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Background: Shiitake mushrooms are a dietary staple in
Asia and are increasingly popular worldwide. A cholesterol-
lowering study with shiitake showed that 17 of 49 partici-
pants withdrew because of rash or abdominal discomfort,
and two had marked eosinophilia. One of these latter partici-
pants was subsequently challenged for 14 days with shiitake
powder and again had eosinophilia.
Objective: We investigated whether ingestion of shiitake
mushroom powder induces eosinophilia or symptoms.
Methods: We studied 10 normal persons. Each participant in-
gested 4 gm shiitake powder (open label) daily for 10 weeks
(trial 1), and the protocol was repeated in these same subjects
after 3 to 6 months (trial 2). Blood counts and serum samples
were obtained biweekly (trial 1) or weekly along with stool spec-
imens (trial 2). Eosinophil major basic protein and IL-5, IgE,
and IgG antishiitake antibodies were measured in sera. Eosino-
phil-derived neurotoxin was measured in stool extracts. We de-
fined responders as subjects having peak eosinophil counts four
or more times their average baseline counts.
Results: Each trial had four responders, and trial 2 had one
new and three repeat responders. Eosinophilia ranged from
400 to 3900/mm3. Responders had increased blood eosino-
phils, serum major basic protein, stool eosinophil-derived
neurotoxin, and factors that enhanced eosinophil viability.
Antishiitake IgE was not detected, and antishiitake IgG in-
creased in two responders. Gastrointestinal symptoms coin-
cided with eosinophilia in two subjects. Symptoms and eosin-
ophilia resolved after discontinuing shiitake ingestion.
Conclusions: Daily ingestion of shiitake mushroom powder in
five of 10 healthy persons provoked blood eosinophilia, in-
creased eosinophil granule proteins in serum and stool, and
increased gastrointestinal symptoms. Shiitake ingestion sug-
gests a model to study the eosinophil’s role in the blood and
gastrointestinal tract. Finally, our report raises concerns of
possible adverse systemic reactions to this increasingly popu-
lar food. (J Allergy Clin Immunol 1998;101:613-20.)
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The shiitake mushroom (Lentinus edodes) is the most
commonly eaten mushroom in Asia and is second in the

global market.1 Its popularity in the West stems presum-
ably from its pleasing flavor and texture, resistance to
spoilage, and ease of cultivation. The shiitake has a long
and rich history in Asian culture, with medicinal use
dating to the Ming dynasty.2 In Japan, shiitake mush-
rooms are widely believed to have both preventive and
therapeutic values, and an extract, lentinan, is produced
for both purposes by food and pharmaceutical compa-
nies.3 To lend experimental support for the long list of
traditionally claimed benefits of the shiitake mushroom,
many scientists have studied its biochemical properties
and biologic effects. Among the demonstrated effects of
shiitake are lowering of plasma lipids,4 inhibition of
platelet aggregation,5 antiviral and antimicrobial activi-
ty,4 inhibition of tumor growth,4 and augmentation of
natural killer cell activity.6, 7 On the basis of its immu-
nopotentiating effects, lentinan has been used in clinical
trials in Japan for the treatment of cancer.8, 9

During a 10-week study of the cholesterol-lowering
effect of 4 gm/day shiitake mushroom powder ingestion,
17 of 49 subjects in the treatment arm withdrew because
of either rash (seven subjects) or abdominal discomfort
(10 subjects). Two subjects had marked peripheral blood
eosinophilia (9700/mm3 and 2760/mm3) at the time they
stopped ingesting mushrooms, although their eosino-
philia resolved after discontinuation of mushrooms (D.
Jacobson, J. O. Hill, University of Colorado, Personal
Communication, 1994). The cause for the findings was
unknown; however, food allergy seemed unlikely be-
cause the reaction developed after prolonged exposure.

To determine whether eosinophilia was causally re-
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lated to chronic shiitake ingestion, one of us (VAD)
performed a challenge study in one of the subjects (the
index subject) who had developed eosinophilia during
the cholesterol-lowering trial. Then we fed shiitake
mushrooms daily to 10 healthy volunteers for 10 weeks
(trial 1) and again after 3 to 6 months (trial 2). Our
specific aims in these trials were to determine whether
shiitake mushroom ingestion causes eosinophilia in
some healthy persons and to assess the changes in
eosinophil-active cytokines and eosinophil proteins in
blood and stool.

METHODS

Challenge of index subject

During the cholesterol-lowering study, one subject, a
56-year-old man, had severe abdominal cramping prompting
an emergency room evaluation that was remarkable for an
eosinophilia of 9700/mm3. The challenge study in this index
subject was conducted after his symptoms had resolved and
his eosinophil counts had normalized. He ingested the same
daily dose as that used in the cholesterol-lowering study, but
with shiitake mushrooms from a different source. Imported
dried shiitake mushrooms were purchased at the local com-
missary, ground, weighed, and placed into gelatin capsules.
An open challenge was conducted consisting of 4 gm of dried
shiitake mushroom (imported) powder ingested daily for 14
days. The first dose of shiitake mushroom powder was given
under direct supervision without incident. The index subject
was monitored for symptoms, and serial blood samples were
obtained for complete and differential blood counts. Serum
specimens were collected and frozen at –70° C and stored at
–20° C until assayed.

Open-label studies 1 and 2

To test if daily ingestion of shiitake mushrooms causes
eosinophilia, we conducted a 10-week open-label trial (trial

1) in 10 healthy subjects using shiitake mushroom powder
(vide infra). The same 10 subjects underwent a second
10-week trial (trial 2) after a 3- to 6-month interval without
shiitake. Nine men and one woman participated, with an
average age of 40.6 years (range, 31 to 63 years). Exclusion
criteria were a history of allergy to mushrooms, disease
associated with significant eosinophilia, and gastrointestinal
disease. Exclusion criteria also included baseline blood eo-
sinophil counts greater than 500/mm3, abnormal serum IgE
levels, use of prescription medication (except oral contracep-
tives), and pregnancy. The woman was of childbearing age,
and she was requested to use contraception to prevent
pregnancy during the study. To maximize compliance, par-
ticipants were recruited from among the physicians in the
Allergy/Immunology Division (Mayo and Fitzsimons) and
the Gastroenterology Division (Mayo). Informed consent
was obtained, and all 10 subjects underwent a screening
evaluation, including history and physical exam, complete
blood count with differential, and serum IgE level. All
participants at both sites were asked and reminded not
to ingest additional shiitake during the study. The study
was approved by the Institutional Review Boards of the
Mayo Clinic and Mayo Foundation and Fitzsimons Army
Medical Center.

Shiitake mushroom powder

For the open-label studies, domestic, organically raised,
sliced and freeze-dried shiitake mushrooms were purchased
from the Forest Resource Center (Lanesboro, Minn.). The
mushrooms were powdered and mechanically encapsulated by
the Mayo pharmacy so that each capsule contained 250 mg of
powder. The gelatin capsules were purchased from Shionogi
Qualicaps (Greensboro, N.C.). Subjects ingested 4 gm (16
capsules or 4 medium sized mushrooms) of shiitake powder
daily for up to 10 weeks in each trial.

FIG. 1. Peak peripheral blood eosinophil counts of responders
(trial 1, numbers in circles and trial 2, numbers in squares) during
daily shiitake mushroom powder ingestion (y-axis) in relation to
average baseline eosinophil count (x-axis). Range in normal
subjects (shaded gray) adapted from Rud.17 Peak eosinophil
counts during two open-label trials are shown with subject’s
numerical designations. Note that all baseline eosinophil counts
fell within normal range.

TABLE I. Blood eosinophils, serum eosinophil
MBP, eosinophil viability enhancement, and
symptoms: Challenge of index subject

Day of challenge

Eosinophil

count/mm3

MBP

(ng/ml)

EVE*

(%) Symptoms

1 (baseline) 100 346 6.6 None
2 300 514 3.6 None
4 300 593 2.1 Mild abdominal

discomfort
8 400 935 11.8 Mild abdominal

discomfort
12 500 1446 39.7 Mild abdominal

discomfort
16 (2 days after

challenge)
1600 2150 42.9† Mild abdominal

bloating
33 (17 days after

challenge)
200 764 1.7 None

*Eosinophil viability enhancement (EVE) determined by percentage of
eosinophils viable after 4 days of culture without added cytokine but
with 0.050 ml of subject’s serum added. Viability without added
subject serum or cytokine in this assay was 5%.

†When eosinophil viability was inhibited with monoclonal antibodies to
IL-5, IL-3, and GM-CSF, antibodies to IL-5 reduced viability by 86%,
antibodies to GM-CSF reduced viability by 69%, and antibodies to
IL-3 did not reduce viability.
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Monitoring

The subjects were monitored for the development of symp-
toms, and complete blood counts and serum samples were
obtained biweekly (trial 1) or weekly (trial 2). Stool specimens
were collected weekly in trial 2. Shiitake capsules were discon-
tinued if the subject had eosinophilia greater than 1500/mm3 or
if judged to be clinically warranted. If the preceding findings
occurred, monitoring was continued with twice weekly blood
counts (trials 1 and 2) and stool collections (trial 2) until
symptoms, eosinophilia, or both resolved. Compliance was
encouraged and tracked by frequent personal contact with the
subjects, by hand delivering the mushroom capsules every 2
weeks, and by collecting the previous weeks’ capsule containers
for pill counts.

Specimens

Serum specimens were obtained by collecting 10 ml of blood
by standard venipuncture technique. The serum was aspirated
and stored in freezing vials at –20° C until analyzed.

Stool specimens were collected by using a standard toilet
insert and placed in a Styrofoam container on ice until process-
ing. Samples were then diluted with water in a 1:4 ratio by
weight and homogenized. One hundred milliliters of homoge-
nate was retained and centrifuged at 1500 g for 20 minutes, and

the supernatant was collected and stored at –20° C until ana-
lyzed.

Measurement of eosinophil granule proteins

Serum major basic protein (MBP) levels were determined by
an immunoradiometric assay as described previously.10 A pre-
vious study showed that among all of the eosinophil granule
proteins, only eosinophil-derived protein (EDN) resisted pro-
teolysis by gastrointestinal fluids.11 Therefore EDN in stool was
determined by using a previously described double-antibody
radioimmunoassay.12

Eosinophil-viability assay and blocking studies

To detect the presence of cytokines active on eosinophils
in the subjects’ sera, the eosinophil viability and blocking
bioassays were performed as described previously.13 Briefly,
eosinophils purified from healthy donors14 (0.10 ml suspen-
sions) were dispensed in 96-well, half-area, tissue-culture
plates at 2.5 3 104 cells per well. Serum from a trial subject
(0.020 ml) was added to each well. Hybri-Care medium
(American Type Tissue Collection, Rockville, Md.) contain-
ing 50 mg/ml gentamicin, 10% defined calf serum (DCS) and
2 mmol/L L-glutamine was added to each well to provide a
final volume of 0.2 ml. For neutralization of eosinophil active

FIG. 2. Patterns of responses to daily shiitake mushroom ingestion in first-time responder (subject 1) in trial
2 (filled diamonds) (A) and repeat responder (subject 10) in trial 1 (open diamonds) and trial 2 (filled diamonds)
(B). Shiitake ingestion was from day 1 to day 70; arrows show last day of shiitake ingestion. No data available
in B for day 154 neutrophils.
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cytokines, monoclonal antibodies to IL-5, IL-3, and granu-
locyte-macrophage colony-stimulating factor (GM-CSF) at 1
mg/ml in phosphate-buffered saline were diluted 1:10, and
0.010 ml was added. After incubation at 37° C and 5% CO2

for 4 days, the entire cell suspension was transferred to
sterile 12 3 75 polystyrene round-bottom tubes. Propidium
iodide (Sigma) solution at 1.0 mg/ml was added to the cell
suspension to provide a final concentration of 0.50 mg/ml
propidium iodide, and cells were enumerated by flow cytom-
etry with a Becton Dickinson FACScan. Viable cells were
calculated as the ratio of intact cells not stained with

propidium iodide compared with the total number of stained
and unstained cells. In the blocking studies, 5000 cells were
counted from each well, and single samples were tested.

IL-5 ELISA

IL-5 levels in serum specimens were assayed with the Quan-
tikine human IL-5 ELISA kit (R&D Systems, Minneapolis,
Minn.). The manufacturer’s recommended procedure was used
except that the sensitivity of the standard curve was extended to
3.9 pg/ml. Single samples were assayed.

FIG. 3. Comparison of peak-to-baseline ratios of blood eosinophil counts, serum MBP, and stool EDN during
daily shiitake mushroom ingestion. A, Peak-to-baseline ratios of blood eosinophil counts in responders and
nonresponders. B, Peak-to-baseline ratios of serum MBP concentration in responders and nonresponders.
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Detection of shiitake-specific IgE and IgG

antibodies

Shiitake mushroom powder was extracted in phosphate-
buffered saline at a ratio of 1:20 mass per volume overnight at
4° C. After centrifugation, the extract was coupled to micro-
crystalline cellulose beads.15 The solid-phase shiitake antigen
was used to test serum for the presence of IgE antibodies as
previously described.15 To detect IgG antibodies, a method
used earlier was modified.16 Shiitake extract (described above)
was diluted 1:500 in 200 mmol/L carbonate buffer at pH 9.2, and
0.10 ml of extract was added to each well of an Immulon-4
microtiter plate (Dynatech Laboratories Inc.). Plates were
incubated overnight and washed three times with phosphate-
buffered Tween 20 (Sigma). Samples of human sera diluted
1:500 (0.1 ml) were added to each well, and the plate was
incubated overnight and washed three times with phosphate-
buffered Tween 20. Protein A radiolabeled with iodine 125 was
added (0.1 ml), and the plate was incubated overnight. Finally,
the plate was washed three times with phosphate-buffered
Tween 20, and the bound activity was counted. A pool of
normal human sera was used as the negative control.

Data analysis

From previous studies in healthy individuals,17, 18 a given
individual’s eosinophil count does vary, but does not exceed
twice their average eosinophil count. Therefore we defined
responders as subjects having peak eosinophil counts of four or
more times their average baseline eosinophil count before

shiitake ingestion. The Wilcoxon rank sum test for nonpara-
metric data was used to compare the median peak-to-baseline
ratios between the responder and nonresponder groups for
absolute eosinophil counts, stool EDN, and serum MBP. The
level of significance was set at a p value less than 0.05. Increases
of antishiitake IgG were defined as two or more times the mean
of the baseline values. Correlation analyses were performed by
using Spearman’s rank correlation.

RESULTS

Challenge of index subject

While ingesting 4 gm shiitake powder daily for 14 days,
the subject experienced mild abdominal discomfort (not
severe discomfort as previously experienced in the choles-
terol-lowering study), eosinophilia, and an elevated serum
MBP level (Table I). By day 12, cytokines that enhance
eosinophil viability were detected in the subject’s serum
(Table I). Four days after the last ingestion of shiitake
powder, his symptoms had resolved. Seventeen days after
the last shiitake ingestion, eosinophil-related parameters
were decreasing to or at normal levels.

Open-label studies 1 and 2

Over the two trials, there were eight positive re-
sponses of eosinophilia in five subjects. Four subjects in
each 10-week trial were considered to be responders on
the basis of peak eosinophil counts four or more times
their baseline average, ranging from 400 to 3900/mm3 in
trial 1 and 360 to 1900/mm3 in trial 2 (Fig. 1). Three of
four responders in trial 1 were also responders in trial 2.
One nonresponder from trial 1 (subject 1) became a
responder in trial 2. Ingestion of shiitake capsules was
stopped for subject 6 in both trials when the eosinophil
count exceeded 1500 cells/mm3.

All subjects were questioned several times per week
for development of gastrointestinal and dermatologic
symptoms. Although two responders developed mild
gastrointestinal symptoms, their eosinophilia was less
than 1500/mm3; therefore ingestion of shiitake was not
stopped. One responder (subject 2) had abdominal
cramping with more frequent and looser stools during
both trials coincident with eosinophilia, and a second
responder during trial 2 (subject 1) had the same
symptoms from day 67 to day 72.

Representative patterns of the responses to daily
shiitake mushroom ingestion in a first-time responder
and a repeat responder are shown in Fig. 2. These
graphs show that the increase in eosinophil count is
unrelated at any time to the absolute neutrophil count
and is accompanied by increases in serum MBP and
stool EDN.

During trial 1, peak eosinophilia developed after an
average of 49 days (range, 34 to 70 days), but in trial 2
the three repeat responders developed peak eosino-
philia after only an average of 18 days (range, 14 to 21
days). In both trials eosinophilia resolved within 1 week
after discontinuation of the mushroom capsules. Eosin-
ophil peak-to-baseline ratios were significantly increased
(p 5 0.01) in responders compared with nonresponders

FIG 3. C, Peak-to-baseline ratios of stool EDN concentration in
responders and nonresponders. In all figures, median values for
groups were compared by using Wilcoxon rank sum test.
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in both trials 1 and 2 (Fig. 3, A and Table II). Serum
MBP concentrations were significantly increased (p 5
0.01) in responders compared with nonresponders (Fig.
3, B and Table II). Stool EDN concentrations (trial 2
only) were significantly increased (p 5 0.01) in respond-
ers compared with nonresponders (Fig. 3, C and Table
II). In each responder the peak stool EDN concentra-
tion followed the peak eosinophil count by an average of
17 days (range, 3 to 29 days). Peripheral blood eosino-
philia in responders correlated significantly with in-
creases in serum MBP (trial 1, rs 5 0.81 and trial 2, rs 5
0.88; p 5 0.01 for both trials) and stool EDN (trial 2, rs

5 0.73, p 5 0.03) by Spearman’s rank test (peak-to-
baseline ratios used for all correlations).

Antishiitake IgE was undetectable in all subjects’ sera
in both trials. Subject 7 (a nonresponder) had elevated
antishiitake IgG levels at baseline (before ingestion of
shiitake) in both trials, and the levels did not change
during the trials. One of the responders in trial 1 (subject
10) and two of the responders in trial 2 (subjects 6 and
10) had increases in antishiitake IgG levels. The nonre-
sponders’ antishiitake IgG levels did not change during
either trial.

Eosinophil viability and blocking studies

Sera from all four responders in trial 1 and from two
of the three repeat responders in trial 2 (subjects 2 and
6) enhanced eosinophil viability, reflecting the presence

of cytokines in sera. Sera from nonresponders never
enhanced eosinophil viability. Viability was sufficiently
enhanced in two responders in trial 1 (subjects 6 and 8)
to perform blocking studies to identify the eosinophil
active cytokines. Similar to the results from the chal-
lenge of the index subject (Table I), these experiments
demonstrated that the increased viability was strongly
inhibited by the addition of anti-IL-5, partially inhibited
by the addition of anti-GM-CSF, and unaffected by the
addition of anti-IL-3 (Fig. 4).

IL-5 was undetectable in serum specimens by ELISA
(,3.9 pg/ml) at baseline in all subjects but increased in
three of the four responders in trial 1 (subjects 6, 8, and
10) (range, 4.2 to 31.6 pg/ml). In trial 2, IL-5 could not
be detected.

DISCUSSION

This is the first report of eosinophilia and gastrointes-
tinal changes after shiitake mushroom ingestion. Other
immunologic reactions associated with the shiitake
mushroom have been described. These reactions have
included contact dermatitis, generalized pruritus, and
hypersensitivity pneumonitis.19-21 However, eosinophilia
has not been associated with these findings, and in our
study no participant experienced skin or lung symptoms.

Here we have demonstrated that a chance observation
of eosinophilia in healthy persons ingesting shiitake
mushrooms is, in fact, a real phenomenon that occurs in
a substantial percentage (40% to 50%) of healthy per-
sons. The effects of chronic shiitake ingestion are repro-
ducible and due to some component of the shiitake
mushroom itself because mushrooms from different
sources were tested in the original cholesterol-lowering
study, the challenge of the index subject, and the open-
label studies reported here. Furthermore, the effects are
not due to pesticide or preservative contamination be-
cause the mushrooms used in the open-label trials were
organically raised and freeze-dried without any addi-
tives. The eosinophilic response to shiitake does not
appear to be a typical allergic reaction as suggested by
the inability to detect antishiitake IgE and by the
delayed and gradual time-course of the response. How-
ever, the response is likely immune-mediated because it
is associated with cytokines that enhance eosinophil

FIG. 4. Blocking of eosinophil viability activity in serum by anti-
bodies to cytokines. Serum from subject 6 in trial 1 was pretreated
with anti-IL-5, anti-IL-3, and/or anti-GM-CSF antibody (5 mg/ml
final concentration). Eosinophils from normal donor were incu-
bated with pretreated serum. After 4 days at 37° C, eosinophil
viability was determined as described in Methods section. Single
samples were counted by using fluorescence-activated cell-sort-
ing technology. Medium shows viability of eosinophils cultured
without subject’s serum. GM, anti-GM-CSF.

TABLE II. Median peak-to-baseline ratios for
eosinophils and granule proteins

Peak-to-baseline ratio median (range)

Eosinophils Serum MBP Stool EDN

Trial 1
R 5 4 6.45 (4.6-15.6)* 2.1 (1.8-7.4)* ND
N 5 6 1.2 (0.9-2) 1.2 (0.9-1.3) ND

Trial 2
R 5 4 7.0 (4.0-7.6)* 3.0 (1.5-7.0)* 9.2 (7.5-9.6)*
N 5 6 2.1 (1.5-2.7) 1.3 (1.1-1.7) 1.9 (1.6-5.6)

R, Responder; N, nonresponder; ND, not determined.
*p 5 0.01 as determined by Wilcoxon rank sum test.
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viability and elevations in antishiitake IgG in two of the
five responders.

Our findings of increased levels of stool EDN among
the responders suggest that the eosinophilic response to
shiitake mushrooms is not limited to the peripheral
blood, but that the eosinophil population of the
gastrointestinal tract increases as well. Thus chronic
shiitake ingestion probably stimulates enhanced bone
marrow production of eosinophils with trafficking of
mature eosinophils through the peripheral blood to
the gastrointestinal mucosa. Several lines of evidence
support this contention. First, in healthy human be-
ings the gastrointestinal mucosa is the only location
where substantial numbers of mature eosinophils are
normally found.22 Second, biokinetic studies in
healthy animals have shown that eosinophils mature
in bone marrow and then migrate through the periph-
eral blood to the mucosa of the gastrointestinal tract
where they may be eliminated by shedding across the
mucosa23 or engulfed by macrophages.24 Alterna-
tively, eosinophils may degranulate and undergo cy-
tolysis.25-27 Third, in disease the latter mechanisms are
important. Degranulation products are increased in
bronchoalveolar lavage fluids of patients with asth-
ma28 and are deposited at sites of tissue injury in
asthma,29, 30 eosinophilic-endomyocardial disease,31

and eosinophilic gastroenteritis.32 Studies in our lab-
oratory have shown that eosinophil granule proteins
are increased in stool, gut lavage fluid, and colonic
biopsy specimens from patients with inflammatory
bowel disease and eosinophilic gastroenteritis.11, 33-35

Furthermore, stool levels of EDN in eosinophilic
gastroenteritis mirror the clinical course of the dis-
ease.35 Finally, in this study the increase in blood
eosinophils preceded the increase in stool EDN. In
two responders abdominal cramping and loose stools
developed in association with eosinophilia and ele-
vated stool EDN.

These findings are unique in that they show the
modulation of a peripheral blood effector cell by a
common food substance. In addition, the findings dem-
onstrate the non-IgE-mediated systemic modulation of
eosinophils. Our observations raise important issues in
several different arenas. First, chronic ingestion of par-
ticular foods may cause gut inflammation in the absence
of an acute typical allergic reaction, suggesting that
eosinophilic gastroenteritis may be caused by an in-
gested substance even in the absence of classic food
allergy. Second, given the rising popularity of shiitake
mushrooms in the United States, public health concerns
likely need to be considered. Third, from the experimen-
tal medical perspective, the results suggest a potential
model of eosinophil-mediated gut inflammation. Future
studies are needed to identify the active component or
components of shiitake and to establish the mechanism
by which the reaction occurs.

We thank Ms. Debbie Jacobson of the University of Colo-
rado for the cholesterol-lowering study information, Mr. Rich-

ard Jones for the IgE antibody determinations, Mr. Mark
Swanson for the IgG antibody determinations, Dr. Allan Zins-
meister for statistical advice, Ms. Diane Squillace for the MBP
assays, Ms. Kathleen Bartemes for the EDN and eosinophil
viability determinations, Ms. Sandra Dunnette and Mr. Louis
Kost for preparation of graphic materials, Ms. Cheryl
Adolphson for editorial assistance, and Ms. Linda Arneson for
secretarial assistance.

REFERENCES

1. Morgan C. Shiitake mushroom production gaining ground. Farm-
line, USDA, Economic Research Service, 1992;13:16-8.

2. Mori K. Mushrooms as health foods. 1st ed. Tokyo: Japan Publica-
tions, Inc.; 1974.

3. Jong SC, Birmingham JM. Medicinal and therapeutic value of the
shiitake mushroom. Adv Appl Microbiol 1993;39:153-84.

4. Benjamin DR. Health benefits and medicinal properties of edible
mushrooms. Mushrooms: poisons and panaceas, a handbook for
naturalists, mycologists, and physicians. New York: W.H. Freeman
and Co.; 1995. p. 75-91.

5. Hokama Y , Hokama JL. In vitro inhibition of platelet aggregation
with low dalton compounds from aqueous dialysates of edible fungi.
Res Commun Chem Pathol Pharmacol 1981;31:177-80.

6. Herberman RB, Nunn-Hargrove ME. Augmentation of natural
killer (NK) cell activity by lentinan. In: Aoki T, Tsubura E, Urush-
izaki I, editors. Manipulation of host defense mechanisms. Amster-
dam: Excerpta Medica; 1981. p. 188-93.

7. Suzuki M, Higuchi S, Taki Y, Taki S, Miwa K, Hamuro J. Induction
of endogenous lymphokine-activated killer activity by combined
administration of lentinan and interleukin 2. Int J Immunopharma-
col 1990;12:613-23.

8. Taguchi T. Clinical efficacy of lentinan on patients with stomach
cancer: end point results of a four-year follow-up survey. Cancer
Detect Prevent 1987;Suppl 1:333-49.

9. Oka M, Yoshino S, Hazama S, Shimoda K, Suzuki T. Immunological
analysis and clinical effects of intraabdominal and intrapleural
injection of lentinan for malignant ascites and pleural effusion.
Biotherapy 1992;5:107-12.

10. Wagner JM, Bartemes K, Vernof KK, Dunnette S, Offord KP,
Checkel JL, et al. Analysis of pregnancy-associated major basic
protein levels throughout gestation. Placenta 1993;14:671-81.

11. Levy AM, Gleich GJ, Sandborn WJ, Tremaine WJ, Steiner BL,
Phillips SF. Increased eosinophil granule proteins in gut lavage fluid
from patients with inflammatory bowel disease. Mayo Clin Proc
1997;72:117-23.

12. Abu-Ghazaleh RI, Dunnette SL, Loegering DA, Checkel JL, Kita H,
Thomas LL, et al. Eosinophil granule proteins in peripheral blood
granulocytes. J Leukoc Biol 1992;52:611-8.

13. Ohnishi T, Kita H, Weiler D, Sur S, Sedgwick JB, Calhoun WJ, et al.
IL-5 is the predominant eosinophil-active cytokine in the antigen-
induced pulmonary late-phase reaction. Am Rev Respir Dis 1993;
147:901-7.

14. Ide M, Weiler D, Kita H, Gleich GJ. Ammonium chloride exposure
inhibits cytokine-mediated eosinophil survival. J Immunol Methods
1994;168:187-96.

15. Yunginger JW, Adolphson CA. Standardization of allergens. In:
Rose NR, de Macario EC, Fahey JL, Friedman H, Penn GM,
editors. Manual of clinical laboratory immunology. 4th ed. Washing-
ton (DC): American Society for Microbiology; 1992. p. 678-84.

16. Swanson MC, Rosanoff E, Gurwith M, Deitch M, Schnurrenberger
P, Reed CE. IgE and IgG antibodies to b-propiolactone and human
serum albumin associated with urticarial reactions to rabies vaccine.
J Infect Dis 1987;155:909-13.

17. Rud F. The eosinophil count in health and in mental disease. A
biomedical study. Acta Psychiatr Neurol 1947;Suppl 40:1-443.

18. Beeson PB, Bass DA. The eosinophil. In: Smith LH Jr, editor. Major
problems in internal medicine. Vol. 14. Philadelphia: W.B. Saun-
ders; 1977. p. 10-4.

19. Tarvainen K, Salonen J-P, Kanerva L, Estlander T, Keskinen H,

J ALLERGY CLIN IMMUNOL
VOLUME 101, NUMBER 5

Levy et al. 619



Rantanen T. Allergy and toxicoderma from shiitake mushrooms.
J Am Acad Dermatol 1991;24:64-6.

20. Ueda A, Obama K, Aoyama K, Ueda T, Xu B-H, Li Q, et al. Allergic
contact dermatitis in shiitake (Lentinus edodes (Berk) Sing) growers.
Contact Dermatitis 1992;26:228-33.

21. Sastre J, Ibanez MD, Lopez M, Lehrer SB. Respiratory and immu-
nological reactions among Shiitake (Lentinus edodes) mushroom
workers. Clin Exp Allergy 1990;20:13-9.

22. Talley NJ, Kephart GM, McGovern TW, Carpenter HA, Gleich GJ.
Deposition of eosinophil granule major basic protein in eosinophilic
gastroenteritis and celiac disease. Gastroenterology 1992;103:137-
45.

23. Teir H, Rytomaa T, Cederberg A, Kiviniemi K. Studies on the
elimination of granulocytes in the intestinal tract in rat. Acta Pathol
Microbiol Scand 1963;59:311-24.

24. Ross R, Klebanoff SJ. The eosinophilic leukocyte. Fine structure
studies of changes in the uterus during the estrous cycle. J Exp Med
1966;124:653-60.

25. Kephart GM, Gleich GJ, Connor DH, Gibson DW, Ackerman SJ.
Deposition of eosinophil granule major basic protein onto microfi-
lariae of Onchocerca volvulus in the skin of patients treated with
diethylcarbamazine. Lab Invest 1984;50:51-61.

26. Leiferman KM, Ackerman SJ, Sampson HA, Haugen HS, Venencie
PY, Gleich GJ. Dermal deposition of eosinophil-granule major basic
protein in atopic dermatitis. N Engl J Med 1985;313:282-5.

27. Weiler CR, Kita H, Hukee M, Gleich GJ. Eosinophil viability during
immunoglobulin-induced degranulation. J Leukoc Biol 1996;60:493-
501.

28. Wardlaw AJ, Dunnette S, Gleich GJ, Collins JV, Kay AB. Eosino-
phils and mast cells in bronchoalveolar lavage in subjects with mild
asthma: relationship to bronchial hyperreactivity. Am Rev Respir
Dis 1988;137:62-9.

29. Weller PF. The immunobiology of eosinophils. N Engl J Med
1991;342:1110-8.

30. Filley WV, Holley KE, Kephart GM, Gleich GJ. Identification by
immunofluorescence of eosinophil granule major basic protein in
lung tissues of patients with bronchial asthma. Lancet 1982;2:11-6.

31. Tai P-C, Ackerman SJ, Spry CJF, Dunnette S, Olsen EGJ, Gleich
GJ. Deposits of eosinophil granule proteins in cardiac tissues of
patients with eosinophilic endomyocardial disease. Lancet 1987;1:
643-7.

32. Keshavarzian A, Saverymuttu SH, Tai P-C, Thompson M, Barter S,
Spry CJ, et al. Activated eosinophils in familial eosinophilic gastro-
enteritis. Gastroenterology 1985;88:1041-9.

33. Levy AM, Sandborn WJ, Burgart LJ, Van Keulen VP, Kephart GM,
Tremaine WJ, et al. Eosinophil granule major basic protein is
increased in colonic mucosa, serum and urine from patients with
ulcerative colitis [abstract]. Gastroenterology 1996;110:949.

34. Levy AM, Burgart LJ, Van Keulen VP, Kephart GM, Phillips SF,
Gleich GJ. Eosinophil infiltration and major basic protein deposition
are increased in colonic tissue from patients with collagenous colitis
[abstract]. Gastroenterology 1996;110:950.

35. Levy AM, Kita H, Sandborn WJ, Phillips SF, Gleich GJ. Eosinophil
granule protein concentrations in serum, urine and stool as indica-
tors of disease activity in eosinophilic gastroenteritis [abstract].
Gastroenterology 1996;110:950.

620 Levy et al. J ALLERGY CLIN IMMUNOL
MAY 1998


