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Clinical morphology of sodium lauryl sulfate
(SLS) and nonanoic acid (NAA) irritant patch test

reactions at 48 h and 96 h in 152 subjects
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In this study of 152 women, comparison of patch test responses between 2 irritants over 96 h at 2
symmetrical anatomical sites is studied. 2 irritants, each at 4 different concentrations (nonanoic
acid (NAA) 80%, 40%, 20%, 10%; sodium lauryl sulfate (SLS) 3%, 2%, 1% and 0.5%) and using
propan-1ol and ‘water for injection’ as the respective controls, were placed as 15 ml aliquots, soaked
onto filter paper discs in Finn Chambers, on the volunteer’s left and right lower back. The patches
were removed at 47, and read at 48 and 96 h. Irritant reactions were evaluated for erythema and
surface changes by degree and area affected. Statistical analysis of the results showed that ery-
thema decreased with time for all concentrations of NAA, and at higher concentrations for SLS.
Surface changes increased with time for SLS and at higher concentrations of NAA. There was no
statistically significant difference comparing left and right sides. Traditionally in patch testing,
reactions which fade after 48 h have been regarded as irritant rather than allergic. This study
refutes that assumption. Data from our left to right comparisons, made in the same individuals at
the same time, show that irritant reactions may be more reproducible than previously appreciated.
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Irritant responses are known to vary with different
irritants (1), dose and concentration (2), exposure
frequency (3), season (4), phase of the menstrual
cycle (5), anatomical site (6) and atopic status (7,
8). To minimise environmental, disease and indi-
vidual variability, in this study, each volunteer
acted as their own control, by duplicating the test

Table 1. Scoring of irritant reaction erythema and surface changes

Erythema Surface change
nil 0 nil 0
doubtful 0.5 dry 1
very mild erythema 1 dryness and wrinkling 2
mild erythema 2 dryness and fissuring 3
moderate erythema 3 fissuring with cracks, splits, sores 4
severe erythema 4 bullous reactions 5
erythema with oedema 5 severe bullous/necrotic reactions 6
erythema with necrosis/bullae 6

Size of reaction
less than size of patch 1
same as size of patch 2
greater than size of patch 3

irritants at symmetrical anatomical sites. Treffel et
al. (9) found increased (baseline) transepidermal
water loss on the dominant compared with the
non-dominant forearm. We wondered if there
would be a difference in clinical response to irri-
tants over a 96 h period, when comparing left and
right lower back.
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Materials and Methods

152 female volunteers, all over 18 years of age,
were assessed between January and April 1994. Ex-
clusion criteria included pregnant women and
those taking vasodilatory medication, i.e., calcium
channel blockers, b blockers, nitrates; systemic
corticosteroids, systemic retinoids or were using
topical anti-inflammatory, anti-acne or retinoic
acid preparations. Local ethical committee ap-
proval was granted for the study, and each volun-
teer provided fully informed, written consent.

2 irritants, sodium lauryl sulfate (SLS) and
nonanoic acid (NAA), each at 4 concentrations,
were placed in 8-mm Finn Chambers on the volun-
teer’s lower back. 15 ml of each solution were soak-
ed onto filter paper discs. 4 concentrations of
NAA: 80%, 40%, 20% and 10%, and using propan-
1-ol as vehicle control, were placed in descending

Fig. 1. Nonanoic acid (NAA) mean erythema at 48 h and 96 h,
left back.

Fig. 2. Nonanoic acid (NAA) mean erythema at 48 h and 96 h,
right back.

Fig. 3. Nonanoic acid (NAA) mean surface changes at 48 h and
96 h, left back.

Fig. 4. Nonanoic acid (NAA) surface changes at 48 h and 96
h, right back.

Fig. 5. Sodium lauryl sulfate (SLS) mean erythema at 48 h and
96 h, left back.

order just lateral to the spine inferiorly. 4 concen-
trations of SLS: 3%, 2%, 1% and 0.5%, and using
‘water for injection’ as a control, were placed lat-
erally to NAA in descending order. The patches
were removed at 47 h and read at 48 and 96 h.
Irritant reactions were evaluated for erythema and
surface changes as shown in Table 1.

The degree of erythema or surface change and
the respective associated area involved were
summated for each irritant reaction, thus the range
for any value was 0–9. These were then averaged
and a standard deviation calculated for each con-
centration, using Microsoft Excel 5.0. Nonpara-
metric analysis was performed using the Mann
Whitney U test (MW) on Minitab version 10.2.

Results

152 women were studied. The average age was
44∫15.7 years (range 18–83 years). 37 of these
were atopic, as defined by >1 positive Type I al-
lergy (prick) tests (using house dust mite, birch,
beech, grass, cat, and dog allergens). On both left
and right lower backs, NAA induced greater ery-
thema at 48 h than 96 h (p∞0.0001 MW for every
concentration except 20% NAA for the left back
where pΩ0.0161) as displayed in Fig. 1, 2. Surface
changes from NAA were statistically significantly
greater at 96 h than 48 h with 80% (p∞0.0001,
MW) and 40% NAA (pΩ0.0015, MW) for the left
back and at 80% NAA (pΩ0.0043, MW) for the
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right back, and greater at 48 h than 96 h with 10%
NAA (pΩ0.008 MW, left back and pΩ0.0004 MW,
for the right back), as shown in Figs. 3 and 4. With
3% SLS, the erythema was greater at 48 h than at
96 h (p∞0.0001, MW left and right backs),
whereas at 0.5% SLS the converse was true, (pΩ
0.0001 MW, left and right backs) as displayed in
Fig. 5, 6. Surface changes induced by 3%, 2% and
1% SLS were greater at 96 than 48 hours (p∞0.05
for left and right backs). Clinically, the irritant re-
actions showed reduced severity of reaction with
decreasing concentration of irritant and symmetry
of response (Figs. 7, 8).

Comparing the mean values on the left and right
backs for SLS and NAA erythema and surface
changes, there were no statistically significant dif-
ferences, with the exception of the surface changes
seen with 80% NAA at 48 h (pΩ0.04 MW). The
data was re-analysed comparing the dominant (as

Fig. 6. Sodium lauryl sulfate (SLS) mean erythema at 48 h and
96 h, right back.

Fig. 7. Sodium lauryl sulfate (SLS) mean surface changes at 48
h and 96 h, left back.

Fig. 8. Sodium lauryl sulfate (SLS) mean surface changes at 48
h and 96 h, right back.

Table 2. ICDRG scale of recording patch (allergic) test reac-
tions (10)

?π doubtful reaction; faint erythema only
π weak positive reaction; erythema, infiltration, possibly

papules
ππ strong positive reaction; erythema, infiltration, papules,

vesicles
πππ extreme positive reaction; intense erythema and infil-

tration and coalescing vesicles
IR Irritant reaction of different types

determined by hand dominance) and non-domi-
nant sides, and again there was no statistically sig-
nificant difference for either irritant at any concen-
tration.

Discussion

The International Contact Dermatitis Research
Group (ICDRG) (10) have defined a simple
method of evaluating erythema (Table 2) but there
is no such standard for the surface changes that
we all observe in patch testing. Reaction sites with
equivalent degrees of erythema but with different
areas of involvement (i.e., part of the chamber size
versus the whole chamber size), with or without
concomitant surface change (wrinkling, scaling,
fissures, etc.) cannot be considered equivalent. De-
termining a rank order of severity of surface
changes is difficult, but may be easier in the future
when we gain more comparative clinicohistopatho-
logical and electronmicroscopic data. In the mean-
time, the grading system employed in this study
attempts to quantify some common surface
changes. For both erythema and surface change,
both the degree and area affected by these were
graded.

There is a dogma that erythematous changes
that persist in patch testing support an interpreta-
tion of an allergic reaction in preference to an irri-
tant change, which is more likely to show erythema
at 48 h and fading rapidly thereafter. This study
showed that NAA and SLS provoke different irri-
tant effects when compared at 48 and 96 h for both
erythema and surface change, at the concen-
trations used herein, and that both induce persist-
ent erythema. An apparent crossover phenomenon
was demonstrated with these irritants, at the
middle concentrations, of greater erythema or sur-
face change at 48 h versus 96 h. NAA induces
greater surface changes at 96 h with concentrations
of 80% and 40% and greater surface change at 48
h at a concentration of 10%. SLS induces greater
erythema at 48 h at concentrations of 3% and 2%
but greater erythema at 96 h with 0.5%.

One could postulate that mild irritant damage
induces a smaller quantity or different collection of
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cytokine release, inducing delayed enhanced blood
flow, altered epidermal lipid metabolism and accel-
erated cell turnover (accounting for altered surface
change), whereas higher irritant concentration de-
als a more toxic insult, inducing greater and quick-
er changes. Irritant reactions suffer under a preju-
dice of been transient and non-reproducible, but
this study shows that irritant-induced erythema
and surface changes not only persist, but are sym-
metrically reproducible.
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