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Jadranka Živčić1, Miljenko Raos1, Boro
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Abstract

Background: The aim of this study was to determine
cut-off values for total serum immunoglobulin E (IgE)
between non-atopic and atopic children with respira-
tory symptoms. Children of 0–16 years of age were
evaluated for respiratory symptoms of )4-week
duration.
Methods: Children were divided into two groups:
non-atopic children (ns3355) who were non-IgE-
sensitized with undetectable allergen-specific IgE
(-0.35 kIUA/L), and atopic children (ns4620) who
were sensitized to G1 allergens (specific IgE G0.35
kIUA/L). Upper and lower centiles were determined
and cut-off values calculated using receiver operating
characteristic (ROC) analysis.
Results: Serum total IgE increased with age in both
groups, although at a variable level and rate, and
reached a plateau at 9 and 10 years in non-atopic and
atopic children, respectively. Atopic children had on
average 14-fold higher serum total IgE compared to
non-atopic children. In both groups, the median was
lower than the corresponding mean and the distri-
bution skewness was always positive (group I, 0.87;
group II, 0.91). In almost all age groups, the 95th per-
centile for non-atopic children corresponded to the
calculated cut-off values, whereas the 10th percentile
for atopic children corresponded to the respective cut-
off values only until the age of 8 years, after which
greater differences between the cut-off values and the
10th percentile were recorded. Cut-off values for total
serum IgE in children up to 16 years were determined
with diagnostic sensitivity, specificity and area under
the ROC curve of 96%, 91% and 0.950, respectively.
Conclusions: The 95th percentile for total IgE in non-
atopic children and the 10th percentile in atopic chil-
dren could be taken as cut-off values in children up
to 8 years of age, after which significant percentile

*Corresponding author: Assist. Prof. Slavica Dodig, PhD,
National Reference Center for Pediatric Allergy, Pediatric
Hospital Srebrnjak, Srebrnjak 100, 10000 Zagreb, Croatia
Phone: q385-1-2430-783, Fax: q385-1-2430-784,
E-mail: slavica.dodig@zg.t-com.hr

discrepancies between non-atopic and atopic children
were recorded. Since atopic subjects show a more
irregular centile distribution, cut-off values are best
determined by ROC analysis.

Keywords: child; cut-off values; hypersensitivity;
immunoglobulin E (IgE); receiver operating charac-
terstic (ROC) curve.

Introduction

Determination of the total immunoglobulin E (IgE)
concentration in serum is a simple and automated
diagnostic procedure included in the algorithm for the
detection of IgE-mediated allergic diseases in children
(1). Unless a laboratory has determined its own ref-
erence values, the so-called ‘‘normal values’’ or ‘‘ref-
erence values’’ provided by reagent manufacturers or
reported by other authors are generally used in inter-
preting total serum IgE concentrations in childhood
(2, 3). Normal values determined by manufacturers
vary according to the sensitivity and specificity of the
method employed and the population tested.

Serum IgE concentration is influenced by genetic
and environmental factors (allergen exposure, expo-
sure to parasites, etc.) (4–8). It is widely held that the
Western lifestyle has imposed a plateauing relation-
ship between atopy and low-grade allergen exposure
on the one hand, and increased IgE-mediated allergic
respiratory disease in childhood on the other hand (6,
9). A recent attempt to set the atopy/allergy record
straight has stated that both atopy and atopic allergy
need to be proved by allergen-specific IgE (10). In
practice, this means that the gold standard for sepa-
rating atopic from non-atopic individuals may be
reduced to the determination of specific IgE. Subjects
defined as atopic/non-atopic by positive/negative
findings for specific IgE may then be investigated and
compared with regard to their respective differences
in genetic, laboratory and clinical complexities of
atopic hypersensitivity. Therefore, investigation of a
variable such as serum total IgE in the context of IgE-
sensitized and IgE-non-sensitized populations is
justified.

It is quite difficult to collect authentic data on nor-
mal subjects or subjects of the general population to
determine reliable ranges for the normal population.
Because of the numerous problems in defining nor-
mal values for the young population in general,
including serum IgE (11), we wanted to determine the
reference range for total serum IgE in non-atopic chil-
dren (IgE-non-sensitized children) compared to atopic
children (IgE-sensitized children). In addition, we
examined the usefulness of calculated cut-off values
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for serum total IgE in predicting sensitization to com-
mon allergens in children with prolonged respiratory
symptoms.

Subjects and methods

Subjects

Study subjects were a cross-sectional cohort of children
aged 1 month to 16 years, stratified by age, referred by pri-
mary care physicians to the Pediatric Hospital Srebrnjak in
Zagreb between August 2001 and December 2004 for eval-
uation of upper and lower respiratory tract symptoms of )4-
week duration. Diagnostic procedures were in accordance
with the ethical standards of the Hospital Ethics Committee.
Standard work-up included history, physical examination,
pulmonary function testing (in children aged )5 years),
complete blood count, C-reactive protein, immunoglobulins,
skin prick test, and total and specific IgE. Prick testing includ-
ed a panel of standard inhaled and food allergens (Derma-
tophagoides pteronyssinus, Dermatophagoides farinae,
animal dander, grass and cereal pollen, weed, giant ragweed
and tree pollen, and cow’s milk protein and egg white). If the
skin prick test showed a weal reaction greater than the saline
control, specific IgE determination for that specific allergen
was undertaken. In children -4 years of age who were neg-
ative for skin prick tests, specific IgE was still determined if
first-degree relatives had atopy or if the child showed clinical
evidence of eczema, wheezing or allergic rhinoconjunctivitis.
In these cases the minimum panel included Dermatopha-
goides pteronyssinus, Dactylis glomerata, Ambrosia arte-
misifolia, Corylus avellana, Betula verrucosa, cat dander, egg
white and cow’s milk. The panel was expanded as needed
to reflect clinical suspicions for individual patients. Atopy
was considered as the genetic tendency to develop allergic
disorders such as allergic rhinitis, asthma, and atopic der-
matitis, which are mediated by increased IgE response to
environmental allergens. For analysis, subjects were sepa-
rated into two groups:

• Non-atopic children, who were IgE-non-sensitized
(ns3355) and with undetectable allergen-specific IgE
(-0.35 kIUA/L, i.e., class 0); and

• Atopic children, who were IgE-sensitized (ns4620) with
a measurable level of allergen-specific IgE (G0.35 kIUA/L,
i.e., classes 1–6).

Both groups were stratified by sex and age into 1-year age
groups, from -1 year to up to 16 years of age. Non-atopic
children were selected for determination of serum total IgE
reference values.

Serum samples

Blood samples were obtained by venipuncture and serum
was separated after 10-min centrifugation. Serum was
stored at q48C until analysis, which was within 3 days.

Total IgE determination

The concentration of total IgE was determined by the micro-
particle enzyme immunoassay (MEIA) method and reagents
(Abbott, Abbott Park, IL, USA) using mouse monoclonal anti-
IgE antibodies. Measurement of fluorescence was on an IMx
autoanalyzer (Abbott). Analysis is based on the sandwich
technique and antigen-antibody complex labeling (12). The
method sensitivity is 0.048 kIU/L (data from package insert).

Specific IgE determination

The concentration of allergen-specific IgE was measured by
the UniCAP method, a second-generation in vitro method
(Pharmacia, Uppsala, Sweden) in which high sensitivity is
achieved by use of a three-dimensional cellulose carrier (13),
on a selective UniCAP 100 autoanalyzer (Pharmacia-LKB-
Kabi, Uppsala, Sweden). The confidence interval is from 0.35
(class 1) to 100 kIUA/L (class 5). Class 0 is the default for
values up to 0.35 kIUA/L, and class 6 is the default for values
over 100 kIUA/L. Calibrators for determination of total and
specific IgE were calibrated according to the World Health
Organization Second International Reference Preparation for
Human IgE (WHO 2nd IRP 75/502).

Statistics

Data were stored using Microsoft Excel 2000 software
(Microsoft, Redmond, WA, USA). MedCalc statistical soft-
ware was used for statistical analysis (14). Frequency dis-
tribution tables were used for description of qualitative
variables, whereas quantitative variables were described by
the arithmetic mean ( ), standard deviation (SD), medianx
(M), minimum (min) and maximum (max) values. For cal-
culation of the standard deviation in atopic children, serum
total IgE concentrations exceeding 4000 kIU/L (29 children)
were not considered. The significance of age and sex differ-
ences for the concentration of total IgE was tested by the
Wilcoxon non-parametric test, with the level of significance
set at p-0.05. Since the IgE distribution is not normal, cal-
culating the mean is misleading and statistical tests based
on a normal distribution would give meaningless answers.
Normalization (standardizing the data by introducing a com-
mon index) of data is required to plot the results as a normal
distribution. Hence, primary IgE concentrations wIgEx were
normalized according to the following formula:

w x w xIgE y IgEage,i age
z s w1xage,i SDage

Skewness was calculated according to the following
equation:

N 3Skewnesss z w2xage,i8Ny1 Ny2Ž .Ž . i

Since the distribution of IgE is asymmetric, upper percen-
tiles in non-atopic children and lower percentiles in atopic
children were determined to compare values of total serum
IgE between non-atopic and atopic children. Performance
characteristics were calculated for the cut-off value, the opti-
mal decision point on a receiver operating characteristic
(ROC) curve. ROC analysis was used to optimize the cut-off
value for total serum IgE with regard to the number of true
positives against the false positive rate for different possible
cut-off points. The cut-off value minimizes the sum of false
positive and false negative results. ROC analysis allows
assignment of the diagnostic power for determination of
total serum IgE in discriminating atopic from non-atopic chil-
dren. The ROC curve (which implies sensitivity and specific-
ity) was used to compare the accuracy of total serum IgE
determination: larger area under the curve (AUC) indicates
greater accuracy.
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Table 1 Age and sex distribution of non-atopic and atopic children.

Age, Non-atopic, n Atopic, n
years

Male Female All Male Female All

-1 85 58 143 35 20 55
1 200 177 377 99 37 136
2 194 178 372 178 73 251
3 159 144 303 246 123 369
4 125 146 271 249 118 367
5 127 117 244 250 129 379
6 117 99 216 303 151 454
7 111 95 206 239 149 388
8 81 94 175 231 136 367
9 86 84 170 175 119 294

10 78 64 142 199 106 305
11 75 72 147 172 101 273
12 54 92 146 164 101 265
13 50 57 107 101 102 203
14 44 67 111 100 91 191
15 39 63 102 89 53 142
16 42 81 123 101 80 181

Total 1667 1688 3355 2931 1689 4620

Results

Subject comparison

For non-atopic children the male/female distribution
was 1667 (49.7%) males and 1688 (50.3%) females.
The greatest number of subjects was in the 1–3-year
age groups, and the lowest in the 13–15-year age
groups. Male children predominated in groups
F7 years and female children in the 12–16-year
groups (Table 1). The prick test was negative in 3087
out of 3355 children (92%). Of subjects with undetect-
able specific IgE, 8% (268/3355) had a positive skin
prick to 1 or 2 allergens (mainly cow milk protein, egg
white and Dermatophagoides pteronyssinus).

For atopic children the male/female distribution was
2931 (63.4%) males and 1689 (36.6%) females. The
greatest number of subjects was in the 3–8-year age
groups, and the lowest in the youngest age groups
(-2 years). Male children predominated in almost all
age groups and female children in the 13-year age
group (Table 1). The prick test was positive in 94% of
children (4343/4620). Monosensitization was present
in 67% and polysensitization in 33% of subjects. A
negative prick test was found in 6% of children (277/
4620).

IgE comparison

Serum total IgE increased with age in both groups,
although at a variable level and rate (Table 2, Figure
1), until a plateau was reached (‘‘saturation’’ behav-
ior) at 9 and 10 years in non-atopic and atopic chil-
dren, respectively. The increase in total IgE (mean and
median) in non-atopic children showed a non-linear
trend until the age of 9 years: a mean annual IgE
index of increase of 1.30 was recorded during the first
3 years of life, whereas in the next 6 years (from the
4th to the 9th year) the increase was less pronounced
(index of increase varied from 1.03 to 1.19). A statis-
tically significant difference (p-0.05) compared to the

preceding age group was confirmed in the 1st, 2nd,
3rd, 4th, 6th and 9th years. After the age of 9 years,
serum concentrations of IgE showed no major chang-
es (p)0.05; Table 2).

Atopic children had higher serum total IgE com-
pared to non-atopic children (arithmetic mean 14-fold
and median 8.7-fold higher). The increase in total IgE
also followed ‘‘saturation’’ behavior, but at a variable
level and rate compared to non-atopic children (Table
2, Figure 1). The increase in total IgE (mean and medi-
an) showed a slightly non-linear trend until it reached
a plateau at 10 and 8 years for the mean and median,
respectively. The greatest increase in mean total IgE
was observed in the 2nd (1.85 index of increase vs.
1 year, p-0.05) and 4th years (1.40 index of increase
vs. 3 years, p-0.05). From the age of 11 years on,
mean IgE no longer increased, but showed a gradual
decreasing trend (Table 2). In atopic children, the low-
est coefficient of variation (CV) was 105%. CV varied
to a greater extent during the first 2 years of life
(139–184%). In non-atopic children younger than
11 years, the CV was F60%, while in children
G11 years it was )60%.

The index of increase in IgE concentration followed
a similar trend in both groups (Table 2, Figure 2) with
a stable decreasing tendency, except in the first
3–4 years and in the 15th year, when greatest fluctu-
ations of relative IgE increases were recorded.

In both groups, the median was lower than the cor-
responding mean: the mean/median ratio in non-ato-
pic and atopic children was 1.11 and 1.79, respectively
(Table 2, Figure 1).

There were no sex differences for IgE concentration
in non-atopic children, with the exception of children
aged 6 and 11 years: in 6-year-old boys the mean
serum IgE concentration was 20.7% (median 51.7%
higher) higher than that measured in age-matched
girls (mean 36.8 vs. 30.5 kIU/L; t-test, ps0.0213; Wil-
coxon test, ps0.005; median 35.8 vs. 23.6 kIU/L). In
11-year-old boys mean IgE was 26.5% higher than
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Table 2 Total serum IgE in non-atopic and atopic children.

Age, years "SD, kIU/Lx Index of increase CV, % Median, kIU/L Index of increase Min–Max, kIU/L
for mean (1) for median (1)

Non-atopic

-1 11.5"5.0 – 43 10.2 – 1.2–37.6
1 15.3"8.1 * 1.33 53 13.4 1.31 0.6–57.8
2 18.6"10.4* 1.22 56 16.8 1.25 1.8–68.6
3 25.4"12.8* 1.37 50 23.6 1.40 2.2–90.6
4 28.2"15.0* 1.11 53 25.4 1.08 1.0–95.4
5 29.8"17.5 1.06 59 26.8 1.06 4.2–98.2
6 33.9"20.2* 1.14 60 30.0 1.12 1.4–97.2
7 36.6"21.0 1.08 57 33.4 1.11 3.2–99.2
8 37.8"21.1 1.03 56 37.7 1.13 4.8–98.4
9 44.8"25.1* 1.19 56 42.9 1.14 4.8–98.4

10 43.9"24.9 0.98 57 38.8 0.90 3.6–102.6
11 43.7"27.9 1.00 64 36.6 0.94 1.8–123.8
12 42.6"27.8 0.97 65 34.7 0.95 1.0–174.9
13 39.5"26.6 0.93 67 35.0 1.01 2.0–153.0
14 42.4"26.2 1.07 62 36.4 1.04 5.4–112.8
15 48.3"29.5 1.14 61 48.9 1.34 6.8–118.0
16 44.2"26.7 0.92 60 39.2 0.80 5.6–110.0

Atopic

-1 197.5"362.6 – 184 73.2 – 13.2–2136.4
1 209.8"292.0 1.06 139 113.6 1.55 11.0–1682.8
2 388.5"558.9* 1.85 144 170.4 1.50 12.6–)4000
3 359.0"395.6 0.92 110 211.0 1.24 16.0–)4000
4 502.4"641.3* 1.40 128 255.2 1.21 3.8–)4000
5 488.3"611.0 0.97 125 267.6 1.05 21.0–)4000
6 482.0"581.2 0.99 121 289.4 1.08 9.2–)4000
7 483.3"549.6 1.00 114 291.0 1.00 19.4–)4000
8 544.8"590.9 1.13 108 334.0 1.15 20.8–)4000
9 539.3"565.4 0.99 105 321.3 0.96 31.8–)4000

10 572.6"619.7 1.06 108 340.0 1.06 20.8–)4000
11 555.9"629.8 0.97 113 317.0 0.93 40.2–3674.2
12 538.0"607.5 0.97 113 346.6 1.09 24.8–)4000
13 503.8"547.2 0.94 109 324.6 0.94 36.4–)4000
14 470.2"593.0 0.93 126 272.2 0.84 3.0–)4000
15 488.6"546.1 1.04 112 297.2 1.09 37.1–3226.6
16 519.6"546.9 1.06 105 340.2 1.14 69.4–)4000

, arithmetic mean; SD, standard deviation; CV, coefficient of variation; Min, minimum value; Max, maximum value. *Statis-x
tically significant difference vs. preceding age group, p-0.05.

Figure 1 Concentration of serum total IgE in (A) non-atopic
and (B) atopic children. Mean and median are presented,
respectively.

in age-matched girls (48.7 vs. 38.5 kIU/L; t-test, ps
0.0134; Wilcoxon test, ps0.0119; median 44.2 vs.
32.3 kIU/L). An inverse pattern was observed after the
age of 12 years, when female children showed a ten-
dency to higher IgE concentrations than male chil-
dren; however, the differences did not reach statistical
significance. There was no statistically significant sex
difference for total serum IgE in atopic children.

For each of the two groups, as well as for each age
subgroup, the distribution skewness was calculated
using the normalized data obtained by Eq. w1x. The
distribution of children according to IgE concentration
was asymmetric: skewness was always positive
(group I, 0.87; group II, 0.91). These findings clearly
indicate systematic distributions tailing towards high-
er values in both groups of children. Log-normal
transformation of the same data, as often presumed
in immunochemistry (results not shown here) did not
correct the distribution asymmetry. Owing to the
asymmetrical distribution of the IgE concentrations,
centiles were used. These gave a satisfactory descrip-
tion of data up to the age of 9 years, but not there-
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Figure 2 Relative increase of total IgE in non-atopic and
atopic children: (A) mean and (B) median.

Table 3 Upper (90–97.5th) and lower (2.5–10th) percentiles for total serum IgE in children with specific IgE -0.35 kIUA/L
(non-atopic) and G0.35 kIUA/L (atopic), respectively.

Age, years Non-atopic Atopic

Percentile Percentile

90th 95th 97.5th 2.5th 5th 10th

-1 19.6 23.5 25.8 19.4 22.2 25.0
1 26.1 30.4 34.8 20.0 23.5 29.0
2 32.8 37.6 45.8 23.7 31.1 48.9
3 42.4 51.2 56.3 37.4 46.5 64.5
4 46.6 55.9 63.9 35.5 41.7 55.6
5 52.6 60.9 75.8 34.0 41.1 60.5
6 65.3 70.7 76.5 41.9 55.4 73.3
7 67.4 76.2 81.6 39.3 52.1 74.5
8 68.7 75.7 84.9 42.5 64.1 81.4
9 82.9 88.4 93.7 44.3 57.8 80.1

10 82.7 85.1 92.3 43.0 58.5 74.7
11 89.2 97.3 101.8 51.6 68.7 86.3
12 84.2 96.7 101.3 40.4 62.3 89.0
13 79.0 87.6 96.5 55.2 64.1 80.5
14 83.1 91.1 98.3 45.7 58.6 70.8
15 90.3 97.6 105.0 51.3 56.6 76.2
16 83.3 90.7 98.0 99.1 107.0 122.0

after. Therefore, for definite optimization of cut-off
values, ROC analysis was implemented.

There was an overlap between the maximum IgE
values in non-atopic children and the minimum IgE
values in atopic children, as observed from the mini-
mum-maximum interval (Table 2) and centile values
(Table 3, Figure 3).

The 10th percentile for atopic children correspond-
ed to the 95th percentile for non-atopic children and
the 90th precentile up to the age of 8 years (except in
the 2–3-year age groups), but from 9 years on the dis-

crepancy was wider. The cut-off values are closer to
the 95th percentile for non-atopic children than to the
10th percentile for atopic children (Figure 3). In almost
all age groups, the 95th percentile for non-
atopic children corresponded to the cut-off values
obtained, whereas the 10th percentile for atopic chil-
dren corresponded to the respective cut-off values
only up to the age of 8 years, after which greater dif-
ferences between the cut-off values and the 10th per-
centile were recorded.

Diagnostic efficiency

The AUC of 0.950–0.997 (Table 4) shows that serum
total IgE has excellent discriminatory power between
non-atopic and atopic subjects. The cut-off value that
best separates non-atopic and atopic children is deter-
mined on the basis of mutually maximized sensitivity
and specificity. The sensitivity and specificity for par-
ticular optimal decision points (cut-offs) exceeded
80%. Cut-off values for total serum IgE in children up
to 16 years were determined with average diagnostic
sensitivity and specificity of 96% and 91%, respective-
ly. In younger age groups, the selected cut-off values
were associated with higher specificity, mostly )90%
up to the age of 8 years. An exception is specificity of
87.6% for the cut-off value of 76.4 kIU/L in 7-year olds.
In older age groups the selected cut-off values were
associated with higher sensitivity, mostly )98% from
the 9-year-old group on. An exception occurs in the
14-year-old group (94.2 kIU/L). These results suggest
that cut-off values in children F8 years better define
non-atopic children, whilst the same is true for atopic
children in groups )8 years old.

The negative predictive value (NPV) of 77.5–100%
was generally slightly better than the positive predic-
tive value (61.3–98.2%), indicating that there may
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Figure 3 Comparison of total serum IgE cut-off values with
the 95th and 10th percentile in non-atopic and atopic chil-
dren, respectively: � cut-off values with the best diagnostic
power (i.e., with the highest sensitivity and specificity); h

95th percentiles for total IgE in non-atopic children; n 10th
percentile for total IgE in atopic children.

Table 4 ROC analysis of total serum IgE in non-atopic and atopic children.

Age, years AUC Cut-off, kIU/L Sensitivity, % Specificity, % PPV, % NPV, %

-1 0.975 20.2 95.0 91.5 61.3 99.2
1 0.974 30.4 89.6 95.2 87.0 96.2
2 0.983 38.6 95.7 94.0 95.9 93.7
3 0.987 57.0 99.0 92.7 91.8 99.1
4 0.972 57.2 89.6 97.1 97.6 87.5
5 0.974 65.4 89.2 96.7 97.7 85.2
6 0.975 73.0 95.8 90.5 82.7 97.8
7 0.971 82.6 98.5 87.6 80.7 99.1
8 0.977 76.4 96.0 92.6 86.3 98.0
9 0.962 98.4 100.0 84.4 78.5 100.0

10 0.959 102.6 99.3 84.2 75.0 99.6
11 0.974 104.8 99.3 87.5 81.2 99.6
12 0.968 101.4 98.0 86.8 80.7 98.7
13 0.979 97.4 98.1 86.2 78.6 98.9
14 0.960 94.2 83.8 97.3 98.2 77.5
15 0.950 105.2 98.1 81.7 79.7 98.3
16 0.997 100.0 98.3 97.2 95.9 98.9

AUC, area under the ROC curve. Sensitivity, probability that a test result will be positive when atopy is present (true positive
rate). Specificity, probability that a test result will be negative when atopy is not present (true negative rate). PPV, probability
that atopy is present when the test is positive. NPV, probability that atopy is not present when the test is negative

have been more false positive than false negative
findings at the respective cut-off points. The proba-
bility that atopy is not present when the test is neg-
ative is stronger than the probability that atopy is
present when the test is positive. In the 9-year age
group, an NPV of 100% indicated that in all children
with total IgE -98.4 kIU/L atopy is not present.

It can generally be stated that 5% of non-atopic chil-
dren had serum total IgE above the cut-off point,
while 10% of atopic children had serum total IgE with-
in the reference range (in children up to 8 years). The
95th percentile for total IgE in non-atopic children and
the 10th percentile for total IgE in atopic children
could be taken as cut-off values in children up to
8 years, after which significant percentile discrepan-
cies between non-atopic and atopic children were
recorded. Beyond that age, atopic subjects showed a
much more irregular distribution of the lower centile
values.

Discussion

Serum IgE concentration (influenced by genetic and
environmental factors) is normally very low, account-
ing for only 0.001% of all immunoglobulin isotypes in
healthy individuals (15). Our results support the gen-
eral notion that serum concentrations of total IgE
increase with age (2, 16). A progressive increase in
serum total IgE during the first decade of life in both
groups of subjects points to a common maturation
process. Genetic background, contact with allergens
and environmental factors (pre- and post-natal) con-
tribute to the final expression of atopic disease. Since
genetic factors may not have changed significantly
during the last few decades (several generations are
required), it is likely that environmental factors have
a critical influence on increased prevalence of atopic
disease over this period of time (4, 5, 8).

The extent to which this increase is due to the
impact of various environmental factors on IgE syn-
thesis depends on the reference group of subjects
selected. The results of this study point to a difference
in the index of IgE increase in IgE-non-sensitized com-
pared to IgE-sensitized children. In both groups, total
IgE concentrations increased continuously from 1 to
9 years of age, indicating a similar trend. The increase
in total IgE (mean and median) in non-atopic children
followed a slightly non-linear trend until it reached a
plateau at 9 years of age (‘‘saturation’’ behavior). This
increase was quite pronounced during the first
3 years of life, showing a mean annual increase of
30% (index of increase 1.30), after which it gradually
slowed down to a 10.4% annual increase for 4–9 years
and no major changes after the age of 9 years. A sta-
tistically significant difference (p-0.05) compared to
the preceding age group was confirmed in the 1st,
2nd, 3rd, 4th, 6th and 9th years of life. The increase
in total IgE in atopic children also showed ‘‘satura-
tion’’ behavior (plateauing at 10 years of age), but at
a variable level and rate compared to non-atopic chil-

http://www.extenza-eps.com/action/showImage?doi=10.1515/cclm.2006.092&iName=master.img-002.png&w=227&h=146
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dren. This increase was rather discontinuous, show-
ing sharp increments in the age groups 1–2, 3–4 and
7–8 years, with little further change after 11 years of
age. A statistically significant difference (p-0.05)
compared to the preceding age group was confirmed
in the 2nd and 4th years of life. Although absolutely
greater in atopic children, total IgE showed a greater
relative increase with age in the non-atopic than in the
atopic group (3.9- vs. 2.7-fold increase on average). It
should be noted that values )4000 kIUA/L were not
taken into consideration.

In both groups, the median was lower than the cor-
responding mean and the distribution skewness was
always positive. Because of the asymmetry of IgE
concentration distributions, centile values were pre-
ferred for comparison purposes. This proved satisfac-
tory up to the age of 9 years, but was unsatisfactory
thereafter. Overlap between the 95th percentile for
total IgE in non-atopic children and the 10th percentile
for total IgE in atopic children was observed up to
8 years of age. Thereafter a significant discrepancy in
centile values between non-atopic and atopic children
was recorded. This was the basis for introducing ROC
analysis for final optimization of cut-off values. The
selected cut-off values were associated with higher
specificity in younger age groups and higher sensitiv-
ity in older age groups. This means that the calculated
cut-off values function more reliably in defining non-
atopic subjects of F8 years of age and in defining
atopic subjects )8 years of age. The skin prick test
was negative in 92% of non-atopic children and 8%
were positive for 1 or 2 allergens. The skin prick test
was positive in 94% and negative in 6% of atopic
children.

The reference ranges reported in the literature differ
from study to study, primarily owing to the different
reference populations included and the different
immunochemistry methods used to determine total
serum IgE concentrations. These have involved mul-
ticenter studies (17), occasionally, randomly selected
groups of subjects (18–20), rarely, longitudinal stud-
ies (17, 21), and most frequently, children hospitalized
for various reasons (2, 22) or, like our study subjects,
referred for general respiratory and allergy testing
(23). In Croatia, literature data on ‘‘normal’’ values of
total IgE or ranges provided by reagent manufactur-
ers have been used. Since the ranges for IgE concen-
trations vary, they cannot help in differentiating
non-atopic and atopic children in our population.
Absolute comparison of our data with those from oth-
er studies is impossible because of the different pedi-
atric populations included and the different methods
of IgE determination employed. Furthermore, none of
the other studies included determination of total IgE
concentration in children with unmeasurable concen-
trations of specific IgE (-0.35 kIUA/L). For example,
using the ImmunoCAP-FEIA method in children aged
F16 years, Liappis et al. recorded significantly lower
ranges than those obtained in our study (3). The ref-
erence values reported by Soldin et al. (children from
Washington) could be compared with our results,
because the same method was used to determine IgE

concentration in both studies (2). While the results in
children below the age of 1 year were consistent, chil-
dren aged )1 year and adolescents included in our
study had lower values than those in the study by
Soldin et al. (2). In Danish children and adolescents
aged 7–16 years who were free of allergy, greater
ranges were determined by the PRIST method (18)
than for age-matched children in our study. In this age
group (7–16 years), the geometric mean IgE showed
a decreasing trend: the youngest children (7 years)
had the highest IgE levels and the oldest children
(16 years) had the lowest IgE levels. In children from
Athens aged 1–14 years (IgE determined by EIA, Phar-
macia) (22) higher IgE ranges were also determined
than for the children in our study. In the Greek study,
the increase in IgE concentration in the first 5 years
of life was 80% per year, which is significantly higher
than the annual increase recorded in our study. In
Greek children, the 90th percentiles for IgE showed
an increasing trend until a plateau was reached at
5–6 years of age in non-atopic children only.

IgE concentration also showed sex differences,
being higher in male than in female subjects for both
adults (19) and children (2, 17, 23). A longitudinal
study by Johnson et al. also pointed to higher IgE
concentrations in male than in female children aged
-4 years (21). Soldin et al. reported that male chil-
dren aged 1–3 years had higher IgE ranges than age-
matched female children (2). A study from Germany
also revealed higher IgE values in male children aged
F6 years; however, this sex difference was found in
non-atopic, but not in atopic children (17). Sex differ-
ences in IgE concentrations were demonstrated in our
study only in non-atopic children aged 6 and 11 years
(p-0.05). At the age of 13 years, an inverse relation
was observed, as females showed a tendency
towards higher IgE concentrations than males (ps
0.0521). No sex difference for IgE concentrations was
observed in atopic children.

Mean values for total IgE in children with positive
allergy tests were 10- to 20-fold (median 6- to 10-fold)
higher than those found in age-matched children with
negative allergy tests. Hence, the medians were con-
sistently lower than the arithmetic means, indicating
a tendency for total IgE distribution towards higher
values in both groups. The frequently assumed log-
normal transformation of immunoglobulin concentra-
tion (18, 24) did not resolve this problem (data not
presented). These values could be higher than expect-
ed just on the basis of the means and standard devi-
ations. The distribution asymmetry observed has to
be taken into consideration in determining the upper
limits for normal IgE ranges. To date, we have been
using literature data on ‘‘normal’’ values for total IgE
concentration or ranges provided by reagent manu-
facturers. The present study showed that cut-off val-
ues obtained in non-atopic children aged )9 years
were generally below reference values obtained by
the same method (2). Thus, if a laboratory defines its
own reference intervals in non-atopic children, this
should facilitate differentiation of atopic children from
the same geographic region and of comparable socio-
economic status.
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Borderline values that differentiate atopic from non-
atopic children reported in the literature vary. Hansen
et al. reported that total IgE values exceeding 63
kIU/L in cord blood indicate an increased age-specific
IgE concentration (25). In their study of toddler-aged
children with wheezing, Guilbert et al. demonstrated
that children with hypersensitivity to nutritional aller-
gens and aeroallergens had total IgE concentrations
)100 kIU/L (26). Sinclair and Peters found that chil-
dren aged -16 years with total IgE concentration
-10 kIU/L were generally free from increased aller-
gen-specific IgE (27). A cut-off value of 138 kIU/L to
differentiate between atopic and non-atopic Turkish
children was of low sensitivity (57%) and specificity
(67%) (28). According to the study of Lindeberg and
Arroyave, cut-off values for total IgE in children aged
1–12 years were determined with average diagnostic
sensitivity and specificity of 83% and 91%, respective-
ly (29). The results of Kulig et al. (17) reflect the mod-
erate capacity of total IgE to discriminate between
non-atopic and atopic children: sensitivity, specificity,
positive predictive value and AUC were 45%, 91%,
70% and 0.750, respectively (for a cut-off value of
100 kIU/L for children of 6 years of age). For compar-
ison purposes, the respective values in the present
study for the same age (6 years, cut-off 73 kIU/L) were
95.8%, 90.5%, 82.7% and 0.975. Cut-off values for IgE
in children up to 16 years had mean diagnostic sen-
sitivity and specificity of 96% and 91%, respectively.
In younger age groups (-8 years), the selected cut-
off values were associated with higher specificity
(great probability that total IgE is lower than the cut-
off value in non-atopic children; more true negative
results). In older age groups (G9 years) the selected
cut-off values were associated with higher sensitivity
(great probability that total IgE is higher than the
cut-off value in atopic children; more true positive
results).

Our study showed that the 95th percentile for total
IgE in non-atopic children and the 10th percentile in
atopic children could be taken as cut-off values only
in children up to 8 years of age, after which significant
percentile discrepancies between non-atopic and ato-
pic children were recorded. Since atopic subjects
showed a much more irregular distribution of centile
values, cut-off values are best determined using ROC
analysis. Cut-off values obtained using ROC analysis
may help the physician to interpret total IgE values
more practically, i.e., to consider the probability of an
allergic disease in a child with greater reliability.
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