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Longitudinal observation of children with enhanced total serum IgE
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ackground: Long-term studies on the evolution of elevated total IgE (tIgE) concentration are in demand.
bjective: To investigate the prevalence of allergic diseases and influential factors in children with high tIgE
vels during a 5-year period.
ethods: Children with high tIgE levels (>100 IU/mL) were study subjects. After the 5-year follow-up, an

interview with the parents, clinical examination, and evaluation of tIgE and specific IgE (sIgE) to selected
food and inhalant allergens were performed.
Results: The mean tIgE decreased significantly after 5 years in girls and boys regardless of the place of
residence. Monosymptomatic patients accounted for most cases throughout the study, with the highest tIgE
level at the beginning. After follow-up, the percentage of polysymptomatic patients increased. Their mean
tIgE level was significantly higher than in the other groups. After follow-up, 11.7% of participants remained
asymptomatic, and another 11.7% reported relief from symptoms. Allergy symptoms persisted in most
children with normal tIgE levels. The 2-allergen sensitization was the most common through the study. Only
patients sensitized to 4 allergens had unchanged levels of mean tIgE after follow-up and those with the
highest mean tIgE level had a newly diagnosed sensitization to at least 1 allergen. A significant decrease of
sIgE level was observed for food allergens. The values of sIgE to inhalant allergens even increased after the
5-year follow-up, despite decreased tIgE levels.
Conclusion: In children with allergy and an elevated concentration of tIgE, the increasing or stable value of
tIgE could be a useful parameter for the prediction of the development of polysymptomatic allergy.
� 2015 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction allergy, some environmental factors, and increased tIgE level in
The concentration of total IgE (tIgE) in human serum depends
on several factors, such as genetic predisposition, sex, race, envi-
ronmental factors, and type of disease (allergy, parasitic infection,
or immune deficiency). Physiologically, tIgE production starts
during fetal life and increases gradually, reaching the peak of
concentration at 10 to 14 years of age. After this age, tIgE begins to
decrease, reaching the lowest levels after 75 years of age. It is well
known that a high concentration of IgE is correlated with atopic
dermatitis (AD) and asthma.1,2 Some observations have indicated
increased tIgE in healthy people for unknown reasons.1,3

Most previous studies on the occurrence of IgE in children have
been cross-sectional rather than longitudinal. Only a few studies
have evaluated correlations between specific IgE (sIgE) and atopy
status over time.1,4,5 The authors previously reported on an analysis
of the clinical manifestation and relation among family history of
t of Pediatrics, Gastroenterology
ul J Waszyngtona 17, 15-274 Bia-

sthma & Immunology. Published by E
children.2 To the best of the authors’ knowledge, there is no
longitudinal observation concerning children with high tIgE
concentration.

The aim of this study was to evaluate the clinical course of
childrenwith high serum tIgE levels in relation to some risk factors,
allergic diseases, and presence of sIgE during a 5-year period.

Methods

Two hundred fifteen childrenwith a high serum tIgE level (>100
IU/mL) in the 2003 study were invited to participate 5 years later in
a follow-up study.2 The study protocol was approved by the ethics
committee of Medical University in Bialystok (Bialystok, Poland).
The parents of 77 children agreed to participate in the follow-up
study and provided a written consent before entry to the study.
Some patients could not be located and some had emigrated or
developed a disease other than allergy, so theywere not included in
the present analysis. The evaluation included an interviewwith the
parents, clinical examination, and blood sampling. Questionnaire
information related to the presence of allergic disease (ie, asthma,
AD, or allergic rhinitis [AR]) and place of residency were updated.
lsevier Inc. All rights reserved.
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Table 1
Background data of pediatric patients with elevated total serum IgE (n ¼ 77)

2003 2008 P value

Age (y), median (range) 7 11.5 NS
Total serum IgE (IU/mL),

mean (range)
1,354.4 (153e5,001) 609 (9.0e4,360) <.05

Girls, n (%) 26/77 (33.8%) 26/77 (33.8%)
Total serum IgE (IU/mL),

mean (range)
1,171.8 (163e5,001) 555.6 (14e2,166) <.05

Boys, n (%) 51/77 (66.2%) 51/77 (66.2%)
Total serum IgE (IU/mL),

mean (range)
1,447.5 (153e5,001) 636.3 (9.0e4,360) <.05

P value NS NS
Place of residence
City, n (%) 52/77 (67.5%) 52/77 (67.5%)
Total serum IgE (IU/mL),

mean (range)
1,129.8 (153e5,001) 542.4 (9e3,280) <.05

Village, n (%) 25/77 (32.5%) 25/77 (32.5%)
Total serum IgE (IU/mL),

mean (range)
1,821 (163e5,001) 747.6 (23e4,360) <.05

P value <.05 NS

Abbreviation: NS, not significant.

Figure 1. Changes in total IgE level from baseline (in 2003) to follow-up (in 2008).
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The tIgE and sIgE concentrations were determined using
a fluoro-enzyme-immunologic assay (Pharmacia & Upjohn Di-
agnostics AB, Uppsala, Sweden). The upper detection limit of serum
tIgE level was 5,000 IU/mL, so results higher than 5,000 IU/mLwere
labeled as 5,001 IU/mL. An individual change in tIgE concentration
was arbitrarily defined as decreased when its level was at least 20%
lower than the first measurement, increasedwhen the IgE level was
at least 20% higher, and unchanged when the difference of IgE level
was equal to or within 20% of the first measurement.

Allergic sensitization (atopic status) was defined as a sIgE con-
centration above the detection limit (>0.35 kU/L) to at least
Table 2
Clinical manifestation of allergy in study group

2003

Monosymptomatic 43/77 (55
tIgE (IU/mL), mean (range) 1,426.6 (16
Increased
Unchanged
Decreased

Persistence of symptoms in 2008
tIgE (IU/mL), mean (range) 1,243.7 (21

New cases in 2008 (previously asymptomatic)
New cases in 2008 (previously polysymptomatic)
tIgE (IU/mL), mean (range) 1,311.7 (15

Relief of symptoms in 2008
tIgE (IU/mL), mean (range) 2,224.7 (16

Polysymptomatic 17/77 (22
tIgE (IU/mL), mean (range) 1,282.3 (50
Increased
Unchanged
Decreased

Persistence of symptoms in 2008
tIgE (IU/mL), mean (range) 1,369.6 (50

New cases in 2008 (previously monosymptomatic)
tIgE (IU/mL), mean (range) 1,366.9 (18

Relief of symptoms in 2008
tIgE (IU/mL), mean (range) 1,072.6 (69

Asymptomatic 17/77 (22
tIgE (IU/mL), mean (range) 1,251.6 (15
Increased
Unchanged
Decreased

Unchanged cases in 2008
tIgE (IU/mL), mean (range) 1,225.4 (27

New cases in 2008
tIgE (IU/mL), mean (range) 1,760.3 (16

Abbreviations: NS, not significant; tIgE, total IgE.
1 allergen. Only common allergens were considered, such as Der-
matophagoides farinae, Dermatophagoides pteronyssinus, cow’s milk,
and egg white. The other common reason for high tIgE (ie, parasite
infestation) was excluded by stool testing. All measurements of IgE
were taken during the same season of the year (winter to spring).

Data were analyzed using Statistica 10 (StatSoft, Inc, Tulsa,
Oklahoma). Because tIgE was not normally distributed, the signif-
icance of the difference was evaluated by the Mann-Whitney U test
and a P value less than .05 was considered statistically significant.
Multiple regression analyses could not be used in this study
because none of the examined factors had a significant influence on
the level of IgE. Analysis of variance could not be used owing to a
lack of normality of IgE distribution.

Results

Of the 77 children included in this study in 2008, 26 were girls
and 51 were boys with a mean age of 11.5 years (Table 1). The mean
tIgE level of the study group decreased significantly after the 5-year
period (1,354 vs 609 IU/mL). However, 65 children (88.3%) had tIgE
levels above the upper limit of normal (>100 IU/mL) and only 12
2008 P value

.8%) 32/77 (41.6%) NS
3e5,001) 446.3 (41e2,408) <.05

4/32 (12.5%)
2/32 (6.2%)

26/32 (81.3%)
22/43 (51.2%)

0e5,001) 440.1 (54e1,592) <.05
8/77 (10.4%)
2/77 (2.6%)

3e5,001) 460 (41e2,408) <.05
6/43 (13.9%)

3e5,001) 749.7 (23e2,778) <.05
.1%) 27/77 (35.1%) NS
8e4,036) 917.4 (32e4,360) <.05

8/27 (29.7%)
4/27 (14.8%)

15/27 (55.5%)
12/17 (70.6%)

8e4,036) 719.7 (68e2,166) NS
15/77 (19.5%)

0e5,001) 1,075.7 (32e3,280) NS
3/17 (17.6%)

2e2,106) 269 (102e567) <.05
.1%) 18/77 (23.4%) NS
3e5,001) 435.6 (23e2,778) <.05

0/18
1/18
17/18

9/17 (53%)
1e2,342) 277.1 (9e649) <.05

9/77 (11.7%)
3e5,001) 594.1 (23e2,778) <.05



Table 3
Comparison of clinical manifestation of allergy in study group (n ¼ 77)

2003 2008 P value

Asthma 18/77 (23.4%) 28/77 (36.4%) NS
Total serum IgE (IU/mL), mean (range) 1,373.4 (519e4,036) 934.4 (43e4,360) <.05
Persistence of symptoms 15/18 (83.3%)
Total serum IgE (IU/mL), mean (range) 1,428.7 (519e4,036) 603.5 (54e1,592) <.05
Increased 1/15 (6.6%)
Unchanged 1/15 (6.6%)
Decreased 13/15 (86.6%)

New cases 13/77 (16.8%)
Total serum IgE (IU/mL), mean (range) 1,392.8 (153e5,001) 1,316.1 (43e4,360) NS
Increased 5/13 (38.5%)
Unchanged 4/13 (30.8%)
Decreased 4/13 (30.8%)

Relief of symptoms 3/18 (16.7%)
Total serum IgE (IU/mL), mean (range) 1,097 (692e1,800) 426 (180e567) NS
Increased 0/3
Unchanged 1/3 (33.3)
Decreased 2/3 (66.7)

Atopic dermatitis 26/77 (33.8%) 23/77 (29.9%) NS
Total serum IgE (IU/mL), mean (range) 1,410.6 (163e5,001) 989.7 (32e3,280) NS
Persistence of symptoms 17/26 (65.4%)
Total serum IgE (IU/mL), mean (range) 1,437.1 (180e5,001) 1,120.9 (68e4,360) NS
Increased 7/17 (41.2%)
Unchanged 2/17 (11.8%)
Decreased 8/17 (47%)

New cases 6/77 (7.8%)
Total serum IgE (IU/mL), mean (range) 1,248.5 (281e4,036) 618.2 (32e1,149) NS
Increased 2/6 (33.3%)
Unchanged 1/6 (16.7%)
Decreased 3/6 (50%)

Relief of symptoms 9/26 (30.8%)
Total serum IgE (IU/mL), mean (range) 1,359.3 (163e5,001) 355.5 (23e956) <.05
Increased 0/9
Unchanged 0/9
Decreased 9/9 (100%)

Allergic rhinitis 36/77 (46.7%) 44/77 (57.1%) NS
Total serum IgE (IU/mL), mean (range) 1,291.8 (191e5,001) 553.1 (41e3,280) <.05
Persistence of symptoms 30/36 (83.3%)
Total serum IgE (IU/mL), mean (range) 1,111.5 (191e4,036) 487.8 (32e2,166) <.05
Increased 6/30 (20%)
Unchanged 2/30 (6.7%)
Decreased 22/30 (73.3%)

New cases 14/77 (18.2%)
Total serum IgE (IU/mL), mean (range) 1,734.6 (180e5,001) 692.9 (41e3,280) <.05
Increased 3/14 (21.4%)
Unchanged 1/14 (7.1%)
Decreased 10/14 (71.4%)

Relief of symptoms 6/36 (16.7%)
Total serum IgE (IU/mL), mean (range) 2,193.7 (702e5,001) 750.7 (27e2,778) <.05
Increased 0/6
Unchanged 1/6 (16.7%)
Decreased 5/6 (83.3%)

Abbreviation: NS, not significant.
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(11.7%) showed a tIgE level lower than 100 IU/mL (Fig 1). In the
group with a tIgE level higher than 100 IU/mL, decreased tIgE was
observed in 46 children (70.7%; mean age 11.7 years) and an
increased level was observed in 12 children (18.5%; mean age 10.9
years) with a tIgE level at least 100% higher than the first mea-
surement. An unchanged tIgE level was found in 7 children (9.1%;
mean age 10.7 years).

A significant decrease in tIgE was observed in boys and girls
regardless of place of residence (Table 1). Although more partici-
pants lived in cities than in villages (67.5% vs 32.5%), the higher
mean tIgE level was detected in residents of rural areas in 2003
(1,821 vs 1,130 IU/mL, P < .05), but 5 years later this difference was
no longer significant.
Association between tIgE and Clinical Manifestation of Allergy

In 2003, 60 children (77.9%) manifested symptoms of allergy,
whereas 5 years later 9 (15%) did not report any symptoms.
Monosymptomatic patients accounted for most cases throughout
the study, with the highest tIgE level at the beginning. However, in
2008, the percentage of polysymptomatic subjects increased
slightly from 22.1% to 35.1% (Table 2). Furthermore, in this group of
patients, increased or unchanged tIgE levels were foundmore often
in children with persistent symptoms and those with new-
onset allergy (40.7%; eFig 1B, E) compared with monosymptomatic
(18.7%; eFig 1A, D) or asymptomatic (5.5%; eFig 1C, F) participants.
Thus, the mean tIgE level was significantly higher in poly-
symptomatic than in monosymptomatic or asymptomatic cases
(917 vs 446 vs 435 IU/mL, respectively; Table 2).

Despite the decrease of tIgE, most monosymptomatic children
(51.2%) reported the same clinical manifestation and 10.4% were
described as new cases (eFig 1A, D).

Asymptomatic patients had a substantially lower tIgE level after
the 5-year follow-up (eFig 1C, F).

Based on the examination of tIgE plots of the new mono- and
polysymptomatic cases (eFig 1D, E), an increasing or stable value of



Table 4
Analysis of sIgE concentrations in children with high baseline total IgE levels

2003 2008 P value

sIgE >0.35 kU/L to �1 allergen 52/77 (67.5%) 53/77 (68.8%) NS
New cases (previously sIgE <0.35 kU/L) 8/77 (10.4%)
Previously sensitized cases 45/52 (86.5%)
Total serum IgE (IU/mL), mean (range) 1,555.3 (180e5,001) 775.2 (43e4,360) <.05
Decreased (>20%) 36/53 (67.9%)
Increased (>20%) 11/53 (20.7%)
Without change (�20%) 6/53 (11.4%)

sIgE >0.35 kU/L to NS
1 allergen 8/52 (15.4%) 7/53 (13.2%)
New cases (previously sIgE <0.35 kU/L) 3/7 (42.8%)
New cases (previously sIgE >0.35 kU/L to >1 allergen) 4/7 (57.1%)
Unchanged cases 0/8
Total serum IgE (IU/mL), mean (range) 1,544.8 (194e5,001) 352.8 (43e888) <.05

2 allergens 26/52 (50%) 35/53 (66%)
New cases (previously sIgE<0.35 kU/L) 5/35 (14.3%)
New cases (previously 1 allergen) 1/35 (2.8%)
New cases (previously >2 allergens) 8/35 (22.8%)
Unchanged cases 21/26 (80.8%)
Total serum IgE (IU/mL), mean (range) 1,116.9 (210e3,712) 551.9 (54e2,408) <.05

3 allergens 13/52 (25%) 6/53 (11.3%)
New cases (previously �2 allergens) 3/53 (5.6%)
Unchanged cases 3/52 (5.8%)
Total serum IgE (IU/mL), mean (range) 2,021.8 (255e5,001) 1,249 (424e3,280) NS

4 allergens 5/52 (9.6%) 5/53 (9.4%)
New cases (previously �3 allergens) 3/53 (5.6%)
Unchanged cases 2/5 (40%)
Total serum IgE (IU/mL), mean (range) 2,638.4 (508e5,001) 2,360.8 (809e4,360) NS

sIgE >0.35 kU/L to milk 14/77 (18.2%) 11/77 (14.3%) NS
Concentration (kU/L), mean (range) 11.75 (0.45e117.4) 12.12 (0.38e121.4) <.05
Concentration (kU/L), median (range) 1.03 (0.45e117.4) 0.78 (0.38e121.4)
Unchanged cases 7/14 (50%)
New cases 4/77 (5.2%)
Normalization of result 7/14 (50%)
Increased value 1/14 (7.1%)
Decreased value 11/14 (78.6%)

sIgE >0.35 kU/L to egg white 24/77 (31.2%) 13/77 (16.9%) <.05
Concentration (kU/L), mean (range) 11.06 (0.38e98.13) 7.99 (0.52e45.3) <.05
Concentration (kU/L), median (range) 1.03 (0.38e98.13) 1.16 (0.52e45.3)
Unchanged cases 11/24 (45.8%)
New cases 2/77 (2.6%)
Normalization of result 13/24 (54.2%)
Increased value 3/24 (12.5%)
Decreased value 20/24 (83.3%)

sIgE >0.35 kU/L to Dermatophagoides farinae 41/77 (53.2%) 44/77 (57.1%) NS
Concentration (kU/L), mean (range) 44.7 (0.38e107.5) 46 (0.36e113.4) NS
Concentration (kU/L), median (range) 41.9 (0.38e107.5) 36 (0.36e113.4)
Unchanged cases 36/41 (87.8%)
New cases 8/77 (10.4%)
Normalization of result 5/41 (12.2%)
Increased value 19/44 (43.2%)
Decreased value 16/41 (39%)

sIgE >0.35 kU/L to Dermatophagoides pteronyssinus 40/77 (51.9%) 47/77 (61%) NS
Concentration (kU/L), mean (range) 50.65 (0.36e111.4) 49.9 (0.37e126.1) NS
Concentration (kU/L), median (range) 57.7 (0.36e111.4) 36.4 (0.37e126.1)
Unchanged cases 38/40 (95%)
New cases 9/77 (11.7%)
Normalization of result 2/40 (5%)
Increased value 12/47 (25.5%)
Decreased value 9/40 (22.5%)

Abbreviations: NS, not significant; sIgE, specific IgE.
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tIgE over time seemed to precede the development of new addi-
tional allergic symptoms in the near future (eFig 1E). The com-
parison of clinical manifestation of allergy in the polysymptomatic
group is presented in eTable 1.

A tendency toward an increased rate of asthma (23.4% vs 36.4%)
and AR (46.7% vs 57.1%; Table 3) over time was observed.

New allergy symptoms appeared in 33 patients (42.8%) in 2008,
including AR in 14 (18.2%), asthma in 13 (16.8%), and AD in 6 (7.8%).

Children with newly diagnosed asthma in 2008 had a higher
rate of unchanged (30.8%) or increased (38.5%) mean tIgE level
compared with patients with other new allergy symptoms (eAD,
16.7% vs 33.3%; AR, 7.1% vs 21.4%).

Relief from AD symptoms in 2008 was reported by 30.8% of
subjects with decreased but still elevated tIgE levels. Relief from AR
or asthma symptoms was reported by 16.7% of participants.

Of the 17 initially asymptomatic children (22.1%), after 5-year
follow-up, 9 (53%) remained asymptomatic (including 1 with sIgE
>0.35 kU/L). However, the other 8 (47%) developed new symptoms,
mainly AR, with increased tIgE in only 2 cases. Furthermore,
another 9 children (11.7%) reported relief from symptoms in 2008



Table 5
Comparison of mean tIgE of monosensitized, polysensitized, and not-sensitized children estimated in 2003 and 2008

Sensitization change 2003 2008 P value

Patients, n (%) tIgE (IU/mL), mean (range) Patients, n (%) tIgE (IU/mL), mean (range)

Monosensitized 8/77 (10.4) 1,544.8 (194e5,001) 7/77 (9.1) 352.8 (43e888) <.05
No change d 0/8 d

Decreased or lost 1,737.7 (702e5,001) 7/8 (87.5) 332.8 (27e649) <.05
Increased 194 1/8 (12.5) 1,346

Polysensitized 44/77 (57.1) 1,557.2 (180e5,001) 46/77 (59.7) 839.5 (54e4,360) <.05
No change 1,138 (180e5,001) 26/44 (59.1) 607.5 (54e3,280) <.05
Decreased or lost 1,824.8 (501e5,001) 12/44 (27.3) 587.8 (68e1,158) <.05
Increased 2,838.3 (991e5,001) 6/44 (13.6) 1,927.8 (719e4,360) NS

Not sensitized 25/77 (32.5) 936.6 (163e5,001) 24/77 (31.2) 312.7 (9e804) <.05
No change 977.6 (163e5,001) 17/25 (68) 204.6 (9e804) <.05
Increased 849.5 (153e2,663) 8/25 (32) 665.5 (43e2,408) NS

Abbreviations: NS, not significant; tIgE, total IgE.
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(Table 2). All asymptomatic cases showed substantially lower tIgE
levels (eFig 1C, F).

Allergy symptoms were reported by most children (8 of 12,
66.7%) with normal tIgE levels in 2008. Of these, only 4 patients
(30%) had positive sIgE test reactions.
Association between tIgE and sIgE

Fifty-two children (67.5%) in 2003 presented an atopic status
(Table 4). Five years later, the number of cases with atopy was
almost the same (53, 68.8%), although 7 of 52 children (13.5%) had
negative reactions for sIgE. In contrast, 8 of 77 new cases (10.38%)
with positive reactions to sIgE were noted.

Sensitization to 2 allergenswasmost common in 2003 (50%) and
2008 (66%; Table 4). However, only patients sensitized to 4 allergens
had unchanged mean levels of tIgE after follow-up (2,638 vs 2,361
IU/mL). All polysensitized children, who developed new sensitiza-
tion during the study, still manifested abnormal tIgE levels (>100
IU/mL) in 2008 (Table 5). Moreover, changes of tIgE were compared
among groups of children sensitized to more, fewer, or the same
number of allergens or not sensitized in 2008 (Fig 2, eFig 2).
Figure 2. Comparison of mean total IgE from 2003 (white bars) to 2008 (black bars) in
sensitized to more allergens (n ¼ 15). Group B, Patients sensitized to fewer allergens (n ¼
Patients not sensitized (n ¼ 17). Figure shows the results of measurements performed in
Although decreased mean tIgE levels were observed in all groups,
only the group with sensitization to more allergens (Fig 2, group A;
eFig 2A) demonstrated the lowest percentage of children with
decreased tIgE levels (46.7% vs 89.5% in group with sIgE reaction to
fewer allergens; 76.9% in group with sIgE reaction to the same
amount of allergens; 94.1% of not-sensitized subjects). Thus, the
mean tIgE level in 2008 was the highest in the cohort with newly
diagnosed sensitization.

Interestingly, most monosensitized patients (87.5%) in 2003
showed negative test reactions for sIgE in 2008, despite the still
high tIgE level in 5 cases (Table 5). However, the concentration of
sIgE in these cases was class 1 to 2.

A significant decrease of sIgE concentrationwas obtained only to
food allergens after the 5-year follow-up (Table 4, eFig 3A, B).
Moreover, 50% of children showed normalization of sIgE level to
milk and 54.3% to egg white. In contrast to food allergens, the
number of sensitized subjects to inhalant allergens remained
almost unchanged even with increased sIgE levels in most cases,
despite decreased tIgE levels (Table 4, eFig 3C, D).

Of the 24 of 77 children (31.2%) without sIgE reaction to tested
allergens in 2008, only 7 had a previously detected sIgE reaction to
children sensitized to 0, 1, 2, 3, or 4 allergens estimated in 2008. Group A, Patients
19). Group C, Patients sensitized to the same number of allergens (n ¼ 27). Group D,
the same children in 2003 and 2008.



Table 6
Changes in sensitization and clinical manifestation during the study in children not
sensitized in 2003 (n ¼ 25)

Sensitization and
clinical change in
2008

Patients, n (%) tIgE (IU/mL), mean (range) P value

2003 2008

Sensitization
Still not

sensitized
17/25 (68) 977.6 (163e5,001) 204.6 (9e804) .05

New
sensitization

8/25 (32) 849.5 (153e2,663) 665.5 (43e2,408) NS

P value NS <.05
Clinical symptoms
Still without

symptoms
6/25 (24) 872.8 (248e2,127) 151.5 (9e337) <.05

New symptoms 5/25 (20) 912.4 (153e2,663) 697.2 (41e2,408) NS
P value NS NS

Abbreviations: NS, not significant; tIgE, total IgE.
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food or aeroallergens (Table 4, eFig 2B). Twenty-two children
(91.7%) showed a decreased tIgE level, and 8 even showed a normal
range in (33.3%; eFig 2B, D).

Evaluation of the 25 subjects with high tIgE but normal sIgE
levels at baseline showed that during the study, 8 (32%) had
developed positive sIgE reactions (with new symptoms in 4 cases).
One child with a new manifestation of allergy still had a negative
reaction to sIgE (Tables 4 and 6). Moreover, the mean tIgE value of
these patients was significantly higher than the mean level of still
not-sensitized subjects in 2008 (665.5 vs 204.6 IU/mL).

Discussion

There are reports of a higher atopic prevalence with elevated
tIgE levels in men than in women.7,8 In the authors’ previous study,
boys constituted the predominant group, although there were no
correlations between sex and level of IgE.2 In the present study, no
correlation between sex and changes in tIgE level were observed,
similar to other studies.9,10

The environmental condition affects the development of allergy
(hygiene theory).11 Previously, the authors did not find any relation
between residence and high IgE concentration.2 A higher level of
mean tIgE was noted only at the beginning of the present study in
children from rural areas. It is worth mentioning that similar rates
of allergy were observed in subjects from rural and urban areas.

In childrenwithout atopy, the relation between age and IgE level
is well known.6,8 According to Hattevig et al,12 IgE concentration
depends more on sexual maturity and the decrease of lymphatic
tissue rather than a child’s age. Nickel et al8 evaluated correlations
between tIgE values at different time points from birth to 10 years
of age. They reported fluctuations of extreme (>90 percentile) tIgE
phenotypes over time. In the present study, there was no relation
between level of tIgE and age, and in most cases (75.3%) this con-
centration was decreased by more than 20% of the starting value.
However, the tIgE level in 88.3% of children still remained above
100 IU/mL after the 5-year period. Evaluation of the study by
Matricardi et al6 of a general population of children from birth to 13
years old indicates that the evolution of tIgE levels is extremely
heterogeneous in childhood and that the increase of tIgE level from
normal is connected to the onset of allergic disease. This result is
contrary to the present results because most newly mono-
symptomatic patients had lower tIgE levels compared with those at
the beginning of the study. In contrast, 82.3% of them still had tIgE
levels above the normal range. In polysymptomatic patients, the
longitudinal IgE course tended to increase or stay unchanged (in
new cases and cases with persistent symptoms). Moreover, 69.2% of
children with newly diagnosed asthma and 50% of new AD cases in
2008 demonstrated unchanged or higher tIgE levels. Most were
polysymptomatic. These observations suggest that in children with
allergy and high tIgE levels, unchanged or increasing tIgE values
could predict the development of asthma or AD. Some investigators
have reported elevated tIgE levels in adults with asthma or AD.13e15

Extraordinarily high tIgE levels (>10,000 IU/mL) were found in
patients with AD older than 68 years with a long-term course of
disease.15 The limitation of these studies is the single time point,
not the longitudinal tIgE measurements.

The present data could support the observations of Matricardi
et al6 that variations, rather than determination at a single time
point, of serum tIgE deserve further attention. Increasing tIgE level
over time could be a useful parameter for the prediction of allergy
in so far healthy children or polysymptomatic allergy in children
with previously elevated tIgE levels.

Interestingly, in the 2008 study group, 8 children (10.4%) with
already normalized tIgE levels still demonstrated allergic symp-
toms. This finding could suggest that, after a few years of chronic
inflammation in these patients, noneIgE-mediated allergic re-
actions are involved in disease.

Regardless of the very high tIgE concentration at the onset of the
study, 11.7% of participants remained asymptomatic, including 1
with an sIgE level higher than 0.35 kU/L in reaction to egg white. All
showed lower tIgE levels after 5 years; however, in 5 cases tIgE
levels were above normal. The cause of polyclonal IgE production
remained unexplained in these children. According to other
studies, the prevalence of high tIgE and sIgE concentrations in
children without any allergic disease ranged from 17% to 20%.1,16 A
similar group was tested by Smart et al3 who demonstrated that
allergen-induced T-helper cell type 2 cytokine responsewas related
to atopic status but not necessarily to atopic manifestations. They
suggested an association of the presence of allergic symptoms with
a defect in interferon-g production. Sherrill et al5 reported on a
group of children presenting with increased tIgE levels before
manifestation of persistent wheezing. This might characterize the
present group of new asthma cases described previously as
asymptomatic with initial high tIgE levels. The remaining asymp-
tomatic patients with high tIgE levels might manifest allergy
symptoms in the future.

Reports of the natural history of sensitization have shown that
most children outgrow their food allergies (milk and egg mainly),
whereas the sensitization frequency to inhalant allergens increases
with age.17 The present patients’ data support such observations:
the prevalence of sIgE sensitization to food allergens decreased,
whereas sensitization to aeroallergens increased. The same was
observed with sIgE concentration in response to aeroallergens
(despite a general decrease of tIgE level).

The study of de Jong et al18 showed that polysensitization was
more common than monosensitization in children. Moreover, pa-
tients sensitized to more than 1 allergen demonstrated higher tIgE
levels. These results are similar to the present results. The children
with elevated sIgE levels in response to 4 allergens showed the
highest mean tIgE level in 2003 and 2008.

Based on longitudinal analyses, Sherrill et al5 suggested that
late allergic sensitization (ie, at the year-11 survey) is associated
with a lower level of tIgE than early sensitization (ie, at the year-6
survey). In the present cases of new sensitization (mean age 13.5
years) in 2008, the mean value of tIgE was lower than the mean
value of tIgE in children sensitized before 7 years of age at the
beginning of the study (666 vs 1,099 IU/mL). Examination of
children sensitized to more allergens than in 2003 showed that
their mean tIgE level in 2008 was higher than in children not
sensitized or with sensitization to the same or smaller number of
allergens.

At the time of follow-up, 22.1% of children remained not sensi-
tized, regardless of an elevated tIgE level. These childrenmight have
been allergic to other antigens not analyzed in this study.
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The limitation to the present study was the small number of
participants and the fact that the population was selected based on
an IgE level higher than 100 IU/mL, so the results would not be
relevant to the general population. The authors could not rule out
the possible impact of allergens not tested in this study on tIgE
concentration. The value of the present datamight be augmented by
follow-up results that will be collected after another 6-year period.

The increase in serum tIgE over time in so far healthy children
could predict the development of allergy.6 In children with allergy
and previously elevated tIgE levels, higher or unchanged levels of
tIgE over time could precede the development of polysymptomatic
allergy. Thus, serial measurements of tIgE level might be more
useful than an evaluation at a single time point to predict the onset
of allergic disease. The present results suggest that a tIgE level that
decreases over time in so far asymptomatic children could help
exclude the initiation of new sensitizations.
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eFigure 1. Change in levels of total IgE (tIgE) from 2003 (diamonds) to 2008 (squares) in mono-, polysymptomatic, and asymptomatic children who reported persistence of
symptoms (AeC) or the appearance of new symptoms (DeF) in 2008. Figure shows the results of measurements performed in the same children in 2003 and 2008.
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eFigure 2. Change in levels of total IgE (tIgE) from 2003 (diamonds) to 2008 (squares) in children sensitized to 0, 1, 2, 3, or 4 allergens evaluated in 2008. (A) New cases of
sensitized children. (B) Children sensitized to fewer allergens in 2008. (C) Children sensitized to the same number of allergens in 2008. (D) Children not sensitized in 2003 as in
2008. Figure shows the results of measurements performed in the same children in 2003 and 2008.
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eFigure 3. Change in levels of specific IgE (sIgE) against (A) cow’s milk (n¼ 14), (B) egg white (n¼ 24), (C) Dermatophagoides pteronyssinus (n¼ 39), and (D) Dermatophagoides
farinae (n ¼ 41) from baseline (diamonds) to follow-up (squares) in subjects sensitized at baseline or at follow-up.
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eTable 1
Comparison of clinical manifestation of allergy in polysymptomatic group

2003 2008 P values

AR þ asthma 9/77 (11.7%) 8/77 (10.4%) NS
Total serum IgE (IU/mL), mean (range) 1,439.9 548.8 <.05
Increased 1/8
Unchanged 0/8
Decreased 7/8

Persistence of symptoms 5/9
Total serum IgE (IU/mL), mean (range) 1,314.6 619 <.05

New cases 3/77 (3.9%)
Total serum IgE (IU/mL), mean (range) 552.3 431.7 NS

Relief of symptoms 1/9
Total serum IgE (IU/mL), mean (range) 692 567 d

AR þ AD 5/77 (6.5%) 8/77 (10.4%) NS
Total serum IgE (IU/mL), mean (range) 1,135.4 654.9 NS
Increased 2/8
Unchanged 1/8
Decreased 5/8

Persistence of symptoms 2/5
Total serum IgE (IU/mL), mean (range) 1,029.5 1,117 d

New cases 6/77 (7.8%)
Total serum IgE (IU/mL), mean (range) 1,118.8 500.8 NS

Relief of symptoms 1/5
Total serum IgE (IU/mL), mean (range) 1,004 102 d

AD þ asthma 1/77 (1.3%) 2/77 (2.6%) NS
Total serum IgE (IU/mL), mean (range) 799 2,853 d

Increased 1/2
Unchanged 1/2
Decreased 0/2

Persistence of symptoms 0
Total serum IgE (IU/mL), mean (range) 0 0 d

New cases 2/77 (2.6%)
Total serum IgE (IU/mL), mean (range) 2,597.5 2,853 d

Relief of symptoms 0
Total serum IgE (IU/mL), mean (range) 0 0

AR þ AD þ asthma 2/77 (2.6%) 9/77 (11.7%) NS
Total serum IgE (IU/mL), mean (range) 1,181.5 1,048.4 NS
Increased 4/9
Unchanged 1/9
Decreased 4/9

Persistence of symptoms 2/2
Total serum IgE (IU/mL), mean (range) 1,181.5 503 d

New cases (previously monosymptomatic) 4/77 (5.2%)
Total serum IgE (IU/mL), mean (range) 1,734.8 1,532.3 NS

New cases (previously bisymptomatic) 3/77 (3.9%)
Total serum IgE (IU/mL), mean (range) 1,813.3 767 NS

Relief of symptoms
Total serum IgE (IU/mL), mean (range) 0 0

Abbreviations: AD, atopic dermatitis; AR, allergic rhinitis; NS, not significant.
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