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Abstract

Activated T-helper type 1 (Th1) lymphocytes induce a cellular type immune response,
and Th2 lymphocytes, a humoral or antibody-mediated type immune response. Soluble
CD26 (sCD26) and soluble CD30 (sCD30) are regarded as markers of Th1 and
Th2 lymphocyte activation, respectively. Serum from 112 generally healthy pediatric
surgical patients and cerebrospinal fluid (CSF) from 39, aged 1–17 years were
measured for sCD26 and sCD30 using an enzyme-linked immunosorbent assay
method. The detection limit for sCD26 was 6.8 ng/ml and for sCD30, 1.9 IU/ml. For
serum sCD26 and sCD30, 2.5% and 97.5% percentiles constituted the reference limits,
and the 95% credible intervals for the percentiles were calculated using regression
models with a Bayesian approach. A significant between-gender difference was
observed (P = 0.015) in serum sCD26 concentration, of which the lower limits ranged
between 273 and 716 ng/ml for girls and 235 and 797 ng/ml for boys. The upper limits
ranged between 1456 and 1898 ng/ml for girls and between 1419 and 1981 ng/ml
for boys. Moreover, the concentrations of sCD26 increased in infants and children up
to 10 years in girls and 12 years in boys. After this however, the values decreased.
The serum sCD30 concentration was highest among the youngest infants aged 1 year
(80–193 IU/ml), after which a consistent age-related decrease was found. The lowest
values were found at the age of 17 years (10–89 IU/ml). A significant between-
gender difference in sCD30 concentration was observed (P = 0.019). sCD26 and
sCD30 concentrations were low in the CSF samples analyzed: 13.3 ng/ml (median);
range 8.3–51.5 ng/ml and 7.6 IU/ml; 2.1–18.5 IU/ml, respectively. Reference limits
for serum sCD26 in children aged 1–17 years were established as being 235–1800
ng/ml in toddlers and 400–1800 ng/ml in female adolescents and 700–2000 ng/ml
in male adolescents. For sCD30; reference limits of 80–190 IU/ml were established
in the youngest age group and 10–90 IU/ml in adolescents.

Introduction

There has recently been wide clinical interest in the functional
roles of T-helper lymphocytes in infectious diseases (1–3),
allergy and atopic diseases (4, 5), rheumatoid arthritis (6, 7)
and other autoimmune diseases (8, 9), and in kidney trans-
plantation (10, 11), among other cases. Activated T-helper
type 1 (Th1) lymphocytes are responsible for the induction of
the cellular type immune response, since they activate cyto-
toxic T lymphocytes to kill infected cells. Th2 lymphocytes

are responsible for the humoral or antibody-mediated
type immune response, because activated Th2 lympho-
cytes are needed to help B lymphocytes secrete protective
antibodies (12).

Lymphocyte activation leads to the expression of activation
molecules on activated cells, e.g. the membrane form of CD30
is expressed on the surface of activated T lymphocytes (13).
Soluble CD30 (sCD30) is an 85 kDa molecule (14) and is
released upon T-cell activation by proteolytic cleavage to
circulating plasma (14). It has been regarded as a measure
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of the activity of Th2 lymphocytes (13, 15); however, the
CD30 antigen has recently been suggested not to reflect Th2
activation but rather to act as an important regulatory molecule
in the balance between Th1 and Th2 cells (16).

CD26 is a 110 kDa cell surface glycoprotein with a dipeptyl
peptidase IV activity (17). It is expressed on activated T
lymphocytes and on the epithelial cells of the liver, kidney and
intestine (18, 19). CD26 may help activated T lymphocytes in
localizing to inflammatory regions (20), and has been regarded
as a marker of Th1 activation (2, 3).

The measurement of soluble CD26 (sCD26) and sCD30
concentrations in a serum sample or in other body fluids might
be useful for clinical use, since changes in the concentrations
could reflect the activation state of lymphocytes. There are
commercial enzyme-linked immunosorbent assays (ELISA)
for analyzing sCD26 and sCD30 that could be used for routine
clinical analysis; however, little data concerning serum and
cerebrospinal fluid (CSF) sCD26 and sCD30 in generally
healthy pediatric patients is available.

If the laboratory analytes of interest are known to depend
on characteristics such as age and sex, the guideline for
calculating reference limits suggests partitioning the reference
values into homogeneous subgroups (21). However, if there
is not enough data in each subgroup, the reliable statistical
estimation of these reference limits may be problematic.
Therefore, regression models have been proposed for the
estimation of reference limits in children (22, 23).

The aim of this study was to measure the sCD26 and sCD30
concentrations in serum in generally healthy surgical pediatric
outpatients, in order to calculate the reference limits for these
two new immunological lymphocyte activation markers. We
used a regression model with a Bayesian approach to calculate
age-specific reference limits for serum sCD26 and sCD30 in
children aged 1–17 years. CSF concentrations of sCD26 and
sCD30 were also measured from samples when available.

Materials and methods

Patients

We enrolled a consecutive group of 112 generally healthy
children (51 girls and 61 boys) undergoing elective surgery
in a pediatric outpatient unit of the Department of Pediatric
Surgery at Kuopio University Hospital, Kuopio, Finland.
The study protocol was approved by the Research Ethics
Committee of the Hospital District of Northern Savo, Kuopio.
The parents (and children if old enough to understand) were
asked whether the children had any symptoms of autoimmune
diseases such as asthma, allergic rash, chronic bowel disease,
chronic arthritis, diabetes or renal failure, malignant diseases,
liver inflammation disease or acute respiratory infection. All
patients with a previous medical history or signs or symptoms
of these diseases in a preoperative medical evaluation were
excluded from the study. Four cohorts of pediatric patients of
both genders, aged between 1 and 3 (n = 28), 4 and 7 (n = 28),

8 and 11 (n = 28) and 12 and 17 (n = 28) years were enrolled,
to obtain an adequate number of equally distributed samples
for the calculation of reference intervals. Parental written
informed consent and the children’s assent were obtained
before obtaining the blood and CSF samples.

Samples

Blood samples of 3 ml were obtained by venipuncture
with the routine preoperative laboratory tests or in the
operating theater from an in-dwelling venous catheter inserted
for perioperative fluid administration and pharmacotherapy.
Blood was collected into tubes without anticoagulants, and
after a 10 min centrifuge of the clotted samples at 20◦C and
2084 g , the serum was separated and aliquoted.

In 39 children undergoing spinal anesthesia for surgery, a
CSF sample of 0.5 ml was obtained before intrathecal local
anesthetic injection. The CSF was centrifuged at 20◦C and
3100 rpm for 10 min. Both serum and CSF aliquots were
stored in plastic tubes at −70◦C until analysis.

Measurements

Serum sCD26 and sCD30 measurements were performed
using the ELISA method (Bender Med Systems, Vienna,
Austria), according to the manufacturer’s instructions. The
detection limit for sCD26 was estimated to be 6.8 ng/ml
and for sCD30, 1.9 IU/ml. Pooled serum samples were run
in every assay. The intra-assay precision of serum sCD26
concentrations of 627 ng/ml (n = 10) and 1395 ng/ml (n = 10),
were 8.1% and 7.6% respectively, whereas the inter-assay
precision of a serum sCD26 concentration of 840 ng/ml
(n = 9) was 15.1%. The intra-assay precisions of serum sCD30
concentrations of 16.9 IU/ml (n = 11), 27.5 IU/ml (n = 9) and
44.7 IU/ml (n = 5) were 20.2%, 5.9% and 6.8%, respectively.
The inter-assay precision of a serum sCD30 concentration of
34.9 IU/ml (n = 13) was 13.5%.

Statistical methods

Regression models

We modeled the observed values of serum sCD26 and sCD30
using Bayesian hierarchical linear regression models (i.e.
linear in parameters) (24). For all parameters we used standard
non-informative prior distributions (24, 25). As reference
limits, we reported the 2.5th and 97.5th percentiles of the
fitted Gaussian distributions (21). The 95% credible intervals
of the percentiles were estimated using a Markov chain Monte
Carlo (MCMC) simulation algorithm, implemented in the
WinBUGS (26) software package. Details of the regression
models and MCMC analysis are given in Appendix.

Investigating the difference between sexes

In order to investigate the differences in the distributions of
the observed values between sexes, we estimated the mean
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difference and its 95% credible interval between boys and
girls at different ages using model 1 (see Appendix).

As a further investigation of the statistical significance
of the difference in the observed values between boys and
girls, we fitted a regression model which considers both
sexes jointly. Using this model, we simulated replicate data
sets under the hypothesis that the values for boys and girls
would follow the same distribution. We then compared the
simulated replicates to the observed data. As a result of these
comparisons, we obtained posterior P -values (24) which
reflect the probability of observing a certain characteristic at
least as extreme as that seen in the observed data, under the
null-hypothesis of no difference between boys and girls (see
Appendix).

Finally, in order to estimate the fit of the different models,
we compared models 1 and 3 with the deviance information
criterion (DIC) criterion (27). This provided an estimate of
the prediction accuracy of the models employed.

Results

From the 112 serum samples collected from healthy children
aged 1–17 years, we established age-dependent reference
limits for serum sCD26 and sCD30 using a Bayesian
approach in a regression-based estimation of reference limits
(Tables 1 and 2).

The lower limits of serum sCD26 ranged between 273 and
716 ng/ml for girls, and between 235 and 797 ng/ml for
boys. The upper limits ranged between 1456 and 1898 ng/ml
and 1419 and 1981 ng/ml for girls and boys, respectively.
The serum sCD26 concentration increased in infants and
children up to 10 years in girls and up to 12 years in boys,

after which the values were found to decrease (Figure 1,
Table 1). A significant between-gender difference (P = 0.015)
was observed, and separate reference intervals for girls and
boys were created. The differentiation between boys and girls
was seen to be largest in the oldest age groups with a 95%
credible interval, slightly excluding the value zero (Figure 2).

The serum sCD30 concentration was found to be highest
among the youngest infants aged 1 year (80–193 IU/ml), after
which came a consistent age-related decrease. The lowest
values were found at the age of 17 years (10–89 IU/ml;
Figure 3, Table 2). Overall, a significant between-gender
difference in sCD30 concentration was observed (P = 0.019),
with the largest difference seen in the oldest age groups, where
the whole 95% credible interval lied above zero after the age
of 14 (Figure 4).

Of 38 measured sCD26 concentrations in CSF, 22 were
above the detection limit. The mean concentration of sCD26
in CSF samples was 17.2 ng/ml (median 13.3 ng/ml, range
8.3–51.5 ng/ml). sCD30 concentrations in all 39 CSF samples
were above the detection limit, the mean concentration
being 8.0 IU/ml (7.6 IU/ml, 2.1–18.5 IU/ml). No correlation
between age and the concentration of sCD26 and sCD30 in
CSF was found.

Discussion

A curved association could be found between age and
serum sCD26 in both boys and girls. Interestingly, the peak
concentration in serum sCD26 in girls occurred at the age
of 10 years, two years earlier than noted in boys. T-cell
production by the thymus is most active in young children,
decreasing after the onset of puberty due to the effect of

Table 1 Reference limits (2.5% and 97.5%) for girls and boys, and their 95% credible intervals at different age points for serum sCD26 concentrations
(ng/ml)

Girls (n = 51) Boys (n = 61)

Age (years) Lower limit Upper limit Lower limit Upper limit

1 273 (88–447) 1456 (1292–1648) 235 (51–394) 1419 (1253–1601)
2 371 (210–515) 1555 (1417–1720) 334 (176–464) 1517 (1377–1671)
3 455 (311–588) 1639 (1519–1790) 422 (281–537) 1605 (1481–1742)
4 529 (387–653) 1713 (1597–1858) 498 (366–612) 1683 (1568–1817)
5 591 (446–714) 1775 (1657–1921) 568 (438–682) 1753 (1637–1886)
6 640 (492–763) 1823 (1701–1973) 629 (494–746) 1813 (1695–1947)
7 676 (526–805) 1859 (1735–2014) 680 (541–800) 1865 (1742–2003)
8 701 (550–833) 1884 (1757–2040) 722 (578–844) 1907 (1780–2050)
9 715 (562–845) 1897 (1770–2055) 754 (609–879) 1939 (1813–2084)
10 716 (567–841) 1898 (1773–2050) 778 (635–900) 1962 (1839–2108)
11 705 (557–828) 1887 (1765–2036) 792 (647–916) 1976 (1854–2120)
12 681 (531–803) 1863 (1743–2011) 797 (646–923) 1981 (1856–2128)
13 645 (491–773) 1828 (1701–1980) 794 (635–924) 1976 (1846–2128)
14 599 (428–741) 1780 (1640–1949) 779 (605–926) 1963 (1820–2127)
15 538 (336–706) 1722 (1552–1915) 755 (560–924) 1941 (1776–2126)
16 466 (226–668) 1650 (1441–1877) 724 (489–934) 1908 (1705–2130)
17 382 (94–636) 1566 (1306–1843) 682 (408–941) 1867 (1624–2137)
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Table 2 Reference limits (2.5% and 97.5%) for girls and boys and their 95% credible intervals at different age points for serum sCD30 concentrations
(IU/ml).

Girls (n = 51) Boys (n = 61)

Age (years) Lower limit Upper limit Lower limit Upper limit

1 85 (70–101) 193 (170–220) 80 (66–93) 185 (165–207)
2 78 (65–89) 181 (163–203) 71 (60–81) 171 (156–189)
3 70 (60–80) 170 (156–187) 64 (55–71) 160 (147–174)
4 63 (54–72) 159 (147–174) 57 (49–64) 149 (138–162)
5 57 (49–65) 149 (137–164) 51 (44–58) 139 (129–152)
6 51 (43–59) 140 (127–154) 46 (39–53) 131 (120–144)
7 46 (38–54) 131 (118–145) 41 (34–48) 123 (112–136)
8 41 (33–48) 122 (110–136) 37 (31–44) 116 (106–129)
9 36 (29–43) 114 (102–127) 34 (27–41) 111 (100–123)
10 32 (25–38) 106 (95–118) 31 (25–38) 105 (95–118)
11 28 (22–33) 98 (88–110) 29 (23–35) 101 (91–113)
12 24 (19–29) 91 (82–103) 27 (22–33) 97 (88–109)
13 21 (16–25) 85 (75–96) 26 (20–31) 95 (85–107)
14 18 (13–22) 78 (68–90) 24 (18–31) 92 (82–105)
15 15 (10–20) 72 (61–85) 24 (17–31) 91 (78–105)
16 12 (7–19) 67 (53–83) 23 (15–31) 90 (75–108)
17 10 (4–18) 61 (46–80) 23 (14–34) 89 (71–111)

Figure 1 Calculated reference limits for
serum sCD26. Both plots show the
measured values of serum sCD26. The
solid dots represent boys and open circles
girls. The plot on the left shows the
calculated reference limits for girls as a
function of age. The solid lines represent
the 97.5th and 2.5th percentiles of the
distribution of sCD26. The dotted lines
indicate the 95% credible intervals for the
percentiles. The plot on the right shows
the same percentiles as applied to boys.

sex hormones (28, 29). Relatedly, we wonder if the peak
concentration of serum sCD26 at the age of 10 years in girls
could reflect the earlier onset of puberty in girls.

Our findings concerning the between-gender difference of
serum sCD26 are in accordance with our previous study
(30), in which serum sCD26 was observed to be higher
in boys than girls at school age. This was, however, in
another patient population including patients having clinical
or possible asthma and controls. In contrast to that study (30),
we can now show a relationship between age and the level of
serum sCD26. The reason for this may be the rather narrow
age range of children at school age. The mean age of the
children was 10.4 years and the range was 7.6–13.5 years,
in our previous study (30), compared to this study in which

the age ranged from 1 to 17 years. The difference in patient
populations between our studies may also partly explain
differences in results, as a delay in Treg cell maturation has
been reported in atopic children, when compared to age-
matched non-atopic children (31).

Our findings concerning sCD30 agree with those of two
earlier studies, in which an inverse relationship was found
between plasma sCD30 and age, in pediatric patients with
tuberculosis (age range from 5 months to 14 years, n = 46)
(32) and in atopic children and normal controls (61 patients,
mean age ± SD, 6.3 ± 2.7 years, and 27 controls, 5.6 ±
3.0 years) (33). Recently, a negative correlation between the
age and the concentration of serum sCD30 was reported in
healthy children aged 0–18 years (34); however, they could
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Figure 2 Mean difference between boys and girls for serum sCD26.
The thick solid line shows the estimated mean difference between the
values of boys and girls as a function of age. The thin lines show the
corresponding 95% credible interval.

not find a sex difference of serum sCD30 between boys and
girls (34). This may be due to a smaller patient population,
when compared to our study. In contrast, there is a study
in which serum sCD30 was not found to correlate with age
in 18 atopic dermatitis patients (6 months to 8 years), in 22
bronchial asthma patients (6–14 years), or in 20 controls (6
months to 14 years) (4). The number of patients studied, their
age range and the differences in patient populations may have
had an effect on these results.

During the preschool period (<5-year-old infants and
children), an association among increased serum sCD30
concentration, detectable circulating CD30 expressing cells
and reduced Th1-type immune response has been reported
(35). Our finding of the highest serum sCD30 concentrations
among the youngest children could reflect an increased Th2-
type activation in this age group. Th2-type activation has
been connected to the down regulation of Th1 activation (2),
which could explain the reduced Th1-type immune response
in early infancy, seen in our study. Our findings show that
serum sCD26 concentrations increased, while serum sCD30
concentrations decreased after early infancy, which might
reflect an increasing Th1-type response in children up to
adolescence (35). The levels of serum sCD30 were lower in
boys compared to girls aged less than 10 years; however, those
boys older than 10 years had higher levels of serum sCD30
than girls of the same age.

Our findings indicate that the sCD26 and sCD30 concentra-
tions in CSF in healthy children are very low. We expected to
find low levels of CSF sCD26 and sCD30, because there are
few normal mononuclear cells such as lymphocytes, present
in CSF. The number of lymphocytes in general is small and
with sensitive ELISA methods, we could show measurable
but low immunoactivity in our CSF samples.

We used the Bayesian statistical framework (24, 25) to fit
the statistical models specified earlier in the Materials and

methods section. Unlike the classical Frequentist approach
which assumes that the parameters of a model have a
fixed but unknown value, the Bayesian approach assigns
probabilities to the possible values of unknown quantities.
We adopted the Bayesian approach because it allows an
intuitive interpretation, in terms of probabilities and flexible
calculations within the hierarchical model (36).

The hierarchical model can be interpreted as if boys and
girls are modeled separately, but takes into account the fact
that the regression curves for both sexes are expected to
be similar. Thus, the hierarchical model is an intermediate
between a model which considers both sexes jointly and one
which has independent parameters for boys and girls. The
benefit of using such a model is that it allows some variation in
the results for boys and girls. By utilizing the information that
the results for the different sexes are expected to be similar, it
avoids the introduction of additional independent parameters,
which would lead to increased uncertainty during estimation.
Initially, both models were used for both laboratory analytes
to calculate reference intervals, and following this, the most
suitable model was selected (see Appendix).

Large numbers of samples are needed if the partitioning
of data into subgroups is performed, which poses difficulties
in the case of pediatric reference samples. In our study,
partitioning data into subgroups could have led to moderate
changes in the reference limits between subgroups, but
this was avoided with the regression method used (data
not shown). Additionally, the sample sizes in partitioned
age groups would have proved to be too small for valid
reference limit estimation. As such, both serum sCD26 and
sCD30 concentrations were age dependently distributed in the
pediatric samples tested.

One limitation of this study was that only one sample from
each of the subjects was obtained. Thus, we were unable
to detect whether there would have been any fluctuation or
variation over a time in the levels of sCD26 and sCD30
for a single patient. Moreover, it is open to discussion,
as to whether the stressful situation or preoperative blood
withdrawal, would have effects on the levels of these two
activation molecules. Further studies are needed to establish
whether there is variation in sCD26 and sCD30 levels prior
to and after surgery. Moreover, in future the reference values
obtained here should be compared with those seen in patients
with altered activation of T cells.

In conclusion, continuous reference limits with 95% cred-
ible intervals were constructed for serum sCD26 and sCD30
concentrations in children aged 1–17 years. A Bayesian
regression model-based approach was able to estimate the ref-
erence limits on a continuous age scale, and the partitioning
of data was unnecessary. The CSF sCD26 and sCD30 concen-
trations were seen to be very low. Now that reference limits
for sCD26 and sCD30 for children have been established, the
measurement of sCD26 and sCD30 concentrations in a serum
sample or in CSF could be useful clinically, since changes in

372 © 2012 John Wiley & Sons A/S
Tissue Antigens, 2012, 80, 368–375



W. Delezuch et al. Soluble CD26 and CD30 in children aged 1–17 years

Figure 3 Calculated reference limits for
serum sCD30. Both plots show the
measured values of sCD30. The solid
dots represent boys and open circles girls.
The plot on the left shows the calculated
reference limits for girls as a function of
age. The solid lines represent the 97.5th
and 2.5th percentiles of the distribution
of sCD26. The dotted lines indicate the
95% credible intervals for the percentiles.
The plot on the right shows the same
percentiles as applied to boys.

Figure 4 Mean difference between boys and girls for serum sCD30.
The thick solid line shows the estimated mean difference between the
sCD30 values of boys and girls as a function of age and the thin lines
show the corresponding 95% credible interval.

the concentrations of sCD26 and sCD30 can reflect the acti-
vation state of lymphocytes, which differs in various types of
disease.
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Appendix

Bayesian hierarchical linear regression models

For statistical analysis, we used Bayesian hierarchical linear
regression models (24):

yi = β
s(i )
0 + β

s(i )
1 xi + β

s(i )
2 x2

i + εi . (1)

In this, xi denotes the age of the i th sampled individual,
yi denotes the measured level of either sCD26 or sCD30–the
square root transformation was applied to sCD30 concentra-
tions (see below).εi∼N (0, σ2), and s(i ) ∈ {boy, girl} specifies
the gender of the i th individual. The similarity in values
of boys and girls was taken into account by specifying the
gender-specific regression parameters to be drawn from com-
mon distributions:

β
boy
j , βgirl

j ∼ N
(
μj , σ

2
j

)
, for j = 0, 1, 2. (2)

As reference limits, we reported the 2.5th and 97.5th
percentiles of the fitted Gaussian distributions (21) given by

Percentile97.5 = μ + 1.96σ

and
Percentile2.5 = μ − 1.96σ.

In this, μ and σ are the mean and standard deviation
estimated using the model defined in Equation [1].

To further investigate the statistical significance of the
differences in observed values between boys and girls, we
fitted a regression model which considered both sexes jointly:

yi = β0 + β1xi + β2x2
i + εi . (3)

Using this model, we simulated K replicate data sets
from the estimated posterior predictive distribution. For each
replicate data set we calculated a test score: T k , k = 1, . . . , K .
The posterior P -values (24) were then obtained as the
proportion of test scores for those resampled data sets whose
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values were greater than or equal to the value of the test score
(T ) for the original data, i.e.

P -value = #{Tk : Tk ≥ T }
K

.

In this, # denotes the set cardinality operator.
As test scores, we used

T1 =
∑

i∈boys

�i −
∑

i∈girls

�i

and
T2 = kboys − kgirls.

Here, �i denotes the residual of the i th sampled individual,
and the terms kboys and kgirls are slopes of the linear regression
curves fitted to the residuals of boys and girls respectively.

Prior distributions for the parameters of the joint model
defined in Equation [3] were set as follows:

τ ∼ Gamma (0.001, 0.001) , where τ = 1/σ2,

βj ∼ N
(
μj , σ

2
j

)
, for j = 0, 1, 2,

μj ∼ N
(
0, 106) , for j = 0, 1, 2,

σj ∼ Unif (0, 100) , for j = 0, 1, 2.

Prior distributions for the hierarchical model defined in
Equation [1] were set as above, except for the prior speci-
fications given in Equation [2].

We used two chains in the WinBUGS MCMC analysis, and
the convergence was detected by inspecting the trace plots for
sampled parameter values. We used a burn-in equal to 20,000
and a thinning value equal to 100. After the convergence was
reached, we simulated yet another 2000 iterations and saved
the sampled parameter values from both chains (in total, 4000
samples). The presented distributions are based on these saved
values.

Preliminary model checking

Before selecting the models which were used in the final
analyses, we considered a number of alternative models for
the two data sets. Regression models were tested with first,
second and third order terms for age, and also models in which
the two sexes were considered either jointly or separately. For
sCD30, we also considered different transformations to make
the variance of observations approximately equal over the age
groups. We tested ln, log2 and square root transformations, of
which the square root transformation provided the best fit.

In the preliminary investigations, the models were assessed
by comparing the estimated posterior predictive distributions
with the observations, both visually and using the numerical
P -values (e.g. 24), and also by using the DIC criterion (27)
obtained from the WinBUGS software for different models.
For both sera, the lowest DIC score (i.e. the highest estimated
accuracy) was obtained using the hierarchical model with

second order terms, although some alternative models showed
almost equal DIC values (exact results not shown).
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