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e studied 867 junior high school children and admin-
stered a questionnaire documenting allergic symptoms
nd environmental variables, and measured Immuno-
lobulin E serum levels and the immunoglobulin G titers
f serum antibody to microflora. A total of 716 subjects
ere ultimately used for statistics; those with at least two

f the following allergic symptoms: asthma, rhinitis,
czema, or food allergy, showed significantly higher IgG
iters to Bactroides vulgatus than other groups. This
inding suggests that a species of the Bacteroides genus
f the intestinal microflora tends to affect the gut issues,
ut further studies are needed to clarify this. © Society

or Adolescent Medicine, 2004
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he prevalence of allergic diseases has been increas-
ng in developed countries. However, many studies
ave demonstrated that the prevalence of these dis-
ases is lower in the formerly socialist countries of
entral and Eastern Europe than in Western Euro-
ean counties [1]. One factor associated with the rise
f allergic diseases may be the decline of many

nfectious diseases in developed countries as the
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esult of improved living standards and vaccinations
2]. In modern societies, it has been noted that
llergies may be “mapped” according to gradients
ictated by hygiene and by the individual degree of
enetic predisposition to allergy [3]. These concepts
re known as the “Hygiene hypothesis” [3–5]. It has
een suggested that a reduced microbial stimulation
uring infancy and early childhood would result in
lower postnatal maturation of the immune system
nd development of an optimal balance between
h1- and Th2-like immunities [6].

To clarify what and when bacterial species of
ommensal intestinal microbes are recognized as
ntigens that induce serum antibody responses in
llergy patients, we studied the serum antibody
esponses to microflora in atopic school-aged chil-
ren.

ethods

rom a population of approximately 1000 12–13-
ear-old schoolchildren attending the 18 junior high
chools in the country in 1995, we did a retrospective
tudy of records of tuberculin responses in 867
hildren. They had been immunized with bacillus
almette-Guerin (BCG) at 6 and 12 years of age and

hey showed negative tuberculin responses.
hirakawa et al showed the strong inverse associa-
ion between delayed hypersensitivity to tuberculin
nd atopy [7]. The Institutional Review Board of
IKEN approved this study and 787 of all recruited
ubjects gave informed consent. We administered a

uestionnaire documenting atopic symptoms; the

© Society for Adolescent Medicine, 2004
Published by Elsevier Inc., 360 Park Avenue South, New York, NY 10010
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uestions were: “Do you have asthma?,” “Do you
ave rhinitis?,” “Do you have eczema?,” “Do you
ave food allergy?” Also included were environmen-

al variables, family allergy history, tuberculin re-
ponse, etc., and we also measured immunoglobulin

(IgE) serum levels (measured by Mitsubishi BCL,
nc., Kyoto, Japan) and the immunoglobulin G (IgG)
iters of serum antibody to Escherichia coli (E. coli),
acteroides vulgatus (B. vulgatus), Enterococcus faecalis

E. faecalis), and Bifidobacterium longun (B. longun).
his assay was described in detail in a previous
rticle [8]. The titers of IgG class antibodies reacting
ith bacteria in serum were measured by enzyme-

inked immunosorbent assay, and the absorbance
as read at 495 nm using a plate reader.
We avoided subjects who did not complete ques-

ions about atopic symptoms and whose serum sam-
le could not be measured for technical reasons.
ltimately we used 716 subjects for statistics. The
alues of the IgG titers of serum antibody to micro-
lora and the level of IgE were converted to log10.
ifferences in IgG titers to E. coli, B. vulgatus, E.

aecalis, and B. longun between nonallergic schoolchil-
ren with no allergic symptoms, and symptomatic
choolchildren with more than one allergic symptom
mong asthma, rhinitis, eczema, and food allergy,
ere analyzed by two-tailed Student’s t-test. We also

ested the relation in IgG titers by each symptom;
sthma, rhinitis, eczema, and food allergy by two-
ailed Student’s t-test. Then we divided subjects into
hree groups; “nonallergy,” who have no allergy
ymptoms; “one allergy,” who have one allergic
ymptom among asthma, rhinitis, eczema, and food
llergy; and “two or more allergy,” who have at least
wo allergic symptoms among asthma, rhinitis, ec-
ema, and food allergy. We examined the differences
n IgG titers to E. coli, B. vulgatus, E. faecalis, and B.
ongun among the three groups by one-way analysis
f variance. The statistical analysis for this study was

able 1. The Relationship Between Allergy Symptoms an
hildren (Mean � SE)

Microflora
or IgE

Nonallergy
(n � 433)

One allergy symptom
(n � 200)

. coli 3.04 � 0.01 3.07 � 0.02

. vulgatus 2.94 � 0.01 2.91 � 0.01

. faecalis 2.99 � 0.01 2.99 � 0.02

. longum 3.02 � 0.01 3.01 � 0.02
gE 2.19 � 0.03 2.25 � 0.04

All were analyzed by one-way analysis of variance. Each gut
ormal distribution. SE � means standard error; E. coli � Escherichi
. longum � Bfidobacterium longum; IgE � Immunoglobulin E.
one using SPSS 10.0J for Win. a
esults
gG titers to E. coli, B. vulgatus, E. faecalis, and B.
ongun showed no significant difference between
onallergic schoolchildren (n � 433) with no allergic
ymptoms, and symptomatic schoolchildren (n �
83) who have more than one allergic symptom
mong asthma, rhinitis, eczema, and food allergy.
e also tested the relation by each symptom;

sthma, rhinitis, eczema, and food allergy; there
ere, however, no differences between nonallergic

hildren and children with one or more allergic
ymptoms. The subjects were divided into three
roups; “nonallergy” (n � 433), who have no allergy
ymptoms; “one allergy” (n � 200), who have one
llergic symptom among asthma, rhinitis, eczema,
nd food allergy; and “two or more allergy” (n � 83)
ho have at least two allergic symptoms among

sthma, rhinitis, eczema, and food allergy. In the
two or more allergy” group, IgG titers to B. vulgatus
ere significantly higher than in the other two

roups (Table 1) (F � 3.00 df � 2, p � .05). IgG titers
o E. coli, B. vulgatus, and E. faecalis showed no
ignificant difference among three groups. Also in
he “two or more allergy” group, subjects showed
he highest mean IgE levels (2.41 � 0.08 vs. 2.19 �
.03, 2.25 � 0.04; F � 4.23 df � 2, p � .02) among
hree groups (Table 1).

iscussion
he children with two or more of the allergic symp-

oms showed higher IgG titers to B. vulgatus than the
roups of nonallergic or one-allergic-symptom
choolchildren. This finding suggests that a species
f the Bacteroides genus of the intestinal microflora
ight be an organism that affects the gut issues and

hus, induces inflammation accompanied by an ele-
ation of serum antibodies to this bacterium [8],

Titers of Serum Antibody Microflora in School

2 or more allergy symptoms
(n � 83) F p

3.04 � 0.03 0.62 .54
2.97 � 0.02 3.00 .05
3.03 � 0.03 1.11 .33
3.06 � 0.02 1.38 .25
2.41 � 0.08 4.23 .02

or IgE values were converted to log10 because they didn’t show
B. vulgatus � Bacteroides vulgatus; E. faecalis � Enterococcus faecalis;
d IgG

flora
a coli;
lthough the exact mechanism of this remains un-
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lear. Some studies reported that there was a differ-
nce in the composition of intestinal microflora be-
ween allergic and nonallergic infants. They compared
-year-old infants living in two countries with a low
Estonia) and a high (Sweden) prevalence of atopy, and
ound that Lactobacilli and Eubacteria were more fre-
uently found in the intestinal microflora of Estonian
nfants, whereas Clostridia was more prevalent in
wedish infants [9]; 2-year-old allergic children were
olonized less often by Lactobacilli, and harbored
igher counts of aerobic bacteria (coliforms, Staphy-

ococcus aureus) than nonallergic children [10]. These
ubjects were, however, all infants, and the number
f samples was small. Kirjavainen et al recently
howed that, in 4.2–10.5-year-old children, serum
otal IgE concentration correlated with bacteroides in
eightened risk of subjects with atopic disorders, and

hose subjects also showed a greater number of
actobacilli/enterococci than those in the low-risk
roup [11]. Our data is partly consistent with this.

This is the first study to clarify the relationship
etween atopic symptoms and bacterial species of
redominant commensal intestinal microflora in a

arge group of junior high school children. Further
tudies are needed to clarify when bacterial species
f commensal microbes in the gut are recognized as
he antigens that induce serum antibody responses in

llergic subjects.
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