
Background: The prevalence of allergic diseases, such as
atopic dermatitis (AD), has been increasing. However, few
investigations have been made of the intestinal microflora in
Japanese patients with AD.
Objective: The purpose of this study was to determine the dif-
ferences in microflora, fecal serum IgA concentrations, and
skin IgA contents between patients with AD and healthy con-
trol subjects.
Methods: This trial was conducted as a case-control study
using 30 minor patients with AD and age- and sex-matched
healthy control subjects (n = 68). One week after a question-
naire was administered, fecal specimens and 24-hour skin
secretion specimens were collected from all subjects. Fecal
microflora, fecal IgA concentrations, and IgA contents on the
skin surface were analyzed.
Results: The counts of Bifidobacterium (in log10 colony-form-
ing units per gram) were significantly lower in patients with
AD than in healthy control subjects (9.75 ± 0.68 vs 10.10 ± 0.50
log10 colony-forming units/g, P < .05). In particular, percent-
ages of Bifidobacterium were significantly lower in patients
with severe skin symptoms than in those with mild skin symp-
toms (40% ± 6% vs 19% ± 6%, P < .05). In addition, the fre-
quency of occurrence of Staphylococcus was significantly high-
er in patients with AD than in healthy control subjects (83%
vs 59%, P < .05). There were no significant differences in fecal
IgA content or IgA content on the skin between the 2 groups.
Conclusion: Patients with AD had lower counts of Bifidobac-
terium than healthy control subjects, and the frequency of
Staphylococcus was higher in patients with AD than in control
subjects. Disorder of the intestinal microflora might play a
role in the onset of AD and the aggravation of skin symptoms.
(J Allergy Clin Immunol 2003;111:587-91.)
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The prevalence of allergic diseases has been continu-
ously on the increase in many countries.1,2 Recent epi-
demiologic studies have shown that the prevalence of
atopic dermatitis (AD) is much higher among children in
urban areas than among those in suburban areas.3 AD is
a chronically relapsing skin disorder that most common-
ly arises during early infancy, childhood, or adolescence.
It is frequently associated with increased serum IgE lev-
els and a personal or family history of at least one of the
following: AD, allergic rhinitis, and asthma.

Recently, a new theory, the hygiene hypothesis, has
been proposed, according to which the prevalence of
allergic disorders is increasing in industrialized countries
partly because human subjects there are less likely to be
exposed to a variety of pathogenic and nonpathogenic
microorganisms in the gastrointestinal tract during infan-
cy.4-6 In particular, the relationship between intestinal
microflora and the cause of allergic diseases has received
considerable research and clinical attention. Sudo et al7

conducted in vivo studies using germ-free mice and
demonstrated that the presence of microflora in the gut is
necessary for the establishment of oral immune tolerance
to IgE. Recently, several investigators examined the
intestinal microflora in allergic infants and young chil-
dren between 1 and 2 years of age who had positive reac-
tions to skin prick tests and allergic symptoms, such as
AD and food allergy, and found that allergic infants had
low levels of lactic acid–producing bacteria in the
feces.8-10 Taken together, these findings indicate that
intestinal microflora is associated with development of
the immune system in the gut during infancy and early
childhood. Kalliomäki et al10 have emphasized the
importance of administration of probiotic bacteria for the
primary prevention of atopic disease by means of regula-
tion of intestinal microflora.

The prevalence of allergic diseases, such as AD, is
increasing in Japan, possibly as a result of improvements in
health and hygiene.11 Few studies have examined the com-
position of intestinal microflora in patients with AD less
than 20 years of age in Japan. Therefore we conducted a
case-control study to compare the composition of fecal
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microflora, fecal IgA levels, and IgA content on the skin
surface in patients with AD who were less than 20 years of
age with those in age- and sex-matched healthy control
subjects. The results of this clinical trial are presented here.

METHODS

Subjects

The study cohort comprised 30 patients with AD less than 20
years of age and age- and sex-matched control subjects (68 healthy
individuals). All 30 patients were given a diagnosis of AD in ac-
cordance with the criteria for the diagnosis of AD established by the
Japanese Dermatological Association.12 Skin manifestations of
patients included erythema, papules, scaling, excoriation, lichenifi-
cation, and itching. The severity of skin symptoms was rated by
using the following 4-point scale: 0, absence; 1, mild; 2, moderate;
and 3, severe. Control subjects were selected from among healthy
volunteers in accordance with the following criteria. First, control
subjects and their families did not have a past history of any of the
following diseases: bronchial asthma, allergic rhinitis, allergic con-
junctivitis, and AD. Second, control subjects had no skin symptoms
at the time of the study. We excluded subjects who had been treated
with antibiotics or antifungal agents within 1 month before the start
of the trial and those who had eaten yogurt or foods containing live
bacteria within 7 days before initiation of the study. We explained
the details of the trial to each subject and his or her guardians and
obtained informed consent to participate in the trial (ie, the written
informed consent form was signed by the subject or his or her
guardians) before participation in the trial. This study was conduct-
ed in accordance with the spirit of the Helsinki Declaration under
the supervision of physicians.

Study design

This trial was conducted as a case-control study with age- and
sex-matched patients and healthy control subjects. A questionnaire
survey was conducted for 1 week, and then fecal specimens and 24-
hour skin secretion specimens were collected from all subjects.
Fecal microflora, fecal IgA levels, and IgA concentrations in the
skin were analyzed. Statistical analysis was performed, and the data
for the 2 groups (ie, patients with AD and healthy control subjects)
were compared.

Collection of fecal samples

Fecal specimens were collected on day 7 after initiation of the
questionnaire survey. Approximately 2 g of a fresh fecal sample was
collected in an anaerobic transport container (seed tube, Eiken
Chemical Co, Ltd), and approximately 10 g of a fresh stool sample
was collected in a plastic cup. Fecal specimens collected in anaero-
bic transport containers were stored in a refrigerator and used for a
bacterial culture test within 24 hours. Fecal specimens collected in
plastic cups were stored frozen at –80°C until use (determination of
IgA concentrations in stool).

Collection of dermal secretion product

On day 5 after initiation of the questionnaire survey, a 24-hour skin
secretion product was harvested. After rinsing and drying the skin on
the inner side of the forearm, excluding atopic lesions, a disc for col-

lection of skin secretion product was patched on the skin for 24 hours.
The disc was prepared with 10 × 10 mm nitrocellulose membrane
(Bio-Rad, 162-0115), 12 × 12 mm Whatman filter paper (Whatman,
60 × 60 conical filter paper), and 20 × 30 mm adhesive tape (Trans-
pore, 3M). The disc was collected 24 hours later and stored frozen at
–80°C until analysis (determination of IgA level in skin).

Bacteriologic analyses

Determination of fecal microflora was performed according to
the method of Mitsuoka.13 Four nonselective media (Brucella HK
agar, BL agar, sheep blood agar medium M58, and CLED medium)
and 8 selective media (BBE agar, Kanamycin CW agar, LBS-mod-
ified agar, Villonella agar, mannitol salt agar, EF agar, DHL agar,
and potato dextrose agar) were used for isolation of intestinal bac-
teria. Approximately 1.0 g of fresh fecal specimen was weighed and
suspended in 9 mL of anaerobic diluent. Then a series of 10-fold
dilutions (101-108) was prepared with diluent in an atmosphere of
carbon dioxide gas. A given amount of each dilution (0.05 mL) was
inoculated onto each of the 4 nonselective media and 8 selective
media. After inoculation, plates containing Brucella HK agar, BL
agar, BBE agar, Kanamycin CW agar, LBS-modified agar, and Vil-
lonella agar were placed in a plastic anaerobic jar filled with an
atmosphere of oxygen-free CO2 gas and incubated in an anaerobic
environment at 37°C for 72 hours. Plates containing sheep blood
agar M58, CLED medium, mannitol salt agar, EF agar, DHL agar,
and potato dextrose agar were incubated at 37°C for 48 hours. After
incubation, identification of the genus of bacteria was performed on
the basis of the number of colonies on each medium, characteristics
of colonies, Gram reaction (Gram staining), spore formation, aero-
bic growth, and cellular morphologies, as determined by means of
light microscopy. Bacterial counts per gram of wet feces were cal-
culated and transformed to logarithmic values (log10 colony-form-
ing units [CFU] per gram of wet feces).

Measurement of fecal IgA

Fecal IgA concentrations were determined according to the
method of Tsuyuki et al.14 Fecal specimens were freeze-dried, and
1.0 mL of 0.1 mol/L bicarbonate buffer solution (pH 9.6) was added
to 0.1 g of freeze-dried fecal specimens. After suspending the fecal
samples in bicarbonate buffer solution thoroughly, the fecal suspen-
sion was centrifuged at 15,000 rpm for 10 minutes. The supernatant
was used for determination of fecal IgA concentrations. Fecal IgA
concentrations were measured with an ELISA, according to the
method of Tsuyuki et al.

Ninety-six-well microtiter ELISA plates (Nunc-immuno plate II,
Nunc) were coated with 50 µL per well of polyclonal mouse anti-
human IgA antibody (Biosource) diluted 1:40 in sodium carbonate
buffer (SCB; 0.1 mol/L, pH 9.6) and incubated at 4°C for overnight.
After removing the solution, each well was blocked with 200 µL of
1% BSA. The plates were then incubated at 37°C for 60 minutes.
After washing with buffer (SCB–Tween 0.05%), 40 µL of standard
solution and sample solution was added to the wells in duplicate. As
standard solution, human IgA (ICN Pharmaceuticals, Inc) diluted 2-
fold (range, 1.25-80 ng/mL) in SCB-BSA was used. After washing,
the plates were incubated with 40 µL of horseradish peroxidase–con-
jugated mouse anti-human IgA antibody (Biosource) diluted 1:1000
in SCB-BSA. To develop the reaction, 200 µL of p-nitrophenyl phos-
phate (FAST pNPP, Sigma-Aldrich) was used as a substrate. The
reaction was stopped after 30 minutes by adding 50 µL of 3 mol/L
sodium hydroxide. The OD was read at 490 nm.

Measurement of IgA on the skin surface

The skin IgA level was determined according to the method of
Imayama et al.15 The disc was thawed, and the nitrocellulose mem-
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brane was peeled off. The discs were initially incubated with PBS
(pH 7.2) containing 1% BSA to block nonspecific reactions for 2
hours. After thorough rinsing with 50 mmol/L Tris buffer (pH 7.4)
containing 150 mmol/L sodium chloride and Tween 20 (Merck), the
disks were incubated for 1 hour with a 1:1000 dilution of peroxi-
dase-conjugated anti-human IgA goat polyclonal antibody (Cap-
pel). Specimens were again rinsed with Tris buffer solution, and
color reaction was initiated with a horseradish peroxidase conjugate
substrate kit (Bio-Rad). Finally, the amount of immunoreactive
product per square millimeter was determined with a densitometer
(AE-6900, Atto)

Statistical analysis

First, we performed regression analysis to determine whether
age or sex affected the counts of bacteria in the gut, frequencies of
occurrence, IgA concentrations in the skin, fecal IgA concentra-
tions, or ratings on the severity scale. If the data exhibited a normal
distribution, a t test was applied to compare values between the 2
groups. If the data did not exhibit a normal distribution, the Mann-
Whitney U test was applied to compare values between the 2
groups. The rates of detection of intestinal microflora were com-
pared by using the χ2 test.

Ethical considerations

Written informed consent was obtained from the parents of the
children. The study was approved by the Ethical Committee of
Teikyo University School of Medicine.

RESULTS

Clinical characteristics of the subjects

Thirty children with AD (7.6 ± 5.0 years, 16 boys and
14 girls) and 68 age- and sex-matched control subjects
(6.5 ± 4.4 years, 31 boys and 37 girls) participated in this
study. Most patients had mild-to-moderate skin symp-
toms. The median values of severity scores in the AD
group were as follows: erythema, 1; papules, 1; scaling, 2;
excoriation, 1; lichenification, 1; and itching, 1. The mean
values were as follows: erythema, 1.5 ± 0.6; papules, 1.3
± 0.5; scaling, 1.2 ± 0.5; excoriation, 1.7 ± 0.5; lichenifi-
cation, 1.3 ± 0.5; and itching, 1.7 ± 0.5. Duration of ill-
ness in the AD group was 6.6 ± 5.3 years. Sixteen of the
30 patients had received topical steroid therapy. Twelve
patients had been treated with emollients alone.

In the present study there was no significant correla-
tion between age and bacteria counts in the gut, frequen-
cy of occurrence, IgA concentrations in the skin, or fecal
IgA concentrations. There were no sex-related differ-
ences in those parameters. Therefore statistical analysis
was performed to compare the 2 groups without age- and
sex-based compensation.

Fecal microflora

The composition of the fecal microflora in atopic
patients and healthy individuals is shown in Table I. The
table shows the counts and the frequency of occurrence
of intestinal microorganisms. The counts of Bifidobac-
terium were significantly (P = .006) lower in patients
with AD (9.75 ± 0.68 log CFU/g wet feces) than in
healthy individuals (10.10 ± 0.50 log CFU/g wet feces).
Bifidobacterium was not detected in feces collected from

the 2 patients with AD who had the most severe symp-
toms of the 30 patients.

The total fecal microflora count tended to be lower in
patients with AD (10.54 ± 0.46 log CFU/g wet feces)
than in healthy individuals (10.70 ± 0.40 log CFU/g wet
feces, P = .097). The counts of Clostridium, Streptococ-
cus, and Enterobacteriaceae also tended to be lower in
patients with AD than in healthy individuals. The fre-
quency of occurrence of Staphylococcus was significant-
ly higher in patients with AD (83%) than in healthy indi-
viduals (59%, P = .0209).

We also examined the relationship between the sever-
ity of skin symptoms and fecal microflora. The severity
rating of skin symptoms of patients with AD (erythema,
papules, itching, scaling, excoriation, and lichenifica-
tion) was scored. The counts and percentages of fecal
microflora in the mild group (total score, 1-8 points; 18
patients) and the moderate or severe group (more severe
group: total score, ≥9 points; 12 patients) were com-
pared. The counts of Bifidobacterium were significantly
(P = .0406) lower in the more severe group (9.52 ± 0.51
log CFU/g wet feces) than in the mild group (9.90 ± 0.74
log CFU/g wet feces). Moreover, the percentage of Bifi-
dobacterium was significantly (P = .0038) lower in the
more severe group (19% ± 6%) than in the mild group
(40% ± 6%). On the other hand, the percentage of Bac-
teroides was significantly (P = .0443) higher in the more
severe group (62% ± 7%) than in the mild group (37% ±
7%). There was a significant negative correlation (R =
–0.472, P = .0077) between the percentage of Bifidobac-
terium and the individual subject severity score (Fig 1).

Fecal IgA and skin IgA concentrations

There was no significant difference in fecal IgA content
between patients with AD (2.61 ± 2.41 mg/g) and healthy
control subjects (1.78 ± 1.12 mg/g) nor was there a signif-
icant difference in secretion-type IgA concentrations in
nonatopic skin lesions (patients with AD, 2.17 ± 4.61
pg/mm2; healthy control subjects, 1.69 ± 5.02 pg/mm2).
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FIG 1. Relationship between the percentage of Bifidobacterium
species and the severity score of atopic symptoms of individual
patients with AD (R = 0.470, P < .001).
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DISCUSSION

In the present study we compared the composition of
intestinal microflora in patients with AD (all were
minors) with that in age- and sex-matched healthy con-
trol subjects and confirmed that the counts of Bifidobac-
terium were significantly lower in patients with AD than
in healthy individuals. Furthermore, we performed a
stratified analysis on the basis of the severity rating of
symptoms and found that the counts and percentages of
Bifidobacterium were significantly lower in those with
severe AD than in patients with mild atopic symptoms. In
addition, the frequency of occurrence of Staphylococcus
was significantly higher in patients with AD than in
healthy individuals.

Björkstén et al8 investigated intestinal microflora in 62
allergic Estonian and Swedish 2-year-old children,
including children with AD, and found that in both coun-
tries allergic children were less often colonized with Lac-
tobacillus than nonallergic children. They also demon-
strated that the prevalence of colonization with
Bifidobacterium was lower during the first year of life in
infants who had allergy than in those who did not.16

Böttcher et al9 studied the composition of intestinal
microflora-derived volatile fatty acids in feces collected
from 25 allergic infants (including infants with AD) and
47 nonallergic infants and found that the fecal level of
Clostridium difficile–derived I-caproic acid was signifi-
cantly higher in allergic than in nonallergic infants.
Kalliomäki et al10 conducted a prospective study to
determine the composition of intestinal microflora in
infants with a family history of atopic disorders by means
of fluorescence in situ hybridization and demonstrated
that counts of Clostridium were significantly higher at
week 3 after birth in infants who had AD by 13 months
after birth than in those who did not have AD. In contrast,
counts of Bifidobacterium tended to be lower at week 3
after birth in infants who had AD than in those who did

not have AD. Our results were in accord-ance with those
reported by Kalliomäki et al in that counts of Bifidobac-
terium were lower in children who had AD than in those
who did not have AD. Moreover, this difference in counts
was more striking in patients who had severe atopic
symptoms. Intradermal administration of killed
Mycobacterium vaccae suspension suppressed TH2-type
allergic response and decreased the severity of AD. In
addition, oral administration of Bifidobacterium stimu-
lates the production of TH1-type cytokines and leads to
TH1-dominant immunity.17 Therefore the amount of Bifi-
dobacterium in the intestine might be related to the onset
of allergic disease in the host. It has been suggested that
the prevalence and counts of Bifidobacterium are
decreased with aging18,19 and by stress,20 inflammatory
bowel disease,21 cancer,22 antibiotics, and other factors
and that this disturbance of microflora affects host con-
ditions, such as digestion of nutrients, drug efficacy, car-
cinogenesis, and immune response.19

In the present study the frequency of occurrence of
Staphylococcus was significantly higher in patients with
AD than in healthy individuals. The frequency and counts
of Staphylococcus aureus were higher in the skin lesions
of patients with AD than in healthy individuals.23 Recent-
ly, many investigators have demonstrated that dermal
Staphylococcus aureus–derived exotoxins modulate the
severity of AD.24-26 Our results suggest that colon-ization
with Staphylococcus aureus in the intestine could influ-
ence skin symptoms in patients with AD.

The immunologic abnormalities observed in patients
with AD might be related to the onset of AD. Decreased
levels of secretion-type IgA contribute to increased sus-
ceptibility to infection and increased permeability of
allergens through the skin barrier. Iikura et al27 analyzed
fecal IgA levels in children with mild AD and patients
with intractable AD and found that fecal levels of secre-
tion-type IgA were lower in cases of serious AD than in
those of mild or moderate AD. In addition, Imayama et
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TABLE I. Fecal microflora in the AD and control groups

Atopic dermatitis group (n = 30) Control group (n = 68)

Fecal microflora Frequency of Fecal microflora Frequency of

count* occurrence count* occurrence P value

Staphylococcus 4.04 ± 1.22 83% 4.25 ± 1.21 59%† .497
Enterococcus 6.75 ± 2.10 93% 7.17 ± 1.64 97% .298
Streptococcus 7.60 ± 1.18 47% 8.33 ± 1.14 47% .055
Enterobacteriaceae 7.23 ± 1.32 97% 7.69 ± 0.94 100% .052
Yeast-like organism 3.04 ± 0.83 43% 3.34 ± 0.89 41% .306
Bifidobacterium 9.75 ± 0.68 93% 10.10 ± 0.50 100% .006
Eubacterium 9.50 ± 0.75 93% 9.68 ± 0.69 99% .269
Lactobacillus 5.27 ± 1.59 77% 4.89 ± 1.80 76% .387
Clostridium perfringens 4.57 ± 1.80 50% 5.36 ± 1.53 40% .142
Clostridium 7.10 ± 1.04 77% 7.47 ± 0.71 88% .071
Peptostreptococcus 8.63 ± 1.20 57% 8.97 ± 0.61 78% .124
Veillonella 6.71 ± 1.69 53% 6.35 ± 1.78 51% .492
Bacteroides 10.02 ± 0.71 100% 10.19 ± 0.63 100% .241
Total counts 10.54 ± 0.46 10.70 ± 0.40 .097

*Results are presented as means ± SD and as log CFU per gram of wet feces.
†P < .05.
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al28 compared skin IgA concentrations in nonatopic
lesions of adult patients with AD with those in healthy
individuals and found that skin IgA levels were signifi-
cantly lower in patients with AD than in healthy control
subjects. In the present study, however, there were no sig-
nificant differences in skin or intestinal IgA levels (secre-
tion-type IgA) between patients with AD and healthy
individuals. All patients who participated in this study
had mild-to-moderate AD symptoms, and all were
minors, possibly accounting for the discrepancy between
the results obtained by Imayama et al28 and our own
results. In addition, we did not forbid eating lactic acid
before collection of fecal specimens in the present study,
and the IgA concentration in the gut is probably affected
by dietary antigens, such as lactic acid bacteria. Care is
needed in future studies as well in this respect.

In the present study we found that counts of Bifi-
dobacterium were significantly lower in patients with
AD less than 20 years of age than in age- and sex-
matched healthy individuals and that the counts and fre-
quency of Bifidobacterium were lower in atopic patients
with more severe skin symptoms. Recently, Kalliomäki
et al29 conducted a randomized, placebo-controlled, dou-
ble-blind comparative study in an attempt to prevent the
onset of allergic disorders by use of probiotics in
neonates in Finland. In their study the prevalence of
allergic disorder was significantly lower in infants inoc-
ulated with probiotics during the first 6 months after birth
than in those administrated placebo capsules.

In the near future, the relationship between intestinal
miroflora and immunity-allergy in the gut will doubtless
receive increased attention. Despite recent advances in
this field, the cause of AD is still largely unknown.
Because some bacteria in the gut are uncultivable, further
studies will be needed to elucidate the relationship
between AD and intestinal microflora.
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