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• Chemicals classified as moderate irritants at least once are more likely to be classified as mild irritants or 
non-irritants when tested again (Tables 1 and 2).

• Reducing the categorization scheme to a binary outcome improves reproducibility (Table 3). 
• Variability present in the in vivo assay should be taken into consideration when evaluating the 

performance of NAMs. 
• These analyses help provide much needed context not only to assess “gold standard” reference test methods, 

but also to aid in setting expectations for NAM performance.

Summary and Future Directions

Figure 2: Summary of Complete and Curated Datasets
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• Includes all study results with sufficient data to 
generate a PDII.

• No exclusion of studies for methodological concern 
(e.g.  24 hour exposure).

• 2448 total study reports
• 806 individual chemicals

• The full dataset was curated to exclude studies with 
methodological deviations/limitations

• 1409 total study reports
• 503 individual chemicals

EPA Category Number of Study 
Reports Percent

I 312 12.8

II 89 3.6

III 358 14.6

IV 1689 69.0

EPA Category Number of Study 
Reports Percent

I 217 14.7

II 37 2.6

III 174 12.4

IV 981 69.6

• Characterizing the inherent variability in animal test methods, even when conducted according to accepted test 
guidelines, is critical to set appropriate expectations for performance and establish confidence in new approach 
methodologies (NAMs).

• Skin irritation testing has historically been conducted in vivo on rabbits, and results have been used as the 
benchmark against which NAMs have been compared. 

• The Organisation for Economic Co-operation and Development’s (OECD) Test Guideline 439 describes NAMs 
that are accepted as standalone replacement tests for in vivo skin irritation testing in certain jurisdictions.

• However, there are currently no NAMs that can identify chemicals as mild irritants and thus could serve as 
complete replacements where such classification and labeling is required (e.g., in the United States).

• Given the subjective scoring of erythema and edema responses in the in vivo rabbit test, the possibility exists 
for significant variability in results if the same chemical were to be evaluated in multiple independent tests.

• In this study, we used conditional probabilities to assess the reproducibility of hazard classifications resulting 
from the in vivo assay to provide an appropriate benchmark against which to evaluate NAMs. 

Background

• A dataset of 3291 in vivo study records, representing 1071 unique chemicals, was obtained from the European 
Chemicals Agency database of registered substances (https://echa.europa.eu).

• Each chemical was tested at least twice in independent in vivo rabbit studies. 

• Curation included identification of factors affecting test method reliability and methodological 
deviations/limitations. 

• Study records were excluded from analysis if:
– Skin status was abraded or abraded/intact.
– Number of animals was less than 3 or unknown.
– Test chemical dosing concentration was less than 90%.
– Exposure duration was less than 4 hours (unless chemical is corrosive).

• PDIIs were calculated from the available data and used to classify chemicals according to the EPA skin irritation 
classification criteria. 

Study Design: Data Collection and Curation

• Conditional probabilities, conducted iteratively for each category, were used to evaluate the reproducibility of the in vivo method for identification of severe, moderate, mild, and 
non-irritants.

P T2 = 1 T1 = 1 =
P(T2 = 1 ∩ T1 = 1)

P(T1 = 1)

Study Design: Conditional Probability Calculations

• Datasets were created for each category (I, II, III, IV) defined by the 
chemicals classified in the category by at least one test.

– Frequency of classification for each category, given the total number of 
assays in that dataset, was determined.

§ Ci = frequency of each category.

§ A = Sum of total of number of assays in that dataset.

• Probability was calculated for each category by dividing the frequency of 
each category by the frequency of all categories (total number of assays) in 
that dataset.

– P = Ci/A

Example:
• In the curated dataset, 105 chemicals were classified as corrosive (Cat I) 

at least once.

• Those 105 chemicals had a total of 251 study reports (A = 251).

• 217 of those study reports had Cat I categorizations 
(Ci Cat I = 217).

– Probability of receiving a Cat I result given a prior Cat I result:

§ P=Ci/A

§ 217/251 = 0.865  

• Repeat for each category.

Table 3: Conditional Probabilities with Binary Approach Using Curated Dataset

Proposed Binary Approach

Prior Result Irritant 
(Cat I / II)

Non-Irritant
(Cat III / IV)

Irritant 
(Cat I / II) 75.6% 24.4%

Non-Irritant
(Cat III / IV) 3.9% 96.1%

EPA 
Category

Number of Study 
Reports Percent

Irritant 254 18.0
Non-Irritant 1155 82.0

The four classifications are reduced to two 
by combining categories I and II (irritant), 
and III and IV (non-irritant), based largely on 
PPE requirements (Fig. 1).

EPA Cat I Cat II Cat III Cat IV

PDII Cor. >5.0 2.1-5.0 0-2.0

Binary Irritant Non-Irritant

• Figure 1 (above) provides a general overview of the dermal irritation classification system used by the 
U.S. Environmental Protection Agency (EPA).
– Test substance is applied to shaved, intact rabbit skin for at least 4 hours.
– Erythema and edema formation are scored up to 72 hours after removal of the test substance using the 

Draize scoring system.
– Primary dermal irritation index (PDII) is calculated as shown above using the scores from 

1, 24, 48 and 72 hours after test substance removal. 
– PDIIs are used to classify test substances into categories II, III or IV.
– Category I classifications are made based on direct evidence of corrosive properties.
– Color coding indicates relative level of human hazard (i.e., red category is corrosive; green category is 

non-corrosive/minimal irritant).

EPA Skin Irritation Classification

PDII = 𝑆𝑆𝑆𝑆𝑆𝑆 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑆𝑆𝑒𝑒 𝑒𝑒𝑎𝑎𝑎𝑎 𝑒𝑒𝑡𝑡𝑆𝑆𝑒𝑒 𝑝𝑝𝑝𝑝𝑡𝑡𝑝𝑝𝑒𝑒𝑝𝑝 +𝑆𝑆𝑆𝑆𝑆𝑆 𝑒𝑒𝑒𝑒𝑒𝑒𝑆𝑆𝑒𝑒 (𝑒𝑒𝑎𝑎𝑎𝑎 𝑒𝑒𝑡𝑡𝑆𝑆𝑒𝑒 𝑝𝑝𝑝𝑝𝑡𝑡𝑝𝑝𝑒𝑒𝑝𝑝)
𝑝𝑝𝑆𝑆𝑆𝑆𝑛𝑛𝑒𝑒𝑒𝑒 𝑝𝑝𝑜𝑜 𝑡𝑡𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑒𝑒𝑎𝑎𝑝𝑝 × 𝑝𝑝𝑆𝑆𝑆𝑆𝑛𝑛𝑒𝑒𝑒𝑒 𝑝𝑝𝑜𝑜 𝑒𝑒𝑝𝑝𝑡𝑡𝑆𝑆𝑒𝑒𝑎𝑎𝑝𝑝

Score Erythema Edema

0 No erythema No edema

1 Slight erythema --

2 Well defined Slight edema

3 Moderate-severe Moderate

4 Severe Severe

EPA Category I Category II Category III Category IV

PDII Corrosive >5.0 2.1-5.0 0-2.0

Signal Word DANGER WARNING CAUTION CAUTION

PPE Required

Coveralls worn over long-
sleeved shirt and long pants

Coveralls worn over short-
sleeved shirt and short pants

Long-sleeved shirt 
and long pants

Long-sleeved shirt 
and long pants

Socks Socks Socks Socks

Chemical-resistant footwear Chemical-resistant footwear Shoes Shoes

Waterproof or chemical-
resistant gloves

Waterproof or chemical-
resistant gloves

Waterproof or chemical-
resistant gloves No minimum

Prior 
result I II III IV

I 75.9% 8.0% 8.5% 7.5%

II 12.0% 28.1% 35.3% 24.6%

III 5.8% 5.0% 43.5% 45.7%

IV 2.2% 1.9% 11.6% 84.5%

Prior 
result I II III IV

I 86.5% 4.0% 7.2% 2.4%

II 10.4% 34.9% 31.1% 23.6%

III 4.5% 4.0% 43.5% 48.0%

IV 0.6% 1.5% 9.5% 88.4%

Table 1 describes the conditional probabilities for the 
full dataset for receiving the same categorical 
classification when a chemical is tested multiple 
times. 

Table 2 describes the conditional probabilities for the 
curated dataset for receiving the same categorical 
classification when a chemical is tested multiple 
times. 

• The physical-chemical properties of each chemical were predicted using 
quantitative structure-activity relationship models. Groups of chemicals 
were compared using the Chemical Characterization tool in the NTP 
Integrated Chemical Environment (https://ice.ntp.niehs.nih.gov/).

• Fig. 3 shows representative plots of predicted octanol-air partition 
coefficient (KOA), octanol-water partition coefficient (LogP), vapor 
pressure and water solubility for each group of chemicals.

• In these examples, chemicals were grouped as follows:
– Chemicals that only received a Cat III classification (grey)
– Chemicals that were classified as both Cat II and Cat III (orange)
– Chemicals that were classified as both Cat III and Cat IV (yellow)

• No physical-chemical property examined clearly distinguishes chemicals 
that are classified in multiple categories from those that are consistently 
classified in a single category.

Conditional Probabilities

Conditional Probabilities

Hazard

IV III II I

I
15%

II
3%

III
12%

IV
70%

CURATED DATASET

I
13%

II
4%

III
15%

IV
69%

FULL DATASET
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