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1. Introduction 
The local lymph node assay (LLNA) is a 
well-established method for assessing skin sensiti-
zation; it involves the use of mice and provides an 
alternative to tests requiring guinea pigs. The 
LLNA has been accepted by the US Interagency 
Coordinating Committee on the Validation of Al-
ternative Methods (ICCVAM) as a stand-alone 
alternative to the currently used guinea pig tests. It 
has also been recognized as a stand-alone test for 
skin sensitization by the competent authorities of 
EU member states (Basketter et al., 2005). The test 
guidelines of the Organisation for Economic 
Co-operation and Development for the LLNA are 
available as OECD TG 429 (OECD, 2002).In the 
LLNA, 3H-methyl thymidine incorporation is 
measured by -scintillation counting in terms of 

disintegrations per minute (DPM). The stimulation 
index (SI) is a measure for judging whether the 
response to the tested chemical is positive or nega-
tive; it is calculated as the mean DPM/mouse for the 
chemical-treated group divided by that for the ve-
hicle control group. That is, the SI value is a ratio of 
2 variables. In order to assess variations in the SI, 
some researchers ignore the variation in the vehicle 
control group and calculate the SI variance by di-
viding each DPM/mouse value obtained for each 
chemical-treated group by the mean DPM/mouse 
value obtained for the vehicle control group. We 
refer to this approach as the “ignorance approach.” 
The variance of SI obtained by this approach may 
be underestimated, particularly for chemicals that 
produce slight stimulation, because it does not take 
into account variations in the vehicle control group. 
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Dean et al. (2001) noted that “each SI should in-
clude a measure of variability that takes into ac-
count the interanimal variability in both the dosed 
and the control groups”; however, they did not 
describe the approach available for the calculation. 
As an alternative to the ignorance approach, the 
variance of SI may be calculated by approxima-
tion; this is known as the delta method. The purpose 
of this article is (1) to derive a mathematical for-
mula for calculating the variation in SI by using the 
delta method and (2) to compare the variances ob-
tained by the ignorance approach and the delta 
method and evaluate which of these approaches is 
appropriate for use in statistical analyses based on 
SI. 
 
2. Materials and Methods 
2.1 Variances of SI 
Let Mean(i) be the mean DPM/mouse for the ith 
group, and let SE(i) be the standard error (SE) of 
this value for the ith group; i indexes the chemi-
cal-treated group (Y) and the vehicle control group 
(X). Thus, it follows that S I = Mean(Y) / Mean(X). 

When the variance is calculated using the ig-
norance approach, the variance of SI, i.e., 

 IASIVar , can be expressed as follows: 
 
 

(1) 
 
As described above, this approach does not reflect 
the variation in the vehicle control group. To 
overcome this limitation, we propose the use of 
another approach in which an approximation 
known as the delta method is applied twice. In 
other words, after the variance of the 
log-transformed SI, i.e.,  DLTSIlnVar , is estimated 

using the delta method, the variance of SI is esti-
mated by reapplying the delta method to the 
log-transformed SI. We refer to the variance ob-
tained in this case as  DLTSIVar , and it can be 

expressed as follows: 
 

(2) 
 
where 

 
 

(3) 
 
 

It should be noted that to calculate these vari-
ances, only the means and standard errors of the 

DPM/mouse values within each group are required, 
not each DPM/mouse value. 
 
2.2 Evaluation 
Based on a simple calculation, the following rela-
tionship between equations (1) and (2) can be 
demonstrated: 
 

(4) 
 

 
This equation states that  DLTSIVar  is always 

greater than  IASIVar  and that the difference be-

tween these variances increases with increase in the 
SI. Therefore, it is predicted that for a high SI value 
corresponding to a chemical providing severe 
stimulation, the widths of the confidence interval 
differ markedly and may occasionally lead to mis-
interpretation. Since  IASIVar  is obtained by ig-

noring the variation in the vehicle control group and 
 DLTSIVar , by using an approximation in the cal-

culation, both methods may be biased. Further, it is 
unclear whether these approaches are suitable for 
practical use because the true variance is unknown. 
We then conducted a simulation study in order to 
examine the magnitude of the difference between 
the variance values obtained by both methods under 
several conditions and to determine the approach 
that is appropriate for practical use. In this investi-
gation, we obtained the true variance of the SI by a 
Monte Carlo simulation. In other words, we re-
garded the sample variance of the SIs calculated 
using the random values generated for 10,000 rep-
lications as a true variance of SI. In the simulation, 
random numbers for the mean DPM/mouse values 
were generated for the chemical-treated group (Y) 
and vehicle control group (X), and the SIs were then 
calculated. The mean DPM/mouse values were 
assumed to follow a normal distribution truncated at 
less than 20 with a mean of 200 and standard de-
viations of 10, 25, and 50; the mean DPM/mouse 
follows a normal distribution with a mean of 200, 
600, 1,000, 2,000, and 10,000 and standard devia-
tions of 10, 50, and 100. Under these conditions, the 
SI values were 1, 3, 5, 10, and 50. The reason for the 
use of truncated normal distribution in the vehicle 
control group was that the SI is very sensitive to 
lower denominator values, and it was considered 
that in practicality, the mean DPM/mouse values 
below 20 cannot be regarded  to indicate a suc-
cessful examination. 
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We also examined the extent of the difference 
between the 2 variances by using published real 
data regarding the LLNA. Several inter-laboratory 
studies on the LLNA have been conducted, wherein 
the means and standard errors of the DPM/mouse 
values in experiments on different chemicals have 
been described (Basketter et al., 1991; Kimber et 
al., 1991a, 1995b, 1998c; Loveless et al., 1996; 
Scholes et al., 1992). Loveless et al. (1996) reported 
the results of experiments conducted in 5 laborato-
ries, wherein 7 chemicals were tested by using the 
LLNA; however, they reported the standard errors 
for only 3 laboratories. We used their published 
data regarding the values obtained for 3 different 
chemicals (dinitrochlorobenzene, isoeugenol, and 
para-aminobenzoic acid (PABA)) for our subse-
quent investigations (Table 1). 
 
3 Results 
3.1 Monte Carlo simulation 
Table 2 shows the calculated variances, in which 
Var(SI)SIM was obtained from the Monte Carlo 
simulation and Var(SI)IA and Var(SI)DLT were cal-
culated based on the values obtained under different 
simulation conditions. Since  IASIVar  is esti-

mated solely based on Mean(X) and SE(Y), the 

variance obtained under various conditions remains 
the same. When SE(X) = 10 and SI = 1, both 

 IASIVar  and  DLTSIVar  were almost equal and 

were less biased. However, these values differed 
under other conditions. In particular, they differed 
considerably in the case of high SI values, and 

 IASIVar  was extremely biased toward underes-

timation. When SE(X) = 10,  DLTSIVar  was 

slightly biased, whereas for high SE(X) values, it 
tended to be underestimated. 
 
3.2 Numerical examination 
Table 3 shows the SIs and variances obtained using 
the different approaches in each laboratory and for 
each dose of the 3 chemicals listed in Table 1. For 
higher SIs, the difference between the values cal-
culated using the 2 approaches tended to be greater. 
For example, in the case of 0.25% dinitrochloro-
benzene examined in laboratory 3, the  DLTSIVar  

value was 112.59, while the  IASIVar  value was 

4.47. This is due to the first condition of equation 
(4). 
 
 
 

 

Concentration (%) Mean SE Mean SE Mean SE

Dinitrochlorobenzene
Solvent 287 64 163 22 26 11

0.010 444 67 163 18 65 12

0.025 529 179 194 27 76 28

0.050 675 119 455 93 82 13

0.100 2550 349 2092 316 184 23

0.250 10953 493 12814 1675 639 55

Isoeugenol
Solvent 251 22 313 57 43 12

0.25 729 105 228 39 53 11

0.50 435 112 230 37 74 77

1.00 584 40 272 10 112 16

2.50 953 145 649 133 184 35

5.00 1718 259 2242 487 479 96

pABA
Solvent 90 13 139 18 59 16

0.5 101 14 223 33 67 10

1.0 98 10 116 11 37 10

2.5 104 16 121 18 39 11

5.0 100 23 91 5 46 10

10.0 86 15 97 3 35 7

Lab. 1 Lab. 2 Lab. 3

Table 1.  Mean and standard error of the DPM/mouse values for each group in 3 laboratories. 
These data were reported by Loveless et al. (1996). It is reported that the number of mice / group was 4 or 5. 

SE, Standard error. 
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4. Discussion 

SE(Y) SI Var(SI)S IM Var(SI)IA Var(SI)DLT Var(SI)S IM Var(SI)IA Var(SI)DLT Var(SI)S IM Var(SI)IA Var(SI)DLT

10 1 0.005 0.003 0.005 0.021 0.003 0.018 0.138 0.003 0.065
50 1 0.066 0.063 0.065 0.083 0.063 0.078 0.219 0.063 0.125
100 1 0.253 0.250 0.253 0.281 0.250 0.266 0.467 0.250 0.313
10 3 0.025 0.003 0.025 0.164 0.003 0.143 1.244 0.003 0.565
50 3 0.087 0.063 0.085 0.227 0.063 0.203 1.376 0.063 0.625
100 3 0.275 0.250 0.273 0.421 0.250 0.391 1.530 0.250 0.813
10 5 0.066 0.003 0.065 0.449 0.003 0.393 3.376 0.003 1.565
50 5 0.127 0.063 0.125 0.517 0.063 0.453 3.594 0.063 1.625
100 5 0.316 0.250 0.313 0.704 0.250 0.641 3.633 0.250 1.813
10 10 0.256 0.003 0.253 1.794 0.003 1.565 13.191 0.003 6.253
50 10 0.318 0.063 0.313 1.840 0.063 1.625 13.832 0.063 6.313
100 10 0.509 0.250 0.500 2.049 0.250 1.813 14.070 0.250 6.500
10 50 6.442 0.003 6.253 44.352 0.003 39.065 338.721 0.003 156.253
50 50 6.415 0.063 6.313 45.240 0.063 39.125 346.652 0.063 156.313
100 50 6.626 0.250 6.500 44.519 0.250 39.313 343.594 0.250 156.500

SE(X)
10 25 50

Table 2.  Theoretical examination of 3 variances obtained under several conditions. 
The mean DPM/mouse value in the chemical-treated group was set at 200. Var(SI)SIM was obtained in the
Monte Carlo simulation, and Var(SI)IA and Var(SI)DLT were calculated from the values obtained in the
simulation. 

Var(SI)SIM, the variance of SI obtained from the simulation; Var(SI)IA, the variance of SI obtained by the igno-
rance approach; Var(SI)DLT, the variance of SI obtained by the delta method; SE(X), standard error for the
DPM/mouse values in the vehicle control group; SE(Y), standard error for the DPM/mouse values in the
chemical-treated group; and SI, Stimulation index. 

Concentration (%)
SI Var(SI)IA Var(SI)DLT SI Var(SI)IA Var(SI)DLT SI Var(SI)IA Var(SI)DLT

Dinitrochlorobenzene

0.01 1.55 0.05 0.17 1.00 0.01 0.03 2.50 0.21 1.33 
0.025 1.84 0.39 0.56 1.19 0.03 0.05 2.92 1.16 2.69 
0.05 2.35 0.17 0.45 2.79 0.33 0.47 3.15 0.25 2.03 
0.1 8.89 1.48 5.40 12.83 3.76 6.76 7.08 0.78 9.75 
0.25 38.16 2.95 75.38 78.61 105.60 218.18 24.58 4.47 112.59 
Isoeugenol

0.25 2.90 0.17 0.24 0.73 0.02 0.03 1.23 0.07 0.18 
0.5 1.73 0.20 0.22 0.73 0.01 0.03 1.72 3.21 3.44 
1 2.33 0.03 0.07 0.87 0.00 0.03 2.60 0.14 0.67 
2.5 3.80 0.33 0.44 2.07 0.18 0.32 4.28 0.66 2.09 
5 6.84 1.06 1.42 7.16 2.42 4.12 11.14 4.98 14.65 
pABA

0.5 1.12 0.02 0.05 1.60 0.06 0.10 1.14 0.03 0.12 
1 1.09 0.01 0.04 0.83 0.01 0.02 0.63 0.03 0.06 
2.5 1.16 0.03 0.06 0.87 0.02 0.03 0.66 0.03 0.07 
5 1.11 0.07 0.09 0.65 0.00 0.01 0.78 0.03 0.07 
10 0.96 0.03 0.05 0.70 0.00 0.01 0.59 0.01 0.04 

Lab. 1 Lab. 2 Lab. 3

 

Table 3.  Numerical comparison of the variances obtained using the ignorance approach and the delta method 
approach. 

Var(SI)IA, the variance of SI obtained using the ignorance approach; Var(SI)DLT, the variance of SI obtained
using the delta method; and SI, stimulation index. 
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One of the merits of the LLNA when compared 
with other in vivo tests such as the guinea pig 
maximization test is that it reduces and refines 
animal use in identifying the hazards of 
skin-sensitizing chemicals (Basketter, 2005). An-
other important merit of this method is that it can 
quantitatively assess chemicals based on the SI. 
Despite this fact, variations in the SI have not been 
investigated sufficiently. In this study, we derived a 
formula for calculating the SI variance by using the 
delta method. 

In our comparative investigation of the vari-
ances obtained using 2 different approaches, we 
observed that the value obtained using the igno-
rance approach, i.e.,  IASIVar , was extremely 

underestimated in the case of high SI values. In the 
LLNA, the SI cut-off value for judging whether the 
response to a chemical is positive or negative is 
usually set to be 3. It is possible that the dissimi-
larity between the 2 variances even around an SI 
value of 3 may be so great that the value obtained by 
the ignorance approach cannot be accepted. 
Therefore, to judge whether the response to a 
chemical is positive or negative, a statistical test 
based on the ignorance approach should not be used 
because it may yield an excessive number of false 
positive judgments. The delta method is a better 
approach than the ignorance approach. 

Another important merit of using the variance 
of SI is with regard to the confidence interval. 
There exists a close link between the use of a con-
fidence interval and a two-sided statistical test. 
Thus, the results of the statistical test can be in-
ferred once the confidence interval has been cal-
culated. Furthermore, presenting the confidence 
interval for the SI can directly reveal the SI preci-
sion (Gardner et al., 2000). Although we can sim-
ply obtain the 95% confidence interval as 
 

(5) 
 
the lower limit value obtained by this equation may 
be an improbable value of less than 0. To eliminate 
this possibility, the confidence interval for the 
log-transformed SI can be exponentiated as follows: 
 

(6) 
 

and  SIlnVar  can be obtained from equation (3). 

This is another benefit of using the delta approach. 
  
  In conclusion, statistical analysis based on the 

ignorance approach is not acceptable because the 
variance thus obtained is severely biased toward 
underestimation. Instead, the delta method ap-
proach is recommended for practical use. However, 
it should be noted that this approach is also slightly 
biased in the case of large variations in the 
DPM/mouse values in the vehicle control group. 
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