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Abstract
Aims—Clinical factors and data from
recent cases of atopic dermatitis (AD)
(with or without ocular complications)
and non-AD cases were examined to
evaluate the mechanism of atopic ocular
complications.
Methods—IgE-RAST for eight allergens
including rice, egg, and mite and serum
total IgE were measured in 216 patients
with AD (70 ocular type, 146 non-ocular
type) and 69 non-AD individuals. Tear
histamine and leukotriene B4 (LTB4) levels
were also measured.
Results—The serum levels of IgE were
significantly increased in AD patients
with ocular complications compared with
those without ocular complications. The
positive rates of IgE-RAST for rice and
wheat were significantly higher in ocular
type AD than in non-ocular type AD. In
ocular type AD, serum IgE was signifi-
cantly increased in patients with cataract
compared with that in those without cata-
ract. Tear histamine and LTB4 levels inAD
patients with ocular complications showed
significant elevations compared with
those in patients with pure AD and
controls.
Conclusions—These results suggest that
ocular type AD belongs to the most severe
end of the spectrum of AD, and that some
food antigens may contribute to the
pathogenesis of severe AD resulting in
ocular complications.
(Br J Ophthalmol 1998;82:82–87)

Atopic dermatitis (AD) is a recurrent, itching,
eczematous skin disease which may arise from
disordered regulation of IgE and T cell medi-
ated hypersensitivity reactions and vascular
responses.1 Several ocular complications such as
cataract,2 keratoconjunctivitis,3 keratoconus,4

retinal detachment,5 herpes simplex keratitis,4

and ocular motility disturbances6 have been
described. However, it has still not been
demonstrated what mechanisms underlie the
development or exacerbation of AD and its
ocular complications. Inhalants such as mites,
pollens and moulds, and many kinds of foods
have been suggested as aetiological agents in
AD, since IgE antibodies to these antigens are
present in the sera of AD patients.7–9 Among
the food antigens, egg white, milk, and soybean
have been well studied, since many paediatri-
cians have long insisted that they are the three
major allergens causing infantile AD,10–14 but

cereal allergens such as rice and wheat have not
received the same attention. Recently, the inci-
dence of the severe type of AD, which is not
well controlled by local steroid treatment, has
been noted to be increasing.8 Although several
authors have reported the characteristics of
ocular complications of AD,2–6 to our knowl-
edge, the pathophysiological features of the
ocular complications of AD have not been
described. In this paper we compared the
immunological features, systemic and local, of
patients with AD of the ocular and non-ocular
types and examined what kind of allergens may
be related specifically to the development of
atopic ocular complications.

Materials and methods
SUBJECTS AND DIAGNOSTIC CRITERIA FOR AD

In all, 216 patients with typical lesions of AD
were included in this study. Definite AD was
diagnosed, according to criteria proposed by
Hanifin and Rajka,15 by the presence of four
items: (1) itching, (2) chronic course of more
than 1 year, (3) atopic history, and (4) typical
lesions of AD. The historical data, age at onset,
clinical course of the dermatitis, personal and
family history of atopy, use of steroids, compli-
cations, and response to treatment were
recorded. All the patients with a definite clini-
cal diagnosis of AD at the Department of Der-
matology, Yokohama City University Hospital
were referred to the Department of Ophthal-
mology, Yokohama City University Hospital
and examined for signs of ocular disease even if
they complained of no ocular symptoms. Ocu-
lar complications were present in 70 AD
patients (group 1, AD + eye group; 25 women
and 45 men; mean age, 24.8 (SD 7.8) years;
range, 13–58). The non-ocular AD group was
divided into three subgroups according to
other non-ocular complications as follows:
patients without any complications (group 2,
pure AD group; 38 women and 47 men; mean
age, 25.6 (SD 8.1) years; range 11–54),
patients with bronchial asthma (group 3, AD +
BA group; 17 women and 15 men; mean age,
13.1 (SD 9.7) years; range 5–51), and patients
with allergic rhinitis (group 4, AD + AR group;
15 women and 14 men; mean age, 25.4 (SD
11.9) years; range 13–59). Serum samples
from 69 healthy individuals were also exam-
ined (group 5, controls; mean age, 29.4 (SD
11.7) years; range 9–66).

GRADING OF CLINICAL DERMATOLOGICAL

SEVERITY

The clinical severity of the AD lesions was
graded as (I) mild, (II) moderate, or (III)
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severe, according to the distribution of the
lesions, response to therapy, frequency of
relapse, and the clinical course, as follows8; (I)
mild—the lesions were relatively limited or dis-
parately scattered, readily responsive to
therapy, rarely relapsing, and the course was
short; (II) moderate—the lesions were wide-
spread or occasionally limited, relatively re-
sponsive to therapy, but often relapsed with a
chronic course; (III) severe—the lesions were
widespread or occasionally limited, refractory
to therapy, and had a protracted course.

MEASUREMENT OF SPECIFIC IgE ANTIBODY AND

SERUM IgE LEVEL

Serum levels of IgE antibodies specific to inha-
lant and food antigens were determined with
the CAP system (Pharmacia CAP System
RAST FEIA, Pharmacia, Uppsala, Sweden).
Firstly, 50 µl of samples including standards
was absorbed with Immuno CAP, and incu-
bated for 30 minutes. Just before the end of the
incubation, 50 ml of enzyme linked anti-IgE
antibody was added to each well. After
washing, the samples were incubated for 150
minutes. After further washing, 50 µl of devel-
oping solution was added. After incubation for
10 minutes, the reaction was halted by adding
stop solution and the fluorescence was meas-
ured with a Fluoro Count 96 (Pharmacia,
Uppsala, Sweden). The concentration of the
patient samples was read from a standard
curve. The results were expressed in kUA/l and
classified according to the RAST scoring
system (0: < 0.35 kUA/l, 1: 0.35 ∼ 0.69, 2: 0.7 ∼
3.4, 3: 3.5 ∼ 17.4, 4: >l 17.5 kUA/l). A result
exceeding 0.69 kUA/l (score >l 2) was consid-
ered positive. Serum total IgE level was also
measured.

TEAR HISTAMINE AND LEUKOTRIENE B4 LEVELS
Tear samples were collected from 42 patients
who were divided into three groups: group A
included 14 patients with AD who had ocular
complications; group B included 16 patients
with AD who had no clinical signs other than
skin lesions; group C included 12 healthy con-
trols. Cases in groups A, B, and C were
selected randomly from groups 1, 2, and 5,
respectively. The mean age in each group
showed no significant diVerence. Two separate
filter paper strips were superimposed and then
placed in the inferior fornix. In this manner it
was possible to demonstrate that the entire
spectrum of mediators being assayed was gen-
erated in the same sample of tear fluid. Each
filter paper was frozen at −80ºC until assay.
One of the two preweighed filter paper

strips was placed immediately into a pre-
weighed tube containing 300 µl of isotonic
saline for the determination of histamine.

When samples were thawed, fluids for the
determination of histamine were divided into
aliquots and assayed at appropriate dilutions.
Histamine was measured in 50 µl aliquots of
fluid by a radioenzymatic assay with a
detection limit of 50 pg/ml. This assay uses
partially purified histamine N-methyl trans-
ferase from rat kidney and S-adenosyl-C-[3H]-
methyl-methionine (Amersham Japan, Tokyo,
Japan) to convert histamine to [3H]-
methylhistamine, which is then isolated from
other radiolabelled materials and quantified
by liquid scintillation counting. A standard
curve ranging from 50 pg/ml to 10 000 pg/ml
was used in each experiment.
The remaining filter paper strip for the

measurement of leukotriene B4 (LTB4) was put
into a separate vial containing 0.5 ml Krebs–
Ringer bicarbonate buVer, pH 7.4, and was
centrifuged for 15 minutes at room tempera-
ture, following which samples were obtained
from the incubation medium for LTB4 deter-
mination. LTB4 was determined by radio-
immunoassay, using specific antibodies. For
LTB4, we used antibodies from Amersham
Japan, with cross reactivity of 3.5% with 5,12-
dihydroxyeicosatetraenoic acid and less than
1% with other arachidonic acid derivatives.

STATISTICS

The significance of diVerences in clinical
dermatological severity of AD and percentage
positivity of IgE RAST between patient groups
was determined by the ÷2 test. The Mann–
Whitney test was used to identify significant
diVerences in serum total IgE level and tear
histamine and LTB4 levels between groups.

Results
OCULAR COMPLICATIONS

Of the 216 patients, 70 (32.4%) had significant
ocular disease. Conjunctival, corneal, lens, and
retinal disorders were observed in 59 (84.3%),
26 (37.1%), 29 (41.4%), and 16 (22.9%)
patients, respectively. Of the 29 patients with
cataract, five had received significant steroid
therapy. In this study, atypical lens opacities in
patients over 40 years old were excluded, since
senile cataract might be involved in those cases.
Four patients suVered from retinal detachment
and underwent successful surgery.

COMPARISON OF DERMATOLOGICAL SEVERITY

BETWEEN AD PATIENT GROUPS

Table 1 compares the dermatological severity
between two diVerent patient groups of AD;
firstly, between patients with ocular complica-
tions (group 1) and those with no ocular com-
plications (groups 2–4); secondly, among those
with ocular complications, between patients

Table 1 Comparison of dermatological severity between AD patient groups

No of
patients

Dermatological severity

p Value (÷2 test)Mild Moderate Severe

AD with ocular complications (group 1) 70 6 30 34 <0.025 v group 2–4
Patients with cataract (group 1A) 29 0 7 22 <0.001 v group 1B
Patients without cataract (group 1B) 41 6 23 12

AD without ocular complications (groups 2–4) 146 41 59 46
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with cataract (group 1A) and those with no
sign of cataract (group 1B). Severe cases of AD
comprised 48.6% (34/70) of group 1 and
31.5% (46/146) of groups 2–4. This diVerence
was significant (p <0.025). In addition, derma-
tologically severe cases were more common in
patients with cataract (22/29 (75.9%)) than
in non-cataract patients (12/41 (29.3%)) (p
< 0.001).

RELATION BETWEEN SYSTEMIC COMPLICATIONS

AND SERUM IgE
We compared serum IgE levels in the three
patient groups, AD with ocular complications
(group 1, AD + eye group), AD without any
complications (group 2, pure AD group) and
AD with bronchial asthma (group 3, AD + BA
group). As shown in Figure 1, the serum levels
of IgE were significantly increased in the AD +
eye group compared with the pure AD group
or AD + BA group (p <0.001, 0.005,
respectively). The diVerence in levels of serum
IgE between pure AD and AD + BA groups
was not significant.

COMPARISON OF RAST REACTIONS TO ALLERGENS

BETWEEN PATIENT GROUPS

The RAST scores for groups 1–5 are presented
in Table 2. IgE-RAST of almost all allergens in

non-AD individuals (group 5) showed a
significantly lower positive rate than that in
each type of AD patients (groups 1–4). The
RAST scores for wheat were positive in 37 of
70 patients (52.9%) with AD having ocular
complications, whereas scores were positive in
only 28 of 85 patients (32.9%) with pure AD
(group 2) and four of 25 patients (16.0%) with
AD + AR (group 4). These diVerences were
significant (p <0.05, 0.005, respectively). The
RAST scores for rice were also significantly
elevated in patients with AD and ocular
complications (group 1) (49/70 (70.0%))
compared with those in patients with pure AD
(group 2) (28/85 (32.9%)) and patients with
AD + AR (group 4) (5/25 (20.0%)) (p
< 0.001).

COMPARISON OF SERUM IgE AMONG AD PATIENT

GROUPS WITH OCULAR COMPLICATIONS

AD patients with ocular complications were
divided into four subgroups: those with cata-
ract (CAT group), those with retinal disorders
(RET group), those with both cataract and
retinal complications (CAT + RET group),
and those with only conjunctival and/or
corneal disorders (Others group). The serum
levels of IgE were significantly increased in the
RET + CAT group and the CAT group
compared with the Others group (p <0.05,
0.01, respectively) (Fig 2).

COMPARISON OF TEAR HISTAMINE AND LTB4
LEVELS AMONG PATIENT GROUPS

While tear histamine levels were not signifi-
cantly elevated in pure AD patients (group B)
(83.1(SD 101) pg/ml; histamine levels of eight
patients were below the detection limit) when
compared with levels in controls (group C)
(47.9 (64.4) pg/ml; histamine levels of six
patients were below the detection limit),
significant elevation (p < 0.001) was observed
in tear histamine levels in patients with AD
with ocular complications (group A) (354
(148) pg/ml) compared with those in both
patients with pure AD and controls (Fig 3).
The tears from symptomatic ocular AD
patients (group A) showed elevated levels of
LTB4 (1000 (324) pg/ml), compared with
those from patients with AD who had no ocu-
lar complications (group B) (144 (121) pg/ml)
and the control group (group C) (109 (63.5)
pg/ml). These results were found to be signifi-

Figure 1 Serum IgE levels in AD patients with ocular complications (group 1, AD + eye
group), AD patients without any complications (group 2, pure AD group), and AD
patients with bronchial asthma (group 3, AD + BA group). Each bar represents the mean
and standard deviation of serum IgE levels.
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Table 2 Comparison of RAST reactions to inhalant and food allergens between patient groups

No of
patients

% of RAST positive patients

Antigen

DF Egg white Milk Mugwort Soybean Wheat Rice Candida

AD + eye (group 1) 0 77.1* 22.9¶ 4.3 40.0* 35.7* 52.9* 70.0* 42.9*
Pure AD (group 2) 85 74.1* 16.5§ 17.6† 42.4* 28.2* 32.9* 32.9* 50.6*
AD + BA (group 3) 32 93.8* 37.5* 25.0¶ 31.3† 21.9¶ 37.5* 37.5* 46.9*
AD + AR (group 4) 25 76.0* 0 0 20 16.0§ 16.0§ 20.0§ 52.0*
Controls (group 5) 69 34.8 4.3 2.9 8.7 1.4 1.4 2.9 10.1

DF = Dermatophagoides farinae, mite antigen; Candida = Candida albicans.
Significance between patient groups and controls is indicated by symbols: *p<0.001, ¶p<0.005, †p<0.01, §p<0.05,
Significance among patient groups is shown below.
DF: p<0.05 between group 2 and group 3.
Egg white: p<0.005 between group 3 and group 4; p<0.05 between group 1 and group 4, and group 2 and group 3.
Milk: p<0.05 between group 1 and group 2, and group 3 and group 4; p<0.01 between group 1 and group 3.
Wheat: p<0.05 between group 1 and group 2; p<0.005 between group 1 and group 4.
Rice: p<0.001 between group 1 and group 2, and group 1 and group 4; p<0.005 between group 1 and group 3.
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cant (p < 0.001) (Fig 4). No significant diVer-
ence was found in the increased levels of both
tear chemical mediators among the subgroups
of patients with significant ocular lesions, such
as cataract, retinal disorders, cataract + retinal
disorders, and others.

Discussion
Although there are a limited number of studies
on the frequency of ocular complications in
AD populations, they have been reported in
42.5% of AD patients.6 In our study, 70 out of
216 AD patients (32.4%) showed ocular com-
plications. Cataract has been found in
3–25%2 6 16 of patients with AD. Most of the
cataracts in our study were primary anterior or
posterior subcapsular, and there was no signifi-
cant use of systemic steroids in both types,
suggesting that there was no significant relation

between the systemic use of steroids and either
the development or the type of cataract.
In the present study, we showed a significant

diVerence in serum IgE levels between AD
patients with and without ocular complications
(Fig 1). Serum IgE levels were higher in the
pure AD group compared with the AD + BA
group. This result is considered to be due to
the younger mean age in the AD + BA group
compared with the pure AD group, since
serum IgE level is considered to reflect the
length of atopic history.8

Several authors have reported on the
incidence of the positive RAST reactions in
patients with AD. Positive RAST reactions to
Dermatophagoides farinae (DF; mite antigen)
have been reported in 73% of Japanese
patients.17 Although DF-RAST positivity in
our present study was highest in the AD + BA
group (93.8%), controls also showed a rela-
tively high positive rate (34.8%), probably due
to the humid and hot climate and housing
conditions with the use of floor mats in Japan.
The probable involvement of rice allergy in
many severe cases of AD is suggested from a
statistical analysis of the correlation between
rice-RAST scores and dermatological severity
in AD patients.8 Elimination of rice from the
diet in severe cases has been reported to result
in varying degrees of clinical improvement.18

Present results indicate that although all
patients with AD are equally exposed to food
allergens, only a limited number of patients
develop type I allergy to foods. This would
suggest that patients with AD vary in their
capacity to develop type I food allergy.
Furthermore, there is still a possibility that
inhalant allergens also play an important role
in the pathogenesis of various atopic symp-
toms. As shown in Table 2, among food
antigens, the positive RAST rates of rice and
wheat were significantly higher in AD patients
with ocular complications than in other AD
patients. The positive RAST rates to rice and
wheat antigens are reported to be 38–49.7%
and 21–32%, respectively, in Japan.8 9 17 In
contrast, in the USA a positive reaction
against rice and wheat is obtained in 0–7%
and 13–19%, respectively.11 19 The reason for
these diVerent RAST reactions to cereal anti-
gens between Japan and USA has not yet been
clearly explained. Statistical analysis also
revealed a close correlation between each
RAST score for rice and wheat in AD patients
with ocular complications (r = 0.925, p <
0.001, data not shown). This correlation
among RAST scores for cereal antigens
suggests that these antigens share some cross
reactive epitopes for specific IgE antibodies
and this is supported by absorption
experiments.8

We compared serum IgE levels in AD patients
with ocular complications to clarify whether
immunological reactions diVer in diVerent types
of ocular complications. Our results suggested
that type I allergy plays an important role in the
development of cataract (Fig 2). Therefore, it
seems reasonable to consider that ocular dis-
eases in AD patients, such as cataract and retinal
detachment, are due to persistent ocular trauma

Figure 2 Serum IgE levels in AD patient groups with ocular complications. CAT =
patients with cataract; RET = patients with retinal disorders; CAT + RET = patients with
both cataract and retinal complications; Others = patients with only conjunctival and/or
corneal disorders. Each bar represents the mean and standard deviation of serum IgE levels.
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Figure 3 Tear histamine levels in AD patients with ocular complications (group A), AD
patients without any complications (group B), and healthy controls (group C).Group A is
divided into four subgroups, CAT, RET, CAT + RET, and Others. Abbreviations are as for
Figure 2. Each bar represents the mean of tear histamine levels.
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which is common in patients with the severe
type of AD.16 However, it cannot be ruled out
from the present results that some kind of
autoimmune reaction, especially to extraocular
crystallins, exists in AD patients.20 21 Our data
confirm the observation that type I allergy to
foods plays an important role in the develop-
ment of severe AD and its ocular complications.
However, there remains controversy as to
whether the severity of AD can be explained
only by the severity of type I allergy, as reflected
by serum IgE levels and IgE-RAST. Supported
by the knowledge that Ag specific immuno-
globulin production is regulated by CD4+ T
cells with the same specificity,22 and the finding
that murine IgE synthesis in vivo is also
regulated by interleukin 4 (IL-4) and interferon
gamma (IFN-ã),23 24 it is possible that type IV
allergy may also play a critical pathogenesis of
AD.25

Tear levels of histamine and LTB4 were
examined to evaluate whether ocular complica-
tions in AD patients reflect the systemic sever-
ity of atopy or indicate a local immune
response that is characteristic of AD patients
with ocular complications. The present study
showed significantly higher levels of histamine
and LTB4 in the tears of AD patients with ocu-
lar complications. Histamine acts as a primary
chemical mediator, stimulating the secondary
production and release of prostaglandin I2 dur-
ing allergic conjunctival reaction.26 LTB4 is a
potent chemotactic factor for polymorpho-
nuclear leucocytes and eosinophils and LTB4 is
generated predominantly by mast cells and
macrophages.27 Tear levels of histamine are
reported to be increased in a vernal conjuncti-
vitis model in guinea pigs.26 Levels of LTB4 in
tears of humans with vernal conjunctivitis are
also elevated.28 In contrast, both histamine and
LTB4 levels in patients with allergic conjuncti-
vitis show no significant increase.29 To our
knowledge, the levels of tear histamine and
LTB4 in patients with AD who have ocular
complications have not been described. In our
study, tear histamine and LTB4 levels in AD
patients with ocular complications showed sig-

nificant elevations compared with those in
patients with pure AD and controls. These
findings indicate that high levels of histamine
and LTB4 in the eyes of AD patients contribute
to the development of ocular complications.
Therefore, it is suggested that the immunologi-
cal reaction in ocular type AD patients is
significantly activated not only systemically but
also locally.
In conclusion, although further studies are

needed to elucidate the precise immunological
mechanism of severe AD with ocular complica-
tions, our data indicate a clear correlation
between the presence of ocular complications
and a high serum IgE level or positive rate of
RAST scores to cereal antigens. Moreover, the
local immune response is significantly acti-
vated in AD patients with ocular complications
compared with those without ocular complica-
tions.

We wish to thank Pharmacia Co Ltd for providing CAP System
RAST FEIA.
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