Category 1
• If not, then test the second rabbit

Second Rabbit:
• If the second rabbit is a Category 1A, then the substance is

classified as Category 1
• If lesions for the first and second rabbits are in the same

classification category, then the substance is classified in that
category (i.e., 1, 2A, 2B, or nonirritant)

• If neither of the above apply, then test a third rabbit

Third Rabbit:
• If the third rabbit is Category 1A, then the substance is classified

as Category 1
• If lesions for 2 of the 3 rabbits are in the same classification

category, then the substance is classified in that category (i.e.,
1, 2A, 2B, or nonirritant)

• If 1 rabbit is Category 2A, 1 rabbit is Category 2B, and the third
rabbit is Category 1B or nonirritant, then the substance is classified
as Category 2A

• If all rabbits have different classifications (e.g., Cat 1B, NI, and
2A or 2B), then the chemical is classified as “variable responder”

Calculations Conducted
Calculation 1:  Homogeneity of response within a given category

• Assumed that animals have the same pattern of response for all
chemicals within a given classification category

• Requires only one calculation, but may underestimate the
underclassification rate

Calculation 2:  Heterogeneity of response within a given category
• Assumed that animals have a different pattern of response for

all chemicals within a given classification category
• Leads to higher misclassification rates than Calculation 1, but

may overestimate the underclassification rate

Calculation 3:  Homogeneity/heterogeneity of response combination
• Assumed that animals have similar pattern of response for

chemicals within three response categories
Strong responders.  Category 1 substances that produce
either a Cat 1A or 1B response in all tested rabbits
Moderate responders. Category 1 substances that produced
a Cat 1A or 1B response in at least 50% but not 100% tested
Weak responders. Category 1 substances that produced a
nonsevere (i.e., Cat 2A, 2B) or nonirritant response in more
than half of the rabbits tested

The underclassification rate based on Calculation 3 is likely the best
estimate of the actual underclassification rate.

Underclassification Analysis

Underclassification Analysis

Limitations

• No human data to confirm the irritancy classifications of the
tested substances

• Using the in vivo rabbit eye test method as the basis for assigning
substances to ocular irritancy categories and then evaluating the
performance of that same test method for under- and over-
classifying substances to those categories

• The reproducibility of the in vivo rabbit eye test results from study
to study cannot be assessed since there is little repeat data for
substances tested at the same concentration within the database

• Dose response curves for substances tested at multiple
concentrations were assumed to saturate or increase with
increasing dose (i.e., once a severe response was detected, all
higher dose levels were assumed to induce a severe response
regardless of the actual outcome); however, there are data
suggesting that, for some substances, there is less ocular damage
when tested at high compared to low levels

Underclassification Analysis

Table 10. Likelihood that a Category 1 Substance will be
Underclassified Using Calculation 3

Table 9. Distribution of Individual Rabbit Responses per
Three Subgroups of GHS Category 1 Studies

Calculation 3: Homogeneity/Heterogeneity of Response

• Substances with similar patterns of response are combined into
three categories (strong responders, moderate responders, and weak
responders)

• For each responder group, the underclassification rate was determined
using the homogeneity approach (Table 9)

• The overall average weights the calculation by the relative proportion
of strong, moderate, and weak responders in the database in that
GHS category (Table 10)

More information on ICCVAM and NICEATM
can be accessed at:

http://iccvam.niehs.nih.gov/
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Table 16. Estimated Overall Underclassification Rates of
GHS Category 1 Substances to GHS Category 2A,
2B, Nonirritant, or Variable Responder Substances

Overclassification
• For the total database, the overall estimated overclassification rate

for a nonsevere irritant or nonirritant being classified as a Category
1 substance ranged from 1.23% to 1.66%

Conclusions

Underclassification
• The overall estimated underclassification rate for a Category 1

substance ranged from 4% to 14% (Table 16)
The most reasonable estimate of the overall underclassification
likelihood for the in vivo rabbit eye test method is between 11%
and 14%, since there is strong evidence of heterogeneity among
Category 1 irritants in the database

• For the subsets based on physical and chemical classes:
The underclassification likelihood for liquids/gels was slightly
higher than for solids, but the difference was not statistically
significant
Underclassification likelihoods appear to vary by chemical class

• For the subset based on criteria used for GHS classification, Criterion
1 (i.e., substances that produced a persistent lesion through 21 days
in at least one of three rabbits only) was shown to have a higher
underclassification likelihood than Criteria 2-4

• A limitation of this analysis is that the in vivo rabbit eye test method
is used as the basis for assigning substances to ocular irritancy
categories.  Then, that same test method is evaluated for under-
and over-classifying substances to those categories.  An alternative
approach, which did not require an a priori assignment of substances
to classification categories, also was utilized.  Modifying an approach
described in Springer et al. (1993), which does not require prior
classification of the substances, yielded a estimated under-
classification rate of 13.65% and over-classification rate of 2.59%;
results which are consistent with the results of the analysis described
in this poster.

Conclusions

Table 15. Estimated Overclassification Rates of GHS
Category 2A, 2B or Nonirritants as Category 1
Substances

Table 14. Distribution of Individual Rabbit Responses by
GHS Ocular Hazard Classification

Overclassification Analysis

Classification Rules
• Same approaches used for estimating the overclassification rate for

ocular corrosive or severe irritant, used to estimate the likelihood of
overclassifying a Category 2A, 2B or nonirritant as a Category 1
substance

Calculations Conducted
• As there was less evidence of heterogeneity of response and no

clearly identifiable sub-groupings showing distinct patterns of
response, Calculation 3 was not used

• The distribution of individual rabbit responses for studies resulting
in a Category 2A, 2B, or nonirritant classification is provided in Table
14; the estimated underclassification rates in Table 15.

Overclassification Analysis

Table 13. Estimated Underclassification Rates for GHS
Category 1 Substances Based on Chemical Class

Table 12. Estimated Underclassification Rates for GHS
Category 1 Substances Based on Classification
Criteria

Table 11. Estimated Underclassification Rates for GHS
Category 1 Substances Based on Physical Form

Underclassification Analysis
Based on Data Subsets

Underclassification rates also were calculated based on specified physical
and chemical classes
• Physical Form (Solids/Liquids)
• Criteria Used for GHS Classification

Criteria 1: Substances that produced a persistent lesion through
21 days in at least one of three rabbits
Criteria 2: Substances that produced a positive response in at
least two of three rabbits
Criteria 3: Substances that produced a persistent lesion through
21 days in at least one of three rabbits and produced a positive
response in at least two of three rabbits
Criteria 4: Substances that produced a corneal opacity of 4 at
any time

• Chemical Class

Estimated underclassification rates for physical form and GHS
classification criteria were evaluated using Calculations 1-3 (as described
above).  Results are provided in Tables 11 and 12, respectively.

Estimated underclassification rates for chemical classes with at least
25 animals tested were evaluated using Calculations 2 and 3 (as described
above).  Results are provided in Table 13.

Underclassification Analysis
Based on Data Subsets

Calculation 2: Heterogeneity of Response

• Distribution of animal responses is determined for each test substance
in Category 1

• Estimated underclassification rate is calculated for each Category
1 test substance

• Estimated individual underclassification rates are averaged to produce
an overall underclassification rate

Example Calculation:
• A Category 1 irritant has 4 animals classified as Category 1A and 2

animals classified as Category 2A
• The likelihood of this substance being underclassified to be Category

2A is (2/6)x(2/6) = 0.1111 (11.1%)
• The likelihood of other underclassifications for this irritant is estimated

to be 0%
• Similar calculations are carried out for the other Category 1 irritants

and the rates averaged to produce an overall estimated
underclassification rate (Table 8)

Table 8. Likelihood that a Category 1 Substance will be
Underclassified Using Calculation 2

Calculation 1:  Homogeneity of Response

Table 3 provides the distribution of rabbit responses for those substances
that were classified as Category 1 based on the classification rules
described above.

Tables 4-7 provide the calculations used to estimate the underclas-
sification rate of Category 1 substances as Category 2A, Category 2B,
Nonirritant, and Variable Responder.

Table 7. Likelihood that a Category 1 Substance will be
Classified as a Variable Responder

Table 6. Likelihood that a Category 1 Substance will be
Classified as Nonirritant

Table 5. Likelihood that a Category 1 Substance will be
Classified as Category 2B

Table 4. Likelihood that a Category 1 Substance will be
Classified as Category 2A

Table 3. Distribution of Individual Rabbit Responses in 180
GHS Category 1 Studies
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