
ATTACHMENT 14

Human Health Effects
Literature

DOES NOT CONTAIN CBI



Case report

Clustered sensitivity to fungi: anaphylactic
reactions caused by ingestive allergy to yeasts
Kristiina Airola, MD, PhD; Leena Petman; and Soili Mäkinen-Kiljunen, PhD

Background: Respiratory allergy to environmental molds is relatively common, and fungal allergen–specific reactivity seems
to cluster in certain persons. However, generalized reactions caused by ingested fungi have seldom been described.

Objective: To describe a mold-sensitized patient who developed multiple anaphylactic reactions after ingesting a yeast
preparation widely used by the food industry as flavoring in, for example, powdered and ready-made sauces.

Methods: Skin prick tests and serum IgE tests were performed with inhalant and food allergens, including molds and yeasts,
2 pasta sauces consumed by the patient, individual sauce ingredients, and a food-quality yeast extract. Radioallergosorbent test
inhibition was used for specificity studies.

Results: Skin prick and serum IgE test results were positive to several molds (Cladosporium herbarum, Alternaria alternata,
Aspergillus fumigatus, and Penicillium notatum), baker’s yeast (Saccharomyces cerevisiae), Malassezia furfur, and champignon
and to the 2 pasta sauces, the yeast ingredient, and a food-quality yeast extract. Radioallergosorbent test inhibition studies
confirmed that the sauces contain cross-reacting yeast and mold allergens.

Conclusions: This patient has a clustered sensitization to fungi characterized by allergy to environmental fungal allergens and
to yeast extracts used in the food industry. Yeasts should be considered as possible ingestive allergens in mold-allergic patients.

Ann Allergy Asthma Immunol. 2006;97:294–297.

INTRODUCTION
Several fungal species are present in the outdoor and indoor
environments and can induce allergic symptoms in the respi-
ratory tract, mucous membranes, and skin.1 Fungal allergen–
specific reactivity seems to cluster in certain persons, and the
term multiple fungi sensitization has been used to describe
patients sensitized to 2 or more fungi species.2,3

Fungal allergen exposure generally leads to respiratory and
skin symptoms, whereas generalized reactions are rare. A few
cases of anaphylaxis have been described with fermented
rice, some molds, and edible mushroom as allergens.4–7 We
report novel data of IgE-mediated sensitization to environ-
mental fungal allergens associated with allergy to the inges-
tion of a yeast preparation commonly used by the food
industry as a flavoring in, for example, pasta sauces.

CASE REPORT
A 29-year-old American woman was admitted to the Skin and
Allergy Hospital, Helsinki University Central Hospital, for
multiple severe anaphylactic reactions induced by ingested
food. She has had pollen and animal dander allergy and
asthma since childhood but was otherwise in good health. She
previously experienced an anaphylactic reaction in the United
States to contrast media and in 1999 to ingested beer, which

she has avoided ever since. Subsequent anaphylactic reac-
tions occurred in August 2003, September 2003, and Septem-
ber 2004 in Finland.

The patient was initially investigated at the Skin and Al-
lergy Hospital in October 2003. In August 2003, ingested red
wine had induced a mild anaphylactic reaction that she treated
with an epinephrine autoinjector and antihistamine. In Septem-
ber 2003, just minutes before the allergic reaction she had a meal
of industrially made spaghetti Bolognese sauce, pasta, and
bread. The reaction was treated in an emergency unit with 3
subsequent doses of epinephrine, intravenous corticosteroid and
theophylline, and inhaled salbutamol. Skin prick test (SPT)
results were positive for soya, various nuts and seeds, food
additive E163 (anthocyanin), and beer malt containing barley,
but no conclusive etiologic agent was confirmed.

The next anaphylactic reaction took place in September
2004. The asthma, previously in good balance, had been
labile for the past year. A few minutes before the reaction, the
patient had had a meal of industrial-made olive sauce, pasta,
and feta cheese. Neither physical exercise nor the use of any
drug preceded this or any other anaphylactic reaction. The
patient could not use her epinephrine autoinjector because of
the severe allergic symptoms, including angioedema of the
throat, difficulties in breathing, and near loss of conscious-
ness; as the emergency unit reached her she was cyanotic,
with a blood oxygen level of 56%, and disoriented. She was
treated with 5 doses of epinephrine, intravenous corticoste-
roid and theophylline, inhaled ipratropium bromide, and ox-
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ygen. Three weeks later, she was reinvestigated at the Skin
and Allergy Hospital.

METHODS

Skin Prick Tests
The SPTs were performed using commercial test solutions
(ALK-Abello, Horsholm, Denmark) and 7 separate ingredi-
ents of the Bolognese sauce, including a yeast preparation
provided by the manufacturer. In addition, a commercial
food-quality yeast extract preparation (Sensient, Strasbourg,
France) and several brands of red and white wine containing
wine yeast were tested.

Serum Allergen Specific IgE and Inhibition Tests
Serum mold and yeast specific IgE levels were measured
using the commercial CAP-FEIA System (Pharmacia, Uppsala,
Sweden). In addition, in-house ImmunoSpot and radioaller-
gosorbent test (RAST) methods were used to evaluate specific
IgE to mold and yeast skin test extracts and to the 2 pasta sauces,
individual sauce ingredients, the commercial yeast extract prep-
aration, and the wines.8 Native and denatured yeast allergens
were evaluated in an IgE immunoblot after sodium dodecyl
sulfate–polyacrylamide gel electrophoresis.

The RAST inhibition was used to appraise specific and
cross-reacting allergens.8 In brief, the patient’s serum was
first incubated with an extract made from the sauce mix, the
2 yeast extracts, and a yeast and mold skin test extract
(Saccharomyces cerevisiae and Cladosporium herbarum).
The remaining IgE-binding capacity to the respective com-
mercial solid-phase mold and yeast antigens was subse-
quently measured using a specific IgE blood test (Immuno-
CAP; Pharmacia).

RESULTS
The patient was atopic, as determined by positive SPT reac-
tions to pollen and animal dander. In the same test series, a
strong positive reaction to C herbarum was detected (wheal,
10 mm; positive histamine control, 5 mm). The patient also
had a positive SPT reaction (�3 mm) to other molds tested
(Alternaria alternata, Aspergillus fumigatus, and Penicillium
notatum), baker’s yeast (S cerevisiae), Malassezia furfur, and
champignon. In addition, both pasta sauces were positive (4
mm). Of the 7 separate ingredients of the Bolognese sauce
mix obtained from the manufacturer (bay leaf, garlic, oreg-
ano, paprika, pepper, rosemary, and yeast extract), only the
yeast extract yielded a positive reaction (5 mm), and its strict
composition was not given. Other ingredients of both sauce
mixes (black olive, green olive, capers, monosodium gluta-
mate, chili, tarragon, garden sage, basil, onion, potassium
nitrate, and sodium nitrate) produced negative results. Results
of SPTs with the yeast extract preparation in 20 healthy
volunteers were negative.

The allergens of the yeast extract were stable, because
baking, frying, microwaving, and freezing of the extract did
not alter the SPT reaction (wheal, 5–7 mm). The commercial
food-quality yeast extract preparation produced similar SPT

results (5 mm), whereas maltodextrin present in the mix as a
carrier tested negative. Red and white wines gave variable
SPT reactions (3–5 mm). No controls were tested, and the
reactions were interpreted as negative (nonspecific) because
no specific IgE for various wine brands could be detected in
the immunospot assay (data not shown).

The serum total IgE concentration was slightly elevated
(127 kU/L), consistent with the atopic diathesis. The specific
IgE level for C herbarum was 4.79 kU/L (positive cutoff
limit, 0.35 kU/L), for A alternata was 3.52 kU/L, for A
fumigatus was 8.56 kU/L, for P notatum was 3.71 kU/L, and
for S cerevisiae was 2.74 kU/L. Immunospot studies showed
specific binding of the patient’s serum IgE to fungal aller-
gens, both sauce mixes, and the yeast extract preparations
immobilized on a nitrocellulose membrane (Fig 1). Yeast
extract showed specific IgE binding even after baking, frying,
microwaving, and freezing (data not shown).

In-house RAST with the commercial yeast extract showed
high IgE binding of the patient’s serum (8% of the total
activity) compared with binding of the nonatopic control
serum and the atopic control serum of pooled timothy IgE–
positive sera (0.3% binding each). In immunoblot, no distinct
IgE binding was detected after sodium dodecyl sulfate–poly-
acrylamide gel electrophoresis with native or denatured yeast

Figure 1. Autoradiogram of IgE binding of the patient’s serum to yeasts
and molds in immunospot. 1 indicates yeast extract (1:4 wt/vol) and two
2-fold dilutions in duplicate; 2, Alternaria alternata; 3, Aspergillus fumiga-
tus; 4, Cladosporium herbarum; 5, Penicillium notatum; 6, Saccharomyces
cerevisiae; and 7, Malassezia furfur. Bound IgE was detected by using iodine
125–labeled anti–human IgE antibody.
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allergen extracts. At most, faint staining was seen at the start
line and at the lower solvent front. This poor response is
probably due to glycoproteins present in yeast extracts.9

In RAST inhibition, preincubation of the patient’s serum
with the Bolognese sauce mix and the 2 yeast extracts sig-
nificantly reduced IgE binding to yeast (S cerevisiae) and
mold (C herbarum) antigens (45%–49% inhibition with the
sauce mix and 70%–84% inhibition with the yeast extracts)
(Fig 2). This indicates that the patient has cross-reacting IgE
for the fungal antigens present in the food mix and the yeast
extracts.

DISCUSSION
The prevalence of allergy to environmental fungi, particularly
C herbarum and A alternata, is estimated to be 3% to 20% in
the general population.10,11 A recent survey12 from the United
States reported a prevalence of 12.9% for Alternaria. Fungal
allergen–specific reactivity seems to cluster in certain per-
sons, leading generally to respiratory and skin symptoms and
only seldom to food-allergic reactions.4–7 Despite the high
prevalence and clustering effect of fungal allergy, ingested
yeast species have not previously been recognized as poten-
tial allergens.

The patient described herein is an American woman with
labile asthma. She had experienced multiple severe anaphy-
lactic reactions after ingesting food or drinks. The initial
intense SPT reaction to C herbarum led us to suspect fungal
allergy, and the subsequent investigations with the yeast-

containing pasta sauces and pure yeast samples confirmed
this suspicion.

The only ingredient of the pasta sauce to which the patient
showed a positive SPT response and specific IgE was the
yeast extract. The in vitro IgE response was unambiguous in
immunospot and RAST studies, but in immunoblotting,
only faint binding at the start and at the lower front could
be detected. The reason for this is not clear, but allergen
proteins may appear in aggregates and remain on the start
line. Alternatively, they may be split into small peptides
that go off electrophoresis gel or penetrate the nitrocellu-
lose sheet when transferred from the gel. The detailed
content of the yeast preparations was not available, but at
least the commercial extract contained maltodextrin, which
may hamper electrophoresis.

All the severe reactions took place in autumn, when the
concentration of molds in the air is generally high in Finland.
The patient had experienced considerable mental stress dur-
ing the previous year because of a chronic disease of her
child, and this may have contributed to the worsening of the
previously stable asthma. The inhalative exposure to mold
aeroallergens in autumn may have increased the patient’s
sensitivity to the yeast species ingested. During the investi-
gations, she had had 3 more minor anaphylactic reactions
after the ingestion of yeast species (between November 2004
and January 2005) that she successfully treated herself with
an epinephrine autoinjector and peroral corticosteroid. Be-
cause of the repeated severe anaphylactic reactions, a food

Figure 2. Inhibition of the binding of the patient’s serum IgE to mold allergens. In radioallergosorbent test inhibition, the patient’s serum was first incubated
with the Bolognese sauce mix, the 2 yeast extracts, and control antigens (Saccharomyces cerevisiae or Cladosporium herbarum skin test extract) before probing
with the solid-phase antigens (Saccharomyces or Cladosporium ImmunoCAP).
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challenge test was not justifiable. However, an elimination
diet has been effective: the patient is now doing fine (at 1
year) by carefully avoiding all foods containing industrial
yeast extracts. In fact, the strict avoidance has resulted in a
reduction in her yeast specific IgE binding from 8% to 4% in
10 months.

It is of interest that the patient can freely eat bakery
products but experiences severe allergic reactions after eating
sauces and other foods containing yeast as a flavoring. This
can be explained by differences in yeast species used in the
extracts and possibly also by chemical modification required
in the extraction of the yeast. The extracts typically contain
species such as S cerevisiae (baker’s yeast or brewer’s yeast)
or Saccharomyces pastorianus (lager yeast). Saccharomyces
species show high variability at the genotypic and phenotypic
levels.13 Our patient has been avoiding beer since the first
anaphylactic reaction in 1999, and our commercial yeast
extract used for IgE assays is derived from S pastorianus,
suggesting that this species is the main allergen for the
patient. Based on the data presented herein, we suggest that
yeasts should be considered as possible ingestive allergens in
persons sensitized to fungi.
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is the persisting and increasing edema over weeks or 3. 
months without the subsidence of  swelling seen in 

4. 
common  angioedema with other causes. 
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Baker's asthma caused by Saccharomyces 
cerevisiae in dry powder form 

Juan Belchi-Hernandez, MD, Ana Mora-Gonzalez, MD, and 
Josefa Iniesta-Perez Murcia and Elche, Spain 

Bakers '  as thma is a well-defined disease. It can 
be caused by various antigens: flours and bran, 
yeast, baking additives, saprophytic  molds, and 
storage mites. 1-3 It is well known that  hypersensi-  
tivity to flour represents  a significant p ropor t ion  of  
occupat ional  allergies. « 5 However ,  in recent  years 
many  more  substances used in baked goods  and 
pastry have been repor ted  as causes of  allergy. 

In 1713 Ramazzini ,  in De Morbis Artificurn Dia- 
triba, stated that  work environments  and products  
were factors responsible for  disease. We  believe it 
is impor tan t  to be familiar with the workplace and 
existing dust p roducts  and the procedures  for 
handl ing such products  to be able to establish a 
correct  etiologic diagnosis. 

We report  a case of  bakers '  as thma caused by an 
antigen that is always present  in the baking indus- 
try but  does no t  easily affect the airways and rarely 
sensitizes workers. 

CASE REPORT 

A 48-year-old man who was a nonsmoker came to our 
attention with repeated episodes of hydrorrhea, sneez- 
mg, nasal obstruction, wheezing, spasmodic cough, and 
dyspnea. The symptoms would always appear 1 to 2 
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Abbreviations used 1 
PEFR: Peak expiratory flow rate 

SC: Saccharomyces cerevisiae 

hours after starting work. They first appeared a year ago 
on weekdays and improved on Sundays (the patient's 
rest day). The symptoms were initially mild but became 
progressively worse until eontinuous medicat treatment 
was required. During short holiday periods he was free 
of symptoms and did not need bronchodilators. Resutts 
of an allergy test were negative, and the patient was 
diagnosed as having rhinitis and intrinsic asthma. Treat- 
ment was started with budesonide and salbutamot, but 
the symptoms were not fully controlled. 

The bakery is approximately 90 m 2, weli-ventilated. 
and not near the patient's home. There are two other 
workers, besides the patient, who remain free of symp- 
toms. No changes have been imptemented in the last few 
years. Contamination by molds and mites not used in the 
skin tests was ruled out by an optical microscopy smdy of 
different dust samples. 6 The bread ingredients are as 
follows: watet, salt, wheat flour and bran, dry powder 
dehydrated yeast, and baking additives containing exog- 
enous enzymes (amylases, glucoamylase, and lipoxygen- 
ase), antioxidant agents (potassium bromate, azodicar- 
bonamide, asc0rbic acid, and soybean flour), and 
emulsifiers (soybean lecithin). When the flour, yeast, and 
additives are mixed, a dusty environment is created, 
which decreases once coId watet is added and kneading 
is started. 

Three years ago as a result of storage problems, the 
conventional yeast (nondehydrated, 70% to 75% humid- 
ity and requiring a temperature of 4°C for proper 
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FIG. 1. Bronchial response patterns during PEFR monitoring: (ù.---) working with dry yeast, 
( ) working with wet yeast, (----) on vacation. 

storage) was replaced with dehydrated yeast (dry pow- 
der, 8% humidity and storable at ambient temperature). 

METHODS 
We used dehydrated yeast in dry powder form, con- 

ventional wet yeast, and a commercial mixture of baking 
additives. For the preparation of the crude extracts, 
proteins were extracted by incubätion of dry yeast, wet 
yeast, and baking additives in phosphate-buffered saline 
(pH 7.3) at 1:10 wt/vol. The resulting suspensions were 
stirred for 6 hours at 4°C and then centrifuged. The 
supernatants were passed through Whatman 2 filter 
paper (Whatman Inc., Clifton, N.J.) and then through a 
0.22 Ixm Millipore filter (Millipore Corp., Bedford, 
Mass.) for sterilization. Five 10-fold dilutions (1:1, 1:10, 
1:100, 1:1000, and 1:10,000) were made for the skin prick 
tests and to enable selection of a safe initial dose for the 
specific bronchial provocation test. 

Skin prick tests were performed on the volar side of 
the forearm with a prick lancetter (DHS; Bayer, Le- 
verkusen Germany) and with the extracts described 
previously. A battery of inhalant allergens including 
Dermatophagoides species, storage mites, molds (Alterna- 
ria, Cladosporium, Aspergillus, Fusarium, and Rhizopus 
species), pollens from our geographic area (Artemisia 
vulgaris, Chenopodium album, Salsola kali, Olea europea, 
Parietaria judaica, Plantago lanceolata, and grasses), 
wheat, barley and soybean flours (Abello S.A., Madrid, 
Spain), and ~x-amylase (Ifidesa- Aristegui, Bilbao, Spain) 
were tested. Histamine phosphate, 10 mg/ml, and phos- 
phate-buffered saline were used as positive and negative 
controls. A positive response was defined as a wheal with 
a mean diameter greater than 5 mm in the presenee of a 
negative response to the diluent. Four exposed asymp- 
tomatic bakers and eight nonexposed asthmatic patients 
were tested to determine that yeast and baking additive 
extracts are not irritating. Specific IgE was measured by 
enzyme immunoassay (CAP system, Pharmacia Diag- 
nostics, Uppsala, Sweden). 

Baseline peak expiratory flow rate (PEFR) mea- 
surements were obtained with a mini Wright peak flow 
meter (Ferraris Medical, Inc., Holland, N.Y.). The 
patient was asked to monitor his own PEFR every 4 
hours for 1 week during work time and again for 1 
week when on holiday. He was to do this three times 
on each occasion, and the readings were to be within 
5% of each other. He was also asked to record his 
symptoms and therapeutic requirements during this 
time. After 7 days away from the bakery, the patient 
had another PEFR monitoring performed at work, but 
with the dry powder yeast substituted for conventional 
wet yeast. The bronchial response was considered 
positive when the PEFR was greater than or equal to 
25%. The patient had not received any drug therapy in 
the month before the test. 

The nonspecific bronchial provocation test was per- 
formed with methacholine to determine the presence of 
bronchial hyperreactivity. Methacholine was adminis- 
tered with a Devilbiss 646 nebulizer (Devilbiss Health- 
care, Inc., Somerset, Pa.) according to the method 
described by M. Chatham. The specific bronchial prov- 
ocation test was pefformed with a Saccharomyces cerevi- 
siae (SC) extract to confirm or rule out that the bronchial 
manifestation was due to sensitization to this allergen. 
This was done when the patient was not at the bakery 
while he was free of symptoms and not receiving any 
medieation that could affect the results. The extract was 
administered with a Devilbiss 646 nebulizer at a flow 
rate of 0.28 ml/min and inhaled by tidal breathing for 2 
minutes. We started the test with a 10 -4 diluted dry 
yeast extract, which in the skin test produced a negative 
result. Forced vital capacity and FEV1 were measured at 
5, 10, 15, 20, 30, and 60 minutes and hourly thereafter for 
the next 12 hours. A week later, we performed another 
bronchial provocation test with a baking additive extract, 
starting with a 10 -3 dilution. A positive response was 
defined as a decrease in FEV1 greater than or equal to 
20%. 



J ALLERGY CLIN IMMUNOL BeIchi-Hernandez, Mora-GonzaIez, and lniesta-Perez 133 
VOLUME 97, NUMBER 1, PART 1 

% FEV 1 fall 

from baseline 
% PEFR falt 

ffom baseßae 

0 

10 

20 

30 

40 

50 

0 

10 

20 

30 

40 

50 

v-'-/ 
10 30 60 min 4 8 12 16 24 hours 

Time after challenge 

FIG. 2. Bronchial  response af ter  chal lenge with (----) baking addi t ives and ( ~ )  SCextract 10 -s 
wt/vo!. 

RESULTS 

With optical microscopy we found no other 
contaminants that might be responsible for symp- 
toms. The patient had negative skin test results for 
the battery of pneumoallergens and the baking 
additive extract. The skin test result was negative 
with 10 -4 and 10 .3 dilutions of the SC extract; with 
a 10 .2  dilution it was positive for both extracts (dry 
and wet), with wheals of 7 mm and 9 mm, respec- 
tively. 

Significant CAP binding to SC was demon- 
strated with 7.8 PRU, ml. The rest of the antigens 
tested d~d not show specific IgE. 

The baseline PEFR values were within normal 
limits (>80% of the theoretic values). On the 
patient's workdays the PEFR measurements 
showed significant decreases from baseline values 
(>25%),  and variability was more than 20%. Dur- 
ing the time he was away from work, PEFR values 
did not fall more than 20%, and variability was less 
than 10%. When the patient began using conven- 
tional wet yeast. PEFR values did not decrease 
significantly, and variability was less than 10% 
(Fig. 1). 

The methacholine challenge revealed bronchial 
hyperresponsiveness with a PD20 FEV~ value of 12 
accumulative breath units. No response was ob- 
served to the bronchial provocation test with bak- 
ing additives. Inhalation of the 10 4 dilution of SC 
showed no s!gnificant changes in FEV 1 (a 6% 
decrease); inhalation of the 10 .3 dilution pro- 
duced a 38% drop in FEV1, with the patient 
experiencing shortness of breath and wheezing. No 
late reactions were noted (Fig. 2). 

After being diagnosed with occupational asthma 
caused by sensitization to SC, the patient began to 
use conventlonal wet yeast and carried on normal 
work activity without symptoms~ Exercise-induced 
asthma persisted for a few months. He does not 
currently require treatment, and pulmonary func- 
tion is within normal limits. 

DISCUSSION 

Various antigenic substances that have been 
reported as causes of rhinitis or occupational 
asthma can be found in a bakery; some of them can 
cause sensitization both in the home and at work. 
At first, considerable importance was asslgned to 
flour proteins as sensitizing agents of the airways, 
with differences found between these and the 
proteins that cause food allergy. In recent years, 
baking additives have been considered an impor- 
tant cause of bakers' asthma, 7-1° includJng fermen- 
tation accelerators (enzymes), antioxidant and 
whitening agems (soybean flour, potassium bro- 
mate), and emulsifiers (soybean lecithin). The en- 
zymes obtained from Aspergillus oryzae (o~-amylase, 
[3-amylase, and glucoamylase) j1 and soybean ffour 
(lipovgenase)12.13 are currently regarded as pow- 
erful allergens. We taust not forget that these 
enzymes are active in wheat  grain, barley, and SC 
yeast. 11 which suggests that the altergy in our 
patient could be due to the endogenous «-amylase 
in wheat. However, the qualitative and quantitative 
strucmre of these enzymes is different from that of 
the enzymes from Aspergillus oryzae; furthermore, 
only e~-amylase from the solnble fraction of wheat 
grain has been reported to be allergenic. 14 The ~kin 
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prick test results were negative for flours and 
baking additives, and the bronchial  provocat ion 
test results were negative for  baking additives. This 
leads us to regard o ther  SC proteins (e.g., enolase, 
peroxidase, ascorbatoxidase) as impor tant  aller- 
genic agents, 15 some of  which (enolase) have been  
implicated in the presence of  cross-reactivity to 
Candida species. 

The  use of  SC as a fe rment  dates to 2500 BC 
during the t ime of  the R o m a n  Empire.  It has been  
used, practically unchanged,  until the present:  
However ,  it is u n c o m m o n  to find publications on 
sensitization to this yeast. This enzyme is alway s 
used in a cold-water solution, which is why it is 
difficult for  a dusty envi ronment  to be formed.  In  
contrast,  flours and baking additives always fo rm 
dusty environments.  As a result of  tëchnical 
progress,  yeast  can now be preserved in dehy- 
drated form and does not  require special s torage 
conditions. W h e n  SC yeast  is used in powder  form, 
as is the case with our  patient,  a dusty envi ronment  
is created; therefore,  we do no t  find it u n c o m m o n  
for exposed workers  to be sensitized. 

We know that occupational asthma in bakers is 
nothing new; however, the rare sensitization to such 
a common  antigen in a bakery is indeed exceptionaL 
It is important  to be familiar with the workplace and 
with the procedures and materials used in order to 
establish a Correct etiologic diagnosis. 

in  conclusion, our results suggest that occupa- 
tional asthma caused by SC is uncommon in bakers 
despite the frequent use of  this yeast. We believe it is 
important  to be familiar with the work activity and 
substances to which the worker is exposed in order to 
establish an etiologic diagnosis of  0ccupational 
asthma. It would therefore be useful to include an SC 
antigen when testing bakers with respiratory symp- 
toms who are not sensitized to whea t  grain compo- 
nents or enzyme additives. 
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BAKER’S ASTHMA
Jonas Brisman

Baker’s asthma is one of the most common forms of occupational asthma. The increasing

knowledge in exposure–response relations accumulated in recent years is important in the

understanding of baker’s asthma. This development has made scientifically based prevention

feasible today and baker’s asthma should not be regarded as an inevitable occurrence any more.

In 1700 Bernardo Ramazzini described respiratory symptoms among bakers caused by exposure

to flour dust. However, there are anecdotal references from antiquity describing how Roman slaves

working in bakeries protected themselves by using cloth as a primitive respirator to cover their

faces because their breathing suffered from inhaling flour.

c CLINICAL PICTURE

Case reports from the beginning of the 20th century established the concept of baker’s asthma as

an allergic disease because of the observed combination of positive skin tests to flour extracts and

respiratory symptoms suggestive of asthma. The aetiological role of sensitisation to flour in these

cases was confirmed by bronchial challenge tests. Rhinitis is very common and usually precedes

asthma. Conjunctivitis and skin symptoms may also occur. The baker is often atopic by skin or IgE

tests. Symptoms develop after a latency period of months or years, even decades. Initially there is

often a clear temporal relation between symptoms and periods of bakery work. Over time, respira-

tory symptoms may cease to resolve during time off from the bakery. Sensitisation to flour is tra-

ditionally often regarded as a prerequisite for the diagnosis of baker’s asthma. Although the prog-

nosis of baker’s asthma is not reported in the literature, it is usually presumed that symptoms

resolve if exposure to offending allergens is stopped.

EPIDEMIOLOGY
From the 1930s onward there was a number of cross sectional studies surveying populations of

bakers, unfortunately many of them uncontrolled—that is, without comparing the bakers with

controls. These studies varied considerably in the description of symptoms, and in the definitions

of asthma and sensitisation. Also exposure to bakery dust varied across the studies. Although epi-

demiologically crude by today’s standards, they showed that bakers have more lower respiratory

tract symptoms, sometimes labelled as asthma and considered as “normal”, but also nasal symp-

toms, indicating baker’s rhinitis.1 Positive skin tests to flour were found not only among those with

asthmatic symptoms but also among bakers with rhinitis or even among those without symptoms

(“latent allergy”). The presence of flour allergy was usually included in the definition of Baker’s

asthma in the clinical setting. The earlier findings from the case series of an association between

baker’s asthma and atopy were corroborated in the cross sectional studies.

There are a few longitudinal studies estimating the incidence of respiratory symptoms and sen-

sitisation to bakery allergens. Gadborg studied Danish bakers and published his results in 1956. He

made a follow up of 487 out of 500 randomly selected bakers after 5–6 years. The incidence rate for

sensitisation to flour was about 5.5 cases per 1000 person years, and for baker’s asthma (symptoms

and sensitisation) about 1.5. An often cited German study of bakers’ apprentices by Herxheimer

showed a cumulative incidence for sensitisation of 19% and 7% for respiratory symptoms after

three years. As only one third of the original cohort were studied at that time point, the interpret-

ation of the results is difficult. A Swedish retrospective study of trainee bakers showed male inci-

dence rates for asthma of 3.0 cases per 1000 person-years (referents 0.9–1.9), and for rhinitis 29.4

cases per 1000 person-years (referents 10.1–11.1).2 3 A cohort of 300 newly employed UK bakers

and millers was followed for a maximum of seven years.4 The incidence rates of work related chest

symptoms was 41 per 1000 person-years, of work related eyes/nose symptoms 118 per 1000

person-years, of sensitisation to flour 22 per 1000 person-years, and of sensitisation to the enzyme

fungal α amylase 25 per 1000 person-years. The incidence of work related chest symptoms and a

positive skin prick test to flour or fungal α amylase was about 10 per 1000 person-years.
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Register based studies
Baker’s asthma is one of the most frequently reported forms of

occupational asthma in several countries. The annual inci-

dence in the UK was estimated to be 290–450 cases per million

according to the SWORD and SHIELD schemes during 1989 to

1994. The corresponding figure for Sweden was 800 in

1984-86 and for Finland 4000 in 1990. The differences

between these figures can be accounted for by quite different

reporting systems and possibly also differences in exposure. A

small US asthma mortality study from Chicago, conducted

from 1980 to 1988 and involving individuals aged 20–35 years,

showed bakers to have almost nine times the age and race

adjusted mortality rate of the city’s general population. A Brit-

ish study found no increased respiratory mortality.

ALLERGENS
Another line of development in studies on baker’s asthma was

to explore what agents in flour and other components in bak-

ery dust induced the formation of IgE antibodies.5

Flours
The specific IgE antibodies most often found in Baker’s

asthma or rhinitis are against cereal flours such as wheat, rye

or barley (table 1). These species are taxonomically closely

related and there is strong cross antigenicity between them.

There are many flour proteins with allergenic capacity; as

many as 40 were described in wheat, of which 20 crossreacted

with rye.6 7 Grass is also taxonomically related to cereals, and

cosensitisation and cross reactivity between cereal flours and

grass has been discussed in baker’s asthma. Other, non-cereal

flours such as soy and buckwheat were also reported as sensi-

tisers in bakeries and related businesses.

Enzymes
Since the 1970s a variety of enzymes can be added to flour in

order to enhance the baking process. Although enzymes are

used in minute quantities (typically mg/kg flour), they can

cause sensitisation and baker’s asthma (table 1). The most

common enzyme is α amylase of fungal origin.8 The use of α
amylase varies between countries and bakeries—in some

enterprises the α amylase is routinely added to the flour, in

others it is used for some products only, and in some it is not

used at all. The sensitisation rates for fungal α amylase vary

across studies and depend on the amounts of amylase used in

the different study populations.

Other allergens
A bakery is a complex environment with a multitude of

potential sensitisers, and there are case reports of baker’s

asthma caused by moulds, yeast, eggs, sesame seeds, nuts, and

insects, for example (table 1). The occurrence of sensitisation

to these allergens is less well known than those cases caused

by cereal flours or enzymes, and seems to be of marginal

importance to the burden of disease in bakers. However, they

should be kept in mind in the clinical setting if no

sensitisation to common bakery allergens is found. Storage

mites have been proposed as a bakery allergen but were

refuted since sensitisation rates were similar among bakers

and the general population.

EXPOSURE
Knowledge about the exposure to flour dust and other

allergens in bakeries is of fundamental importance when

analysing the risk for asthma. Inhalation of dust as well as

allergens from wheat flour and α amylase has been measured

and the exposure estimated. Bakers were grouped in task

groups and factors affecting the variability in the exposure

were studied.9 For the highest dust exposed task group it was

shown that much of the flour dust exposure was caused by

high peaks of short duration (minutes). This systematic

approach provided much more detailed knowledge on the

mean exposures and the variation in the different job tasks in

bakeries. Together with individual information on health

effects among the exposed bakers it proved to be a powerful

tool for performing studies of exposure–response relations.

It was also found that a substantial proportion of flour dust

particles had an aerodynamic diameter of 10 µm or more. The

respirable fraction amounted to about 10% and the thoracic

fraction about 40% of the total particle mass.

Table 1 Allergens associated with baker’s asthma
and rhinitis

c Cereal flours Wheat
Rye
Barley
Hops
Rice
Maize

c Non-cereal flours
Buckwheat
Soybean flour

c Additives
Enzymes α Amylase

Cellulase
Xylanase
Papain, other proteases
Glucose oxidase

Nuts Almonds, hazelnuts
Colour Carmine red
Spices

c Egg powder
c Milk powder
c Insects Flour beetle (Tribolum confusum)

Flour moth (Ephestia kuehnilla)
Cockroach (Blatella spp)
Granary weevil (Sitophilus granarius)

c Moulds Alternaria, Aspergillus
c Sesame seeds
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EXPOSURE–RESPONSE RELATIONS
There are at least four published exposure–response relation

studies performed in cross sectional data from Switzerland,

the UK, and the Netherlands (table 2). They all showed posi-

tive exposure–response relations—that is, higher prevalence

of chest and/or nasal symptoms by higher exposure to bakery

dust. There were also positive exposure–response relations for

sensitisation to flour, usually wheat.

Two cross sectional studies from the Netherlands and the

UK showed positive exposure–response relations for the rate

of sensitisation to fungal α amylase by exposure to that

enzyme.

Those rather remarkably consistent results in cross sec-

tional materials were recently corroborated by two longitudi-

nal studies from Sweden and the UK.4 10 The Swedish data

showed significant associations between the dust concentra-

tions at onset of disease and the risk for asthma or rhinitis. The

risk of asthma was increased at mean dust concentrations of

3 mg/m3, whereas the risk for rhinitis was increased at mean

dust concentrations of 1 mg/m3, indicating an increased risk in

all bakery work tasks. The British study is of case referent

design, with the lowest exposed bakers (mean dust concentra-

tion 0.8 mg/m3) as reference. The bakers in the second

exposure category (mean dust concentration 1.2 mg/m3) had

increased—but not significantly so—risks for work related

chest or eyes/nose symptoms, or sensitisation to flour or α
amylase. The confidence intervals were of considerable width.

In the highest exposure category (mean dust concentration

4.4 mg/m3) there were significantly increased risks for all out-

comes (chest or eyes/nose symptoms, or sensitisation). Analy-

ses with flour allergen exposure instead of inhalable dust gave

very similar results.

WHAT DO WE WANT TO PREVENT?
Primarily we want to prevent baker’s asthma. The definition of

baker’s asthma might have been fairly simple to the clinician

some years ago: a baker with a history suggesting asthma and

sensitisation by allergy tests to one or several cereal flours.

However, developments in epidemiology and allergy have

made this definition of baker’s asthma questionable in the

context of prevention as well as in clinical practice. Surveys of

bakers have shown work related respiratory symptoms to

occur without a demonstrable sensitisation to flour or α amy-

lase. Cullinan et al did not find any sensitisation among nine

bakers with lower respiratory tract symptoms of new onset.11

Houba et al reported only 30% of bakers with work related

symptoms to be sensitised.12 This might be explained by sensi-

tisation to other, as yet unknown bakery allergens, but

another explanation is non-specific mucosal irritation caused

by dust. The “latent allergy” phenomenon, where bakers

become sensitised but without respiratory symptoms, also

blurs the picture. There is little information in the literature on

latent allergy, but it is indicated in the older studies where

positive skin tests sometimes disappeared on follow up. On the

other hand, sensitisation to flour or α amylase was a

significant predictor (odds ratio 4.3) for work related

symptoms in a longitudinal Italian study.13 The severity and

duration of baker’s asthma may very well differ according to

whether or not there is demonstrable sensitisation to bakery

allergens, but this does not seem to have been studied.

Furthermore, one could argue it would be beneficial to pre-

vent baker’s rhinitis since it often precedes asthma, although

the predictive value is not reported in the literature. Rhinitis

itself also impairs quality of life.

PREVENTION BY MEDICAL SURVEILLANCE
The goal of medical surveillance is secondary prevention by

early detection of a disease process before the occurrence of

clinically adverse health outcomes. Although sometimes

recommended, there is little scientific evidence of the

effectiveness of medical surveillance programmes targeting

occupational asthma. There is one study by Gordon et al which

indicated that a questionnaire for detecting baker’s asthma

was not sensitive enough and detected only half the number

of cases. Other possible tools for surveillance are lung function

and allergy tests. Spirometry is an insensitive test for asthma.

Serial monitoring of peak expiratory flow rate, repeated tests

of non-specific bronchial reactivity or allergy tests are perhaps

more sensitive surveillance methods, but are labour intensive

when applied in bakery work forces. In the absence of

scientific data supporting its preventive potential, it seems

questionable to allocate resources to costly medical surveil-

lance if it would endanger implementing primary prevention

by reducing exposure.

PREVENTION BY MAXIMAL EXPOSURE LIMITS
Reduction of exposure to factors associated with a disease

does not necessarily mean reduction of the risk for the disease.

Table 2 Percentage of bakers with work related symptoms, positive skin prick tests (SPT) or radioallergosorbert test
(RAST) to flour or any bakery allergen and the corresponding dust measurements

n

Symptoms (%) Pos SPT or RAST

n

Dust from personal samples

Eyes/nose Chest Flour Any GM range (mg/m3) Reference

133 0* NR NR 133 0.2–1.8 Hartmann 1986
139 11* NR NR 139 1.0–4.4

42 17* NR NR 42 3.2–19.8

183 13 9 5 28 32 0.01–3.0 Musk 1989
96 30 17 5 35 47 1.7–11.0

104 11 5 2 17 205 < 1 Cullinan, Nieuwenhuijsen 1994
90 15 3 6 25 191 1–5
62 31 11 5 30 99 >5

117 15* 4 NR 151 0.5 (mean) Houba 1998
107 23* 8 NR 120 0.8 (mean)
122 29* 14 NR 178 2.4 (mean)

*Work related symptoms from the eyes or nose and chest.
GM, geometric mean; NR, not reported.

EDUCATION

*500

www.occenvmed.com

 group.bmj.com on April 12, 2012 - Published by oem.bmj.comDownloaded from 

http://oem.bmj.com/
http://group.bmj.com/


Interventional studies are needed to test such hypotheses.

However, exposure–response relations have been regarded as

sufficient circumstantial support for reducing occupational

exposures. Traditionally, bakery dust was often regarded as

general or organic nuisance dust with standards set at

concentrations of 5–10 mg/m3. The reported exposure–

response relations have initiated risk assessments in several

countries: in the USA the American Conference of Govern-

mental Industrial Hygienists adopted a threshold limit value

(TLV) of 0.5 mg/m3, the Dutch expert committee has proposed

a limit of 0.5 mg/m3, since January 2001 Sweden has set a

limit of 3.0 mg/m3, and Germany is presently revising its

4.0 mg/m3 MAK (Maximale Arbeitsplatzkoncentration) value.

These maximal exposure limits (MELs) are eight hour time

weighted averages of inhalable dust by personal sampling.

The risk assessment for an MEL for dust is somewhat

restricted by the grouping strategies and analytical methods

used in the studies. For example, some studies compare “high”

exposed groups with “low” exposed, but not with non-

exposed. Heederik and Houba applied generalised additive

modelling and smoothed plots of individual data in order to

look for a possible exposure–response threshold for sensitisa-

tion to wheat.14 They concluded that there was no threshold

and that sensitisation could occur at flour dust concentrations

of 0.5–1.0 mg/m3.

Published exposure–response studies do not allow the

identification of a NOAEL (no observable adverse effect level)

for flour dust. Exposure to 3–6 mg/m3 of inhalable dust

increases the risk for respiratory tract symptoms (including

asthma and rhinitis) and sensitisation to flour several fold.

The risk estimates for symptoms at exposures < 3 mg/m3 are

sparse and of low precision because of the restrictions

mentioned above. However, studies that have examined the

effects of exposures < 3 mg/m3 indicate increased risks—for

example, the Dutch studies showed sensitisation at low levels,

and the Swedish study demonstrated increased risk for rhini-

tis at 1 mg/m3. Together with some safety margin, this

indicates that an MEL should be in the range 0.5–1.0 mg/m3 in

order to prevent a substantial fraction of asthma, rhinitis, and

sensitisation to flour.

So far MELs are expressed as dust. Dust in bakeries

normally consists of flour to about 90%. Certain operations

during confectionary work may emit dust with a high content

of sugar, but this is usually evident from the task being

performed. Consideration might be given to introducing an

MEL based on the air concentration of flour allergen as a

complement or instead of flour dust. The main argument

against this approach is that most respiratory symptoms in

bakers seem not to be related to flour sensitisation. Further

obstacles are the diversity of allergens present in flour, without

any single major allergen being identified, and the need for

standardisation of the analyses. An MEL for fungal α amylase

can also be considered since a standard for flour dust does not

necessarily protect against sensitisation to α amylase. This has

been highlighted by some measurements of high air

concentrations of α amylase while dust levels were low. The

risk assessment and management for α amylase may be

different from that for flour. Progress in standardisation of the

analytical process of α amylase was recently reported.15

DUST CONTROL
The key elements for dust control in bakeries are adequate

local exhaust ventilation and good work practice. General

dilution ventilation has only marginal effect on dust levels.

Local ventilation should be concentrated to flour release

points such as weighing stations, dough making machines,

dough brakes, and bread machines. Such ventilation can most

probably reduce dust exposure to concentrations below

1 mg/m3.16 Work practice to avoid flour dust becoming airborne

includes careful bag emptying and empty bag handling, and

vacuum cleaning instead of using pressurised air. The

introduction of new work practice requires that bakers are

given training. An example is a training programme imple-

mented in Switzerland. In order to minimise the need for

throwing flour to prevent the dough sticking to work surfaces,

technical changes such as using divider oils and flow tables

must also can be considered.

MANAGEMENT
As in other forms of allergic asthma, the management of

choice for the classic type of baker’s asthma with sensitisation

is allergen avoidance. This can be achieved by technical dust

control, relocation of the baker to a less exposed job task, or by

having the baker wear respiratory protection. Because of the

abundance of dust in most bakeries in relation to the minute

allergen exposure needed to elicit symptoms in sensitised

workers, change of employment is often necessary. Sympto-

matic bakers without sensitisation can be helped by relocation

to less exposed tasks if symptoms are caused by non-specific

irritation. Respirators are in my experience seldom well toler-

ated by bakers because of the heat in bakeries and the hinder-

ing of physical activity. They also cause discomfort when worn

for long periods.

Immunotherapy with flour has been reported to be

successful in baker’s asthma but needs further evaluation.

Management includes bakers seeking medical care because

of symptoms but also the identification of at risk workers

through surveys of bakers performed by occupational health

services. In such surveys it is important to handle the outcome

for the individual baker in a structured and, as far as possible,

scientifically justified way. A Scandinavian workshop on the

prevention of bakers’ occupational diseases addressed these

two aspects of management and the following recommenda-

tions were expressed.

Baker’s asthma: key points

Clinical
c Baker’s asthma is often preceded by rhinitis, and skin symp-

toms are often concomitant
c Frequently there is atopy and sensitisation to flour and/or

enzyme (for example, α amylase)
c Mechanisms behind cases without overt allergy to bakery

allergens are unknown
c Risk is increased by high exposure to bakery dust
Management
c Reduce exposure by dust control or relocation
c Change of job to non-bakery work is often necessary
c Long term use of respirators is usually not feasible in

bakeries
Prevention
c There is an exposure–response relation, meaning increased

risks for baker’s asthma, rhinitis, and sensitisation by expo-
sure to flour or enzyme

c Today’s MELs for flour dust (=3 mg/m3) probably do not
protect against baker’s asthma

c Dust control in bakeries includes adequate local exhaust
ventilation and good work practice. General dilution
ventilation has only marginal effect on dust levels.
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c Asthmatics sensitised to flour or fungal α amylase should

change to non-bakery employment
c Asthmatics without sensitisation to flour or fungal α amy-

lase should be relocated to less exposed bakery tasks
c Bakers with rhinitis and sensitisation should be investi-

gated closely and relocation to less exposed tasks should be

considered
c Bakers sensitised to flour or fungal α amylase but without

respiratory symptoms should be re-examined annually
c Bakers with rhinitis only but without sensitisation to bak-

ery allergens do not warrant re-examination unless

symptoms worsen.
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c Discussion on exposure–response relations for baker’s asthma and
rhinitis.

11 Cullinan P, Lowson D, Nieuwenhuijsen MJ, et al. Workrelated symptoms,
sensitisation, and estimated exposure in workers not previously exposed to
flour. Occup Environ Med 1994;51:579–83.

12 Houba R, Heederik D, Doekes G. Wheat sensitization and work-related
symptoms in the baking industry are preventable. An epidemiologic study.
Am J Respir Crit Care Med 1998;158:1499–503.

13 De Zotti R, Bovenzi M. Prospective study of work related respiratory
symptoms in trainee bakers. Occup Environ Med 2000;57:58–61.

14 Heederik D, Houba R. An explanatory quantitative risk assessment for
high molecular weight sensitizers: wheat flour. Ann Occup Hyg
2001;45:175–85.

c Introduces risk assessment by general additive models in individual
data.

15 Lillienberg L, Baur X, Doekes G, et al. Comparison of four methods to
assess fungal α-amylase in flour dust. Ann Occup Hyg 2000;44:421–33.

16 Heinonen K, Kulmala I, Säämänen A. Local ventilation for powder
handling – combination of local supply and exhaust air. Am Ind Hyg
Assoc J 1996;57:356–64.

c Laboratory measurements and simulations on how to reduce flour
dust exposure.

QUESTIONS (SEE ANSWERS ON P 426)
(1) Which of the following statements on the present knowl-

edge on exposure–response relations for baker’s asthma is

true?

(a) exposure–response relations for baker’s asthma has

not been studied

(b) there are no consistent results

(c) the risk for baker’s asthma increases only at exposures

to flour dust > 10 mg/m3

(d) the risk for baker’s asthma starts to increase at expo-

sures to flour dust > 3 mg/m3

(e) The risk for baker’s asthma increases at exposures to

flour dust < 0.5 mg/m3.

(2) What is the proposed management of a case of baker’s

asthma with allergy to flour?

(a) re-examination annually

(b) more close investigation

(c) no action

(d) job change to non-bakery work

(e) long term use of respiratory protection

(3) Which of the following statements on allergens associated

with baker’s asthma is false?

(a) enzymes are powerful allergens

(b) storage mite allergy is a common cause of baker’s

asthma

(c) allergens in cereal flours and grasses are closely related

(d) not all bakers with sensitisation to flour have baker’s

asthma

(e) atopy increases the risk for sensitisation to flour

(4) Important factors for successful dust control in a bakery

are:

(a) general ventilation

(b) local exhaust ventilation

(c) cleaning by using vacuum cleaning instead of pressu-

rised air

(d) implementing a training programme in good work

practice

(e) alternate techniques (such as divider oils) instead of

throwing flour to prevent dough sticking

Additional references appear on the Occupational
and Environmental Medicine website
[www.occenvmed.com]
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DENDRITIC CELLS

Dendritic cells (DCs) are key players in the
initiation of adaptive immunity. They consist of
a family of different subpopulations, which
originate from the bone marrow and develop to
perform different functions. At least two differ-
ent subsets, the Langerhans cells (LCs) and the
dermal DCs, reside in the skin (1). In the peri-
phery, immature DCs act as sentinels that take
up antigen upon antigen entry. When activated,
the DCs mature and migrate to regional lymph
nodes to activate naı̈ve antigen-specific T cells
(2). DCs are crucial also as modulators for the
outcome of the immune response. As a link be-
tween the innate and adaptive immune systems
they transfer important information, about the
invading pathogen and the innate response in
the periphery, to the T cells to evoke an appro-
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priate response (3). A Th1- or a Th2-like re-
sponse can be initiated by the DCs, or acti-
vation of regulatory T cells or Th3 cells can oc-
cur (4, 5). Different microorganisms will give
rise to at least partly different immune re-
sponses (3). This can be detected already at the
DC level, by studying how the different DCs re-
spond to pathogens and antigens. The acti-
vation and maturation process involves lost
ability to take up antigens, increased ability to
present antigen-derived peptides, increased ex-
pression of co-stimulatory molecules, and pro-
duction of cytokines (2).

Effective defense requires the host to dis-
criminate between different pathogens to induce
an appropriate response. Signaling from differ-
ent groups of microbes can be mediated via the
Toll-like receptors (TLRs). TLRs are signaling
receptors with a critical role in sensing invading
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microorganisms and recognizing pathogen-as-
sociated molecular patterns (6). The specificity
of innate immune recognition in Drosophila is
mediated by the Toll family of receptors, where
Toll mediates anti-fungal responses (7). It has
been shown that TLR2 is recruited specifically
to macrophage phagosomes containing yeast,
and that a point mutation in the receptor abro-
gates the inflammatory responses to yeast (8).
Secretion of cytokines has also been reported to
be dependent on TLR2 signaling (8, 9). Interest-
ingly, myeloid DCs have been shown to express
TLR2 (10, 11). It is therefore tempting to specu-
late that many of the responses to fungi seen in
human DCs are mediated by TLR signaling.
This, however, remains to be demonstrated. Dif-
ferent DCs express different patterns of TLRs,
which indicates that they are more or less ef-
ficient when responding to certain pathogens
(11). By studying DC activation, more can be
learnt about the induction and tuning of im-
mune responses, as well as about their role in
induction of peripheral tolerance (12). We will
here review recent data on how DCs interact
with fungi.

FUNGI

Fungi are one of the three major classes of eu-
karyotic organisms. They comprise a group of
microorganisms that in the past 20 years has
become increasingly important as a cause of hu-
man disease (13). Ironically this is largely be-
cause of today’s higher survival of immunocom-
promised patients. Thus, few fungi are pro-
fessional pathogens, but are instead opportun-
istic pathogens (13).

Most fungi grow as thread-like hyphae, but
this distinction is not definite as some fungi
alternate between a yeast phase and a hyphal
phase, depending on environmental stimuli (14).
These fungi are termed dimorphic, meaning
‘with two shapes’, and exist in one form in na-
ture and another form when causing infection
(14). Many fungi pathogenic for man exhibit di-
morphism (13). Yeasts are fungi that grow as
single cells, producing daughter cells by bud-
ding or binary fission. Fungi commonly cause
infection in immunosuppressed hosts, such as
AIDS patients or patients who have received
bone marrow transplants (15). Examples of
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yeasts and dimorphic fungi are: Malassezia spe-
cies, Candida albicans, Saccharomyces cerevis-
iae, Cryptococcus neoformans and Aspergillus
fumigatus.

Malassezia
The yeast Malassezia, formerly known as Pi-

tyrosporum orbiculare/ovale, belongs to the nor-
mal human skin flora (16, 17). It colonizes stra-
tum corneum and is most abundant at sebum
containing skin sites (18). Eight Malassezia spe-
cies have been described so far, all present on
human skin (19, 20). Although usually harm-
less, Malassezia species can cause skin infec-
tions and even systemic infections (17). A num-
ber of studies have shown that Malassezia is the
causative agent of pityriasis versicolor and pi-
tyrosporum folliculitis and plays an important
role in the pathogenesis of seborrhoeic derma-
titis and atopic eczema/dermatitis syndrome
(AEDS) (17, 19). AEDS is a chronic inflamma-
tory skin disease that in its first phase is Th2
mediated, but in the chronic phase becomes Th1
mediated (21). Most healthy individuals have
come into contact with Malassezia and
mounted an IgG response to the yeast. IgE-
and/or T cell reactivity to Malassezia is found in
approximately 30–80% of AEDS patients, but
rarely in patients with atopic respiratory dis-
eases without AEDS (19). Nine Malassezia
allergens have been identified and cloned so far,
of which four show no sequence similarity to
known proteins (19). The six Malassezia aller-
gens cloned by us are now produced by recom-
binant techniques and used in diagnostic tests
(22, 23). We recently demonstrated that a posi-
tive atopy patch test reaction in AEDS patients
to Malassezia correlates with a Th2-like periph-
eral blood mononuclear cell response (22). The
role of DCs in skewing these T cells has been
partly addressed.

The skin barrier of AEDS patients is often
disrupted (24), and whole Malassezia yeast cells
and allergenic components from the yeast might
pass the skin barrier and come into contact with
professional antigen-presenting cells, such as
the LCs. In order to prevent or improve con-
ditions such as AEDS, studies of the initial steps
in the interaction between DCs and Malassezia
have been performed to gain knowledge about
the events turning a non-sensitized individual
into a sensitized one. Using monocyte-derived
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dendritic cells (MDDCs) (25, 26) this interac-
tion was studied in the human system. We have
shown that the majority of immature MDDCs,
reflecting LCs in the skin, internalized whole
Malassezia yeast cells within 1 h (Fig. 1),
whereas mature MDDCs, mimicking dendritic
cells in the regional lymph nodes, had essenti-
ally lost the capacity to take up Malassezia and
its components (27, 28). DCs express a number
of receptors, such as the macrophage mannose
receptor (MR) and Fc-receptors, which are in-
volved in the interaction and uptake of micro-
organisms (29, 30). Uptake of Malassezia ex-
tract and mannan, an IgE-binding cell wall
component that is highly immunogenic (31),
was mainly mediated via the MR. Since yeast
cell-wall components are highly mannosylated
(32) this finding was not entirely unexpected.
However, there were indications of an involve-
ment of additional receptors (27). Uptake of the
non-glycosylated recombinant allergen Mal s 5
(18 kDa), on the other hand, was mainly me-
diated via non-specific fluid phase pinocytosis
(27). The process of internalizing Malassezia
was associated with MDDC maturation, pro-
duction of pro-inflammatory and immunoregul-
atory cytokines such as TNF-a, IL-1b and IL-
18, but not IL-12p70, thus presumably favoring
induction of a Th2-like immune response (28).
IL-18 has generally been considered as a Th1-

Fig. 1. Human immature MDDCs internalize whole Malassezia yeast cells. Time-lapse photography was used
to study the kinetics of uptake of the yeast Malassezia by MDDCs (A). 2¿105 immature MDDCs/ml were co-
incubated with Malassezia yeast cells at a 1:5 ratio. Uptake usually occurred within 1 h. Internalization of
yeast cells by immature CD1aπ MDDCs was confirmed by confocal laser scanning microscopy (B). The image
shows one optical section approximately through the middle of the MDDCs. Red is phycoerythrin conjugated
mAb to CD1a and green is FITC-labeled yeast cells. Cross-talk between the detection channels has been
compensated for using ImageSpace software. The scale bar in the lower left cornerΩ10 mm.
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inducing cytokine and in mice been shown to
synergize with IL-12 in inhibiting IgE produc-
tion (33). In the absence of IL-12, however, it
was reported that IL-18 stimulated IL-4 pro-
duction and histamine release by mast cells, as
well as IgE production (34–36). MDDCs incu-
bated with Malassezia were also shown to in-
duce proliferation in autologous lymphocytes,
indicating that the MDDCs became function-
ally mature (28). This chain of events most
likely contributes to the inflammatory reaction
in AEDS. Furthermore, as these experiments
were performed in the absence of IgE, they im-
ply that sensitization of AEDS patients to Mal-
assezia can be mediated by immature DCs in
the skin.

To investigate whether DCs from AEDS pa-
tients already sensitized to Malassezia and
healthy non-atopic individuals handle Malasse-
zia differently upon encounter, we are currently
performing a gene expression study. Preliminary
results show that the DCs from the patients and
the non-atopic individuals have a different gene
expression pattern after stimulation with Mal-
assezia yeast cells, where mRNA coding for sev-
eral molecules involved in cell-cell adhesion, co-
stimulation or with chemo-attracting properties
is more highly expressed in the AEDS patients
(37). We hypothesize that the skewing of the im-
mune response to Malassezia towards a Th2-
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like response is initiated already at the DC level
by how the DCs respond to the yeast stimuli.

The microenvironment where the DCs en-
counter an antigen is important for the outcome
of the immune response. Cells in the immune sys-
tem communicate in a complex manner, and little
is so far known about the possible modulation of
DC function by other cells. Interestingly, reports
have suggested a role for NK cells in affecting
DC maturation and function upon direct contact
between the cells (38–41). It was until recently not
known if this interaction also takes place in vivo,
or if a potential interaction of NK cells and DCs
would be affected by allergen exposure of the
DCs. We therefore studied the distribution of
NK cells in the skin from AEDS patients sensi-
tized to Malassezia with the emphasis on possible
NK cell-DC interaction, and to assess whether
stimulation of DCs with Malassezia would affect
subsequent interaction between DCs and auto-
logous NK cells. Using immunofluorescent tech-
niques and confocal laser scanning microscopy,
we could, for the first time, show close contact be-
tween NK cells (CD56π/CD3ª) and CD1aπ DCs
in vivo, in biopsies from Malassezia atopy patch
test-positive skin (42). DCs prestimulated with
Malassezia yeast cells were shown to be less sus-
ceptible to NK cell-induced cell death, sug-
gesting a direct effect imposed by Malassezia
upon interaction of DCs with NK cells. Soluble
factors from the yeast also influenced the NK-
DC cross-talk by making NK cells less cytotoxic
(42). These findings indicate that NK cells and
DCs can interact in the skin, and that Malassezia
seems to affect NK-DC interaction, directly
through soluble factors acting on the NK cells
and indirectly by maturing DCs. Our results
show that the yeast Malassezia activates human
DCs and makes them functionally mature, sug-
gesting that DCs are important in host responses
to Malassezia.

Candida
Candida albicans is a dimorphic fungus that

inhabits mucosal membranes. Although part of
our normal microflora, Candida can cause dis-
ease, and it is the most frequently isolated
fungal pathogen in humans (13). Usually it
grows as a yeast causing little or no damage, but
under some circumstances this harmless com-
mensal can become pathogenic, invading the
mucosa and causing significant damage (13).
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This usually happens when a variety of predis-
posing factors renders the yeast able to escape
the normal competition from resident bacteria
and allows the yeast to multiply. It is commonly
seen in AIDS patients and individuals who have
had a prolonged course of antibacterial therapy.
A more serious condition is systemic can-
didosis, when yeast cells proliferate in the circul-
atory system. This can, for example, occur after
invasive surgical techniques.

A Th1-like response and subsequent cell-me-
diated immunity seems to mediate clearance of
infection, whereas Th2-like responses are
mainly associated with pathology (43). The de-
cision making of the type of Th cell response
initiated again lies on the DC. It has been
shown that immature MDDCs can phagocytose
Candida, and that the yeast is recognized via the
MR (44). In 1 h, more than half of the MDDCs
had ingested at least one Candida yeast cell, but
the average was more than five yeast cells per
MDDC. Opsonization did not enhance the up-
take, and it was also shown that MDDCs kill
the yeast regardless of whether it was opsonized
or not (44). Internalized yeast cells were pro-
cessed and MDDCs, as well as LCs and peri-
toneal DCs, have been shown to induce Can-
dida-specific T cell proliferation (44–49). Can-
dida can reside in two forms, as unicellular yeast
and in a filamentous form as hyphae. In mice
it has been demonstrated that the form of the
microorganism clearly affects the DCs and the
immune response. Both forms could be rapidly
taken up by DCs, but whereas whole yeast cells
induced IL-12 production and priming of Th1
cells, hyphae inhibited IL-12 and Th1 priming
and induced IL-4 production from the DCs
(50). Also in vivo protective anti-fungal immun-
ity was induced only by DCs pulsed ex vivo with
yeast cells but not with hyphae (50). In a model
of human inflamed skin, Candida infection
caused accumulation of CD1aπ LCs in the der-
mis and in the draining lymph vessels, and
consequently the number of CD1aπ LCs in the
epidermis decreased by half (51). The LCs in
the dermis had a mature phenotype as demon-
strated by CD83 and CD86 expression, and
they were seen in close contact with memory T
cells (51). These studies suggest that DCs play
an important role in host response to Candida
infection, and that different forms of the yeast
differentially activate them.
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The use of microarrays to measure gene ex-
pression profiles of DCs in response to different
pathogens has opened up a new way to explore
how DCs modulate the immune system in re-
sponse to different pathogens. The response to
Escherichia coli, C. albicans, and influenza virus
and their molecular components was compared
in one study (52). Both a shared response and a
pathogen-specific gene expression were observed
upon exposure to the pathogens. Interestingly,
there were no genes that were specifically in-
duced only by the yeast. This study further re-
veals that human DCs distinguish between
pathogens and elicit tailored pathogen-specific
immune responses (52).

Saccharomyces cerevisiae
Saccharomyces cerevisiae, commonly known

as bakers’ yeast, rarely causes disease in
humans. Immature human DCs, mice LCs, and
bone marrow-derived DCs from mice have been
reported to take up the yeast S. cerevisiae (53–
55). The yeast cells were internalized within 2–
4 h and appeared largely degraded, as detected
by decrease in specific fluorescence intensity
from the yeast, after 24 h (54, 55). The majority
of the human DCs had ingested the yeast, and
around 40% of them had internalized more than
15 yeast (55). The interaction was shown to be
mediated by the MR and lead to DC matu-
ration and IL-12p70 production (53–55). The
expression of co-stimulatory molecules such as
CD80 and CD86, as well as expression of
CD40, CD54 and MHC class-II, increased sev-
eral fold after stimulation with yeast for 48 h
(54). The interaction led to efficient priming of
MHC class-I- and class-II-restricted, antigen-
specific T cell responses (54). Human MDDCs
have also been shown to take up yeast oligom-
annosides very efficiently, once again high-
lighting the importance of the MR in DC-yeast
interactions (56). The fact that yeast can easily
be engineered to express foreign antigens, to-
gether with the potency of the yeast to induce
DC maturation, makes it a promising tool in
generating DC-based vaccines for stimulation
of cell-mediated immunity (54).

Cryptococcus neoformans
Cryptococcus neoformans is a significant

pathogen in immunocompromised patients,
causing the disease termed cryptococcosis
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(57). This disease occurs in about 7–8% of
AIDS patients in the USA, and a slightly
smaller percentage (3–6%) in Western Europe.
The capsule is a significant virulence determi-
nant of C. neoformans because it helps to pre-
vent the cells from being recognized and en-
gulfed by white blood cells. It infects through
the lungs, where it causes a mild or chronic,
persistent pneumonia, depending on the per-
son’s degree of immunity. In a recent publi-
cation, human DCs were shown to take up C.
neoformans via the MR and FcgRII for pres-
entation to T cells (58). The role of different
DC subsets in the response to the yeast was
investigated in a mouse study (59). The three
subsets studied were LCs, myeloid DCs, and
lymphoid DCs. The aim was to investigate if
different DC subsets were associated with the
development of protective versus non-protec-
tive cell-mediated immune responses against
the fungal pathogen. Mice were immunized
with protective (cryptococcal culture filtrate
Ag-CFA) and/or non-protective immunogens
(heat-killed cryptococci-CFA). The protective
immunogen, in contrast to the non-protective
immunogen or controls, stimulated significant
increases in LCs, myeloid DCs, lymphoid DCs
and activated CD4π T cells in draining lymph
nodes (59). The results indicated that lymph
node LCs and myeloid DCs were needed for
induction of the protective response, and that
the ratio of LCs:myeloid DCs in draining
lymph nodes was modulated by the cryptococ-
cal antigen and determined whether protective
or non-protective anti-cryptococcal cell-me-
diated responses developed (59).

Aspergillus fumigatus
Aspergillus fumigatus is a fungus that can

cause pulmonary infections upon inhalation of
conidia. In immunocompromised patients, A.
fumigatus infection can lead to invasive pul-
monary aspergillosis. A Th1/Th2 dysregul-
ation, with a switch to a Th2-like immune re-
sponse, may contribute to the development
and unfavorable outcome of this disease. The
fungi contain allergens and have been shown
to mediate allergic bronchopulmonary asper-
gillosis, a life-threatening hypersensitivity dis-
ease (60). Mouse DCs have been demon-
strated to internalize conidia and hyphae from
A. fumigatus (61). This was mediated through
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distinct phagocytic mechanisms and recog-
nition receptors. Conidia were internalized
through the MR and possibly DEC-205,
whereas hyphae were taken up through the
complement receptor 3 and FcgR. The DCs
could also discriminate between the different
forms of the yeast as detected by cytokine
production. IL12p70 was produced when the
DCs had been stimulated with conidia, and
IL-4 and IL-10 when stimulated with hyphae.
Both forms, however, induced TNFa produc-
tion. DCs underwent functional maturation in
vivo upon migration to the draining lymph
nodes and spleens (61). The DCs instructed
local and peripheral Th cell reactivity to the
fungus. The conidia induced Th1-like, and the
hyphae induced Th2-like responses (61). Sur-
face expression of HLA-DR, CD80 and CD86
increased on human MDDCs after 24 h inter-
action with Aspergillus conidia, and IL-12
production was induced (62). DCs pretreated
with conidia stimulated lymphocyte prolifer-
ation and production of high levels of IFNg,
but not interleukin-10, implying that DCs
evoke a Th1-like response to be mounted
against Aspergillus (62). DCs generated from
CD34π progenitors collected prior to stem cell
transplantation could partially restore the in
vitro anti-fungal proliferative response of
lymphocytes obtained from patients after
transplantation (62).

CONCLUDING REMARKS

DCs have an important role in the induction of
cell-mediated immune responses to fungi. The
studies reviewed here show that fungi, or poss-
ibly fungi-derived factors, provide a powerful
activation stimulus to DCs, resulting in DC
maturation with upregulation of co-stimulatory
molecules and production of cytokines leading
to different T cell responses. The ability of DCs
to induce different immune responses depend-
ing on the form of the fungi might be better
understood after further investigations of the
role of TLR signaling. Studies also suggest that
ex vivo-generated DC might be useful in restor-
ing or enhancing the anti-fungal immunity,
highlighting the fast growing area of research
on the use of DCs as therapeutic tools in the
future.
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Background. Saccharomyces cerevisiae (also known as “baker’s yeast” or “brewer’s yeast”) is mostly considered
to be an occasional digestive commensal. However, since the 1990s, there have been a growing number of reports
about its implication as an etiologic agent of invasive infection. A particular feature of such infections is their
association with a probiotic preparation of Saccharomyces boulardii (a subtype of S. cerevisiae) for treatment various
diarrheal disorders.

Methods. We collected published case reports, through May 2005, of invasive Saccharomyces infection by use
of a Medline query. Epidemiological and clinical charts and therapeutic strategies were analyzed.

Results. We found 92 cases of Saccharomyces invasive infection. Predisposing factors were similar to those of
invasive candidiasis, with intravascular catheter and antibiotic therapy being the most frequent. Blood was the
most frequent site of isolation (for 72 patients). S. boulardii accounted for 51.3% of fungemias and was exclusively
isolated from blood. Compared with patients infected with S. cerevisiae, patients infected with S. boulardii were
more frequently immunocompetent and had a better prognosis. Saccharomyces invasive infection was clinically
indistinguishable from an invasive candidiasis. Overall, S. cerevisiae clinical isolates exhibited low susceptibility to
amphotericin B and azole derivatives. However, global outcome was favorable in 62% of the cases. Treatment with
intravenous amphotericin B and fluconazole, in combination with central vascular catheter removal, were effective
therapeutic options.

Conclusion. Saccharomyces organisms should now be added to the growing list of emerging fungal pathogens.
Special caution should be taken regarding the use of S. boulardii probiotic preparations.

Saccharomyces cerevisiae (also known as “baker’s yeast”

or “brewer’s yeast”) is widespread in nature and can be

found on plants and fruit and in soil [1]. S. cerevisiae is

now included in some diet or health foods. Saccharo-

myces boulardii, a subtype of S. cerevisiae, is also used in

probiotic preparation for the prevention and treatment

of various diarrheal disorders, such as those associated

with Clostridium difficile infection or parenteral nutrition

[2]. On the basis of results of molecular studies, S. bou-

lardii is now considered to be an invalid taxon and must

be considered as either a subtype [3] or a variety [4] of

S. cerevisiae. It is not routinely possible to identify S.

boulardii, because its phenotypic (auxotrophic) charac-

Received 21 April 2005; accepted 20 July 2005; electronically published 1
November 2005.
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teristics are not pathognomonic of the subtype. Although

restriction-enzyme analysis of mitochondrial DNA [5, 6]

or karyotyping [7, 8] are the tests most frequently used

to identify S. boulardii, these methods have yet to be fully

evaluated, notably for their discriminatory power and,

thus, for their ability to unambiguously identify S. bou-

lardii. In our experience, internal transcribed spacer se-

quencing has failed to discriminate S. boulardii from

some S. cerevisiae strains [9] (C.H., unpublished data).

To our knowledge, determination of the length of a par-

ticular microsatellite-containing locus, which was per-

formed by Hennequin et al. [10] on 67 S. cerevisiae strains

and 24 S. boulardii isolates, is the only published method

that reliably distinguishes between S. boulardii and other

S. cerevisiae strains.

The rate of Saccharomyces carriage varies according

to the populations investigated. A study from the 1940s

reported that the respiratory tract of 7% of patients

with chronic pulmonary disease was colonized with

Saccharomyces organisms [11]. Occasionally, S. cerevi-

siae can be isolated from the vaginal flora (0.9%–5.8%
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of women) [12, 13], and S. cerevisiae is considered to be re-

sponsible for symptoms mimicking Candida vaginitis in 0.4%

of cases [14, 15]. A more recent study involving patients with

hematologic disease reported isolation of S. cerevisiae from

throat, stool, urine, and perineum samples in 16%, 23%, 10%,

and 20% of the patients, respectively [16]. It is not known

whether S. cerevisiae is a persistent commensal of the digestive

tract or whether it is only transiently present after food inges-

tion. Interestingly, among 70 patients hospitalized for bone

marrow transplantation, S. cerevisiae was isolated only once,

despite weekly surveillance cultures (primarily of stool and

throat swab specimens) during hospitalization [17].

Since the 1980s, S. cerevisiae has also been isolated from

persons with pathogenic conditions and has been considered

to be a cause of invasive fungal infections. The incidence of

Saccharomyces fungemia varied from 1% in a retrospective

study of 102 nosocomial cases of fungemia [18] to 3.6% among

patients at French teaching hospitals [9]. Among these cases,

there is a growing number of observations regarding invasive

infections with S. boulardii. To generate hypotheses for future

evaluation of preventive strategies, we performed a compre-

hensive review of published reports of invasive Saccharomyces

infections, with an emphasis on epidemiologic and clinical

characteristics and the differences between S. cerevisiae and S.

boulardii invasive infections.

MATERIALS AND METHODS

We reviewed published reports of invasive Saccharomyces in-

fection found in the Medline database. The following key words

were searched: “Saccharomyces,” “epidemiology,” “invasive,”

“infection,” “sepsis,” and “fungemia.” Reports published

through May 2005 in English, French, German, or Spanish were

reviewed. We only considered proven infection, based on the

definitions of the Invasive Fungal Infection Cooperative Group

of the European Organization for Research and Treatment of

Cancer–Mycosis Study Group of the National Institute of Al-

lergy and Infectious Diseases cooperative group [19]: fungemia,

isolation from normally sterile fluids (e.g., pleural and synovial

fluids), and deep-site infections either histologically proven for

sites susceptible to colonization (lungs, peritoneum, esophagus)

[20, 21]. We did not include asymptomatic patients with only

1 organism isolated from the peritoneal cavity after digestive

perforation or surgery, or from urine, oral swab, stool, or vag-

inal swab specimens, because such patients were more likely to

have colonization rather than true infection [20–22]. Patients

with insufficient clinical information were excluded [7, 18].

We considered S. boulardii to be the etiologic agent if the

patient received treatment with a probiotic containing S. bou-

lardii and/or if a molecular typing method confirmed the iden-

tification of this pathogen. Data on age, sex, underlying disease,

immunological status, previous antibiotic therapy, and intra-

venous catheter use were collected for each case. Immunode-

ficiency was considered when hematological malignancy, bone

marrow transplantation, neoplasia, profound neutropenia, im-

munosuppressive therapy, or AIDS were reported. Profound

neutropenia was defined as an absolute neutrophil count of

! neutrophils/L at the time of Saccharomyces isolation.90.5 � 10

Antibiotic therapy was taken into account as a possible pre-

disposing factor when given for at least 1 week before the

isolation of Saccharomyces organisms.

Antifungal treatment and removal of intravenous catheter

were also recorded. The outcome was considered to be favorable

if the patient survived or if the infection was cured (e.g., culture

results after treatment were negative). We also investigated in

vitro susceptibility by reviewing studies that included 110 iso-

lates that underwent susceptibility testing by means of com-

mercially available compounds.

Statistical analysis. Values are unless other-means � SD

wise specified. Comparisons between groups were performed

using Fisher’s exact test for continuous variables and a x2 test

for percentages. P values of !.05 were considered to be statis-

tically significant.

RESULTS

In a comprehensive review, we found 92 documented cases of

proven invasive Saccharomyces infection. Fifteen cases (16.3%)

were diagnosed before 1990, and 76 cases (82.6%) were diag-

nosed after 1990. The age of the participants was 44.3 � 26.9

years; the youngest patient was 9 days old, and the oldest patient

was 89 years old (tables 1 and 2). The sex ratio was 0.74 (35

females and 47 males). Patients with S. cerevisiae fungemia were

significantly younger (age, vs. years;38.3 � 27.5 53.8 � 21.6

) and more likely to be female (sex ratio, 1.14 vs. 0.17;P ! .02

) than were patients with localized (i.e., single-organ)P ! .02

infection.

Underlying conditions. All patients had at least 1 condition

facilitating the development of invasive fungal infection. In-

travenous catheter use (by 47 patients) and previous receipt of

antibiotic therapy (by 45 patients) were the most frequently

reported predisposing factors (tables 1 and 2). S. boulardii was

considered to be the etiologic agent in 37 cases. Molecular

identification was performed in 23 cases, mainly by means of

restriction-enzyme analysis of mitochondrial DNA (table 2).

Among the 37 patients with presumed S. boulardii infection, 5

did not take a probiotic containing S. boulardii at the time of

diagnosis.

Compared with patients infected with S. cerevisiae, patients

infected with S. boulardii were more likely to have digestive

tract disease (5.6% vs. 58.3%; ), to have an intravenousP ! .001

catheter (29% vs. 83.8%; ), and to be hospitalized inP ! .0001
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Table 3. Saccharomyces cerevisiae antifungal susceptibilities
in studies in which 110 isolates were tested.

Antifungal,
reference(s)

MIC range,
mg/L

MIC50,
mg/L

MIC90,
mg/L

No. of
isolates

Amphotericin B
[17] 0.12–2 1 1 74
[78, 79] 0.5–1 1 1 22
[80] 0.125–1 1 1 24
[81] 0.25–4 1 1 30
[81]a 0.25–1 0.5 1 30
[82] 0.25–0.5 0.25 0.25 11
[16] 0.25–4 0.5 1 160
[83]b 0.032–1 0.5 ND 104

5-Fluorocytosine
[17] 0.25–32 0.25 0.25 74
[78, 79] 0.06–0.12 0.06 0.12 22
[80] �0.0313 to 0.25 0.0625 0.125 24
[81] �0.125 to 1 �0.125 1 30
[81]a �0.125 to 0.5 �0.125 �0.125 30

Fluconazole
[17] 0.12–16 2 8 74
[78, 79] 0.5–16 2 16 22
[80] �0.0313 to 4 0.5 2 24
[81] 0.5–16 2 4 30
[81]a 0.5–16 8 8 30
[82] 0.5–8 2 4 11
[16] 1–128 64 128 160
[83]b 2–64 32 ND 104

Itraconazole
[17] 0.015–1 0.5 1 74
[78, 79] 0.03–0.5 0.5 0.5 22
[80] �0.0313 to 4 0.25 2 24
[81] �0.007 to 0.5 0.125 0.25 30
[81]a 0.125–2 1 1 30
[82] 0.064–0.25 0.063 0.25 11
[16] 0.25–16 8 16 160
[83]b 1–64 64 ND 104

Ketoconazole
[80] �0.0313 to 2 0.25 1 24
[81] �0.03 to 1 0.25 0.5 30
[81]a 0.03–1 0.5 1 30

Voriconazole
[82] �0.008 to 8 0.032 0.125 11
[83]b 0.016–2 0.125 ND 104

NOTE. The majority of in vitro activities of antifungal agents were deter-
mined using the microdilution method (NCCLS) with Roswell Park Memorial
Institute 1640 medium. ND, not done.

a Antifungal in vitro activities were determined using the microdilution
method (NCCLS) with yeast nitrogen base medium.

b Antifungal in vitro activities performed using Etest (AB Biodisk) and/or the
microdilution method (NCCLS).

an intensive care unit (0.05% vs. 32.4%; ). In contrast,P ! .01

the frequency of immunocompromise was lower among pa-

tients infected with S. boulardii than among patients infected

with S. cerevisiae (25% vs. 58.5%; ).P ! .01

Involved sites. Saccharomyces organisms were most fre-

quently isolated from blood (72 patients), either exclusively (63

patients) or with involvement of other organ(s) (9 patients)

(table 1). S. boulardii was exclusively isolated from blood

( ). Concomitant isolation of S. cerevisiae and a secondn p 37

microorganism, mainly enterobacteria, was reported in 7 cases

of fungemia. Patient 10 received a postmortem diagnosis of

disseminated infection, although positive blood culture results

were not recorded before death. In the remaining 17 cases, the

infection was localized to a single organ. Overall, the main sites

were the lungs (for 8 patients) and the heart valves (for 6

patients).

Treatment and outcome. Therapy was specified for 81 pa-

tients (tables 1 and 2). Of these patients, 64 received antifungal

therapy, with intravenous amphotericin B alone (31 patients)

or in combination with other agents (7 patients) and flucon-

azole (19 patients) being the most frequently administered first-

line therapy. At the time of S. cerevisiae isolation, 6 patients

were receiving antifungal therapy: 4 were receiving fluconazole

prophylaxis, and 2 were receiving curative treatment with ke-

toconazole or itraconazole. Of the 32 patients for whom action

regarding the catheter was reported, 27 had had their catheter

removed.

Outcome was reported in 84 cases and was considered to be

favorable in 57 (68.7%). Patients with S. boulardii infection had

a better prognosis than patients with S. cerevisiae infection (73%

vs. 55.5%; ). The rates of favorable outcome among im-P ! .01

munocompromised patients (65.5%) and immunocompetent

patients (73.8%) did not differ significantly. There was no sig-

nificant difference in the rates of favorable outcome between

patients treated with intravenous amphotericin B (77.7%) and

patients treated with fluconazole (60%).

Results of in vitro susceptibility tests. We found 9 studies

in which 110 isolates underwent antifungal susceptibility test-

ing. The results are reported in table 3.

DISCUSSION

On the basis of data revealed in our literature search, invasive

Saccharomyces infections remain rare among invasive fungal

infections, although the incidence has significantly increased

since the 1990s. Risk factors associated with invasive Sacchar-

omyces infections are similar to those reported elsewhere for

invasive candidiasis, except for treatment with a probiotic con-

taining S. boulardii. It is important to emphasize the role of

this biotherapeutic agent, because it was responsible for 40.2%

of invasive Saccharomyces infections reported in the literature.

In the 5 cases in which S. boulardii was considered to be the

etiologic agent, although these patients did not take a probiotic

preparation, the similarity of the genotypic profile between S.

boulardii isolates from patients and from probiotic preparations

strongly suggested nosocomial acquisition, with catheters being
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a likely portal of entry because of possible contamination

through hand transmission [6, 7].

The epidemiologic characteristics of S. cerevisiae infection in

human beings is not fully understood. Persistent digestive im-

plantation in healthy volunteers has never been described, sug-

gesting that S. cerevisiae behaves mainly as a transient digestive

commensal linked to contaminated food. Thus, the portal of

entry for invasive infections is mainly supposed to be digestive.

Evidence suggests that nosocomial acquisition of S. cerevisiae

can occur, because clusters of identical isolates from patients

concurrently hospitalized in the same unit have been described

[17]. This is also supported by the increasing rates of coloni-

zation among hospitalized patients with hematologic disease

who only ingest sterile food not comprised of raw fruits or

vegetables [16]. The same conclusion could be drawn for S.

boulardii infection in patients who did not receive treatment

with a probiotic containing S. boulardii, with intravenous cath-

eters the likely portal of entry [5]. Hand transmission has been

suggested in these latter cases [5].

Saccharomyces infection is clinically indistinguishable from

invasive candidiasis, notably because chorioretinitis (fluffy yel-

low exudates) and esophagitis (yellow-white plaques on an er-

ythematous background) are present in both conditions, and

is even indistinguishable from infections due to other micro-

organisms, such as endocarditis. In addition, patients have non-

specific symptoms that could be related to the underlying dis-

ease, and the diagnosis of Saccharomyces infection is often

unexpected. Fever, when noted, is present in 75.2% of patients.

However, the clinical impact of Saccharomyces infection has

been clearly assessed in an immunocompetent patient whose

unique predisposing factor was the ingestion of health food

containing viable yeasts [25]. The patient developed recurrent

fever, malaise with nausea, and night sweats. Yeasts were isolated

from bone marrow and urine specimens. The patient recovered

when he stopped ingesting health food containing yeasts. The

occurrence of deep-site involvement with histologic documen-

tation also underlines the pathogenicity of such yeasts. In these

cases, yeasts were most often associated with necrosis [60] and

granulomatous reaction [25].

Significant particularities of S. boulardii infections include

higher frequency of intensive care unit hospitalization, presence

of an indwelling catheter, and intestinal disease. This may either

correspond to specific predisposing factors or, more likely, may

reflect conditions associated with treatment with a probiotic

containing S. boulardii, such as severe digestive disease. The

lack of organ involvement and the better prognosis could be

due to decreased S. boulardii virulence. Another explanation

could be the ability of patients at risk to partly control the

infection, given the lower frequency of immunocompromise in

this group. S. boulardii showed an intermediate level of viru-

lence in an experimental murine model of invasive infection

involving both immunocompetent and immunocompromised

mice [3].

S. cerevisiae has, in immunocompromised mice, been shown

to grow at 42�C and to form pseudohyphae [84]. Also, SSD1,

which encodes a protein that affects various cellular processes

(including maintenance of cell integrity, control of cell cycle,

and growth at high temperature), seems to play an important

role in the virulence of Saccharomyces organisms [85]. Deletion

of this gene leads to a significant increase in virulence for both

clinical and plant isolates, as revealed in a mouse model of

invasive infection [85]. Alteration in composition and cell wall

architecture is supposed to lead to overstimulation of the proin-

flammatory response. Furthermore, analysis of feral and clinical

strains of S. cerevisiae showed similar virulence in a mouse

model of infection [85]. Similar to many opportunistic organ-

isms, it is not possible to identify particular features of S. cer-

evisiae that distinguish between environmental and clinical

strains on the basis of virulence-related phenotype [84].

S. cerevisiae exhibits low susceptibility to amphotericin B and

to azole derivatives (table 3). Although breakpoints have not

been defined for S. cerevisiae, MIC90 for fluconazole and itra-

conazole are considered to be within the susceptible dose-

dependent range defined for C. albicans [86]. One can hy-

pothesize that these drugs may play a role in the emergence of

S. cerevisiae. Although data remain scarce, voriconazole seems

to exhibit good efficacy against S. cerevisiae, with an MIC90 of

!0.25 mg/L. A recent publication reports on the successful

outcome with voriconazole therapy for a patient with S. bou-

lardii who did not respond to initial treatment with fluconazole

[76]. No published series is available for caspofungin treatment,

but preliminary research has demonstrated good efficacy

against a limited number of strains (C.H., unpublished data).

MIC values for amphotericin B and fluconazole were 0.19 and

32 mg/L, respectively, as determined for 2 clinical isolates of

S. boulardii [5]. S. boulardii could not be tested by Etest (AB

Biodisk) on casitone or Roswell Park Memorial Institute 1640

agar because of the lack of growth on these media (A.E.-A. and

C.H., unpublished data).

Despite this spectrum of susceptibility, a favorable outcome

was observed in 63% of cases revealed in our literature search,

which is a slightly higher percentage than that reported for

cases of invasive candidiasis [87]. Specific data on morbidity

were difficult to evaluate, because Saccharomyces infections of-

ten occurred in patients with a large number of comorbidities.

Use of amphotericin B or fluconazole therapy with central ve-

nous catheter removal appeared to be an effective therapeutic

option for patients with Saccharomyces infection. Favorable out-

come may also be related to the low virulence of this species,

a hypothesis that is supported by the absence of significant

difference in outcome between immunocompromised and im-

munocompetent patients.
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In conclusion, Saccharomyces organisms are increasingly re-

ported as agents of invasive infection, especially in immuno-

compromised or critically ill patients. Special caution has to be

taken with S. boulardii probiotic preparations, which account

for nearly 40% of infection cases.
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S U P P L E M E N T A R T I C L E

Clinical Indications for Probiotics: An Overview

B. R. Goldin and S. L. Gorbach
Tufts University School of Medicine, Boston, Massachusetts

Probiotic bacteria are used to treat or prevent a broad range of human diseases, conditions, and syndromes.

In addition, there are areas of medical use that have been proposed for future probiotic applications. Ran-

domized double-blind studies have provided evidence of probiotic effectiveness for the treatment and pre-

vention of acute diarrhea and antibiotic-induced diarrhea, as well as for the prevention of cow milk–induced

food allergy in infants and young children. Research studies have also provided evidence of effectiveness for

the prevention of traveler’s diarrhea, relapsing Clostridium difficile–induced colitis, and urinary tract infections.

There are also studies indicating that probiotics may be useful for prevention of respiratory infections in

children, dental caries, irritable bowel syndrome, and inflammatory bowel disease. Areas of future interest

for the application of probiotics include colon and bladder cancers, diabetes, and rheumatoid arthritis. The

probiotics with the greatest number of proven benefits are Lactobacillus rhamnosus strain GG and Sacchar-

omyces boulardii.

Probiotics have been defined as “live microorganisms

which when administered in adequate amounts confer

a health benefit on the host” [1]. Probiotics have been

used to treat a wide range of diseases, ailments, and

conditions that affect humans and animals. Additional

medical applications have been proposed for potential

future uses, depending on the outcomes of future ex-

perimental studies. The clinical uses of probiotics are

broad; however, the clinical indications based on evi-

dence-based studies are much narrower and are open

to continuing evaluation. Table 1 contains a partial list

of human diseases and conditions that probiotics have

been used to prevent and/or treat.

DOCUMENTATION OF THE HEALTH
EFFECTS OF PROBIOTICS FOR HUMAN
DISEASES AND DISORDERS

Lactose malabsorption. A large number of people, as

they age, experience a decline in the level of lactase (b-

galactosidase) in the intestinal brush border mucosa.

This decline causes lactose to be incompletely absorbed,

Reprints or correspondence: Dr. Barry R. Goldin, Tufts University School of
Medicine, 136 Harrison Ave., Boston, MA 02111 (barry.goldin@tufts.edu).

Clinical Infectious Diseases 2008; 46:S96–100
� 2008 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2008/4603S2-0010$15.00
DOI: 10.1086/523333

resulting in flatus, bloating, abdominal cramps, and

moderate-to-severe (watery) diarrhea. This results in a

severe limitation in consumption of dairy products

among the elderly population. There have been several

studies that have demonstrated that, during the fer-

mentative process involved in the production of yogurt,

lactase is produced, which can exert its influence in the

intestinal tract [2–5]. The organisms commonly used

for the production of yogurt are Lactobacillus bulgaricus

and Streptococcus salivarius subsp. thermophilus. Kim

and Gilliland [4] found that feeding lactose-intolerant

individuals yogurt caused a significant reduction in the

level of breath hydrogen compared with that in subjects

who were fed milk. The level of hydrogen in the breath

is an indication of the extent of lactose metabolism in

the large bowel. Kolars et al. [5] observed that the in-

gestion of 18 g of lactose in yogurt caused the pro-

duction of 67% less hydrogen in the breath compared

with that produced by a similar dose of lactose delivered

in milk. Analysis of aspirates obtained from the duo-

denum 1 h after the consumption of yogurt showed

significant levels of lactase [5]. These studies indicate

that the delivery of lactase to the intestine via the con-

sumption of lactase-producing probiotics is a practical

approach for treatment of lactose malabsorption.

Acute diarrhea. There are at least 12 studies that

have reported the use of probiotics to either treat or

prevent acute diarrhea [6–17]. The majority of these
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Table 1. Medical applications in humans for different classes of probiotics.

Medical condition Class(es) of probiotic Reference(s)

Lactose maldigestion LAB and Streptococcus salivarius
subsp. thermophilus

[2–5]

Gastroenteritis
Acute diarrhea LAB, Bifidobacterium species,

or Saccharomyces boulardii
[6–17]

Antibiotic-associated diarrhea LAB or S. boulardii [18–24]
Traveler’s diarrhea LAB [25, 26]

Allergies LAB [27–31]
Clostridium difficile–induced colitis LAB [32–34]
Dental caries LAB [35]
Intestinal inflammation in children

with cystic fibrosis
LAB [36]

Respiratory infection in children LAB [37]
Nasal colonization with pathogens LAB [38]
Inflammatory bowel disease or

irritable bowel syndrome
LAB and Bifidobacterium species, S. boulardii

and drug, S. boulardii alone, or LAB alone
[39–43]

NOTE. LAB, lactic acid bacteria.

studies were done with infants or children, the etiologic agent

was either rotavirus or unknown, and the probiotic used was

Lactobacillus rhamnosus strain GG (Lactobacillus GG) (ATCC

53103) [7–14]. Other probiotics that have shown positive results

for the treatment of acute gastroenteritis include Lactobacillus

reuteri and Saccharomyces boulardii [15–17]. The European So-

ciety for Pediatric Gastroenterology, Hepatology, and Nutrition

conducted the most extensive trial using Lactobacillus GG for the

treatment of moderate-to-severe diarrhea in children [7]. The

study included 287 children aged 1–36 months from 10 countries.

The patients were randomized to be given either placebo or

Lactobacillus GG along with the standard treatment, oral rehy-

dration solution. Patients who received Lactobacillus GG had

decreased severity and shorter duration of illness and a shorter

hospital stay and were found to have a decreased likelihood of

persistent diarrheal illness [7]. A similar study was conducted

with 137 children aged 1–36 months who were admitted to the

hospital with diarrhea and were randomized to receive placebo

or Lactobacillus GG plus oral rehydration solution. Children given

Lactobacillus GG had a significantly shorter duration of illness

[8]. A study of 26 children in Thailand with watery diarrhea

showed a significantly shorter duration of symptoms for those

who received treatment with Lactobacillus GG [9]. A similar in-

vestigation involving 40 children that was conducted in Pakistan

found that those who received treatment with Lactobacillus GG

were less likely to have persistent diarrhea and had fewer episodes

of vomiting, compared with the placebo group [10]. In a pre-

ventive study of 81 children aged 1–36 months who were

hospitalized for illnesses other than diarrhea, symptoms of hos-

pital-acquired rotavirus gastroenteritis were prevented by ad-

ministration of Lactobacillus GG [12]. In another prevention

study conducted in Peru, 204 children aged 6–24 months who

were undernourished were randomized to receive placebo or

Lactobacillus GG. There was a significant decrease in the rate of

incidence of diarrhea among the children who received Lacto-

bacillus GG who were not being breast-fed [14]. In one study,

Lactobacillus reuteri was shown to shorten the duration of di-

arrhea in children [15]. In a clinical trial involving 130 children,

S. boulardii was found to be effective for the treatment of acute

diarrhea in children [16], and, in another study of 92 adults, a

similar finding was reported [17].

Antibiotic-associated diarrhea. There have been a number

of studies of the ability of probiotics to reduce the frequently

observed intestinal adverse effects and diarrhea associated with

the clinical use of antibiotics [18–24]. In a study of 119 children

who received antibiotics for respiratory infections, during the

first 2 weeks after antibiotic treatment began, the group receiving

Lactobacillus GG had an ∼70% reduction in diarrheal symptoms,

compared with the group receiving placebo [18]. In another

study, in which 202 children receiving oral antibiotics were fol-

lowed, 8% of the children who received Lactobacillus GG con-

currently with antibiotics experienced diarrheal symptoms, com-

pared with 26% of the placebo group [19]. In 2 studies involving

60 and 120 adult patients who received antibiotic treatment to

eliminate Helicobacter pylori, a significantly lower number of pa-

tients experienced nausea and diarrhea when they simultaneously

received Lactobacillus GG versus placebo [20, 22]. There have

been a number of studies that used other bacterial probiotics to

treat antibiotic-associated diarrhea in which the treatment was

not successful [24]. There are, however, at least 3 published stud-

ies that demonstrate the ability of S. boulardii to reduce anti-

biotic-associated diarrhea [24].

Traveler’s diarrhea. People traveling to warmer climates

and less-developed countries experience a high incidence of
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diarrhea, often in the 50% range. A published study that tracked

Finnish travelers to Turkey found that, at 1 of 2 resorts, oral

ingestion of Lactobacillus GG conferred a significant protection

rate, of 39.5% and 27.9%, in weeks 1 and 2 of the study,

respectively. In the other resort area, no protection from con-

sumption of Lactobacillus GG was noted [25]. A possible ex-

planation for the discrepancy between the 2 resort sites is the

availability of adequate refrigeration facilities, which is partic-

ularly relevant for probiotic preparations in warm climate sit-

uations. Also studied were 245 travelers from New York who

went to various developing countries for periods of 1–3 weeks

[26]. The travelers were provided Lactobacillus GG or a placebo,

and Lactobacillus GG afforded a protection rate of 47%.

Prevention and treatment of allergic reactions. The most

extensive studies of the modification of allergic reactions have

been reported for atopic eczema with Lactobacillus GG as the

probiotic [27–31]. There has also been a study that reported

the use of Bifidobacterium animalis Bb12 to reduce the severity

of atopic dermatitis [30]. In one study, 159 pregnant women

with a family history of atopic disease were given either Lac-

tobacillus GG capsules or a placebo for 2–4 weeks before their

expected delivery date [27]. Mothers who chose to breast-feed

their newborns continued to receive Lactobacillus GG or pla-

cebo for 6 months, and women who did not breast-feed gave

the Lactobacillus GG or placebo to their infants. There was a

50% reduction in the frequency of atopic eczema in the first

2 years of the children’s lives for the group given Lactobacillus

GG. The breast milk of the mothers in the Lactobacillus GG

group had higher levels of transforming growth factor b2. In a

follow-up study [28], the group that received Lactobacillus GG

still had a significantly lower percentage of atopic eczema 4

years after birth, compared with the placebo group. In another

study, 27 infants with atopic eczema were randomized into 3

groups, given Lactobacillus GG, Bifidobacterium lactis Bb12, or

placebo. After 2 months, the SCORAD score, reflecting the

extent and severity of atopic eczema, indicated a significant

improvement in the skin condition of patients given probiotic-

supplemented formulas ( ) [30]. A similar study in-P p .002

volving 31 infants with atopic eczema who were removed from

exposure to cow milk and were given either Lactobacillus GG

or a placebo showed that treatment with Lactobacillus GG re-

sulted in a significant improvement in their conditions that was

not observed in the placebo group [31].

Treatment of relapsing gastoenteritis induced by Clostrid-

ium difficile toxin. Secondary to antibiotic treatment, dis-

turbance of the intestinal flora can result in C. difficile growth

and toxin production in the intestinal tract [32]. There have

been several studies that showed that treatment with Lacto-

bacillus GG prevents relapse of gastroenteritis after use of an-

tibiotics. Clinical experience has shown a 60% relapse rate after

therapy with metronidozole or vancomycin. Only 16% of pa-

tients who received Lactobacillus GG experienced a relapse, and,

after a second course of Lactobacillus GG, there was a 94%

overall cure rate [33, 34].

Prevention of dental caries. Children in a day care center

who were given Lactobacillus GG for 7 months were examined

for dental caries, and the children in the 3–4-year-old age group

had significantly lower rates of dental caries and a reduced oral

count of Streptococcus mutans compared with before the treat-

ment [35].

Elimination of nasal pathogens. In a study of 209 healthy

subjects, the consumption of a fermented milk product con-

taining probiotics resulted in a significantly higher proportion

of subjects with pathogenic bacteria eliminated from the nasal

cavity, compared with consumption of a yogurt drink in the

placebo group [38]. The pathogens removed included Staph-

ylococcus aureus, Streptococcus pneumoniae, and b-hemolytic

streptococci.

Treatment and prevention of relapses of inflammatory

bowel disease. One of the major potential applications of

probiotics is for the treatment and prevention of relapses of

Crohn disease, ulcerative colitis, and irritable bowel syndrome.

There have been reports of beneficial effects for inflammatory

bowel disease that resulted from the administration of Lacto-

bacillus salivarius [39], Escherichia coli strain Nissle [40], S.

boulardii [41], and VSL#3 (VSL Pharmaceuticals), a mixture

of probiotics [42]. These studies found fewer relapses and re-

duced steroid use among patients who received these probiotics.

However, the studies were small, and the results were equivocal.

There has been a report that VSL#3 reduced symptoms in

patients with irritable bowel syndrome [43].

POTENTIAL MEDICAL INDICATIONS
FOR PROBIOTICS IN THE FUTURE

Several diseases and conditions have been proposed to be treat-

able with probiotics on the basis of animal studies, preliminary

human studies, uncontrolled studies, anecdotal observations,

or simply speculation. These uses can be classified as potential

applications of probiotics in the future or that require ongoing

research. There have been animal studies and one small human

trial that indicate that Lactobacillus GG may be useful for al-

leviating joint symptoms among patients with rheumatoid ar-

thritis [44, 45]. There are several animal studies that show that

probiotics inhibit initiation or progression of colon and bladder

cancers [46, 47]. In vitro, cell culture, and animal studies have

indicated that probiotics bind and prevent the absorption of

aflotoxins, which have been implicated in the etiology of liver

cancer in humans [48, 49]. A rat model of ethanol-induced

liver damage has been used to demonstrate the protective effects

of probiotics [50]. An animal model of diabetes showed that

Lactobacillus GG could lower levels of blood hemoglobin A1c

and could improve glucose tolerance [51]. Probiotics studied
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Table 2. Present and future clinical applications of probiotics,
by level of evidence of efficacy.

Applications with strong evidence

Gastroenteritis

Acute

Antibiotic associated

Applications with substantial evidence of efficacy

Allergic reactions, specifically atopic dermatitis

Applications that have shown promise

Childhood respiratory infection

Dental caries

Nasal pathogens

Relapsing Clostridium dificile–induced gastroenteritis (prevention)

Inflammatory bowel disease

Potential future applications

Rheumatoid arthritis

Irritable bowel syndrome

Cancer (prevention)

Ethanol-induced liver disease

Diabetes

Graft-versus-host disease

in a mouse model have demonstrated a possible role for these

agents in the prevention or treatment of graft-versus-host dis-

ease in transplant recipients [52].

CONCLUSIONS

The current and proposed uses of probiotics cover a wide range

of diseases and ailments. An attempt has been made to classify

the quality of evidence that supports these various applications

[53]. These classifications are based on existing studies, most

of which are cited in this article, and not on an exhaustive

review of the entire literature on probiotics. The broad clas-

sifications include (table 2) applications with proven benefits,

applications with substantial evidence that require additional

support, promising applications that need substantial addi-

tional evidence, and proposed future applications. Proven ben-

efits of probiotics include the treatment of acute and antibiotic-

associated diarrhea; applications with substantial evidence

include the prevention of atopic eczema and traveler’s diarrhea;

promising applications include the prevention of respiratory

infections in children, prevention of dental caries, elimination

of nasal pathogen carriage, prevention of relapsing C. difficile–

induced gastroenteritis, and treatment of inflammatory bowel

disease; and proposed future applications include the treatment

of rheumatoid arthritis, treatment of irritable bowel syndrome,

cancer prevention, prevention of ethanol-induced liver disease,

treatment of diabetes, and prevention or treatment of graft-

versus-host disease. The use of probiotics in medical practice

is rapidly increasing, as are studies that demonstrate the efficacy

of probiotics. A note of caution should be applied: negative

findings are being reported, as would be expected as more

studies are being performed and as more applications are being

sought for the use of probiotics. Overall, probiotics appear to

be here to stay as part of the physician’s armamentarium for

the prevention and treatment of disease; however, more evi-

dence-based research is required to firmly establish medical

areas of use and areas in which probiotics are not applicable.
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parently not associated with changes in tested T-lymphocyte mark-
ers and that the atopic condition did not influence the effect of
tacrolimus ointment therapy in children with AEDS.

Furthermore, the lack of changes in T-lymphocyte subsets con-
firmed that topical tacrolimus therapy did not affect the immune
system, in accordance with literature data reporting very low sys-
temic absorption of tacrolimus, 0.03%, ointment, with blood con-
centrations of the drug ranging from 1 to 2.28 ng/mL.8 Finally we
suggest that monitoring of peripheral blood T-lymphocyte subsets
during topical tacrolimus therapy did not add useful information in
the evaluation of therapeutic success in children with AEDS.
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PROBIOTIC GASTROINTESTINAL ALLERGIC
REACTION CAUSED BY SACCHAROMYCES
BOULARDII
Saccharomyces boulardii medication is a nonpathogenic yeast pro-
biotic that is widely prescribed in a lyophilized form (so-called S
boulardii lyo) in many countries. Modulation of commensal bacteria
of the gut with probiotics has been shown to have an effect on the
prevention of food allergy.1 To our knowledge, there is no contra-
indication for the patients except for a rare case of fungemia.2

Several fungal species are known to cause cutaneous and respi-
ratory allergic disease.3 The ingestion of yeast can cause clustered
sensitivity to fungi, including an anaphylactic reaction.4 Saccharo-
myces boulardii is a subtype of Saccharomyces cerevisiae known as
brewer’s or baker’s yeast. Saccharomyces cerevisiae causes baker’s
asthma.5 However, to our knowledge, allergy caused by the inges-
tion of S boulardii lyo has not been reported. To our knowledge, we
report the first case of a gastrointestinal allergic reaction that devel-
oped after the administration of S boulardii probiotic in a patient
with food protein–induced enterocolitis syndrome (FPIES).

A 5-month-old exclusively breastfed boy was admitted to the
hospital with vomiting, cyanosis, and lethargy within 4 hours after
ingesting approximately 30 mL of soy formula. Two weeks later, an
open standard oral food challenge (OFC) with soy formula was
performed and soy intolerance was observed. After soy-induced
FPIES was diagnosed on the basis of the diagnostic guidelines,6,7

iron supplements and breastfeeding exclusively were continued,
with no solid intake recommended. However, the mother gave the
infant some fruits and vegetables even though we warned of FPIES
reactions. Fortunately, no adverse reactions occurred.

At the age of 8 months, presumed bacterial colitis was treated
with cefixime (Suprax; Dong-A Pharmaceutical Co, Seoul, Korea);
S boulardii lyo as Bioflor (Kuhnil Pharmaceutical Co, Seoul, Korea,
manufactured under the license of Biocodex, Gentilly, France) was
also provided. Two hours later, after taking the medicines, the infant
presented to the emergency department with repetitive vomiting and
cyanosis and required intravenous fluid resuscitation. Cefixime was
excluded as a cause for the infant’s symptoms because subsequent
exposure to the antibiotic was well tolerated. We presumed that an
allergic reaction consistent with FPIES6,7 was caused by Bioflor.

One week later, after the infant’s bacterial colitis had resolved, an
OFC with 1 pack of powdered Bioflor was conducted as described
by previous suggestions.6,7 After 2 hours, projectile vomiting was
detected and soon lethargy with cyanosis followed. The infant’s
blood pressure was 74/39 mm Hg, and isotonic sodium chloride
solution (30 mL/kg) was infused for 1 hour, followed by dextrose
saline. After 5 hours of the challenge, the infant’s blood pressure
normalized to 92/65 mm Hg. No fever developed. In addition, there
were no mucocutaneous or respiratory symptoms observed. Eight
hours later, stools that were bloody and purulent and had a foul odor
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Table 2. CD Markers in Patients With AEDS Before and After
Topical Tacrolimus Treatment

Percentage, mean (SD)

P valuea
At baseline

(n � 21 patients)
12 wk later

(n � 21 patients)

CD3 66.12 (9.73) 63.94 (7.71) .42
CD4� 37.87 (9.30) 37.44 (4.41) .85
CD8� 24.38 (6.85) 23.62 (4.10) .68
HLA-DR IN CD3 12.69 (11.79) 10.25 (3.53) .37
CD57 in CD8 14.75 (10.72) 13.8 (8.70) .76
CD19 19.68 (8.19) 20.44 (7.29) .73
CD5 in CD20 51.71 (9.96) 48.87 (10.70) .36
CD16 10.44 (8.32) 11 (5.83) .78
CD3-CD56� 10.50 (7.97) 10.56 (5.85) .99
CD45Ra in CD4 63.19 (15.51) 65.25 (8.1) .58
CD25 12.37 (9.32) 10.20 (2.43) .32
CD4/CD8 1.67 (0.69) 1.56 (0.30) .80

Abbreviation: AEDS, atopic eczema dermatitis syndrome.
a Using the t test for paired data.
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were observed. The stool smear test showed many red and white
blood cells. Both blood and stool culture results were negative.
Multiple radioallergosorbent test (RIDA Allergy Screen Test; R-
Biopharm AG, Darmstadt, Germany) results for yeast and fungi (not
Saccharomyces or other related species) were all negative, and the
serum IgE level was less than 17.6 IU/mL (reference range, 0–230
IU/mL). Neither prick skin testing nor patch testing to Bioflor was
performed. The clinical findings were consistent with the diagnostic
criteria6,7 for an S boulardii lyo–induced gastrointestinal allergy,
such as the FPIES adverse reaction. Neither the infant nor his mother
had previously taken Bioflor or any other probiotics. A biopsy
specimen of the duodenal mucosa, performed 24 hours after the
FPIES-like reaction, showed patchy villous atrophy and diffuse
nonspecific inflammation with eosinophils (20 cells per high-power
field) and lymphoplasma cells, but no yeast was identified (Fig 1).

FPIES, manifesting as a sepsislike symptom, is the most severe
form of non–IgE-mediated gastrointestinal food hypersensitivity in
infants. The OFC test remains the diagnostic standard for this
disorder. The food specific IgE tests are not helpful.6,7 On the basis
of the OFC and clinical diagnostic criteria, the present case demon-
strated an FPIES-like allergic reaction caused by S boulardii.

Although FPIES is known to be caused by cow’s milk and
various solid foods, including rice,8 there has been no report on cases
caused by extracts of yeast. One powder pack of Bioflor is 765 mg
and is mainly composed of 471.9 mg of fructose and 282.5 mg of S
boulardii in a lyophilized form. Because this patient had no specific
symptoms after ingestion of fruits, the fructose contained in the
Bioflor was not influential in developing the FPIES-like allergic
reaction. Bloody, purulent, and foul-smelling stools indicate that
massive inflammation probably occurs in the bowel mucosa in the
patient with FPIES undergoing an OFC.7

Although S boulardii lyo is a relatively safe probiotic, unexpected
allergic reactions can develop. Saccaromyces boulardii probiotic
should be cautiously administered in patients with latent allergies.
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ANAPHYLACTIC REACTION TO PERMANENT
TATTOO INK
Tattoos are increasingly prevalent in Western society. Delayed-
hypersensitivity reactions to tattoo ink are well described in the
literature, but, to our knowledge, anaphylaxis after permanent tat-
toos has never been reported.

A 30-year-old woman with suspected tattoo allergy was referred
to our clinic for evaluation. Her medical history included seasonal
allergic rhinitis, asthma, eczema, and animal allergies to dogs, cats,
and horses. The patient received her first multicolored tattoo in
1993, with no adverse reactions. In June 1999, she received a black
ink tattoo on her back without adverse reactions. One month later,
she had colored ink added to the tattoo. Approximately 12 hours
after the procedure, a feeling of heat began at her anus and spread
rapidly over her body, followed by the development of hives over
her face, chest, and upper back. She experienced acute shortness of
breath and intractable abdominal pain. She went to the emergency
department, where her symptoms resolved after she was treated with
intravenous (IV) diphenhydramine, 2 doses of oral lorazepam, and
IV droperidol. Throughout this episode, the tattoo appeared normal.
Six months later, the patient returned for further coloring of her
tattoo, at which time she experienced similar symptoms, occurring
faster and resolving after a regimen of antihistamines and IV meth-
ylprednisolone sodium succinate (Solu-Medrol).

Disclosures: Authors have nothing to disclose.

Figure 1. In a duodenal mucosal biopsy specimen, there is patchy villous
atrophy and diffuse nonspecific inflammation with eosinophils and lymphop-
lasma cells, but no yeast is identified (hematoxylin-eosin, original magnifi-
cation �100).
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Abstract 
Saccharomyces species are emerging opportunistic fungal pathogens that can cause bloodstream infections in humans. These infections have 

often been associated with the ingestion of probiotics. Saccharomyces oesophagitis is a rare condition which has been described so far in only 

two publications. Here we report the case of a patient who was diagnosed with Saccharomyces oesophagitis. The clinical picture was 

indistinguishable from that of Candida oesophagitis. The Saccharomyces isolate was shown to be susceptible to fluconazole by both CLSI 

M27-A and disk diffusion methods. In contrast to cases of fungaemia, Saccharomyces oesophagitis does not seem to follow probiotic use. 

Due to the potential for antifungal resistance among emerging fungal pathogens, proper mycological identification at the species level is 

essential. 
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Introduction 

Saccharomyces spp. are well-known ubiquitous 

ascomycetous yeasts used in food business, including 

baking and brewing industries. Additionally, 

Saccharomyces spp. have been used as nutritional 

supplements and administered to treat antibiotic-

associated diarrhoea [1]. Although these fungi are 

colonisers of human mucosae [2], a higher number of 

reports have linked Saccharomyces cerevisiae to 

human infections as an opportunistic agent. 

Fungaemia is the most frequent manifestation of 

Saccharomyces infection in humans, mostly 

associated with contaminated catheters. However, 

some cases of Saccharomyces fungaemia following 

the use of probiotics have been reported [3]. Other 

disease manifestations as Saccharomyces 

oesophagitis are rare. Here we describe a case of 

Saccharomyces oesophagitis affecting a patient with 

oesophageal carcinoma. We used the criteria 

proposed by Konecny et al. to differentiate 

colonisation from infection [4]. 

Case report 
A 47-year-old man was admitted to the hospital 

complaining of a three-month history of progressive 

dysphagia and weight loss. He gave a history of 

retrosternal chest pain, nausea, poor appetite, and 

dyspnoea. During his hospital stay, a single febrile 

episode was documented (38ºC). Computerised 

tomography of the chest revealed a dilated 

oesophagus with a residual liquid content extending 

to beyond the epiphrenic segment. Thickening of the 

oesophageal wall was observed, with associated 

oesophageal obstruction. 

Oesophagogastroduodenoscopy revealed an 

exophytic lesion in the upper third of the oesophagus 

which blocked progression of the endoscope. The 

mucosa proximal to the vegetant lesion showed white 

plaques resembling Candida oesophagitis. A biopsy 

was performed, and histopathologic studies revealed 

the presence of a moderately differentiated 

epidermoid carcinoma of the oesophagus. In addition 

to acanthosis and focal areas of necrosis, hyaline  
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hyphae were also seen. Direct mycological 

examination showed presence of yeasts, and fungal 

culture on Sabouraud-Cloranfenicol at 25ºC revealed 

growth of S. cerevisiae. The fungus was identified at 

the species level using ID 32C system (bioMeriex, 

Marcy l’Etoile, France) [5]. Disk diffusion assay 

using the Clinical and Laboratory Standards Institute 

(CLSI) reference broth microdilution method M27-A 

produced a halo of > 30 mm, indicating susceptibility 

to fluconazole at MIC 0.125 µg/ml) [6]. A 7-day 

course of fluconazole 400 mg/daily resulted in 

remission of the clinical symptoms (i.e., retrosternal 

chest pain, nausea, and dyspnoea). The patient was 

discharged from the hospital with a plan for further 

oesophagectomy but he died seven days after leaving 

the hospital. An autopsy was not performed. 

 
Discussion 

Saccharomyces oesophagitis is a rare disease, 

reported so far in only two publications. Eng et al. [7] 

reported in 1984 that a patient with Waldenstrom’s 

macroglobulinaemia had a mixed oesophageal 

infection caused by S. cerevisiae and Candida 

albicans. The patient received no antifungal therapy 

and died two days after the diagnosis of causes other 

than the Saccharomyces infection. In another report 

[4], an HIV-infected patient with Saccharomyces 

oesophagitis was successfully treated with 

fluconazole. However, no details about sampling  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

procedures and histopathological results were given. 

The isolate was found to be resistant to itraconazole 

and showed a high MIC for fluconazole (8 µg/ml). 

Similarly, in our patient, none of the previous reports 

associated Saccharomyces oesophagitis with the use 

of probiotics [4, 7]. Although there is no information 

about the use of probiotics in our case report because 

the data are from medical records, it is believed that 

the disease was caused by food ingestion. 

S. cerevisiae has been increasingly implicated as 

a human opportunistic pathogen. This probably 

results not only from improvements in laboratory 

techniques allowing identification of fungi at the 

species level, but also from the growing clinical 

experience achieved in the last decades in the 

recognition of fungal infections. Moreover, humans 

are progressively more exposed to S. cerevisiae by 

oral ingestion, because it is believed to be of great 

nutritional value. 

Although S. cerevisiae can colonise the 

oesophageal mucosa without causing infection, the 

patient described in this report presented all four 

criteria suggested by Konecny et al. to differentiate 

colonisation from infection [4]. These are (1) 

presence of clinical symptoms; (2) histopathological 

evidence for tissue invasion; (3) absence of other 

organisms recovered in culture; and (4) therapy based 

on susceptibility tests. In both previous cases of S. 

cerevisiae oesophagitis, these criteria were not 

Figure 1. Hyperemia and the presence of fungal elements in the upper esophagus. 
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completely fulfilled [4, 7]; therefore, the 

differentiation between colonisation and infection 

was not possible. 

Due mainly to the low frequency of 

Saccharomyces infections, the best therapeutic 

approach has not yet been defined. Whilst S. 

cerevisiae has been consistently susceptible to both 

amphotericin B (MICs of 0.5-1 µg/ml) and 5-

flucytosine (0.25 µg/ml), different rates of resistance 

to fluconazole and itraconazole have been reported 

[8, 9]. Resistant strains of Saccharomyces species can 

emerge in units where fluconazole is extensively used 

[10]. Both posaconazole and voriconazole have been 

reported to have good in vitro activity against this 

fungus [9, 11]. Although the isolate recovered from 

our patient was susceptible in vitro to fluconazole, it 

should be noted that neither the CLSI nor the disk 

diffusion method have been formally approved for 

testing S. cerevisiae susceptibility. 

In a recent review of the literature [3], 60 cases of 

Saccharomyces fungaemia were found. Interestingly, 

the majority of cases (54.6%) followed the use of 

probiotics by a median time of 10 days. It is also of 

interest that in this review only three patients were 

healthy before the bloodstream infection (two had 

self-inflicted fungaemia and one patient ingested 

large quantities of brewer’s yeast as a nutritional 

supplement). Other clinical syndromes associated 

with Saccharomyces infection included endocarditis, 

aortic graft infection, tracheo-bronchitis, pneumonia, 

empyema, liver abscess, peritonitis, vaginitis, urinary 

tract infection, fever of unknown origin, and 

cellulites [3]. 

In conclusion, although S. cerevisiae is a rare 

aetiology of oesophagitis, this opportunistic organism 

should not be dismissed as non-pathogenic in the 

presence of the criteria suggested by Konecny et al. 

Since the clinical picture of Saccharomyces 

oesophagitis is indistinguishable from oesophagitis 

caused by other pathogens, a search for the 

aetiological agent seems worthy. The emergence of 

new fungal pathogens in cases of oesophagitis – 

particularly those with reduced susceptibility to azole 

anti-fungals – reinforces the importance of proper 

mycological examination of these samples. 
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Abstract
To assess whether dietary antigens play a
role in inflammatory bowel disease, 26 mono-
zygotic twin pairs with inflammatory bowel
disease and 52 healthy controls were investi-
gated for serum antibodies (IgA, IgG, IgM)
against ovalbumin, betalactoglobulin, gliadin,
whole yeast (Saccharomyces cerevisiae) and
yeast cell wall mannan. The twins were made
up of five pairs concordant and nine pairs
discordant for Crohn's disease, and two pairs
concordant and 10 pairs discordant for
ulcerative colitis. Two patients with Crohn's
disease had a slight increase in disease activity,
the others were in clinical remission. Two
striking observations were made: first, indi-
viduals with ulcerative colitis were indistin-
guishable from healthy twins, and controls
except for the response to gliadin. Both healthy
and diseased twins had higher IgA levels to
gliadin than controls. Second, twins who had
developed Crohn's disease displayed higher
antibody titres towards yeast cell wail mannan
in particular, but also to whole yeast
(Saccharomyces cerevisiae) of all antibody
types (IgA, IgG, and IgM). In contrast, the
response to gliadin, ovalbumin, and betalacto-
globulin did not differ from healthy twins and
was even lower than in the controls. The
results argue against an increased systemic
antigen presentation caused by an impaired
mucosal barrier in the inflammatory bowel
disease. Rather, they suggest that yeast cell
wall material - that is, mannan, or some
antigen rich in mannose and cross reacting
with mannan, may play an aetiological role in
Crohn's disease, but not in ulcerative colitis.
The increases in IgA and IgM, as well as
IgG suggest that local and systemic immune
systems are selectively activated by antigen(s)
present in the cell wall of baker's yeast.

Food antigens have been implicated in the
aetiology of inflammatory bowel disease. 1-'3
In particular cow's milk proteins have been
thoroughly investigated.'1-' The results differ
possibly because ofmethodological differences."
An increased occurence of gluten intolerance

in patients with ulcerative colitis, has also been
described.'4'5 Higher serum antibody titres to
Saccharomyces cerevisiae (baker's yeast) were
recently found in patients with Crohn's disease
compared with patients with ulcerative colitis or

healthy controls.'2 The response was specific for
Saccharomyces cerevisiae strains, and did not
include yeast such as Candida albicans."3
Antibody levels to a potent immunogenic egg

protein, ovalbumin, do not appear to have been
studied much in inflammatory bowel disease.2' 16
The reason for putatively higher antibody

titres to dietary antigens in inflammatory bowel
disease might be a defect in the intestinal barrier
allowing macromolecules to pass without being
degraded.'7"'9 Hollander et al'8 '9 described an
increased permeability not only in patients
with Crohn's disease but also in their healthy
relatives. Thus, the main pathogenetic factor in
Crohn's disease might be permeability disorder,
possibly genetically determined.

This study concerns the antibody response to
various dietary antigens in patients with either
Crohn's disease or ulcerative colitis, and their
healthy monozygotic twins, aiming at delineat-
ing antigen specific reactions and genetic associ-
ated predispositions for inflammatory bowel
disease.
The study was approved by the Local Ethical

Committee, Orebro Medical Center Hospital,
Orebro, Sweden.

Methods

SUBJECTS
By' matching the Swedish twin registry at
the Department of Environmental Hygiene,
Karolinska Institute, Stockholm, with the
central diagnosis register of hospital inpatients at
the National Board of Health and Welfare,
Stockholm, a population of monozygotic or
dizygotic twins of the same sex has been identi-
fied and described earlier.22 Thirty four mono-
zygotic pairs with inflammatory bowel disease
were found. Those who were younger than 75
years of age and with both twins in each pair still
alive were invited to participate in the present
investigation.
Two recently diagnosed monozygotic pairs

with inflammatory bowel disease were also
invited. Fifty two of 66 subjects agreed to
participate constituting 14 pairs with Crohn's
disease and 12 with ulcerative colitis. Five
Crohn's disease twin pairs were concordant for
the disease and two ulcerative colitis pairs.
The zygosity classification of the Swedish twin

registry was used, which relies on questions
about childhood resemblance. It has proved to
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be very accurate, and in monozygotic twins a
correct classification is obtained in 99% in com-
parison with serological methods.23

CONTROLS
One healthy control for each twin was chosen
from members of the staff or blood donors, all
without any history of gastrointestinal disease.
In total, 52 persons were matched for sex and age
within two years.

BLOOD SAMPLING
Venous blood was obtained and allowed to clot at
room temperature and centrifuged before with-
drawal of serum. Aliquots of serum were frozen
at - 70°C until analysed.

DETERMINATION OF ANTIBODIES TO FOOD
ANTIGENS
Protein antigen preparations were obtained from
Sigma Chemical Co (St Louis, Mo, USA) -
namely, ovalbumin (A 5503), betalactoglobulin
(L 0130), gliadin (G 3375), and mannan (M
3640). Whole yeast cell antigen was prepared in
the following way. The cells of ordinary baker's
yeast, Saccharomyces cerevisiae, were boiled for
one hour, diluted to 25 [ig/ml and usually used
directly, or stored at -20°C until use.
To prepare antigen solutions, ovalbumin and

betalactoglobulin were diluted in phosphate
buffered saline, pH 7-3 to 25 ,ug/ml, and
yeast cell wall mannan to 100 [ig/ml, whereas
gliadin was dissolved in 70% ethanol and diluted
with phosphate buffered saline to 100 [ig/ml.
Whole yeast extract'2 was used at 25 [ig/ml.

As antisera, horseradish-peroxidase conju-
gated rabbit antihuman immunoglobulins were
used (Dakopatts, Stockholm, Sweden) - that is,
anti-IgG (type P 214), anti-IgA (P 216), and anti-
IgM (P 215). Two hundred microlitres antigen
solution was added to each well of the microtitre-
plate (96 well plate, Haegar Plastics, Oslo,
Norway), incubated for two hours at 37°C, and
incubated overnight in a moist chamber. The
microtitre plates were then washed three times
with 250 p1l phosphate buffered saline with
Tween 20 (0 05%).

Patients' sera were diluted 1:25 in phosphate
buffered saline-Tween and heat inactivated in a
water bath for 30 minutes at 56°C. Then, 200 .ld
ofeach serum sample was added to three separate
wells for each antigen and incubated for one hour
at 37°C; thereafter, the wells were washed three
times with phosphate buffered saline-Tween and
incubated with 200 p1l horseradish-peroxidase
conjugates (diluted 1:200 with phosphate
buffered saline-Tween), washed again with
phosphate buffered saline-Tween, and followed
by substrate solution. The plates were light
protected until they were read, and the reaction
was stopped after 30 minutes by adding 50 id
12.5% sulphuric acid. The substrate containing
100 ml phosphate buffered saline, 0.4 ml
hydrogen peroxide (2%), and 10 ml 1,4-
phenylenediamine dissolved in methanol (10 mg/
ml) was freshly prepared and kept in the dark
before use. Absorbance was read with an auto-

matic ELISA reader (Immuno-Reader NJ-2000,
Nippon Intermed KK, Japan).
To obtain a positive control in each plate,

serum from a volunteer with measurable levels of
anti ovalbumin, anti betalactoglobulin, and anti
gliadin of all immunoglobulin classes was used.
For negative controls, sera with negligible
specific antibody activity to these antigens was
used in addition to phosphate buffered saline-
Tween alone. The reference positive control
serum was obtained during the period of investi-
gation, frozen at -20°C in aliquots suitable for
one day of experiments. When a deviation > 10%
was noted between a positive or negative control
measurement, and accumulated median of
corresponding controls the whole determination
was repeated. To further reduce the influence of
methodological errors, the median value of the
three samples was used for calculations, and all
analyses were performed by the same technician
with the same equipment throughout the study.
The results were expressed in arbitrary absorb-
ance units per millimetre (absorbance units/ml)
without subtraction of background, which was
c0-07, 0.06, and 0.06 absorbance units/ml for
IgG, IgA, and IgM, respectively. The overall
reproducibility over the whole measurement
range was within 2% for triple samples.

STATISTICAL ANALYSIS
When comparing Crohn's disease and ulcerative
colitis disease twins, healthy twins, and controls,
Mann-Whitney U test and Student's t test were
used. Wilcoxon's sign rank test was used when
comparing pairs, where only one individual had
developed the disease.

Results

PATIENT CHARACTERISTICS
Patients with Crohn's disease had a mean age at
diagnosis of 28.5 years (range 20-45), and the
actual mean age was 42-9 years (range 34-63). In
patients with ulcerative colitis the mean age at
diagnosis was 27-7 years (range 17-45), and the
actual mean age was 49-1 years (range 24-74).
Two patients with Crohn's disease (Crohn's
disease twin) had mild diarrhoea and slightly
increased serum C-reactive protein and oroso-
mucoid levels, which was treated with sulpha-
salazine. The other patients were inactive and
the only therapy was vitamins or loperamide
(Imodium, Janssen Pharmaceutica, Beerse,
Belgium). Two patients were on a lactose
reduced diet, but only one had verified lactose
intolerance. Eight patients were on a fat reduced
diet. One of the two patients with increased
disease activity was on tube feeding with ele-
mental diet (Reabilan, Roussel Nordiska AB,
Stockholm, Sweden) plus milk. All patients with
ulcerative colitis (ulcerative colitis twin) were in
clinical remission and had normal levels of
haemoglobin, C-reactive protein and serum
orosomucoid. Six were treated with sulpha-
salazine. One healthy twin was treated with
prednisolone (5 mg on alternate days) for chronic
hepatitis. None of the ulcerative colitis twins nor
their healthy twins were on a special diet. A

910



Antibody to dietary antigens in inflammatory bowel disease twins

thorough interview did not reveal symptoms
suggesting inflammatory bowel disease in the
healthy twins. They had remained healthy for an
average 14-9 years (range 7-3 1) and 21-4 years
(range 8-40) after diagnosis in the Crohn's
disease and ulcerative colitis groups, respect-
ively.

Sigmoidoscopy was performed in the subjects,
except in five patients with ulcerative colitis and
three patients with Crohn's disease who had had
a proctocolectomy and in one Crohn's disease
twin pair where both had severe perianal disease
preventing sigmoidoscopy. Patients as well as
healthy twins showed an inactive rectal mucosa
on macroscopic and microscopic assessment.

ANTIBODY LEVEL

General
There was a considerable individual variation in
antibody response, especially for IgG to all tested
antigens but also the level of IgA and IgM
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to yeast cell wall mannan and whole yeast
(Saccharomyces cerevisiae) varied much. For
this reason a non-parametric method, Mann-
Whitney U test, as well as a parametric method
(Student's t test) were used to analyse the results.
A few general observations can be made based on
the material presented in the Figure and the
Table. In ulcerative colitis twins the antibody
response (IgA, IgG, IgM) to tested antigens were
similar to that of the healthy twin of patient with
ulcerative colitis twins and controls with a few
exceptions. In contrast, Crohn's disease twins
had higher titres of IgA, IgG, and IgM to
yeast cell wall mannan and IgA to whole yeast
(Saccharomyces cerevisiae), but not to the other
dietary antigens.

Disease location did not have any influence on
antibody response with one exception. Crohn's
disease patients with small bowel disease
only displayed higher IgG to whole yeast
(Saccharomyces cerevisiae) than those with com-
bined small and large bowel disease (t= 2.469,
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TABLE Summary ofstatistical evaluations ofserum levels in healthy twins, twins with inflammatory bowel disease and healthy
control. Only statistically significant differences are depicted

Mannan Yeast Betalactoglobulin Gliadin Ovalbumin
Antigen
Antibody IgG IgA IgM IgG IgA IgM IgG IgA IgM IgG IgA IgM IgG IgA IgM

Comparison
1. 2.
CD HCD
CD CD-C >>> >> >>> «<< < <
HCD CD-C > > << < <
UC HUC >* >* <*
UC UC-C > >> <
HUC UC-C > < >>> <

CD: Twin with Crohn's disease, HCD: Healthy twin of patient with Crohn's disease, CD-C: Healthy control of Crohn's disease and
HCD, UC: Twin with ulcerative colitis, HUC: Healthy twin of patient with ulcerative colitis, UC-C: Healthy control of UC and HUC.
>=values in column 1 larger than in col 2.
<=values in column 2 smaller than in column 1.
Significances: < and > (p<005), << and >> (p<OOl), <<< and >>> (p<O0OOl).
*Indicates that Wilcoxon's sign rank test was used instead of Students t test.

SPECIFIC

Crohn's disease
As seen in the Table, Crohn's disease patients
had significantly higher levels of all immuno-
globulin classes towards yeast cell wall mannan.
The healthy twins had only higher IgA and the
difference was not striking (p<005). When
comparing Crohn's disease twins and healthy
Crohn's disease twins using Wilcoxon's sign
rank test, the diseased twins had slightly higher
IgA and IgM against yeast cell wall mannan, but
the difference was barely significant (p=0069
for both). IgA against whole yeast (Saccharo-
myces cerevisiae) was higher in the diseased and
healthy twins (p<0001 and p=0011, respec-
tively).
The proportion of patients who had higher

IgG, IgA, and IgM against yeast cell wall
mannan compared with controls were 12 of 19,
18 of 19, and 14 of 19 respectively. The corres-
ponding figures for whole yeast (Saccharomyces
cerevisiae) were eight of 19, 15 of 19 and eight
of 19.
The antibody levels towards betalacto-

globulin, gliadin, and ovalbumin were similar in
the three groups. In a few cases controls dis-
played higher antibody levels - for example, IgM
to betalactoglobulin (Table).
The two patients on lactose reduced diet had

similar in antibody response to betalactoglobulin
compared with the Crohn's disease patient
group.

Ulcerative colitis
Although the differences between ulcerative
colitis twins, healthy twin of patient with ulcera-
tive colitis and healthy control of twins concor-
dant and discordant for ulcerative colitis were in
general small, the following observations could
be made on a group basis. IgM antibodies against
yeast cell wall mannan and whole yeast (Sac-
charomyces cerevisiae) were higher in ulcerative
colitis twins compared with healthy twin of
patient with ulcerative colitis twins (p=0-014
and p=0-026 respectively) using Wilcoxon's sign
rank test (Table).

Both diseased and healthy twins were found to
have higher IgA response to yeast cell wall
mannan compared with healthy control of twins
concordant and discordant for ulcerative colitis
(p=0.046 and. p=0-031 respectively, Table).

The most striking finding was for IgA to
gliadin, where both healthy twin of patient with
ulcerative colitis and ulcerative colitis twins had
higher levels than healthy control of twins con-
cordant and discordant for ulcerative colitis (p=
0001 and p=0-012 respectively). The healthy
twins had even higher IgG than ulcerative colitis
twins when analysing with Wilcoxon's sign rank
test. The antibody response to betalactoglobulin
and ovalbumin is shown in the Table. The twins
reacted similarly to controls.

Discussion
Earlier studies of food antigens in inflammatory
bowel disease have shown conflicting results.
The findings in the present study do not support
an aetiologic role in inflammatory bowel disease
of cow's milk proteins as reflected by antibody
titres to betalactoglobulin. Neither could we find
evidence supporting the importance of the
potent egg allergen ovalbumin.
High IgA titres against gliadin were found in

healthy and diseased ulcerative colitis twins.
This could indicate a subclinical and/or genetic-
ally determined gluten intolerance. An increased
prevalence of coeliac disease has been observed
in patients with inflammatory bowel disease,
especially ulcerative colitis.'4 '5 Clinical experi-
ence does not strongly support such an aetiologic
link, however, and so far no good epidemio-
logical studies of gluten intolerance in inflamma-
tory bowel disease exist.
More important is the fact that Crohn's disease

patients had increased antibody titres to yeast
cell wall mannan for all tested immunoglobulin
classes and the difference was statistically strong
when compared with controls. Crohn's disease
patients also had high IgA levels to whole yeast
(Saccharomyces cerevisiae). These observations
are remarkable as almost all patients had inactive
disease. Also healthy monozygotic twins
of Crohn's disease diseased patients had a
raised level of IgA to yeast cell wall mannan and
whole yeast (Saccharomyces cerevisiae) compared
with controls but the significance was weaker
(Table).

This is in accordance with Main et al'2 who
found an increase in IgG and IgA antibody levels
to a crude yeast preparation in Crohn's disease
patients compared with ulcerative colitis
patients, and healthy controls, which was
regarded as a reaction to Saccharomyces
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cerevisiae. In a later study the same group"
described a significant increase in IgG against 11
of 12 specified strains ofSaccharomyces cerevisiae.
A reaction to Candida albicans was not seen. We
have used a similar method to prepare a crude
yeast antigen mixture but also analysed the
specific response to mannan which is a cell wall
component in yeasts. In our study, all but two
Crohn's disease patients had inactive disease, but
they had increased antibody levels to yeast cell
wall mannan and whole yeast (Saccharomyces
cerevisiae). Nothing was mentioned about disease
activity in the studies by Main et al'2 and
McKenzie et al.'3 Notable in the present study
was the increase in IgA antibodies to yeast cell
wall mannan and whole yeast (Saccharomyces
cerevisiae) also in healthy twins, which might
indicate a genetic predisposition.

In the present study more than 240 statistical
calculations were made, which must be con-
sidered when evaluating the results. To avoid
differences by chance a significance level of
at least p<0 01 should be required. The
response towards yeast cell wall mannan in
Crohn's disease twins was very distinct and
significant increased levels of all immuno-
globulins tested were found.
Whether yeast mannan is an aetiological agent

in Crohn's disease remains to be proved.
Alternatively, yeast cell wall mannan may mimic
a high mannose containing molecule, which is
the offending compound and towards which the
primary antibody response is directed. Taking
this speculation even further, one might look for
aberrant glycosylation patterns in Crohn's
disease resulting in autoantibodies to high
mannose containing glycoconjugates. Because
the immune reaction is specific for yeast cell
antigen(s) and apparently distinct for Crohn's
disease, the primary disorder is probably not
increased permeation ofany dietary antigen. The
permeability disorder seen in Crohn's disease'7-'9
is more likely an effect of the inflammatory
process.
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ABSTRACT

Introduction:  Allergic rhinitis (AR) impacts 
around 25% of the worldwide population. 
However, cost, safety, and a high dissatisfaction 
rate with numerous conventional medications 
continues to be an issue in the largest patient 
surveys, due primarily to a lack of efficacy on 
nasal congestion. Our previously published 
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randomized trial demonstrated a significant 
reduction in cold and flu-like symptoms, and 
a secondary potential observation of a decrease 
in nasal congestion with an oral yeast-derived 
compound; therefore, the objective of this 
study was to test the effects of this same prod-
uct on nasal congestion and other notable AR 
symptoms. Methods: A 12-week, randomized, 
double-blind, placebo-controlled clinical trial 
of 96 healthy subjects with a recent clinically 
documented history of seasonal allergies and AR 
was conducted. Participants received once-daily  
supplementation with 500 mg of a dried, mod-
ified Saccharomyces cerevisiae oral fermenta-
tion product (EpiCor®, Embria Health Sciences, 
Ankeny, Iowa, USA) or placebo during the 
12-week period of the highest recorded concen-
trations of total pollen counts for this Midwest 
geographic area. Clinical outcome measure-
ments included in-clinic examinations, vali-
dated questionnaire and standard diary, and 
serologic analysis at baseline, 6 and 12 weeks. 
Results: During the highest pollen count period 
(weeks 1-6), EpiCor significantly reduced the 
mean severity of specific AR symptoms, includ-
ing a significant reduction in nasal congestion 
(P=0.04), rhinorrhea (P=0.005), and a nonsignif-
icant reduction in ocular discharge symptoms. 
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A significantly (P=0.04) reduced total number 
of days with nasal congestion (12.5 fewer days) 
favored EpiCor compared with placebo, as did 
the nasal congestion section of the quality of 
life questionnaire (P=0.04). Subjects receiving 
the intervention also experienced significantly 
(P=0.03) higher salivary IgA levels. Adverse 
events were similar to placebo. Conclusion: This 
yeast-derived product appeared to be safe and 
efficacious, and should receive more clinical 
research with and without standard medica-
tions to reduce the impact of seasonal allergies,  
especially AR-induced nasal congestion.

Keywords: allergic rhinitis; dietary supplement; 
EpiCor®; nasal congestion; Saccharomyces cere- 
visiae; seasonal allergy

INTRODUCTION

Allergic rhinitis (AR) is a common con-
dition in the United States and throughout 
the world with reported prevalence rates of at 
least 10%-25%, and in some countries as high 
as 20%-50%.1-4 AR is the sixth most common 
chronic health condition in the US, occurring in 
10%-30% of adults and up to 40% of children.5-6 
It is the most prevalent chronic allergic disorder  
and is one of the ten most common medical  
conditions documented in the ambulatory 
care setting.7 Costs from direct care and medi-
cations are a minimum of $3 billion annually 
in the US, with almost 80% spent on prescrip-
tion medications.8 Workplace productivity losses 
per employee with AR surpass those for workers  
with diabetes, migraine, respiratory infection 
and depression.9 AR causes 3.8 million days 
lost annually from school and work in the 
US alone.9

Seasonal AR has a current estimated preva-
lence of 40% and perennial AR affects at least 
10%-20% of the population, but both types of 

AR have increased over the past 40 years.4,10-12 
It is estimated that 40% of AR patients actually 
have both seasonal and perennial symptoms.4 
However, these numbers may represent a gross 
underestimation of the problem, because as 
many as one third of the individuals with either 
condition do not seek medical attention.

AR is notable for producing rhinorrhea; 
sneezing; pruritus of the nose, eyes, ears, and 
palate; and nasal congestion.1 However, data 
from two of the largest patient surveys demon-
strated that nasal congestion is usually the pri-
mary and dominating of all the symptoms, the 
one that is most concerning and bothersome, 
and it is the principal symptom that leads to 
medical attention and over-the-counter (OTC) 
or prescribed interventions.13,14 For example, 
nasal congestion has been known to increase 
the risk of sleep disturbances, lower quality of 
life scores, increase absenteeism, and reduce 
productivity in the workplace and school.15-17 
Patient surveys also suggest that nasal conges-
tion is not adequately controlled by currently 
available medications.13,14

A once-daily oral immunogenic fermenta-
tion product (EpiCor®, Embria Health Sciences, 
Ankeny, Iowa, USA) and dietary supplement 
partially derived from Saccharomyces cerevisiae 
(S. cerevisiae) has previously demonstrated the 
potential for adjuvant immune enhancement 
in a randomized, double-blind, and placebo- 
controlled trial of vaccinated subjects for influ-
enza.18 Significant reductions occurred in both 
the incidence and duration of cold and flu symp-
toms. One notable finding in this clinical trial 
was the significant reduction in nasal congestion 
with this intervention compared with placebo.18 
This observation, along with previous laboratory 
and clinical findings,19 suggested the potential 
for this product to provide immune balance 
and activity against some of the common symp-
toms of AR, especially nasal congestion. Any 
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intervention that is safe, competitively priced, 
and potentially effective for nasal congestion 
specifically, and also for other AR issues, would 
be of interest because of the burden of this con-
dition and the high rate of dissatisfaction with 
the current treatment options.20

MATERIALS AND METHODS

Population and Study Design

Inclusion criteria were as follows: generally 
healthy male and female subjects who were will-
ing to sign informed consent and participate in 
all study activities; 18 years or older; self-report 
and also tested positive (ARUP Laboratories, Salt 
Lake City, Utah, USA) for grass allergy, which 
is indicative of seasonal allergies in the upper 
Midwest; experienced at least nasal symptoms 
and/or ocular symptoms on a seasonal basis; 
females who were not breastfeeding; and females 
who were of childbearing potential if they tested 
negative for pregnancy at the time of screening 
based on a serum test, intended not to become 
pregnant during the study, and agreed to utilize 
a reliable method of birth control. A past history 
of asthma was permitted and a total of 12 par-
ticipants (seven on the intervention, and five on 
placebo) fit this profile.

Exclusion criteria were as follows: immune 
dysfunction and/or utilizing a prescribed immu-
nosuppressive medication; uncontrolled asthma; 
nasal polyps; use of an intranasal steroid spray 
1 month or less prior to randomization or during  
the study; HIV-positive; abnormal laboratory 
values; females who were pregnant, breastfeed-
ing, or planning to become pregnant during the 
study; history of drug abuse; unable or unwill-
ing to comply with the study protocol (ingesting 
study interventions, blood draws, completing 
diaries, and medical visits); current participa-
tion in another research study; comorbidity/

concomitant disease; allergies to yeast or yeast-
derived products; and chronic sinusitis and/
or recent (within the last 6 weeks) episode of 
acute sinusitis.

A double-blind, placebo-controlled trial of 
500 mg of EpiCor, a dietary supplement, was 
conducted to evaluate seasonal allergy symptoms 
in subjects 18 years or older. The placebo was of 
similar shape, size, consistency, and smell com-
pared to the intervention. Each participant was 
asked to attend five clinical visits over a 12-week 
time period. Visit 1 included informed consent, 
standard serum analysis, and grass allergy screen-
ing by standard skin testing and/or serum analy- 
sis. At visit 2, all subjects that tested positive for 
grass allergies (n=96) that were asymptomatic 
and in good health were randomized to 500 mg 
once-daily EpiCor (n=48) or placebo (n=48). A 
licensed pharmacist, independent from the trial, 
utilized a random and blinded numerical and 
sequential distribution method, and assigned 
each participant to the intervention or placebo 
group. Medical history and examination was 
conducted along with standard blood analysis, 
saliva, inclusion and exclusion criteria, and the 
clinically validated Rhinoconjunctivitis Quality 
of Life Questionnaire (RQLQ),21,22 along with 
a standardized symptom and adverse events 
diary22 that was given to all participants to be 
completed daily. The RQLQ has seven domains: 
activities, sleep, non-nose/eye symptoms, prac-
tical problems, nasal symptoms, eye symptoms, 
and emotional dimension.21,22 Each domain 
inquires about quality of life of the participant 
with a specific reference to the past week. The 
responses range from 0 to 6, with 0 indicating 
not troubled by the symptom and 6 as extremely 
troubled by the symptom. A lower overall score 
per symptom or domain is tantamount to a better  
quality of life.

The daily diary given to participants 
included the most common nose and eye 
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allergy symptoms. Subjects rated the pres-
ence or absence of their individual symptom 
on a daily basis, using a standard scale of 0-3, 
with 0 indicating the absence of the symptom 
and 3 indicating the most severe experience 
of this symptom.22 The nasal symptoms were 
congestion, rhinorrhea, and sneezing. The eye 
symptoms included discharge, wateriness, and 
pruritus. Analysis of symptoms was done on two 
variables: the mean severity of the symptom 
and the mean total number of days the subject 
experienced the symptom (primary endpoints). 
Severity was defined as the average rating for 
the symptom only when the subject experi-
enced it; therefore responses of 0 were excluded. 
Number of days with the symptom was defined 
as the total number of days the subject experi-
enced the symptom. The days did not need to 
be continuous.

Visit 3 included collection of saliva samples, 
serum, quality of life, and review of adverse 
events and information from symptoms and 
adverse events diary. Visit 4 and 5 were similar 
to the third visit but also included nasal smear 
data collection. There was an approximate 
6-week time period between visit 2 and 3, and 
3-week time period between visit 3 and 4, and 
between visit 4 and 5 (12-week total interven-
tional duration). Pollen counts (low, medium, 
and high) were based on the number of grains 
of pollen per cubic meter over a 24-hour period 
from diverse sources (trees, grasses, weeds, and 
mold) specific to this Midwest region of the 
country, and were monitored from Pollen.com, 
which provides daily monitoring of total pol-
len counts for every region of the US, utiliz-
ing comprehensive data from several hundred  
monitoring stations  (http://www.pollen.com/
allergy-weather-forecast.asp).

Participants were permitted to utilize OTC 
and prescription allergy antihistamine/decon-
gestant medications, with the exception of 

steroids (exclusion criteria), on an “as needed” 
basis for allergy symptoms. Subjects were asked 
to record medications in the study diary. This 
was taken into consideration for statistical analy- 
sis. Allowed medications utilized during the 
study included the following: loratadine, fexo- 
fenadine, certirizine, montelukast, diphenhyd- 
ramine, desloratadine, and sudafed.

Statistical Measurements

A power analysis was conducted based on 
data reported from a previous clinical trial with 
this intervention,19 and for 85% statistical power 
at a significance level of 0.05 the required sub-
jects would be approximately 40-50 per group, 
which set the optimal goal for recruitment. The 
analysis of symptoms was done in two parts: part 
1 used the time factor as a grouping variable, and 
part 2 considered pollen counts. Comparison 
of the intervention and placebo groups was 
accomplished with the Mann-Whitney U test 
procedure at alpha equal to 0.05. All statisti-
cal analyses were done using version 9.1 of the 
SAS software. A P value of <0.05 was considered 
statistically significant.

RESULTS

Mean age of the EpiCor (intervention) group 
was 39 (SD±11.5) years with a maximum age of 
62 and a minimum age of 18 years. Mean age 
of the placebo group was 38 (SD±12.5) years 
with a maximum age of 70 and a minimum age 
of 21 years. A total of 49% of the participants 
were female. Smoking status was as follows: 61% 
were nonsmokers in the EpiCor group and 56% 
in placebo. No statistical differences were noted 
for any of the baseline characteristics between 
the intervention and placebo groups. All of the 
subjects were Caucasian with the exception of 
one African-American in the placebo group.
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Groups were divided into the three clinical 
visit periods after the intervention or placebo 
was utilized, and included weeks 1-6, weeks 7-9,  
and weeks 10-13. A significant difference 
occurred in pollen counts during these three 
different time intervals. A comparison of weeks 
1-6 and weeks 7-9 resulted in a P value of 0.007, 
indicating a significantly higher pollen count on 
weeks 1-6 versus 7-9. Comparison of weeks 1-6 
and weeks 10-13 also resulted in a highly sig-
nificant (P<0.0001) difference in favor of a 
greater pollen count for weeks 1-6. Comparing 
weeks  7-9 and 10-13 demonstrated a signifi-
cantly (P=0.03) higher pollen count during 
weeks 7-9. When comparing weeks 1-6 and 7-13 
there was a significantly (P=0.001) higher pollen 

count for weeks 1-6 compared with any other 
time interval, whether or not that time interval 
was grouped (weeks 7-13) or separated in time 
(7-9 or 10-13).

During weeks 1-6 subjects given the interven-
tion demonstrated significantly less mean sever-
ity of nasal congestion (P=0.04) and running 
nose (P=0.005) (see Tables 1 and 2). The median 
severity for nasal congestion was 1.14 with the 
intervention compared with 1.33 with placebo, 
and for rhinorrhea it was 1.24 versus 1.53. Total 
number of days with nasal congestion signifi-
cantly (P=0.04) favored EpiCor with a median 
of 16.5 days of nasal congestion compared with 
29 days with the placebo. Similar results and sig-
nificance levels occurred regardless if median or 

Table 1. The mean and median severity of symptom comparisons between the intervention (EpiCor) and placebo group over 
the period of highest pollen counts (weeks 1-6).

Mean severity Median severity

Symptom
Intervention 
group (SD)

Placebo group 
(SD)

Intervention 
group (IQR)

Placebo group 
(IQR)

 
P value

Nasal congestion 1.29 (0.33) 1.43 (0.37) 1.14 (0.54) 1.33 (0.56) 0.040
Rhinorrhea 1.38 (0.39) 1.61 (0.41) 1.24 (0.56) 1.53 (0.54) 0.005
Sneezing 1.63 (0.44) 1.66 (0.42) 1.63 (0.78) 1.85 (0.74) 0.320
Ocular discharge 1.26 (0.32) 1.29 (0.40) 1.14 (0.38) 1.20 (0.47) 0.350
Ocular wateriness 1.31 (0.32) 1.37 (0.48) 1.19 (0.30) 1.18 (0.48) 0.440
Ocular pruritus 1.44 (0.51) 1.43 (0.36) 1.31 (0.67) 1.39 (0.48) 0.280

IQR=interquartile range; SD=standard deviation.

Table 2. The mean and median total number of days with the specific symptom comparisons between the intervention 
(EpiCor) and placebo group over the period of highest pollen counts (weeks 1-6).

Mean total days with symptom Median total days with symptom

Symptom
Intervention 
group (SD)

Placebo group 
(SD)

Intervention 
group (IQR)

Placebo group 
(IQR)

 
P value

Nasal congestion 17.21 (14.11) 23.05 (15.65) 16.50 (26.00) 29.00 (31.00) 0.04
Rhinorrhea 21.86 (15.90) 22.74 (16.19) 20.50 (31.00) 29.00 (30.00) 0.50
Sneezing 22.50 (15.15) 21.90 (15.09) 25.00 (28.00) 25.00 (29.00) 0.37
Ocular discharge 7.45 (12.00) 10.69 (12.36) 2.00 (8.00) 7.00 (16.00) 0.06
Ocular wateriness 13.50 (12.93) 13.07 (13.85) 8.50 (22.00) 6.50 (22.00) 0.35
Ocular pruritus 13.26 (12.59) 15.05 (15.14) 10.50 (23.00) 10.50 (32.00) 0.42

IQR=interquartile range; SD=standard deviation.
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mean days were compared between groups for 
weeks 1-6. Other measured symptom parameters 
(sneezing, ocular discharge, ocular wateriness, 
and pruritus) did not reach statistical signifi-
cance. The additional time intervals (weeks 7-9 
and 10-13) demonstrated no significance in 
symptom severity or total days with symptoms 
when the intervention was compared with pla-
cebo, with the exception of rhinorrhea that 
statistically (P=0.03) favored the intervention 
compared with placebo over the entire duration 
of the study period.

The RQLQ demonstrated that the nasal 
symptom domain, which includes stuffiness/
blocked nose, runny nose, sneezing, and post-
nasal drip was significantly (P=0.04) less or in 
favor of EpiCor compared with placebo at visit 3. 
The EpiCor group also experienced significantly 
(P=0.04) less irritability at visit 4 compared with 
placebo. No other differences were noted with 
the RQLQ.

Rescue medication was utilized a median of 
1 day with the intervention and 2 days with pla-
cebo for a P value of 0.04 in favor of EpiCor. 
Weeks 7-9 and 10-13 demonstrated no signi- 
ficant difference between the intervention 
and placebo.

The median IgE levels for the group given 
the intervention were nonsignificantly lower 
compared with placebo throughout the study, 
but did not reach statistical significance from 
visit 2 to 5. No statistical difference occurred for 
basophil or eosinophil concentration between 
groups. Salivary IgA levels were significantly 
(P=0.03) higher for EpiCor compared with pla-
cebo throughout the duration of the study.

Nasal smear data were collected at visit 4 and 
5 only as an addendum to the ongoing proto-
col, and revealed a significantly (P=0.05 and 
P=0.03) lower number of lymphocytes for EpiCor 
(median = 18 and 16) compared with placebo 
(median = 60 and 57) at visit 4 and at visit 5 

respectively, but no difference in monocytes. A 
marginally significant (P=0.056) reduction in 
eosinophils was observed in the EpiCor group 
compared with placebo, and a significantly 
(P=0.01) larger number of neutrophils occurred 
for the EpiCor group at visit 4 only. A nonsig-
nificant improvement in quality of life scores 
occurred between visits 2 and 3 and between 
visits 4 and 5 in favor of EpiCor.

There were no significant differences between 
the intervention and placebo in terms of adverse 
events or drop-outs. A total of 10 subjects termi-
nated prematurely including seven for personal 
reasons, two in the placebo due to side effects, 
and one participant became pregnant during the 
trial. A total of eight participants were lost to 
follow-up and had incomplete data. A total of 
78 subjects completed the trial with equal num-
bers in the intervention and placebo group. Data 
analysis was completed on participants that had 
complete information during each time period.

DISCUSSION

Individuals with AR consistently refer to 
nasal congestion as the most concerning and 
bothersome symptom, and the one they would 
most like to prevent or treat due to the impact 
it has on overall quality of life and/or day-to-
day activities.13,14,23,24 Nasal congestion has a 
multifactorial etiology that includes inflamma-
tory, neural, and vascular contributions.25 These 
multiple pathways probably contribute to the 
complexity of trying to apply one appropriate 
individual treatment and may be responsible 
for the high dissatisfaction rate of the cur-
rently available treatments.13,20 The prevalence 
and negative impact of AR and nasal conges-
tion, and the limited therapeutic satisfaction 
of currently available treatments suggests that 
there is a strong need for novel options for 
this condition.
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Complementary and alternative medicines 
are utilized in a large number of individuals 
with AR, but evidence-based recommendations 
do not exist for numerous reasons including the 
lack of safety data, and most clinical trials have 
not been rigorous enough to provide an endorse-
ment of a specific intervention.26-29 For exam-
ple, past studies lack appropriate methodology 
including lack of randomization, not control-
led, and not blinded, with no objective quan-
titative measurement. Also, numerous herbal 
remedies in this category lack quality control 
data. Regardless, there is a strong suggestion that 
a complementary or integrative therapy for AR 
that proved to have adequate impact through a 
well-designed clinical trial would ultimately be 
a welcome addition to conventional medicine. 
There are several different compounds that have 
received clinical results, but the strength of the 
clinical trial design has been questioned as well 
as the lack of impact on the most severe symp-
toms of AR, for example nasal congestion. EpiCor 
has currently completed four clinical trials that 
have all demonstrated positive immune modu-
lating effects including cold and flu-like symp-
tom reduction and now partial amelioration of 
some of the more problematic AR-induced mani-
festations such as nasal congestion.18,19

Nasal congestion is the predominant late-
phase symptom of AR and results from the 
infiltration of inflammatory cells such as lympho- 
cytes (T-cells) and eosinophils into tissue, and 
the subsequent prolonged release of mediators 
such as histamine, leukotrienes, and prosta- 
glandins.30 The finding of a consistent signifi-
cant reduction in nasal congestion favoring 
EpiCor that translated clinically into approxi-
mately 12 fewer days of this symptom is notable 
and is on par with past studies of conventional 
prescription medication.20 Nasal congestion was 
also analyzed as a separate clinical symptomatic 
entity in our clinical trial, which is a profound 

strength of the design. Numerous past stud-
ies are limited because this specific symptom 
has only been a part of a total nasal symptom 
score and not analyzed as a separate symptom, 
which questions the true clinical impact of 
these medications.

The strengths of our study include the rand-
omized, double-blind, placebo-controlled design 
and the observation of enhanced nasal con-
gestion resolution with this immunogenic fer-
mentation product noted during the period of 
the highest recorded pollen counts, one of the 
primary endpoints, which provides the most 
impressive and consistent finding and suggests 
that the clinical impact was not due to chance. 
The quality of life correlations and improvement 
(less nasal congestion and irritability), and the 
significant increase in salivary IgA levels con-
sistently in favor of EpiCor also strengthen the 
clinical observations. Furthermore, the find-
ing of less severe rhinorrhea, and a signifi-
cantly lower lymphocyte and nonsignificantly 
lower eosinophil nasal smear count in the 
EpiCor group, along with an increase in IL-10 
from previous studies suggests that this inter-
vention is potentially impacting the early and 
late-phase response observed with AR.19 Higher 
endogenous IL-10  levels for example are par-
tially responsible for resolving inflammation via 
inhibition of eosinophilia, suppression of nitric 
oxide production, and is a common mechanism 
of action whereby steroid therapy and allergen-
specific immunotherapy may demonstrate their 
respective clinical efficacy.31 Two other indirect 
observations of potential clinical significance 
also need mentioning. First a consistent reduc-
tion of several points in blood pressure and a 
reduction in CRP have been observed in past 
studies with this intervention compared with 
placebo,18,19 which may also serve as markers of 
efficacy of this intervention and the other anti-
inflammatory pathways that may be targeted. 



802 Adv Ther (2009)  26(8):795-804.

Past studies of conventional medicine with aller-
gies and asthma have suggested similar benefits 
in these two general health areas with effec-
tive medications.32,33 However, the safety of this 
immunogenic fermentation product is consist-
ently similar or less than placebo, which is nota-
ble when compared with common medications 
for AR.

Limitations of this clinical trial also deserve 
mentioning. EpiCor was most effective dur-
ing the highest pollen count periods, but there 
was no greater perceived benefit compared to 
placebo during the time period of low pollen 
counts. IgE levels, although lower, were not 
significantly different, but in fairness more 
effective conventional medicines such as pre-
scribed nasal steroids inhibit abnormal seaso- 
nal elevations in serum levels of circulating IgE 
antibodies,34,35 which was similar to what was 
observed in our trial. However, unlike nasal 
steroids,35 there was no clinically relevant 
reduction in overall ocular symptoms with the 
intervention utilized in our study. Eye symp-
toms, as with most clinical outcomes, favored 
EpiCor but did not reach significance. Quality 
of life scores, although improved overall com-
pared with placebo, also did not reach statisti-
cal significance. Nasal smears should have been 
collected at baseline for complete comparative 
analysis, but a budgetary issue did not per-
mit this ideal scenario. This clinical study also 
focused on treatment, thus further research in 
subjects with perennial AR might provide more 
insight into the preventive capacity of this 
intervention and should be the subject of fur-
ther studies. Although, it is possible that many 
of the seasonal AR participants have perennial 
AR, and this also exemplifies the challenge in 
the design of these trials. It is difficult to cap-
ture clinical efficacy with AR subjects when pre-
dicted timing of pollen concentrations is also 
an inexact science.

Regardless, the strength of the study design, 
and the sum of the positive data suggests a 
true clinical impact in our opinion, especially 
in the area of nasal congestion, which is the 
most meaningful clinical endpoint in AR out-
come studies. It is important to remember that 
first-line therapy for AR is based on a medica-
tion’s ability to resolve nasal congestion, which 
is why prescribed intranasal corticosteroids fit 
in this category.36 However, a multi-modality 
approach in our opinion would seem to have 
a higher probability of success in this category 
because of the complex nature of this condition 
and the unusually high rate of therapeutic dis-
satisfaction. For example, a second-generation 
antihistamine that has efficacy against pruritus 
in combination with this current intervention 
and its congestion-reducing properties, would 
be one of many potential interesting future 
clinical trials. The unique dual (allergy, and 
cold and flu-like symptoms) perennial clini-
cal therapeutic efficacy demonstrated from this 
and past randomized clinical trials also needs 
to be further emphasized,18,19 along with the 
safety profile, because it would certainly pro-
vide an argument that this specific interven-
tion could set a novel research standard in the  
dietary supplement milieu.

CONCLUSION

A once-daily immunogenic fermentation 
yeast-derived product (EpiCor), significantly 
reduced nasal congestion by approximately 
12 fewer days, and reduced other common symp-
toms in individuals with AR during the time of 
highest documented pollen count periods of the 
year. This dietary supplement should be given 
more clinical attention as a potential immune 
modulating intervention for susceptible individ-
uals with and without currently available effec-
tive OTC and prescription medications.
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Abstract

Background: The common cold has a profound impact on employee attendance and productivity. Seasonal
influenza is responsible for approximately 200,000 hospitalizations and 36,000 deaths per year in the United
States alone. Over-the-counter medication efficacy has been questioned, and seasonal vaccination compliance
issues abound. Our previously reported randomized trial of an oral fermentation product found an adjuvant
benefit for vaccinated individuals in terms of a significantly reduced incidence and duration of cold and flu-like
symptoms.
Methods: A concurrent 12-week, randomized, double-blind, placebo-controlled clinical trial of 116 subjects with
no recent history of seasonal influenza vaccination was conducted. Participants received once-daily supple-
mentation with 500 mg of a dried modified Saccharomyces cerevisiae oral fermentate (EpiCor) or placebo. Clinical
outcome measurements included periodic interval-based in-clinic examinations and serologic analysis at base-
line, 6 weeks, and 12 weeks. Participants utilized a standardized self-report symptom diary.
Results: Subjects receiving the intervention experienced a statistically significant reduction in the incidence
( p¼ 0.01), a nonsignificant reduction in duration ( p¼ 0.10), and no impact on the severity ( p¼ 0.90) of colds or
flu-like symptoms, but a more favorable safety profile compared with subjects receiving placebo.
Conclusions: This nutritional-based fermentate appeared to be safe and efficacious in a unique at-risk population
and should receive more clinical research as a potential method to reduce the incidence of cold and flu-like
symptoms, in individuals with and without a history of influenza vaccination.

Introduction

The common cold and its impact on work place ab-
senteeism is well recognized.1 It has become the third

most common reason for physician office visits behind that
of only hypertension and the recommended well-infant=child
examinations.2 Seasonal influenza’s impact on morbidity and
mortality rates are more concerning. In the United States
alone, an estimated 200,000 hospitalizations and 36,000
deaths are attributed each year to this virus.3,4 The Center for
Disease Control (CDC) recently expanded the influenza im-
munization recommendations to include children beyond the
age of 6 months and most adults.3

Compliance with vaccination recommendations has not
mirrored the concerns of most established medical organiza-
tions, including the CDC.3 A recent report on health care

workers in the United States demonstrated that only 33% had
received the influenza vaccination,5 which generally reflects
the rate of compliance reported by practitioners around the
world.6 This may be a primary reason the public has yet to
embrace the importance of the vaccine. Other direct and in-
direct reasons for the low compliance rate may include (1)
a recently released report that most strains in the current
2007–2008 vaccine were ineffective in preventing the majority
of the flu cases;3 (2) past perceptions that the vaccine was of
minimal value;3 (3) recent reports of viral resistance to pre-
scription medication;7,8 (4) ongoing evidence to suggest that
many over-the-counter (OTC) preventive methods and med-
ications to treat potential symptoms have no clinical value,
or no exemplary clinical data, or safety issues;9–11 and (5)
concerns over a mercury preservative in the existing vaccine
supply.3 However, ample evidence exists to at least refute
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most of these controversial issues surrounding the efficacy
and safety of vaccination.12,13

Regardless, other safe and clinically tested methods that
can be utilized to improve the immune status of the general
public would still seem to be of interest, which would include
those individuals who choose not to comply with vaccine
recommendations; those who delay their own access or do
not have immediate access to the vaccine; or individuals in
the well-documented 2-week maximal antibody-generating
waiting period postvaccination.3

Additionally, the spectrum of cold and flu symptoms
overlap,14,15 and an intervention that could impact the inci-
dence of one or both of these conditions would again be
another option in the ongoing search for effective OTC pre-
ventive items.

An oral immunogenic fermentation product (EpiCor�,
Embria Health Sciences, Ankeny, IA) partially derived from
Saccharomyces cerevisiae (S. cerevisiae) has already demon-
strated the potential for adjuvant immune enhancement in a
randomized, double-blind, placebo-controlled trial of vacci-
nated subjects for influenza.16 Significant reductions occurred
in both the incidence and duration of cold and flu symptoms.
This trial addressed and answered one of two primary ques-
tions with this once-daily OTC supplement intervention: the
potential capacity to safely enhance an already effective con-
ventional medicine or at least add something novel during the
most susceptible time of the year to cold and flu-like condi-
tions. In this current clinical trial, we report the findings of the
second concurrent trial and primary question that needed to
be answered and construed: the ability to display some im-
munogenic potential when utilized as a sole agent in indi-
viduals who chose not to be vaccinated for seasonal influenza.

Materials and Methods

All methods listed in this section have been previously
well described and were identical to our previous adjuvant
trial,16 with the exception of the nonvaccinated status re-
quirement for this current study. The age range was 18–76
years, and subjects were living in a metropolitan area of the

rural Midwest. Individuals had to be in good general health,
as reflected by a Charlson comorbidity score of 0 or 1,17 and
via a standard basic history and physical examination by the
clinical and research staff. Exclusion criteria are noted in
Table 1.

This 12-week, randomized, double-blind, placebo-
controlled trial was conducted during the acute period of the
year for cold and flu seasonal symptoms ( January through
March). Healthy individuals without a recent history of
vaccination for seasonal flu (influenza) giving informed
consent (n¼ 116) were screened to determine baseline stan-
dardized laboratory values including complete blood count,
complete metabolic profile, and other serologic parameters.
Subjects were randomized to one of two groups: 500 mg of
the daily, oral fermentate product (EpiCor, n¼ 58) or placebo
(n¼ 58) for 12 consecutive weeks. The placebo capsule was
of an identical appearance, odor, and weight compared to
the active intervention. Participants were instructed to ingest
medications with the first meal of the day.

Subjects attended the research institute clinic at weeks
0 (baseline), 6, and 12, and were required to record cold and
flu-like symptoms at home in a modified standardized diary
provided by the research center.18 An overview of the diver-
sity of the symptoms provided in this diary was provided in
a previous publication.16 Symptoms in the diary were rated
from 0 (no symptoms) to 10 (most severe symptoms) and
included the following: headache, general aches=pains, fa-
tigue, weakness, nasal stuffiness, nasal drainage, sore throat,
cough, hoarseness, chest discomfort, chills, fever, and mis-
cellaneous or other, which had to be specified by the partici-
pant.

Each periodic clinical visit included: a standard history
and physical examination, serologic sampling, vital signs
(blood pressure, heart rate, temperature, and weight), on-site
completed Short Form 36,19,20 and reviewed and summa-
rized diary information. The clinical study was approved
by the Institutional Review Board for Avera Health (Sioux
Falls, SD).

Common cold was clinically defined as an upper respira-
tory tract infection of viral etiology consisting of one or more

Table 1. Exclusion Criteria Utilized Before Randomization in the Cold and Flu Study

of the Oral Fermentate-Based Product Compared to Placebo

History of an influenza vaccination in the past 12 months
Diagnosed, managed, or treated immune abnormality
Current use of any immunosuppressive prescription or over-the-counter medication such as azathioprine, cyclosporine,

and steroids
Current use of any antiviral medication including amantadine, oseltamivir, rimantadine, and zanamivir
HIV positive
ALT, AST, BUN, and=or creatinine laboratory values greater than 2 times the upper limit of normal
Females who are pregnant, breastfeeding, or who are planning to become pregnant during the study period
History of substance abuse
Moderate to severe co-morbidity or concomitant disease or condition (Charlson score of 2 or greater)
Allergies to yeast or any yeast-derived products
Environmental allergies requiring medication or allergy-based injection therapy
Vitamin, mineral, or nutrient deficiency that requires supplementation
Herbal or supplemental preparation use in any form or formulation such as echinacea, vitamin C, or zinc
Unable or unwilling to comply with the study protocol, including ingesting the study supplement or placebo, regular

blood sampling, and completing the study diary
Current participation in another clinical research investigation of any kind

HIV, human immunodeficiency virus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen.
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of the following symptoms: cough, generalized malaise,
headache, hoarseness, low-grade fever, nasal drainage, nasal
stuffiness, and sore throat.3,14,15 Influenza-like symptoms
were clinically defined as a respiratory tract infection of
viral etiology and acute onset, more severe than the common
cold, and consisting of one or more of the following symp-
toms: chest discomfort, fever of 1028F–1058F, myalgia, non-
productive cough, prominent headache, rhinitis, and sore
throat.3,14,15 Cold and flu-like symptoms could clinically
overlap or occur simultaneously. The incidence of cold or flu-
like symptoms was defined as the number of clinical occur-
rences reported during the entire 12-week study period.
Duration of symptoms was defined as the number of con-
secutive illness days, and severity was also recorded and
defined by a scale from 0 to 10 (least to most) as described by
the self-report diary. The primary objective of the clinical trial
was to determine whether a once-daily dose of the nutritional
intervention would reduce the incidence, duration, and=or the
severity of the common cold or influenza-like symptoms in
healthy human subjects with no recent history of seasonal
influenza vaccination. The statistical analysis software used
by the statistician was the R program (2.9.0), which can be
reviewed and obtained from www.r-project.org Final statis-
tical analysis on the outcomes utilized two-way analysis of
variance with EpiCor and placebo as treatment factor, and all
symptoms as another factor. Analysis of covariance was also
utilized when adjusting for covariates.

Results

Baseline characteristics for the EpiCor and placebo group
are shown in Table 2.

No statistical significance between baseline characteristics
of either group was identified.

The intervention significantly ( p¼ 0.01) reduced the inci-
dence of the common cold or flu-like symptoms compared to
placebo. A mean of 1.32 (95% confidence interval [CI] 1.25–
1.39) versus 1.51 (95% CI 1.37–1.65) clinical events occurred
between the intervention and placebo groups, and this result
remained significant regardless of the separate or combined
baseline status parameters. The intervention had a greater
impact on reducing the overall risk or incidence of 10 of the 11
specific symptoms compared to placebo, with the exception of
weakness. Duration was nonsignificantly ( p¼ 0.10) reduced
from 4.25 (3.54–4.96) to 3.59 symptom days (95% CI 3.14–4.03)
compared to placebo, and this result was again similar, re-
gardless of baseline status. Duration symptoms were also
reduced compared to placebo for 9 of the 11 parameters, with
the exception of chills and chest discomfort. Severity score

was not impacted by the intervention compared to the pla-
cebo ( p¼ 0.90), which was 3.57 (95% CI 3.26–3.89) to 3.60 (95%
CI 3.3–3.89). Fever was not impacted compared to placebo for
incidence, duration, or severity, and the event rate was low
overall (16 events compared to 14 events).

No abnormalities were found with any of the laboratory
serologic parameters when comparing the intervention at
baseline, to the intervention at 12 weeks, or when comparing
intervention to placebo. The intervention significantly re-
duced systolic ( p¼ 0.04) and diastolic ( p¼ 0.01) blood pres-
sure compared to placebo by 4 and 3 mm Hg, respectively.

The compliance rate (number of capsules consumed over
the study period) in the intervention versus the placebo group
was similar, with approximately 90% of capsules consumed.
The rate of reporting any adverse event(s) was 29% for EpiCor
and 48% for the placebo group, which is a significant differ-
ence ( p¼ 0.02). There were a total of 3 dropouts during the
trial, 1 in the placebo and 2 in the supplement group. Dropout
was due to the lack of subject compliance with the protocol.
None of the dropouts was for medication-related issues (in-
tervention or placebo).

Discussion

Seemingly never-ending myriad untested OTC options
for the prevention and relief of cold and flu-like symptoms
exist,10 and in the United States approximately $3 billion
annually is spent on cold preparations alone.21,22 Another
estimated $1 billion goes toward filling unnecessary antibi-
otics prescriptions for these viral etiologies.

The ongoing concern by the U.S. Food and Drug Admin-
istration over nonefficacious or unsafe remedies should con-
tinue to result in the need to enforce more stringent research
criteria for commercial availability and health claims.9–11 This
has been highlighted recently in studies that are challenging
some long-standing and widely available untested and un-
proven OTCs available to consumers in the United States with
simple and cost-effective home remedies.23,24 These results
should continue to generate thoughts about evidence-based
medicine or simply the lack of evidence in some areas of the
OTC market.

Additionally, despite nationally based educational ef-
forts, a large segment of the population continues to forgo
the seasonal influenza or other effective vaccinations.6,12,25

Knowledge of this documented discrepancy, its conse-
quences, an appreciation of the spectrum of flu-like signs
and symptoms and a lack of OTC data were sufficient rea-
sons for our research team to design and implement this
unique trial.

Table 2. Baseline Characteristics of the Intervention and Placebo Group

Baseline characteristic Intervention (n¼ 58) Placebo (n¼ 58)

Age (mean� SD) 37.1 (�13.5) 39.6 (�13.0)
Age range (years) 18–94 20–71
BMI (mean� SD) 26.9 (�5.8) 27.0 (�4.2)
Gender (% female) 57% 60%
Race (% white) 97% 97%
Smoking status—never=past (%) 83% 85%
Smoking status—current(%) 17% 15%

BMI, body–mass index.
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S. cerevisiae and=or products resulting from its fermentation
with various substrates seem to be an appropriate choice for
immune maintenance because of a long and notable clinical
history of safety and clinical efficacy.26,27 For example, one of
the largest randomized trials of dietary selenium supple-
mentation for cancer prevention demonstrated overall sig-
nificant reductions in total cancer incidence, colorectal,
prostate, and lung carcinoma. This trial utilized a modified
500 mg S. cerevisiae tablet that included 200mg of selenium, as
opposed to selenium by itself.28 A more recent large-scale
randomized trial of a combination low-dose nutritional sup-
plement intervention included 100mg of selenium that was
also S. cerevisiae-derived, and researchers found a significant
reduction in the risk of cancer in men, including prostate
cancer.29,30 No changes in hormone levels, prostate-specific
antigen, or insulin-like growth factor 1 were noted despite
these clinical benefits.30 These past observations, along with
the observations from our two trials, suggests that perhaps
other mechanisms exist whereby risk reduction is achieved.

EpiCor was developed by Embria Health Sciences, LLC, of
Ankeny, IA, and is classified as a dietary supplement.31 It
consists of S cerevisiae, grown under anaerobic and nutri-
tional stress, in association with the nutrients and metabo-
lites present in the fermentation broth, and in combination
desiccated into a powdered form.16 Over the last 60 years, a
commercial feed additive product for farm animals only,
based on this proprietary technology, has been utilized to
enhance immune function and to prevent disease. The
human-modified version of this product (EpiCor) has re-
cently been subjected to multiple laboratory safety, stability,
and efficacy investigations. It has demonstrated general and
specific anti-inflammatory properties and potential immune
support in humans with the stimulation of B-lymphocytes
and natural killer cells, 32 and significantly increased sali-
vary immunoglobulin A levels from a preliminary open label
study of 22 adults before this trial was initiated (data on file).
The same yeast species utilized in our trial may harbor a
unique immune-modulating capacity because it is also uti-
lized as the principal harvesting system for the current
hepatitis B vaccine (HBV).33 HBV is prepared via harvesting
surface antigen of hepatitis B from cell cultures of recombi-
nant strains of S. cerevisiae. Taken together, the objective and
subjective data, and the direct and indirect evidence from
S. cerevisiae-based technology were of an appropriate credi-
bility to attempt some initial stage of immune therapy in a
real-world setting.

EpiCor contains a series of macronutrients including fatty
acids, such as oleic acid, which is found in olive oil, for ex-
ample, and also a variety of soluble and insoluble dietary
fibers. It contains almost the entire series of B-vitamins and
minerals, but it is also unique in terms of its concentration of
phytosterols and phenolic compounds such as resveratrol.
Many of these individual compounds are at least the recip-
ient of beneficial laboratory and clinical studies in medicine
and immunology,34–38 but in the oral fermentate they may
synergistically garner an immune-modulating potential that
may have some clinical application.

The S. cerevisiae-derived fermentate in this trial was
not only safe but seems to provide some positive or no car-
diovascular changes including blood pressure reductions.
Similar to the ongoing paradigm with prescription preven-
tive medicines, a dietary supplement, in our opinion, needs

to have demonstrated some measure of safety, especially no
cardiovascular issues, before being considered in this OTC
category.

The results of this trial preliminarily espouse the previous
observations and data on this modified S. cerevisiae fermen-
tation product.16 Incidence was moderately reduced between
10% and 20%; however, a total of 11 of the 12 symptoms
decreased with this intervention. Duration of symptoms also
decreased, which translated into an almost entire day of
symptomatic reduction when cold and flu-like symptoms
occurred. Thus, in total, the immune-protective properties
seem consistent and noteworthy.

The overall strengths of this current study, especially for a
dietary supplement, are also numerous and noteworthy.
Based on strict and accepted methodological scoring sys-
tems utilized to analyze past clinical trials,39 our trial fulfilled
the majority of these criteria, which included (1) the large
number of participants; (2) randomization of group assign-
ment; (3) maintenance of the double-blind or treatment al-
location concealment; (4) baseline similarities of the groups;
(5) a withdrawal=dropout rate or narrow confidence inter-
vals unlikely to cause bias; (6) blinding of the outcome as-
sessors; (7) and a predefined primary outcome measurement
and result completely reported. In our opinion, these are
features, which are not commonly observed in OTC product
studies. In addition, the strict exclusion and inclusion crite-
ria, and the real-world setting of utilizing a product in a
nonvaccinated milieu further establish the integrity of the
observations. The financial cost to conduct such a clinically
robust trial is a further testimony to the investigative team
and the manufacturer of this product. Our research team also
found that once-a-day dosing is a benefit in terms of sim-
plicity and compliance issues.

Limitations of this clinical trial should also receive atten-
tion. More frequent clinical visits, albeit costly, would have
allowed for closer follow-up and more precise serologic ob-
servations. The standardized diary is an imperfect system of
measure, but was reviewed with each visit. Additional im-
munologic plasma, serum, urine, and imaging studies could
have further enhanced the accuracy of the trial, including the
duration and severity data. However, it should be reiterated
that the monitoring of primarily symptoms in the case of
colds and flu-like conditions remains the accepted standard
for primary outcome measures utilized in conventional med-
ical prescription drug and vaccine trials.40 It would have
also been advantageous to have information on workplace
or household contacts who have been vaccinated that could
potentially provide a herd immunity effect or a potential
immunologic shield for a clinical trial participant. Randomi-
zation should have provided balance in terms of this concern,
and it was reassuring to find no significant difference in
baseline health characteristics among the intervention and
placebo groups. Nevertheless, our recruitment methods failed
to attract a diversity of participants in terms of minority group
participation. This needs to be addressed and amended in
future trials. Finally, an intent-to-treat design was not utilized,
similar to the previous trial,16 but only 3 participants dropped
out of this study, and the overall methodology along with this
compliance rate and consistency in the findings from the past
and current trial should be sufficient, in our opinion, to ensure
confidence in the results with this intervention compared to
placebo.
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Conclusions

In conclusion, this randomized trial demonstrated that a
modified S. cerevisiae-based oral immunogenic fermentate
taken once daily is safe and significantly reduced the inci-
dence, and nonsignificantly reduced the duration of cold and
flu-like symptoms. This is now the second randomized,
double-blind, and placebo-controlled trial to date to demon-
strate the potential for this product to improve clinical end-
points in an otherwise healthy population, regardless of
vaccine history. These studies should potentially also serve as
at least minimal criteria, in our opinion, for the type of re-
search needed to establish credibility in the OTC market for
cold and flu-like symptom prevention.
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Skin prick test response to enzyme enolase of the baker’s yeast
(Saccharomyces cerevisiae) in diagnosis of respiratory allergy
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SUMMARY

Background: The aim of the study is to prove that Saccharomyces cerevisiae enolase, the major allergen of the
baker’s yeast, induces allergic immediate response in patients with inhalant allergy sensitized to Candida albi-
cans extract.
Material and methods: The study was performed in three groups of patients: I. 20 atopic patients with respirato-
ry allergy sensitized to Candida albicans and inhalant allergens (mite, feather, pollens) II. 30 patients with res-
piratory allergy, positive skin tests to inhalant allergens but negative skin tests to Candida albicans and other
fungi; III. 20 nonatopic, healthy individuals. Skin prick test of purified enolase from Saccharomyces cerevisiae
(bakers yeast) at concentration 1 and 10 mg/ml was performed in all groups. The results were documented
planimetrically.
Results: 95% of patients sensitized to Candida albicans extract showed positive skin reactions to
Saccharomyces cerevisiae enolase, 10% of patients of group II and none of the patients of the control group
had positive skin responses to enolase. The mean wheal size (mm2) in skin prick test to Candida albicans,
Saccharomyces cerevisiae enolase at concentration 10 mg/ml was x=15.17±11.08, 15.76±19.67 and at con-
centration 1 mg/ml 10.02±10.49, respectively.
Conclusions: 1. Saccharomyces cereviasiae enolase induces an immediate allergic reaction in skin in subjects
with respiratory allergy and positive skin prick test results to Candida albicans and other fungi. 2. Enolase can
be an important allergenic component of the Candida albicans extract.
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BACKGROUND

Among numerous factors causing allergic disorders,
fungi are considered to play an important role.
Microfungi unquestionably are an important aller-
gen source, and a principal cause of mould allergy.
High concentration of spores in ambient air and
their diameter allowing to penetrate distal airways
facilitate fungal respiratory allergy.

Sensitization to some fungal species is more preva-
lent than to other species. The significance of fungi

(Cladosporum herbarum, Alternaria alternata, Pe-
nicillum notatum, and Aspergillus fumigatus) in
pathophysiology of bronchial asthma and allergic
rhinitis is well recognized. Skin prick tests to their
extracts are positive in 5–16% of the whole popu-
lation, whereas the intracutaneous test, which is
regarded to be less specific and more sensitive than
prick test, is positive in as high a portion as 24% of
the population [1]. At least 12% of allergic subjects
are sensitized to Alternaria alternata, butt less than
7% may react to Cladosporum herbarum [1–3].
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Candida albicans coexists with man as a harmless
commensal in the digestive system and vaginal
tract and less frequently as an opportunistic patho-
gen but its role as allergen is disputed. Several pub-
lications have suggested that Candida albicans is
allergenic [4–7].

Other fungal species such as Pityrosporum ovale
and Saccharomyces cerevisiae do not induce respi-
ratory allergy but are an important pathogenic fac-
tor in urticaria and atopic dermatitis [7,8].

It was also observed that fungal allergy usually
coexisted with a sensitization to other extrinsic
aeroallergens.

A number of studies have been carried out on fun-
gal allergens until now. The significance of numer-
ous allergens including proteins (enolase and acid
protease) and polysaccharides (mannan) has been
reported [8–10]. A cross-allergenicity between
some fungal species has been also well document-
ed. It seems that one of the antigens responsible
for this phenomenon could be a glycolytic enzyme
enolase [10,12]. This enzyme has been proved to
be a major allergen of Saccharomyces cerevisiae
and Candida albicans, and one of allergens in
extracts of Cladosporium herbarum and Alternaria
alternata.

The aim of our study was to assess if enzyme eno-
lase, isolated from Saccharomyces cerevisiae, is
able to induce an immediate allergic reaction in
skin prick test in subjects with respiratory allergy/
skin allergy and positive skin prick test results to
Candida albicans, and whether it can be responsi-
ble for the cross-reactivity between the fungal
species.

MATERIAL AND METHODS

Subjects

The patients who entered the study were divided
into three groups. The group I consisted of 20
atopic subjects, 12 male and 8 female, age:
24.1±9.2 (mean±SD), suffering from allergic rhini-
tis and/or bronchial asthma. They had a positive
skin prick test to crude extract of Candida albicans.
They also had positive skin prick test responses to
some of the common extrinsic allergens: Dermato-
phagoides pteronyssimus, Dermatophagoides fari-
nae, feather, dog, cat, grasses. Additionally, they
had been tested to three fungal species Alternaria
alternata, Cladosporum herbarum, Penicillum no-

tatum: 11/20 showed positive reaction to Alter-
naria alternata, 9/20 to Cladosporum herbarum
and 6/20 to Penicillum notatum. Group II consist-
ed of 30 patients, 14 male and 16 female, age:
32.2±10.3, with symptoms of respiratory allergy
confirmed by positive skin prick test to inhaled
allergen extracts and negative skin tests to extracts
of tested fungi. All of the patients were free of
chest infections, had stable bronchial asthma and
received no antihistamine or systemic corticos-
teroids medication during the time of the study.
Group III (control) consisted of 20 subjects, 8 male
and 12 female, age: 20.9±3.1, without any symp-
toms of respiratory allergy, and with negative skin
prick test to inhaled allergens and fungal extracts.
Before skin testing, a full explanation of the proce-
dure had been given to all the participants and
their consent was obtained.

Study design

Skin tests

In all groups skin prick tests to panel inhalant aller-
gens, moulds, Candida albicans and enolase in
concentrations 1 mg/ml and 10 mg/ml (Sigma cat.
no. E 6126) were carried out according to Nordic
recommendations [11]. The patients’ skin was
wiped with 70 percent ethanol and allowed to dry,
after which the sites for testing were marked with a
pen. Extracts for testing were supplied as 1:10 glyc-
erinated solutions. One drop of each test extract
was applied in duplicate on the healthy skin using
a rubber bulb dropper, after which the skin was
punctured through the drop with a sterile skin test
lancet. To help avoid carryover of allergen from
one test site to another, a separate needle was
employed for each test extract. The needle punc-
tures were deep enough to penetrate the epider-
mis but not to draw blood. After the puncture was
made, the drop of allergen was wiped away after
the time of two minutes. The results were mea-
sured after 20 minutes with a weal diameter
exceeding 3 mm and more than 50% histamine
test results regarded as positive. The positive test
results were patterned on a transparent film to
obtain a planimetric evaluation. The weal areas
were compared and the final results were
expressed in sq. mm.

Solution of histamine dihydrochloride 1 mg/ml was
used as a positive control and saline-glycerol solu-
tion as a negative control. Positive and negative
control tests were placed whenever a patient
underwent skin testing. The negative control test
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may aid in identifying patients who reacted non-
specifically or exhibited dermographism to the
minor skin trauma associated with testing. The pos-
itive control was done to prove if the skin reactivity
was not diminished, for example by medications
such as antihistamine preparations or psychotropic
drugs.

All skin prick tests were performed on the volar
aspect of the forearm with a distance of 5 cm
between points.

All the allergens were fresh and used for the study
only. Inhaled allergen extracts were manufactured
by Allergopharma (Allergopharma Hamburg Ger-
many).

RESULTS

All the study patients had negative results of the
negative control test and positive results with hista-
mine.

Out of the 20 atopic patients with respiratory aller-
gy, whose skin tests showed positive responses to
C. albicans and C. herbarum or/and A. alternata,
75% (15/20) had positive skin responses to enolase
Saccharomyces cerevisiae at concentration of 1
mg/ml and 95% (19/20) positive reaction for eno-
lase at concentration of 10 mg/ml. The mean
weal areas of skin test with C. albicans was
15.17±11.08 mm2 while the mean weal area of
skin test with enolase at concentration of 10 mg/ml
was 15.76±19.67 mm2. Attention should be paid
to the fact that skin prick areas to Candida albicans
and Saccharomyces cerevisiae enolase have been
very similar.

Among patients from group II with signs of atopy
but without fungal sensitization (all skin tests with
fungal allergens were negative) we have found
highly positive skin prick test to enolase in three
cases i.e. in 10% (3/30). In these patients the mean
wheal area of skin test with enolase was
12.3±10.09 mm2.

We have not observed any positive skin tests to
enolase in control group subjects at either concen-
tration.

DISCUSSION

In the study group of atopic patients suffering from
respiratory diseases and sensitive to Candida albi-
cans, we have shown that 95% of the individuals

manifested positive skin test results with baker’s
yeast enolase. Moreover, the results were very sim-
ilar to the ones obtained in skin test with Candida
albicans. Positive skin test to Saccharomyces cere-
visiae enolase does not necessarily indicate a sensi-
tization to this yeast, but may be a sign of an aller-
gy to Candida albicans or even a different fungal
species, which probably results from cross-reactivi-
ty among different fungal species.

Saccharomyces cerevisiae, the baker’s yeast, is
commonly used in foods. It may be also responsi-
ble for symptoms of chronic urticaria as well as
atopic dermatitis. Positive skin prick tests to Sa-
ccharomyces cerevisiae and/or Pityrosporum ovale
and /or Candida albicans are seen in as high a por-
tion as 70-94% of patients with atopic dermatitis
[8]. Some of the subjects with severe recurrent
type of this disease synthesize also specific IgE anti-
bodies against these yeasts [8,9]. Saccharomyces
cerevisiae, contrary to other species, is not respon-
sible for respiratory allergy apart from its possible
role in the pathophysiology of baker’s asthma.
Hence a likelihood of its allergic impact in the
study group of patients suffering from allergic respi-
ratory diseases is very low.

Studies on the allergenic compounds of yeasts
have shown that one of the major yeast allergens
seems to be 51kD protein – enzyme enolase [12].
As it was proved by Baldo and Backer, among 47
subjects with positive skin prick test to baker’s
yeast, 23 reacted positively to enolase at concen-
tration 10 mg/ml. Specific IgE against Saccharo-
myces cereviasiae enolase was detected in 22
patients among 32 with specific IgE against yeast
extract [9]. The other important Saccharomyces
cerevisiae allergens are: mannan – a compound of
the cellular wall and enzyme alcohol dehydroge-
nase. These allergens are also detected in extracts
of other fungi i.e. Candida albicans, Alternaria
alternata and Cladosporum herbarum and may be
responsible for cross-reactivity among various
yeasts species. In spite of some structural similarity
(homologous aminoacid sequence) between diffe-
rent types of enolase, antigenic determinants are
not necessarily identical. Various enolases may
have, besides common, their own epitopes for IgE
antibodies. It could explain the fact, described by
Sovolainen, that Saccharomyces cerevisiae enolase
was able only in part to block binding Candida
albicans enolase in immunoblotting reaction [6].

Positive skin test results with Saccharomyces cere-
visiae in atopic individuals suffering from atopic
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respiratory diseases but having negative skin test
results with Candida albicans, Alternaria alternata,
Cladosporum herbarum, and Penicillum notatum
can be also accounted for by the phenomenon of
cross-reactivity among fungal species. The fact can
be explained in twofold manner: the studied indi-
viduals are either sensitive to baker’s yeast, which
however is not supported by clinical observation,
or they are sensitive to a fungal species cross-reac-
tive with baker’s yeast enolase, not included in the
present study.

These patterns of cross-reactivity are considered as
important factors in pollen allergy and food allergy.
Cross reactivity is also significant in fungal allergy. If
fungal allergy is to be properly diagnosed and man-
aged, the limits and extent of these patterns must
be determined.

The importance of enolase in immunopathophysi-
ology of respiratory allergy has not been entirely
clarified yet. Further clinical investigations will be
required to evaluate the role of this enzyme in the
cross-reactivity with other yeast species.

The study suggests diagnostic usefulness of a scree-
ning test with Saccharomyces cerevisiae enolase in
the diagnosis of individuals suspected of fungal
allergy.
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ABSTRACT

We describe a patient who presented with dry cough, low-grade fever, and focal

patchy shadow of pulmonary infiltrates. Remarkably, the prospective etiological

agent, Saccharomyces cerevisiae was purely and repeatedly cultured from her sputum.

Allergic bronchopulmonary mycosis (ABPM) was diagnosed based on clinical,

serological, and pathological criteria. Although the patient described here satisfied

only three of the criteria, the conclusion that the allergic bronchopulmonary disease in

our case was induced by S. cerevisiae was made based on the following evidence: 1)

S. cerevisiae was repeatedly isolated from the patient’s sputum, 2) anti-S. cerevisiae

antibody was detected in her serum, and 3) bronchoprovocation test to S. cerevisiae

antigen was positive. We present here a case of allergic bronchopulmonary fungal

disease caused by S. cerevisiae antigen.

Key Words: Allergic bronchopulmonary fungal disease; Saccharomyces cerevisiae;

Environmental survey; Bronchoprovocation test.

A number of fungal species may cause respiratory

disorders, including allergic bronchopulmonary aspergil-

losis (1), bronchial asthma (2), eosinophilic pneumonia

(3–5), eosinophilic bronchitis (6,7), and atopic cough

(8–11). In some patients with allergic pulmonary

disorders, the causative substrates can be successfully

identified: drugs (12–14), parasitic and fungal infection

(15,16), and allergic bronchopulmonary mycosis

(ABPM) (17–19). We previously reported the impor-

tance of repeated sputum culture and environmental

survey (5–8) for investigating the etiological agent

in allergic pulmonary diseases. In the present study,
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ORDER                        REPRINTS

we investigated a case of allergic bronchopulmonary

fungal disease. Because Saccharomyces cerevisiae was

purely and repeatedly cultured from the sputum of the

patient, we investigated whether the fungus was an

etiological agent.

CASE REPORT

A 25-year-old female was admitted to our hospital

on January 14, 2000 because of dry cough, low-grade

fever, and focal patchy shadow of pulmonary infil-

trates. Further questioning revealed that the patient had

been indeed healthy without a history of atopic di-

seases until the onset of the present illness. She was an

office worker and lived with her family in an apart-

ment house that was built 20 years ago and had scant

direct sunlight. She was a never smoker.

Physical examination revealed the following: tem-

perature 37.2� C; blood pressure 106/66 mmHg; heart

rate 82 beats/min. The conjunctivae were not anemic or

icteric. Cardiac examination was entirely within normal

limits. Auscultation of the lungs revealed late inspiratory

fine crackles on the right lung field without wheezes or

rhonchi. Laboratory studies revealed that the white blood

cell count (WBC) was 7200 mL with a differential of

90.4% segmented neutrophils, 7.2% lymphocytes, 1.5%

monocytes, and 0.3% eosinophils. The hemoglobin level

was 13.0 g/dl with a hematocrit value of 40.1%. The

erythrocyte sedimentation rate was 20 mm/hr. The C-

reactive protein was 5.6 mg/dl and the IgE level was 230

U/mL. Specific IgE antibodies to six common aeroaller-

gens including Aspergillus fumigatus were negative. The

following laboratory findings were normal or negative:

urinalysis, stools for ova and parasites, serum electro-

lytes, total protein, albumin, and bacterial and mycobac-

terial cultures of sputum. Chest radiographs taken upon

admission (Figure 1) showed consolidation on the right

lung field. Chest CT scan taken upon admission

(Figure 2) showed a cylindrical shadow surrounded by

small granular shadows in the right S5.

Pulmonary function test using the Collins DS sys-

tem, which was performed according to the standards

of the American Thoracic Society, (20) revealed a

forced vital capacity (FVC) of 3.34 L (108.1% of

predicted value), forced expiratory volume in 1 second

(FEV1) of 3.17 L (101.0% of predicted value), and

FEV1/FVC ratio of 94.9%.

Differential cell analysis of bronchoalveolar lavage

fluid (BALF) revealed 59% alveolar macrophages,

34% lymphocytes, 6% neutrophils, 1% eosinophils, and

an increased absolute total cell count of 1.7�106 cells/

mL. Histological examination of transbronchial bron-

chial biopsy (TBBB) specimens obtained from the

bifurcation of the right B6 and the right lower bronchus

(Figure 3) showed extensive eosinophil infiltration into

the bronchial mucosa.

Because S. cerevisiae was purely and repeatedly

cultured from the patient’s sputum, it was suspected

that eosinophilic bronchitis without asthma in this case

might have been caused by S. cerevisiae.

For the preparation of fungal antigenic solutions

(5–8), the fungus was cultured on medium (1%

peptone, 2% glucose) containing 0.5% yeast extract

for 20 days and dried by acetone. Skin tests with the

fungal antigens were performed by intradermal injec-

tion of 0.02 mL of the antigen solution (1 mg/mL). The

immediate (15 min) skin reaction was positive for

S. cerevisiae but both the immediate and delayed (48 h)

skin reactions were negative for Penicillium janthinel-

lum as a control. The serum antifungus antibody titers

measured by the Ouchterlony method were �64 for

Figure 1. Chest radiographs on admission showed consoli-

dation on the right lung field.
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S. cerevisiae and �8 for P. janthinellum, respectively

(Table 1).

Seven days after admission, the patient’s coughing

gradually improved in response to beclomethasone di-

propionate (BDP) inhalation therapy (600 Lg/day), and

a chest radiograph showed further resolution. Although

BDP therapy was discontinued upon discharge from

our hospital, the patient’s coughing had subsided on

February 10 and S. cerevisiae had disappeared from

her sputum.

On May 9, upon obtaining informed consent, the

patient was readmitted for antigen bronchoprovocation

testing (21) using S. cerevisiae and P. janthinellum

antigens. A 2 mL dose of culture-filtrate antigen

solution (1 mg/mL) was inhaled by tidal mouth

breathing from a Devilbiss 646 nebulizer (Devilbiss

Co, Somerset, PA) operated by compressed air at 5 L/

min. The bronchoprovocation test using P. janthinellum

antigen was negative but that using S. cerevisiae

antigen was considered positive. The patient exhibited

Figure 3. Histological examination of transbronchial bronchial biopsy (TBBB) specimens obtained from the bifurcation of the

right B6 and the right lower bronchus showed extensive eosinophil infiltration into the bronchial mucosa (H.E. stain �50).

Figure 2. Chest CT scan on admission showed a cylindrical shadow surrounded by small granular shadows in the right S5.
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a coughing attack, a high fever (38.2� C), and a ticklish

throat within 15 min, and the serum C-reactive protein

(CRP) (from 0.4 to 1.6 mg/dl) and sputum eosinophils

(from 40% to 70%) increased on the day after the

provocation with S. cerevisiae antigen (Table 2). These

symptoms disappeared within 3 days after the chal-

lenge, and the eosinophil levels in her sputum grad-

ually decreased to 6% on June 19.

DISCUSSION

Saccharomyces cerevisiae (22), also known as

brewer’s or baker’s yeast, is an ascomycetous yeast that

is used in the production of baked goods, beer, and wine,

and is occasionally found in health foods. Rarely, Sac-

charomyces has been reported to cause disease in humans

(23). Reports of invasive infection by S. cerevisiae are

few but include vaginitis (24,25), endocarditis, and

pneumonia treated with prolonged antimycotic drug

therapy. However, to our knowledge, allergic pneumo-

nitis caused by S. cerevisiae has not been previously

reported. We present a case of allergic bronchopulmon-

ary fungal disease caused by S. cerevisiae antigen.

In the present case, S. cerevisiae was morpholog-

ically identified and purely and repeatedly cultured

from the patient’s sputum. The immediate type skin

reaction was positive for S. cerevisiae and a high titer

of anti-S. cerevisiae antibody was detected in the

patient’s serum. Furthermore, an inhalation broncho-

provocation test (21) using S. cerevisiae antigen was

positive. Allergic bronchopulmonary mycosis is usually

diagnosed by clinical and serological criteria, and

detection of the fungus is not necessarily important

for its diagnosis. The following clinical symptoms

are used: 1) asthma, 2) a history of infiltrates on chest

X-ray, 3) peripheral blood eosinophilia, 4) elevated

total serum IgE, 5) immediate cutaneous reactivity to

the particular fungus in question, 6) elevated specific

IgE and IgG to the fungal antigen, and 8) presence or

absence of central bronchiectasis (26). Although the

Table 2. Clinical and laboratory findings in the inhalation

challenge test.

Penicillium

janthinellum Before 15 min 6 hr 48 hr

Symptoms (�) (�) (�) (�)

B.T.(�C) 36.7 36.6 36.6 36.4

Labolatory findings

CRP(mg/dl) 0 0

WBC(/mL) 4900 5100

Eosinophil (%) 9.1 7.5

Cough threshold

to capsaicin

(mM)

15.6 31.3

Chest X-ray Normal No change

Saccharomyces cerevisiae

Before 15 min 6 hr 48 hr

Symptoms (–) chill. cough (–) (–)

B.T.(�C) 36.6 38.2 36.9 36.8

Laboratory findings

CRP(mg/dl) 0.4 1.6

WBC(/mL) 5900 6400

Eosinophil(%) 4.1 3.4

Eosinophil in

sputum(%)

40 70

Pulmonary function test

FVC1 3.26 3.34

FEV1.0(l) 3.11 3.13

% DLco (%) 82.4 79.7

Cough threshold

to capsaicin

(mM)

31.3 31.3

Chest X-ray Normal No change

Table 1. Allergologic findings.

1) Skin reaction

Immediate Late (6 hr) Delayed (48 hr)

Saccharomyces cerevisiae 6�7/28�23 0�0/6�7 0�0/4�4

(husband) 0�0/0�0 0�0/0�0 0�0/0�0

Penicillium janthinellum 4�4/4�4 0�0/0�0 0�0/0�0

(husband) 0�0/0�0 0�0/0�0 0�0/0�0

2) Precipitating antibody

Saccharomyces cerevisiae �64

(husband) �4

Penicillium janthinellum �8

(husbnad) �4
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patient described here satisfied only three criteria—

eosinophilic bronchitis without asthma, intermittent

pulmonary infiltrates, and precipitins against fungus,

the conclusion that the allergic bronchopulmonary

disease in our case was induced by S. cerevisiae was

made based on the following evidence: 1) S. cerevisiae

was repeatedly isolated from the patient’s sputum,

2) anti-S. cerevisiae antibody was detected in her se-

rum, and 3) bronchoprovocation test using S. cerevisiae

antigen was positive.

We previously proposed that beclomethasone dipro-

pionate (BDP) inhalation therapy is effective for treating

eosinophilic tracheobronchitis with airway cough hyper-

sensitivity [diagnostic label ‘‘atopic cough’’ (8–11)].

Therefore, we applied the same therapy to this case of

eosinophilic bronchitis. The patient’s symptoms and

patchy shadows on her chest X-ray gradually disap-

peared and S. cerevisiae cultured from her sputum

diminished with the BDP inhalation therapy without

administration of any antifungal agents. This therapy for

eosinophilic bronchitis may repair the damaged muco-

cilliary transport, which would exclude the S. cerevisiae

that had colonized the airway tract. As a result, various

serological criteria for ABPM may remain within normal

limits. Performing the sputum culture repeatedly in

combination with routine serological testing to investi-

gate the etiological agent in allergic bronchopulmonary

fungal disease seems a useful approach.

ABBREVIATIONS

ABPM allergic bronchopulmonary mycosis

S. cerevisiae Saccharomyces cerevisiae

FVC forced vital capacity

FEV1 forced expiratory volume in 1 second

BALF bronchoalveolar lavage fluid

TBBB transbronchial bronchial biopsy

P. janthinellum Penicillium janthinellum

BDP beclomethasone dipropionate
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Abstract

Food products fermented by lactic acid bacteria have long been used for their proposed health promoting properties.
In recent years, selected probiotic strains have been thoroughly investigated for specific health effects. Properties
like relief of lactose intolerance symptoms and shortening of rotavirus diarrhoea are now widely accepted for
selected probiotics. Some areas, such as the treatment and prevention of atopy hold great promise. However,
many proposed health effects still need additional investigation. In particular the potential benefits for the healthy
consumer, the main market for probiotic products, requires more attention. Also, the potential use of probiotics
outside the gastrointestinal tract deserves to be explored further. Results from well conducted clinical studies will
expand and increase the acceptance of probiotics for the treatment and prevention of selected diseases.

Abbreviations: IBD – Inflammatory bowel disease; CD – Crohn’s disease; UC – Ulcerative colitis

Introduction

The development of probiotics during the past dec-
ade has signalled an important advance in the food
industry transferring to towards the development of
functional foods. The term probiotic, popularised by
R. Fuller in 1989, was defined recently by an Ex-
pert Committee as ‘Living micro-organisms which
upon ingestion in certain numbers exert health be-
nefits beyond inherent general nutrition’ (Guarner &
Schaafsma 1998). Such a definition does not require
changes in intestinal microflora or so-called ‘col-
onisation’ or temporary colonisation of the human
gastrointestinal tract as the probiotic organism can
exert its effects locally or during transient passage
through the gastrointestinal system. This definition,
however, still sets the requirements that the micro-
organisms must be alive, not pasteurised or otherwise
inactivated. Although specific numbers are not men-
tioned in the definition, generally it is thought that
at least 109 colony forming units per day need to
be ingested. Health benefits must be scientifically es-
tablished by clinical studies in humans performed by
several independent research groups and published in
peer-reviewed journals.

The definition may be changing little by little as
especially Japanese scientists have shown that also in-
activated probiotic micro-organisms or their cell struc-
tures may have beneficial effects on human health.
This has led to new definitions of probiotics and may
change the way we look at probiotics in the future (Lee
et al. 1999; Salminen et al. 1999).

Micro-organisms used as probiotics

Microbes from many different genera are being used
as probiotics (Table 1). The most commonly used
strains are members of the heterogeneous group of
lactic acid bacteria; lactobacilli, enterococci and bi-
fidobacteria. In particular lactobacilli are generally
used as probiotics. This may have historical reas-
ons since Metchnikoff proposed that the lactobacilli
present in yoghurt would have a health promoting
effect. Also, the most common means of adminis-
tration is still a fermented dairy product. However,
other microbes and even yeasts have been developed
as potential probiotics during recent years (Table 1).

The choice what microbe to use as a probiotic
is determined by many different factors (Table 2).
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Table 1. Microbes used as probiotics and their documented health benefits in human clinical trials

Genus Species Example strains Health benefit Reference

Lactobacillus acidophilus La5 Reduced antibiotic Black et al. 1991

associated diarrhoea

casei Shirota Shortening of Sugita & Togawa 1994

rotavirus diarrhoea

Reduced recurrence of Aso et al. 1995

superficial bladder cancer

Immune modulation Nagao et al. 2000

crispatus

fermentum KLD

johnsonii La1 Improved oral Link-Amster et al. 1994

vaccination

Reduced colonisation by Felley et al. 2001

Helicobacter pylori

paracasei F19

plantarum 299v Relief of irritable Niedzielin et al. 2001

bowel syndrome

Reduction of Bukowska et al. 1998

LDL-cholesterol

reuteri SD2112 Shortening of Shornikova et al. 1997

rotavirus diarrhoea

rhamnosus GG Shortening of rotavirus Guandalini et al. 2000

diarrhoea

Immune modulation Kaila et al. 1992

Relief of inflammatory Gupta et al. 2000

bowel disease

Treatment and prevention Kalliomäki et al. 2001b;

of allergy Majamaa & Isolauri 1997

salivarius UCC118 Reduced symptoms Mattila-Sandholm et al. 1999

of inflammatory bowel

disease

Bifidobacterium breve Reduced symptoms of Brigidi et al. 2001

irritable bowel disease

longum BB536

lactis Bb12 Treatment of allergy Isolauri et al. 2001

Shortening of rotavirus Saavedra et al. 1994

diarrhoea

Reduced incidence of Black et al. 1989

travellers diarrhoea

Improved oral vaccination Link-Amster et al. 1994

Propionibacterium freudenreichii JS

Bacillus subtilis

cereus toyoi

Escherichia coli Nissle 1917 Fewer relapses of Malchow 1997

inflammatory bowel disease

Enterococcus faecium SF68

Saccharomyces cerevisiae boulardii Fewer relapses of Guslandi et al. 2000

inflammatory bowel disease
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Table 2. Main properties for probiotic bacteria

Property Benefit

Resistance to pancreatic enzymes, acid and bile Survival of passage through the intestinal tract

Adhesion to the intestinal mucosa Immune modulation

Pathogen exclusion

Enhanced healing of damaged mucosa

Prolonged transient colonisation (?)

Human origin Species specific interactions with the host

Documented health effects Proposed health effects are ‘true’

Safe No health risk to consumer

Good technological properties Strain stability

Production at large scale

Oxygen tolerance

In order to survive passage through the gastrointest-
inal tract, resistance to low pH, bile and pancreatic
enzymes are important. Acid and bile tolerance can
be easily monitored and they are considered intrinsic
properties of lactic acid bacteria. Thus, in fermen-
ted milks acid stability is already required during
the fermentation. Adhesion to the intestinal mucosa
is considered important for immune modulation (the
intestine is the largest immune organ of the body),
pathogen exclusion, enhanced healing of damaged
mucosa and prolonged transient colonisation. To ob-
tain reasonable assurance on adherence, the use of at
least two different test systems is required to describe
both mucus and epithelial adhesion which represent
the early and late stages of adherence to the mucosa.
Human origin is thought to be important for host spe-
cific interactions by the probiotic, although e.g. S.
cerevisiae (boulardii) is not of human origin. The mi-
crobes administered should obviously be safe. This
is, however, often not specifically assessed. Lacto-
bacilli and bifidobacteria are simply considered safe
based on their taxonomic position. Although this may
seem improper, it is difficult to assess the safety of
generally non-pathogenic species. In practice, the first
human feeding trial will also be the first safety trial,
although this is often not recognised as such. Finally,
potential probiotics need to have good technological
properties so that they can be cultured on large scale,
have an acceptable shelf life and, in case of application
in fermented products, contribute to a good taste.

Lactobacilli have often good resistance to the in
vivo stresses, as described in the next section, and sev-
eral strains have good technological properties. This
may, in addition to the historical reasons, explain

their frequent use as probiotics. Bifidobacteria are
also commonly used, though less then lactobacilli.
They are sensitive to oxygen and have more strict
growth requirements. This makes them technologic-
ally more difficult to use. The other probiotic species
are, with the exception of propionibacteria and entero-
cocci, usually not used in fermented products but as
dietary supplements, in capsules, powders, etc.

Gut mucosal barrier: first line in host defence

The gastrointestinal tract is a complex microenviron-
ment where the cells of the largest lymphoid organ
of the human body interface with a myriad of endo-
genous and exogenous stimuli. The intestinal mucosa
provides protective host defence to the constant pres-
ence in the gut lumen of antigens from food and the
normal microflora.

Protection against potentially harmful agents is
ensured by a number of factors including saliva, gast-
ric acid, peristalsis, mucus, intestinal proteolysis,
intestinal flora, and epithelial cell membranes with
the intercellular junctional complexes (Sanderson &
Walker 1993). Together with the well-functioning im-
munological defence, these processes provide antigen
exclusion in the gut. However, there are specialised
antigen transport mechanisms in the villous epithelium
(Ducroc et al. 1983). Antigens are absorbed across the
epithelial layer by transcytosis, and here the main de-
gradative pathway entails lysosomal processing of the
antigen. This second line of defence, immune elimina-
tion, is directed towards removal of antigens that have
penetrated the mucosa. A minor pathway allows the
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transport of unprocessed antigens (Isolauri 1999; Hey-
man & Desjeux 2000). The immunological regulation
takes place in several compartments: aggregations of
lymphoid cells in follicles and the Peyerþs patches,
distributed within the mucosa and in the intestinal
epithelium, as well as in secretory sites (Brandtzaeg
1995). The intraepithelial T-lymphocytes have mainly
a suppressor/cytotoxic phenotype, while the lamina
propria cells show the helper/inducer phenotype. Pey-
erþs patches, crucial in determining the subsequent
immune responses to the antigen, are covered by the
M-cells. In general, antigen transport across this epi-
thelium is characterised by rapid uptake and reduced
degradation (Ducroc et al. 1983).

The lamina propria is also endowed with lymph-
ocytes belonging to the B-cell lineage. IgA anti-
body production is abundant at mucosal surfaces,
where secretory IgA is present in dimeric or poly-
meric form. Secretory IgA is relatively resistant to
intra-luminal proteolysis and does not activate com-
plement or inflammatory responses. There are dif-
ferences between the upper and lower parts of the
human gut-associated immune system in the iso-
type distribution of immunoglobulin-producing cells
(Brandtzaeg 1995; Salminen et al. 1998). IgA1 im-
munocytes predominate in the small intestine while
IgA2-producing cells are most frequent in the colon,
the latter being more resistant to bacterial proteases.
The secretory IgA antibodies in the gut are part of
the common mucosal immune system including res-
piratory tract and lacrimal, salivary and mammary
glands. Consequently, an immune response initiated in
the gut-associated lymphoid tissue can affect immune
responses at other mucosal surfaces.

The intestine’s mucosal surface provides a defence
barrier against antigens encountered by the enteric
route. As a result of the barrier function, systemic
hyporesponsiveness to antigens such as food proteins,
oral tolerance, is a hallmark of the intestinal immune
system. In this system also a balance is generated and
maintained between the host and the normal resid-
ent microflora. In addition to antigen degradation and
thereby participating in tolerance induction, intestinal
colonisation acts as an important endogenous stimu-
lus for the maturation of the gut-associated lymphoid
tissue (Helgeland et al. 1996). So far, the human gut
microflora is still an unexplored organ of host de-
fence and its impact in health and disease may be
stronger than currently known. As stated by MacDon-
ald (2001): “It is likely that the normal flora also
produces immunoregulatory molecules and it is not

entirely unfeasible that the disease-free state of the gut
in normal individuals is caused by the flora and not by
sophisticated immunoregulatory circuits”.

Health effects of probiotics

Probiotic therapy and modulation of the intestinal
microflora

The original idea with probiotics has always been to
change the composition of the normal intestinal micro-
flora from a potentially harmful composition towards
a microflora that would be beneficial for the host. In
general this would mean a reduction in the number of,
e.g. coliforms and clostridia and an increase in lacto-
bacilli and/or bifidobacteria. Probiotics that survive
gastrointestinal transit are likely to cause an increase
in faecal levels of that particular genus, especially
when initial levels were low. Due to competition for
adhesion sites and nutrients, and possibly the produc-
tion of antimicrobial substances, levels of certain less
desirable genera can decrease. A concomitant increase
in faecal levels of genera other than the probiotic
consumed has also been observed for certain probiot-
ics. E.g. consumption of L. rhamnosus GG has been
observed to be associated with an increase in faecal
bifidobacteria (Benno et al. 1996) and consumption
of L. salivarius UCC118 caused an increase in faecal
Enterococcus levels (Mattila-Sandholm et al. 1999).

It is obvious that avoiding colonisation by patho-
gens and reducing the risk for over growth of potential
pathogenic bacteria is beneficial to the host. However,
in some cases too much emphasis is placed on this
change in microflora composition without considering
the actual health benefit. A mere change in intestinal
microflora composition is not a sufficient biomarker
for a potential health benefit of a given probiotic strain.
Moreover, for some health effects, like immune mod-
ulation, it may not be necessary to obtain a measurable
modification of the intestinal microflora composition.

Immune modulation by probiotics

The demonstration that in the absence of the intestinal
microflora antigen transport is increased indicates that
the gut microflora is an important constituent in the in-
testines defence barrier. In affecting the development
of gut-associated lymphoid tissue at an early age the
gut microflora directs the regulation of systemic and
local immune responsiveness, including hyporespons-
iveness to antigens derived from micro-organisms and
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food. Experimental animals lacking interleukin-10 or
transforming growth factor-β generate a mucosal in-
flammatory response to the resident gut microflora
(Groux et al. 1999). The role of the intestinal micro-
flora in oral tolerance induction has been investigated
in germ-free mice (Sudo et al. 1997). In contrast to
control mice, germ-free animals were seen to main-
tain their tendency to a systemic immune response,
for example production of IgE antibodies, upon oral
antigen administration. Abrogation of oral tolerance
was due to the absence of intestinal flora. The aber-
rant IgE response could be corrected by reconstitution
of the microflora at the neonatal stage, but not at a
later age. In human infants, colonisation has been
associated with the maturation of humoral immune
mechanisms, particularly of circulating IgA- and IgM-
secreting cells (Grönlund et al. 2000), reflecting the
dependency of the regulation of the mucosal immune
response on the normal gut microflora.

In several gut-related inflammatory conditions the
healthy host-microbe interaction is disturbed and in-
flammation is accompanied by imbalance in the intest-
inal microflora in such a way that an immune response
may be induced by resident bacteria (Isolauri 1999).
Normalisation of the properties of unbalanced indi-
genous microflora by specific strains of the healthy gut
microflora constitutes the rationale in probiotic ther-
apy. The success of probiotic therapy manifests itself
in normalisation of the increased intestinal permeabil-
ity and altered gut microecology, improvement of the
intestine’s immunological barrier functions and alle-
viation of the intestinal inflammatory response. The
targets for probiotic therapy are identified as clinical
conditions involving impaired mucosal barrier func-
tion, particularly infectious and inflammatory diseases
(Isolauri 2001).

Probiotics and allergic disease

The prevalence of atopic diseases has been progress-
ively increasing in Western societies. The hygiene
hypothesis conceives the rapid increase in atopy to be
related to reduced exposure to microbes at an early age
and subsequent lower number of infections in early
life (Strachan 1989). This is related to smaller fam-
ily size, vaccinations, consumption of almost sterile
food and over hygienic practices in Western societies,
which may cause the infants immune system to de-
velop an inflammatory response. The earliest and most
massive source of such exposure is associated with
the establishment of the gut microflora. Indeed, differ-

ences in the neonatal gut microecology were recently
documented as being associated with the development
of atopic diseases (Kalliomäki et al. 2001a).

The T helper (TH) 2 responder phenotype is as-
sociated with enhanced production of IgE antibodies
against ubiquitous environmental antigens, eosino-
philia, and consequently constitutes a hallmark of
atopic diseases. Specific strains of the gut micro-
flora have been shown to contribute to the generation
of counter-regulatory TH1- and TH3-type immune
responses (Isolauri et al. 2001). In addition, these con-
tribute to the processing of food antigens in the gut
and reduce their immunogenicity in vitro and in vivo,
together with a potential to dampen inflammatory re-
sponses to these antigens (Sütas et al. 1996; Majamaa
et al. 1997; Isolauri et al. 2000; Pessi et al. 2000a).

The regulatory role of probiotics in allergic dis-
ease was first emphasised in a demonstration of a
suppressive effect on lymphocyte proliferation and
interleukin-4 generation in vitro (Sütas et al. 1996).
Subsequently, the immunoinflammatory responses to
dietary antigens in allergic individuals were shown to
be alleviated by probiotics, this being partly attrib-
utable to enhanced production of anti-inflammatory
cytokines, e.g. interleukin-10 (Pessi et al. 2000b) and
transforming growth factor-β (Haller et al. 2000), and
partly due to control of allergic inflammation in the gut
(Majamaa & Isolauri 1997). The mucosal dysfunction
caused by inflammation, characterised by the altered
rate, route and mode of antigen presentation, is sta-
bilised by probiotics (Isolauri 2001). So far, clinical
effects have been seen as a significant improvement in
the course of atopic eczema in infants given probiotic-
supplemented elimination diets (Majamaa & Isolauri
1997; Isolauri et al. 2000). The preventive poten-
tial of probiotics in atopic disease has recently been
demonstrated in a double-blind, placebo-controlled
study (Kalliomäki et al. 2001b). Probiotics admin-
istered pre- and postnatally for 6 months to children
at high risk of atopic diseases succeeded in reducing
the prevalence of atopic eczema to half as compared
with that in infants receiving placebo.

Probiotics in diseases of the gut

Probiotics have traditionally been used to treat disease
related to the gastrointestinal tract, although other dis-
eases have also been suggested to be relieved by the
use of probiotics.
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Lactose intolerance

Lactose intolerance, or more correctly lactose
maldigestion, is caused by a reduced production of β-
galactosidase. This is a normal condition in all adult
mammals, with the exception of people from north-
west European decent, and should therefore not be
considered a disease as such. In these subjects, con-
sumption of lactose leads to an increased osmotic load
in the small intestine with subsequent secretion of flu-
ids which leads to loose stools (Launiala 1968). The
origin of the abdominal pain that is associated with the
consumption of lactose by lactose maldigesting sub-
jects is not well understood though it does not appear
to relate to the production of gasses from the fermenta-
tion of lactose by the intestinal microflora (Lasser et al.
1975). Fermented milk products have been observed
to be tolerated well by lactose maldigesters as com-
pared to milk. This can be explained by the presence
of β-galactosidase in the bacteria fermenting the milk.
Upon ingestion, the bacteria are lysed by bile in the
small intestine, the enzyme is released and degrades
lactose. In addition to this, the more viscous proper-
ties of fermented milks, compared to plain milk, gives
them a longer gastro-caecal transit time, thus further
aiding digestion of lactose (Vesa et al. 2000). This be-
neficial effect is usually more associated with products
fermented with L. delbrueckii subsp. bulgaricus and
S. thermophilus. To what extend probiotics contribute
to relief of lactose intolerance symptoms is uncertain,
some probiotics like, e.g. L. rhamnosus GG are not
able to ferment lactose.

Acute gastro-enteritis

Acute gastro-enteritis may have bacterial or viral ori-
gin. Rotavirus is one of the most common causes
of acute childhood diarrhoea in industrial countries
(Claeson & Merson 1990). Rotavirus invades and rep-
licate in the differentiated absorptive columnar cells
of the small intestinal epithelium. This results in par-
tial disruption of the intestinal mucosa with loss of
microvilli, a decrease in the villus/crypt ratio and an
increased intestinal permeability (Salim et al. 1990).
Several studies have shown that selected probiotics,
such as L. rhamnosus GG, L. reuteri, L. casei Shirota
and B. lactis Bb12, can shorten the duration of rota-
virus diarrhoea by approximately 1 day (Kaila et al.
1992; Saavedra et al. 1994; Sugita & Togawa 1994;
Shornikova et al. 1997). Several mechanisms maybe
behind this favourable out come. The production of ro-

tavirus specific IgA has been observed to be enhanced
in response to treatment with certain probiotics (Kaila
et al. 1992), the permeability of the intestinal mu-
cosa has been observed to be reduced (Isolauri et al.
1993) and the composition of the intestinal microflora
normalised (Salminen et al. 1996).

Antibiotic associate diarrhoea (AAD) is mainly
due to an overgrowth of Clostridium dificille. In par-
ticular, Saccharomyces cerevisiae (boulardii) has been
observed to reduce the risk for AAD (Surawicz et al.
1989). The incidence of AAD was less than half or a
third in the S. cerevisiae (boulardii) group compared to
the control group. Also other probiotics like Lactoba-
cillus rhamnosus GG, L. acidophilus and Enterococ-
cus faecium SF68 have been observed to prevent or
treat AAD (Gismondo et al. 1999).

Inflammatory bowel disease

Inflammatory bowel disease (IBD) is clinically char-
acterised by two overlapping phenotypes, Crohn’s
disease (CD) and ulcerative colitis (UC), which pre-
dominantly affect the colon (UC and CD) and/or the
distal small intestine (CD). The aetiology of the dis-
ease is not completely understood, but a genetic pre-
disposition and the normal intestinal microflora are
thought to play an important role. Modifying the com-
position and activity of the normal microflora may
thus improve the disease. Indeed selected probiotics
have been observed to reduce the number of relapses
and prolong the period of remission. Interestingly, not
only lactic acid bacteria, L. salivarius UCC118 and L.
rhamnosus GG, but also S. cerevisiae (boulardii) and
a strain of E. coli (Nissle) have been observed to be
effective in alleviating the symptoms of IBD (Mattila-
Sandholm et al. 1999; Gupta et al. 2000; Guslandi et
al. 2000; Hamilton-Miller 2001).

Colorectal cancer

The aetiology of colorectal cancer is diverse and diet
has clearly been indicated to be involved (Greenwald
et al. 2001). Diets, especially high in meat and fat
or low in fibre, have been observed to cause changes
in the composition of the intestinal microflora, with
increasing levels of Bacteroides andClostridium and
decreased levels of Bifidobacterium (Benno et al.
1991). This change in microflora composition is as-
sociated with an increase in faecal enzyme activity,
β-glucuronidase, azoreductase, urease, nitroreductase
and glycocholic acid reductase. These enzymes con-
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vert procarcinogens into carcinogens and may thus
contribute to an increased risk for colorectal can-
cer. The consumption of selected lactobacilli have
been observed to reduce this faecal enzyme activity.
Whether this also reduces the actual risk for colorectal
cancer remains to be proven. However, most, but
not all, epidemiological studies suggest that regular
consumption of fermented dairy products are related
to lower risk for certain types of cancer (Hirayama
& Rafter 2000). Some positive effect of probiotic
lactic acid bacteria on the risk for colorectal cancer
can therefore be anticipated although definite proof
remains to be presented.

Constipation

Constipation is a major digestive complaint among the
elderly, in particular the institutionalised. Although
also, otherwise healthy, adults and hospitalised sub-
jects may experience constipation. Constipated sub-
jects have been observed to have a modified faecal
microflora with reduced levels of bifidobacteria, Bac-
teroides and, in particular, reduced levels of clostridia
(Shimoyma et al. 1984). Probiotics have been sug-
gested to relieve constipation (Goldin 1998; Lee et
al. 1999). However, review of the literature does not
substantiate this claim. This may relate to the causes
of constipation; physical inactivity, low-fibre diets, in-
sufficient liquid intake and some drugs. The altered
microflora composition is more likely to be a con-
sequence than the cause of constipation, correcting the
microflora composition may therefore not be of help.

Benefits for healthy subjects

Determining the potential health effects of probiotics
for healthy subjects is difficult although this is of ma-
jor importance since probiotics are mainly marketed
for healthy subjects. The health effects of probiotics
on healthy subjects are likely to be limited to risk
reduction. As mentioned above, consumption of fer-
mented dairy products maybe related to a reduced risk
for colorectal cancer. However, that evidence is rather
circumstantial. More direct evidence suggests that, at
least in children, long term consumption of probiotics
in non-fermented milk may reduce the risk for infec-
tions, absence from day care due to illness and the
use of antibiotics (Hatakka et al. 2001). This study
indeed indicates that probiotics can also be of benefit
to the healthy consumer. Probiotics are often marketed

as ‘boosting the immune system’. For healthy indi-
viduals this may not be the case, since the immune
system is likely to be working optimally (Spanhaak et
al. 1998). However, in combination with oral vaccina-
tion, improved antibody titres have been observed with
probiotics (Link-Amster et al. 1994).

Developing future probiotic strains

Quality of probiotic strains

Probiotics are special ingredients that are used in
both foods and pharmaceutical or special dietary ap-
plications. They have been selected to express strain
specific properties which are important for their pro-
posed health effects. Such characteristics should be
retained through food and pharmaceutical processes
and storage to be of benefit to the consumer.

The most important factor is to retain the strain
characteristics and the purity of the preparation. It has
been reported that especially dried probiotic prepar-
ations may have contaminants. This sets the require-
ments for hygienic preparation of the products and
careful identification of the strains used. All commer-
cial strains should be placed in an international type
culture collection for future comparison of the prop-
erties and identity. Some probiotic preparations may
also mislabel the strains they contain, using old or
non-existing nomenclature.

Unlike pharmaceuticals or food chemicals such as
additives, the quality criteria for probiotics are largely
undefined. This is a key factor for health effects as
long term transfer of probiotic lactic acid bacteria or
bifidobacteria in food processing along with the stor-
age may result in changes in their characteristics and
health properties. To control these properties, criteria
for assessing such changes should be included in func-
tional food regulations. The criteria currently used
for selecting new probiotics have been suggested as
the optimal quality control measures to be used in
industrial practise (Tuomola et al. 2001).

In recent studies the necessity of testing the stabil-
ity of strain characteristics was established for model
bacteria and common probiotics used in foods (Tuo-
mola et al. 2000, 2001). Adherence properties can be
considered as the main selection criterion for current
probiotics and adherence is important for both local
colonisation and immune modulation through contact
with the gut associated lymphoid tissue. Adherence
varies greatly among the current probiotic strains and
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adherence characteristics can vary in two different in
vitro models. Processing and gastric secretions also
influence adhesion and they should be taken into con-
sideration (Tuomola et al. 2000; Ouwehand et al.
2001).

Early reports have documented that adherence
properties depend on culture conditions, the number
of transfers in industrial scale fermentation and use
of cryoprotectants in freeze-drying (Elo et al. 1991).
Transfer of cultures in processing over a period of
3 years decreased adhesion and changing the cul-
ture medium could also result in diminished adhesion
properties (Elo et al. 1991; Tuomola et al. 2001).
We have also shown that specific probiotics isolated
from a similar product from different countries show
very different adhesion properties. Viability is cru-
cial for lactic acid bacteria used as starter cultures or
probiotics.

Viability may be important for health effects as
currently most of the clinical evidence has been repor-
ted for viable strains and relatively few effects have
been documented for non-viable strains (Ouwehand &
Salminen 1998). There are recent reports on the viabil-
ity of probiotic formulations in Britain and the United
States and they demonstrate a lack of quality control
in this respect. In the US, of 30 supplements tested
11 contained no viable bacteria and in Britain only
six out of 13 formulations were satisfactory in terms
of viability (Temmerman et al. 2001; Hamilton-Miller
2001). Viability can relatively easily be assessed by
the culture method or by flow cytometry (Virta et al.
1998; Bunthof et al. 2001). It is important to guar-
antee the viability of probiotics in the final product
especially when viability has been documented as one
of prerequisites for immune effects (Gill & Rutherfurd
2001).

Future probiotics

Probiotics for specific target groups

Current probiotics have mainly been selected based on
the common criteria as outlined in Table 2. To refine
the selection criteria, understanding of the mechan-
isms of probiotic action is necessary. This will make
it possible to select future strains with more specific
characteristics, to suit the needs of specific age and
patient groups. This need is clearly indicated by the
difference in mucosal adhesion of probiotic bifidobac-
teria to mucus from different age groups (Ouwehand et

al. 1999) and the influence of disease on mucosal ad-
hesion of selected probiotics (Ouwehand et al. 2002).
The use of specially selected probiotics for particu-
lar subject groups may provide more specific health
effects.

Non-viable probiotics

Most definitions of probiotic bacteria stress the im-
portance of the viability of the microbes. However,
very little research has been done on non-viable pro-
biotics. Non-viable probiotics would have several
advantages over viable ones: longer shelf life, im-
proved safety and no need for refrigerated storage or
transport. Review of the literature suggests that non-
viable probiotics may have positive health effects as
well (Ouwehand & Salminen 1998). This has been
shown for shortening of rotavirus diarrhoea (Kaila et
al. 1995) and alleviation of lactose intolerance (Vesa
et al. 2000). Although viable probiotics appear to have
more health effects than non-viable ones, the latter are
not always without health effects. This also implic-
ates that heat-inactivated products can not be used as
controls without verifying their lack of activity.

Alternative applications

Probiotics are mainly used to influence the composi-
tion or activity of the intestinal microflora. However,
in principle any part of the body which harbours a
normal microflora can be a potential target for specific
probiotics.

The oral cavity has a microflora that equals the in-
testinal microflora in complexity. Here too, some of
the members of the normal microflora have a detri-
mental effect on the host, causing, e.g. dental caries
or periodontal disease. Probiotics could have poten-
tial applications in the oral cavity. Yoghurt have been
observed to reduce the colonisation by mutans strep-
tococci, which are responsible for dental caries (Petti
et al. 2001). While a specific probiotic Lactobacillus
strain has been detected in saliva samples (Meurman
et al. 1994). Although there is a considerable potential
for probiotic use in the oral cavity, very little work has
been done in this area.

The normal microflora of the urogenital tract is
less complex than the microflora of the intestine and
the oral cavity. However, more than 50 species are
thought to colonise the urogenital tract and in health,
H2O2-producing lactobacilli predominate (Redondo-
Lopez et al. 1990). Disturbances in the Lactobacillus
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flora are thought to be related to the risk for urinary
tract infections. Some work has therefore been done
on the use of probiotics for urogenital tract infections.
Selected Lactobacillus strains have been observed to
reduce the recurrence of urinary tract infections (Reid
et al. 1992) and reduce the risk for vaginitis (Hilton
et al. 1992; Reid et al. 2001). Much work has also
been done on the mechanisms of probiotic lactobacilli
on urinary tract infections; production of hydrogen
peroxide and of biosurfactants appear to be import-
ant factors contributing to the efficacy of the probiotic
strains for use in the urogenital tract (Reid 2001). The
probiotic L. casei Shirota has been observed to reduce
the recurrence of superficial bladder cancer (Aso et al.
1995). These findings indicate that use of probiotics
for the urogenital tract is a promising future area.

The skin has a normal microflora which is different
depending on the site of the body. The most common
genera found in the microflora of the skin are pro-
pionibacteria, Staphylococcus, Micrococcus, Coryne-
bacterium and the yeast Malassezia. Several species
within these genera can be opportunistic pathogens.
However, the potential use of probiotics for the skin
has been considered little to non (Barefoot & Ratnam
1998).

Also, the nasopharynx has a normal microflora,
Streptococcus pneumoniae being frequently one of its
normal members. Even lactobacilli have been isolated
from the upper respiratory tract. Their potential use as
probiotics in there has only recently been considered
and may have interesting applications (Cangemi de
Gutierrez et al. 2001).

Thus, there are many potential applications for pro-
biotics which have received little attention but which
may provide significant health effects.

Conclusion

The specific health effects of selected probiotic strains
are becoming increasingly accepted thanks to an ex-
panding volume of documentation from double-blind,
placebo-controlled, clinical studies. In particular, re-
lief of lactose intolerance symptoms, by yoghurt cul-
tures, shortening of rotavirus diarrhoea and treatment
of allergies are now well established. Also, the mech-
anisms behind these health effects are being elucidated
through in vitro and animal studies, this can be ex-
pected to lead to more carefully formulated selection
criteria for probiotics. However, many proposed be-
neficial health effects of probiotics still need further

investigation, in particular the potential benefits for
healthy consumers. For this, it is important to use well
defined strains, since each strain has to be judged on its
own merits, and that appropriate biomarkers are used
for the evaluation of the effects. In addition to this,
well selected target groups are needed. Such studies
may indicate additional areas for probiotic use and
further consolidate the acceptance of probiotics.
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In recent decades, fungal infections have emerged as an important health problem
associated with more people who present deficiencies in the immune system, such
as HIV or transplanted patients. Saccharomyces cerevisiae is one of the emerging
fungal pathogens with a unique characteristic: its presence in many food products.
S. cerevisiae has an impeccably good food safety record compared to other
microorganisms like virus, bacteria and some filamentous fungi. However, humans
unknowingly and inadvertently ingest large viable populations of S. cerevisiae (home-
brewed beer or dietary supplements that contain yeast). In the last few years,
researchers have studied the nature of S. cerevisiae strains and the molecular
mechanisms related to infections. Here we review the last advance made in this
emerging pathogen and we discuss the implication of using this species in food
products.

Keywords: yeast, S. cerevisiae, food, opportunistic, infection

INTRODUCTION

Fungal infections are an extremely important health problem. According to numerous studies,
Candida albicans and other Candida species are the most remarkable pathogenic fungi which
cause some 7000-28000 nosocomial infections annually (Pfaller and Diekema, 2007). The general
characteristic of fungal infection is that it is produced as a result of reduced immunity. Most fungal
pathogens are classified as opportunistic. This concept implies that under normal conditions, these
organisms are not capable of producing infection but, when host defenses are weakened, there
is room for them to prosper and to generate a health problem. Another general characteristic of
fungal infections is that they are frequently moderated and localized. However, fungal pathogens
are able to produce fungal disease, systemic infection, and even death in the worst scenarios.

In the last century, fungal infection cases have dramatically increased, especially in developed
countries. One work has shown that the number of cases of sepsis produced by fungal organisms
in the USA has increased by 207% between 1979 and 2000 (Martin et al., 2003). This phenomenon
is associated with the appearance of medical techniques, such as the use of broad-spectrum
antibiotics, the use of intravenous catheters, how intensive care units are organized, increased
number of organ transplants, or the development of cytotoxic chemotherapies. On top of that,
pandemics like HIV/AIDS have exponentially increased the number of patients with impaired
immunity. In fact, fungal disease was extremely rare before all these changes occurred.

A paradigm of an emerging fungal organism is the yeast Saccharomyces cerevisiae. This species
can be found naturally in many niches in the environment, but is most commonly known for its
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role as “baker’s yeast” in either traditional or industrial
fermentative production of bread, beer or wine. It has also
been used as an agent to treat antibiotic-related diarrhea
and as a nutritional supplement, when it is commercialized
as S. boulardii. Classically, S. cerevisiae has been considered
a safe non pathogenic organism. However in the last two
decades, the number of cases of diagnosed infections has
increased, probably as a result of the increased numbers of
immunocompromised patients, but also due to advances made
in diagnostic methodologies in hospitals, including genetic
identification by molecular techniques. S. cerevisiae has been
related to a wide variety of infections, which range from
vaginitis in healthy patients and cutaneous infections, to systemic
bloodstream infections and infections of essential organs
in immunocompromised and critically ill patients (Enache-
Angoulvant and Hennequin, 2005; Muñoz et al., 2005; de Llanos
et al., 2011). Infected patients tend to be elderly people, premature
children or patients suffering from immunosuppression due
to HIV/AIDS, treatment with immunosuppressive agents, or
other conditions associated with a deficient immune response.
Furthermore, severe infections with S. cerevisiae have been
occasionally reported in patients with no obvious predisposing
factors (Jensen and Smith, 1976; Smith et al., 2002). All these data
have changed the status of S. cerevisiae, which is now considered
an emerging opportunistic pathogen (Herbrecht and Nivoix,
2005; de Llanos et al., 2006).

S. cerevisiae POPULATION DIVERSITY:
OPPORTUNISTIC STRAINS

The species S. cerevisiae is very heterogeneous and contains
strains with specific abilities like sherry wine strains, S. boulardii
or baker strains. Before the development of high throughput
sequencing techniques, the population structure of S. cerevisiae
was not very clear. Now we know that it is structured into several
genetically pure subpopulations and many mosaic strains that
contain gene alleles of different subpopulations (Liti et al., 2009).
In the last decade, yeast scientists have attempted to determine
if the strains isolated from infected patients form a specific
S. cerevisiae subpopulation with any special characteristic. de
Llanos et al. (2004) used molecular markers as mt DNA
restriction patterns and showed that clinical strains were present
in several genetically differentiated groups of strains. In contrast,
Carreto et al. (2008) used comparative genome hybridization
on array (aCGH), and suggested that clinical strains could be a
genetically homogenous subpopulation. Later, Wei et al. (2007)
sequenced the genome of S. cerevisiae strain YJM789 derived
from a yeast isolated from the lung of an AIDS patient with
pneumonia. Liti et al. (2009) sequenced 36 new strains that
contained six clinical isolates. Strope et al. (2015) sequenced
93 strains from multiple geographic and environmental origins,
including several clinical strains. Finally, after the sequencing of
the whole genome of several clinical strains, it turns out that they
are not a genetically homogenous group of strains, but are all
mosaic strains with relatively heterogeneous genetic content (Liti
et al., 2009; Strope et al., 2015).

Several studies have analyzed the potential virulence of this
yeast species in vitro (McCusker et al., 1994; de Llanos et al.,
2006) and in vivo (McCullough et al., 1998; de Llanos et al.,
2011), and have suggested that some strains have the potential
to cause disease regardless of their clinical or non clinical
isolation origin. Many strains of S. cerevisiae, which have been
isolated in clinical settings, present very low levels of virulence
in mice infection models, while other strains, such as strain
D14 isolated from a dietetic supplement, have shown a relative
high level of virulence in different infection models (Llopis
et al., 2012, 2014; Pérez-Torrado et al., 2015). Thus we propose
that the term “opportunistic strain” is used more accurately
and usefully to categorize these strains rather than “clinical
strains” since not all clinical strains cause infections. Even more
importantly, some non clinical strains can cause infections. We
define opportunistic S. cerevisiae strains as those strains which
show physiologic characteristics of yeast pathogens, such as
growth, at 37 ◦C (McCusker et al., 1994; de Llanos et al., 2006),
but unlike most other strains, can also cause infections and kill
mice (de Llanos et al., 2011). These strains also survive better
in human blood infection models than other strains, which
may enable them to disseminate across the body and reach
organs under adequate propagation conditions and in certain
circumstances (Lin et al., 2012). Increased blood survival can be a
key feature to distinguish these opportunistic yeasts strains from
others.

S. cerevisiae INFECTION MECHANISMS

The infection mechanism of C. albicans, a fungal pathogen that
is phylogenetically close to S. cerevisiae, is based on a first step of
adhesion to human surface tissues and uses a family of proteins
called adhesins. C. albicans is also able to penetrate epithelial or
endothelial barriers via active mechanisms (Dalle et al., 2010).
A second important aspect of infection mechanisms is resistance
to the stressful situations generated after an encounter with cells
of the immune system. In contrast, S. cerevisiae lacks homologous
genes for the well-known C. glabrata or C. albicans adhesins
and shows low adhesion levels to human tissues compared to
both Candida species (Pérez-Torrado et al., 2012). It has been
suggested that S. cerevisiae can only perform opportunistic or
passive crossings when epithelial barrier integrity is previously
compromised (Pérez-Torrado et al., 2012).

However, previous studies by our group (Llopis et al., 2012)
have demonstrated that opportunistic S. cerevisiae strains show a
specific transcription pattern after human blood infection, which
reflects a specific oxidative stress response, increased amino acid
biosynthesis and a DNA damage repair response (Figure 1).

Yeast pathogens are adapted to resist human defenses and
one of the main responses of the immune system is microbe
engulfment and oxidative burst. Neutrophils, macrophages and
other cells with phagocytic capacity generate potent reactive
oxygen and nitrogen species (ROS and RNS), which can be
lethal to most fungal pathogens by causing damage to DNA,
proteins and lipids (Bogdan et al., 2000). Most fungal pathogens
display resistance to the reactive oxygen and nitrogen species
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FIGURE 1 | Molecular mechanisms of persistence of Saccharomyces
cerevisiae cells after neutrophil engulfment. Opportunistic S. cerevisiae
strains redirect the low levels of the nitrogen sources inside the phagosome to
increase amino acids (aa’s) biosynthesis. These strains also increase the
oxidative stress response by activating the Yap1p transcription factor regulon
to counteract the lethal effects of reactive oxygen species (ROS) generated by
the macrophage. De novo dNTP biosynthesis is activated to allow DNA repair
machinery to counteract ROS-induced mutations.

used by human cells to counteract infection (Brown et al., 2009).
Fungal resistance to ROS offers protection from oxidative host
defenses and is undoubtedly an advantageous pathobiological
property (Lushchak et al., 2010; Rodrigues-Pousada et al., 2010).
It has been described that pathogens such as C. albicans
or C. neoformans have the potential to resist, among other
suboptimal conditions, oxidative stress produced by the ROS
generated in the phagosome (Brown et al., 2007, 2014). Indeed
the thioredoxin system of C. albicans and S. cerevisiae has
been shown to be expressed during growth in human blood or
mucosal tissue (Fradin et al., 2003, 2005, Zakikhany et al., 2007;
Llopis et al., 2012), which indicates that the ability to respond
to oxidative stress might be crucial in early stages of systemic
infections. TRX1 (thioredoxin 1) is also necessary to survive the
oxidative environment of macrophages in C. neoformans, and is
important for the virulence of this fungal pathogen (Missall and
Lodge, 2005). The TSA2 (thioredoxin peroxidase 2) and GPX2
(glutathione peroxidase 2) genes have been shown to be induced
in S. cerevisiae strains when exposed to neutrophils (Rubin-
Bejerano et al., 2003), and a clear antioxidant response has been
observed. Fradin et al. (2005) demonstrated that neutrophils
play a key role in bloodstream infections with C. albicans.
This observation is in line with the high susceptibility shown
by neutropenic patients (deficient in these immune cells) to
disseminated candidiasis (Bodey et al., 1992; Wright andWenzel,
1997). In S. cerevisiae, the main role of proper oxidative stress
response virulence has been suggested since a virulent strain
mutant in transcription factor Yap1p, the main transcription
factor involved in oxidative stress response that is unable to
grow under oxidative stress conditions, presented low survival

levels in human blood compared with the wild type or the YAP1
reconstituted strain (Llopis et al., 2012). Diezmann and Dietrich
(2011) compared hundreds of clinical isolates and showed that
they were more resistant to oxidative stress after they verified the
central role of oxidative stress resistance in S. cerevisiae virulence.

After exposure to human neutrophils or cultured
macrophages, C. albicans cells up-regulate amino acid
biosynthetic genes (Rubin-Bejerano et al., 2003; Fradin et al.,
2005). Rubin-Bejerano et al. (2003) observed induction for these
pathways after C. albicans and S. cerevisiae cells were ingested
by neutrophils. This suggests that the microenvironment in the
phagosome inside the neutrophil is deficient in amino acids, and
generates a rapid response from yeast strains. The methionine
and arginine biosynthetic genes are induced when S. cerevisiae
is phagocytized by the murine macrophage-like cell line (Lorenz
and Fink, 2001). Kingsbury et al. (2006) revealed the relevance
of amino acid biosynthesis for yeast survival in a murine host
and suggested that yeast can use a variety of nitrogen sources
under these conditions. The glyoxylate cycle is also induced
upon phagocytes ingestion of the bacterium Mycobacterium
tuberculosis (McKinney et al., 2000), and other fungi such as
C. neoformans (Rude et al., 2002), Leptosphaeria maculans
(Idnurm and Howlett, 2002), C. albicans (Lorenz and Fink,
2001), and S. cerevisiae (Lorenz and Fink, 2001). This change
in metabolism is a response to the glucose-poor environment
of the macrophage, and contributes to the virulence of some
pathogens. The ICL1 gene, which encodes for isocitrate lyase,
one of the principal enzymes of the glyoxylate cycle, has been
recently shown to be substantially induced upon exposure to
macrophages in vitro in both S. cerevisiae and C. albicans (Lorenz
and Fink, 2001; Lorenz et al., 2004). All these data suggest that
the ICL1 gene may also play a general role in S. cerevisiae in
human infections.

A common mechanism described for human microbial
pathogens is to increase dNTP pools in order to repair the
DNA damage caused by the oxidative burst of phagocytes.
The importance of a de novo nucleotide biosynthetic pathway
for phagocyte survival has been demonstrated for bacterial
pathogens such as Salmonella enterica (Panosa et al., 2010),
Bacteroides fragilis (Smalley et al., 2002), Pseudomonas
aeruginosa (Sjöberg and Torrents, 2011), Staphylococcus
aureus (Kirdis et al., 2007), Streptococcus pyogenes (Le
Breton et al., 2013), Bacillus anthracis, and Escherichia coli
(Samant et al., 2008). The relevance of de novo nucleotide
biosynthetic pathways has also been implicated for fungal
pathogens like Cryptococcus neoformans (Morrow et al.,
2012) or C. albicans (Donovan et al., 2001; Jiang et al., 2010),
and nucleotide biosynthetic pathways have been discussed
as a target for antifungal compounds (Rodriguez-Suarez
et al., 2007). In a recent study, we observed that S. cerevisiae
opportunistic strains, like other human pathogens, have the
enhanced ability to produce dNTPs, the substrates used by
DNA repair machineries (Pérez-Torrado et al., 2015). The
importance of this pathway for the virulence of S. cerevisiae
has been confirmed by experimental infections conducted in
immunodeficient murine models using a �gua1 mutant, which
is a key enzyme for de novo dNTP biosynthesis. Additions of
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exogenous guanine and the use of mutants in the DNA damage
checkpoint, which activates dNTP biosynthesis in yeast cells,
affects the survival of yeast cells in ex vivo blood infections (Pérez-
Torrado et al., 2015). The nitrogen source preferentially used by
yeasts in phagosomes to increase this pathway is still unknown.

CONCLUSION AND PERSPECTIVES

In developed countries, consumers have been driven to take
a more critical attitude about what they eat and drink
as a requirement of modern life. Food microbiologists are
facing the huge challenge of regarding food freshness that
is implicit in consumer demand for more natural products.
Additive-free safer food with less severe processing that has a
satisfactory shelf life and is easy to prepare is required given
the greater awareness of nutrition and health. These changes
in consumer preferences, which modify food processes, may
have important consequences and could affect both food quality
and safety. Yeasts, especially S. cerevisiae, have an impeccably
good food safety record compared to other microorganisms
like virus, bacteria and some filamentous fungi. However,
humans unknowingly and inadvertently ingest large, viable

populations of S. cerevisiae without them having adverse impacts
on their health (e.g., yeasts in home-brewed beer, beers enriched
by yeast or dietary supplements that contain yeast are very
common today). Nevertheless, having an open mind about,
and conducting vigilance of, yeasts and food-borne diseases
are required. Compared with other microbial groups, yeasts
are not seen as aggressive pathogens, but they are capable of
causing human disease in opportunistic circumstances (Puig-
Asensio et al., 2014). As we summarize in this paper, yeast
researchers have made progress in understanding the nature
and virulence mechanism in S. cerevisiae strains. In the
future, more attention has to be paid to industrial practices
that are more prone to generate opportunistic S. cerevisiae
strains.
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Case Report

Invasive Saccharomyces cerevisiae Infection: A Friend Turning Foe?

Unnikrishnan Pillai, Joe Devasahayam,Aparna Narayana Kurup, Alexandre Lacasse

Department of Internal Medicine, St. Mary’s HealthCenter, St. Louis, MO, USA

ABSTRACT.We report a very rare case of acute pyelonephritis in a 51-year-old female with a history
of chronic kidney disease (CKD) and diabetes caused by a normally benign and a well-known human
commensal organism, Saccharomyces cerevisiae that is very often prescribed as a probiotic in modern
medical practice. The causal role of S. cerevisiae was confirmed by its isolation in blood, urine, stool
as well as vaginal swabs thus proving its virulent nature in suitable situations.

Introduction

  S. cerevisiae, a non-spore forming yeast, also
known as brewer’s yeast or baker’s yeast, is a
common colonizer of the human respiratory,
gastrointestinal and urinary tracts and is
generally considered as a benign organism. Its
role as a clinically important and invasive
pathogen is not well known. However, cases
have been reported to cause invasive diseases
in the setting of chronic underlying diseases
like malignancy, HIV/ AIDS or of bone
marrow transplantation.3,4 There are very few
case reports on invasive S. cerevisiae, and it
causing acute pyelonephritis probably has
never been reported. Here we report a case of
acute pyelonephritis in a 51 year old female
with a history of chronic kidney disease
(CKD) and diabetes.
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Case Report

  Our patient is a 51-year-old African-
American female with history of stage 5
chronic kidney disease and diabetes mellitus
who presented with a oneweek history of
generalized weakness and worsening left flank
pain, with fever, chills and burning pain during
urination. Her medications included Amlodipine,
Thiamine, Folic acid, Metoprolol, Sodium
bicarbonate and insulin.
  Physical examinations revealed a blood pres-
sure of 140/90 mm Hg, pulse rate of 116/min,
respiratory rate of 20/min and temperature of
110.1°F. The patient had hepatomegaly (6 cm)
and left costo-vertebral angle tenderness. Perti-
nent laboratory results included a white blood
cell count of 8.5 ×103/µL (reference range 4.5–
10.8 ×103/µL), hemoglobin 8.4 g/dL (reference
range 13.5–17.5 g/dL), blood urea nitrogen 62
mg/dL (reference range 9–20 mg/dL), crea-
tinine 4.5 mg/dL (reference range 0.6–1.2
mg/dL) and an estimated glomerular filtration
rate of 12. Her baseline blood urea nitrogen
and creatinine was 42 mg/dL and 3.0 mg/dL,
respectively. Her glycated hemoglobin was
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9.8%, indicating suboptimal diabetic control.
Rapid HIV test was negative. Renal ultra-
sonogram revealed left hydronephrosis with
doubtful renal calculi in the left ureter. Com-
puted tomography of the abdomen without
contrast was performed, which showed dilated
left ureter with significant perinephric and peri-
ureteric stranding. There was left hydro-
nephrosis and 5 mm calcification of the left
base of the bladder suggestive of distal left
ureteric stone. Culture of blood performed on
the day of admission grew S. cerevisiae, an
unusual pathogen to grow from blood. Her
urine culture, stool culture and vaginal swab
culture grew significant colony counts of
Saccharomyces cerevisiae. Fungus isolated in
the blood was sensitive to amphotericin,
micafungin and fluconazole. Extensive review
of her previous culture reports revealed that
she never had any fungemia. The patient was
treated with micafungin and her symptoms
resolved. Repeat blood culture and urine cul-
ture were negative. She was then planned for a
surgical removal of renal stone. But, the pa-
tient had relief of symptoms and repeat ultra-
sonogram revealed passage of stone with
resolution of hydroureter. Her renal function
returned back to her baseline. The patient was
discharged home with arrangement for home
intravenous antifungal treatment for a full
course of 14 days.

Discussion

  S. cerevisiae, also known as brewer’s yeast or
baker’s yeast, is a common colonizer of human
mucosal surfaces. Its role as a clinically
important and invasive pathogen is not well
known. There are very few case reports on
invasive S. cerevisiae, and it causing acute
pyelonephritis probably has never been repor-
ted. S. cerevisiae being a common colonizer
and saprophytic contaminant, diagnosis may
be often delayed and underestimated with
potential lethal consequences.
  It is a non-spore forming yeast, belonging to
the family Saccharomycetaceae. Its nomencla-
ture is derived from Latinized Greek meaning
sugar mould, i.e. “Saccharo” meaning sugar

and “myces” meaning mould or fungus.
Cerevisiae comes from the latin word meaning
“beer”. S. cerevisiae is a single celled eukar-
yotic organism with a short generation time
(doubling time 1.25–2 h) at 30°C (86°F) and
can be easily cultured.1It has also been used as
a probiotic. This organism is also used widely
in the commercial setting for brewing beer and
for providing CO2 for underwater aquatic
plants by “CO2 injection by yeast technique.”
S. cerevisiae does not produce toxins that are
harmful to humans or animals. However, it is
capable of producing what are known as
“killer toxins” that are fatal to other yeasts. S.
cerevisiae is used in food and beverage pre-
paration facilities to control the contamination
of fermentation production areas by other kinds
of yeasts. Heat-killed Saccharomyces cere-
visiae (HKY) used as a vaccine protects mice
against systemic aspergillosis and coccidio-
idomycosis.2

S. cerevisiae is a common colonizer of the
human respiratory, gastrointestinal and urinary
tracts and is generally considered as a benign
organism. However, cases have been reported
to cause invasive diseases in the setting of
chronic underlying diseases like malignancy,
HIV/AIDS or of bone marrow transplan-
tation.3,4 The evidences are in favor of the
increased vulnerability of the host rather than
the increased virulence of the pathogen in
causing invasive disease. Pathogenic strains of
S. cerevisiae exhibit the ability to grow at
42°C, produce proteinase and are capable of
pseudohyphal growth. S. cerevisiae is often
isolated with other forms of yeast, and it is
rarely isolated as a single pathogen in yeast-
induced vaginitis. One report on three cases of
invasive S. cerevisiae infection causing pneu-
monia, liver abscess and sepsis indicates that
pathogenic isolates of this yeast are capable of
tissue invasion and dissemination. There are
limited cases showing an association of this
yeast and ingestion of vitamins and brewer’s
yeast. S. boulardii, used commonly as a bio-
therapeutic agent for chronic and recurrent
diarrhea, is a strain of S. cerevisiae that has
been implicated in a few cases of fungemia. S.
boulardii analysis has revealed moderate
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virulence levels when tested in murine models
of systemic infection. Hence, caution is
recommended when using this yeast to control
this condition in severely ill or immunocom-
promised hosts. There are case reports of S.
cerevisiae affecting newborns, where there is a
mention of horizontal transmission of the
disease from the primarily affected newborn
that developed fungemia secondary to treat-
ment with S. boulardii.
  Although very rare, S. cerevisiae can cause
invasive infections like pyelonephritis in
immune-competent patients also, as in our
case. There have been case descriptions of
infection in patients with an indwelling cathe-
ter, prosthetic valves5 and in bone marrow
transplant patients.6 In our patient, the pre-
sence of the renal stone could have caused
obstruction of the urinary flow and hence had
become a nidus for this organism, further
confounded by a “semi-immunocompromised”
state due to advanced chronic kidney disease
and poorly controlled diabetes mellitus. With
our patient having definite clinical and radio-
logic evidence of acute pyelonephritis, isolates
of S. cerevisiae were found in literally all the
bodily secretions; hence, proving that this
normally benign organism could turn dange-
rously virulent in suitable conditions.
  Diagnosing Saccharomyces infection is diffi-
cult as it is a normal flora in the human body.
Isolating S. cerevisiae from the part of the
body where it is normally colonized does not
add much to clinical suspicion when the clin-
ical symptoms and signs are subtle. However,
the decision to attribute a causal role to S.
cerevisiae is easier when the organism is
isolated from a normally sterile body site, and
the patient should be treated for an invasive
fungal infection. There is no commercially
available serological test for Saccharomyces.
However, S. cerevisiae readily grows in blood
cultures and on Sabouraud dextrose media.
  Saccharomyces are susceptible to most anti-
fungal drugs, including amphotericin B, 5-
flucytosine, ketoconazole, fluconazole, itraco-
nazole, voriconazole, posaconazole and isavu-
conazole,7-9 although resistance to azoles have
been reported.10 However, most Saccharomyces

isolates have higher minimum inhibitory con-
centrations (MIC) to most antifungal drugs
than does Candida albicans. Patients would
generally require a full two week course of
medical treatment. Because the use of pro-
biotic agents is widely prevalent in modern
day practice, physicians need to be cognizant
about this potential complication.

Conclusion

  Even in people who have no prior exposure
to probiotic agents, in the setting of impaired
immune response, S. cerevisiae can cause
invasive disease. In our patient, the fact that
she had advanced chronic kidney disease and
obstructive uropathy may have predisposed
her to have invasive infection. Although this
disease could be fatal, appropriate suspicion
for this organism in susceptible persons, early
recognition and treatment with anti-fungal
medicines can cure the infection.
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INTRODUCTION

Asthma caused by allergy to proteins from cereal grains is one 
of the most common types of occupational asthma (OA) and its 
prevalence does not seem to be declining.1 The main professions 
affected are: bakers, confectioners, pastry factory workers, mill-
ers, farmers, and cereal handlers. Although wheat is the most 
commonly involved cereal, other grains (e.g. rye, barley, rice) 
also play a role. In addition, flour from other sources (e.g. soya, 
lupin), pests, and several flour additives used in the baking in-
dustry to improve fermentation and elasticity of the dough, as 
well as to improve storage of the bread, may also give rise to IgE-
mediated allergy. 

EPIDEMIOLOGY

Work-related respiratory symptoms are highly prevalent among 
bakery workers, about 5%-10% suffer asthma and 15%-20% rhi-
nitis. Baker’s asthma is the most frequent type of OA in France.2 
Exposure to grain and flour dust is the second commonest re-
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ported cause of OA in the UK3 and Norway.4 The estimated an-
nual incidence of cereal-induced asthma in the UK was 811 
cases per million people employed over the period 1989-1997,3 
whereas in Norway, the incidence of OA among male and fe-
male bakers was 2.4 and 1 case per 1,000 person-years, respec-
tively.4 The incidence of baker’s asthma among young bakers 
has been reported to range from 0.3 to 2.4 cases per 1,000 per-
son-years.5 In the last years an increasing number of asthma 
cases is being reported among supermarket bakery workers.6

In a prospective study carried out in Québec among appren-
tice bakers/pastry makers the incidence of work-related sensiti-
zation was 4.2% (per person-year) when the mean duration of 
follow up was lower than 4 years,7 but it was 1.0 for a longer pe-
riod (8 years) of follow up.8
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Grain-induced asthma is a frequent occupational allergic disease mainly caused by inhalation of cereal flour or powder. The main professions affect-
ed are bakers, confectioners, pastry factory workers, millers, farmers, and cereal handlers. This disorder is usually due to an IgE-mediated allergic 
response to inhalation of cereal flour proteins. The major causative allergens of grain-related asthma are proteins derived from wheat, rye and barley 
flour, although baking additives, such as fungal α-amylase are also important. This review deals with the current diagnosis and treatment of grain-in-
duced asthma, emphasizing the role of cereal allergens as molecular tools to enhance diagnosis and management of this disorder. Asthma-like symp-
toms caused by endotoxin exposure among grain workers are beyond the scope of this review. Progress is being made in the characterization of grain 
and bakery allergens, particularly cereal-derived allergens, as well as in the standardization of allergy tests. Salt-soluble proteins (albumins plus glob-
ulins), particularly members of the α-amylase/trypsin inhibitor family, thioredoxins, peroxidase, lipid transfer protein and other soluble enzymes show 
the strongest IgE reactivities in wheat flour. In addition, prolamins (not extractable by salt solutions) have also been claimed as potential allergens. 
However, the large variability of IgE-binding patterns of cereal proteins among patients with grain-induced asthma, together with the great differenc-
es in the concentrations of potential allergens observed in commercial cereal extracts used for diagnosis, highlight the necessity to standardize and 
improve the diagnostic tools. Removal from exposure to the offending agents is the cornerstone of the management of grain-induced asthma. The 
availability of purified allergens should be very helpful for a more refined diagnosis, and new immunomodulatory treatments, including allergen im-
munotherapy and biological drugs, should aid in the management of patients with this disorder. 
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PATHOGENESIS AND RISK FACTORS

This disorder has been classically considered a form of allergic 
asthma mediated by IgE antibodies specific to cereal flour anti-
gens, mainly wheat, rye and barley,9 but other cereal grains, such 
as rice, have also been implicated in cereal-induced asthma and 
rhinitis.10,11 However, baking and food technology has notably 
progressed in the last decades and a vast array of biologic and 
chemical additives are now commonly used. Thus, it is not sur-
prising that the list of causative agents of baker’s asthma has 
been expanded with the demonstration that flours from differ-
ent sources (soybean, buckwheat, and lupin), enzymes, egg 
proteins and organic contaminants such as storage mites, 
moulds and insects are also capable of causing IgE-mediated 
OA12 (Table 1). 

In a study in a Korean bakery, the overall prevalence of wheat 

sensitization was 5.9%, and it was confirmed that an IgE-medi-
ated response is the major pathogenic mechanism for the in-
duction of work-related symptoms in wheat-exposed workers, 
whereas wheat-specific IgG antibodies may represent current 
or previous exposure to wheat dust.13

Moreover, workers handling cereal or vegetable seeds are at 
risk of exposure to high levels of endotoxin containing seed dust. 
Occupational exposure to inhalable agricultural seed dust can 
induce inflammatory responses, and is a potential cause of or-
ganic dust toxic syndrome (ODTS), which typically presents 
with asthma-like symptoms, and is an important differential di-
agnosis of OA.14 Moreover, exposure to flour allergens and en-
dotoxins interact to induce allergic responses and respiratory 
symptoms. Grain dust-related asthma symptoms caused by ex-
posure to endotoxins, which have been reported among agri-
cultural and grain elevator workers, are not addressed in this 
review.

Houba et al.15 investigated the relationship between allergen 
exposure and IgE sensitization to wheat flour among bakery 
workers. A strong and positive association was found between 
wheat flour allergen exposure and wheat flour sensitization, for 
both atopic and non-atopic workers, and this relationship was 
steepest within the group of atopic bakers. This means that the 
likelihood of sensitization increased with increasing wheat al-
lergen concentration in the workplace air, and the risk was high-
er for atopic subjects. 

Several studies have shown that the level of exposure and ato-
py are the main risk factors for developing sensitization and 
work-related symptoms among subjects exposed to cereal flour. 
Age, gender, and smoking habits do not seem to be associated 
with sensitization or work-related respiratory symptoms.12 A 
study carried out in Belgium compared bakery workers with a 
nonexposed work population and showed that atopy and sen-
sitization to bakery allergens were independent and additional 
risk factors for work-related symptoms.16

Genetic factors seem to be also important in the development 
of work-related respiratory symptoms and sensitization to wheat 
flour in bakery workers. In this regard, Cho et al.17 carried out a 
study in Korean bakery workers, and they found that Toll-like 
receptor 4 (TLR4) gene polymorphisms may be involved in al-
lergic sensitization to wheat flour as well as endotoxin-induced 
respiratory symptoms in endotoxin-allergen-exposed workers 
and that carriers of TLR4 variants are less affected by environ-
mental exposure. In a study in Korean bakery workers, Hur et 
al.18 reported that the genetic polymorphisms of β2-adrenergic 
receptors (ADRB2) may contribute to the development of work-
related symptoms in workers exposed to wheat flour, which can 
lead to baker’s asthma.

DIAGNOSIS

The diagnosis of grain-induced asthma depends on a consis-

Table 1. Allergenic sources described in grain/flour-induced asthma 

Scientific name Reference

Cereal flour/dust 
Wheat Triticum aestivum 9,12
Rye Secale cereale 9,23
Barley Hordeum vulgare 9,12
Rice Oryza sativa 10,11,65

Fungal enzymes 
Alpha-amylase Aspergillus oryzae (Asp o 21) 76,78
Hemicellulase/cellulase Aspergillus niger 77,78
Glucoamylase Aspergillus niger 79
Beta-xyloxidase Aspergillus niger (Asp n 14) 77
Xylanase Aspergillus niger 80

Legumes
Soya flour Glycine max 81,82
Soybean lecithin Glycine max 83
Lupin flour Lupinus albus 84
Baker’s yeast Saccharomyces cerevisiae 85

Other ingredients 
Buckwheat flour Fagopyrum esculentum 86
Sunflower seeds Helianthus annuus 87
Egg white proteins Gal d 1, Gal d 2, Gal d 3, Gal d 4 88

Storage mites 89,90
Lepidoglyphus destructor
Acarus siro
Tyrophagus putrescentiae

Arthropods  
Grain weevil Sitophilus granarius 91
Flour moths Ephestia spp. and Eurigaster spp. 92
Spider Holocnemus pluchei 93

Molds 94
Aspergillus fumigatus
Alternaria alternata
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tent history of work-related asthma symptoms, assessment of 
IgE-mediated sensitization (by means of skin prick tests or in 
vitro tests) to cereal proteins or other bakery allergens, and evi-
dence of variability in lung function. The diagnosis can be con-
firmed by specific inhalation challenge (SIC) with bakery aller-
gens. 

In epidemiological studies the diagnosis of OA is usually per-
formed using a combination of symptoms and bronchial hy-
perresponsiveness (BHR) to pharmacological agents (usually 
methacholine or histamine), while in the clinical setting the 
‘gold standard’ for the diagnosis of OA is the SIC test in the lab-
oratory. However, a step-by-step approach has also been pro-
posed for cross-sectional epidemiological studies in workers 
exposed to grain and/or flour dust.19 BHR was observed in a 
small percentage of subjects with asthma-like symptoms and/
or low FEV1, and a positive response to SIC to wheat flour was 
observed in a subgroup of subjects with BHR, stressing the need 
to perform SIC to confirm the diagnosis of flour-induced OA.19

Rhinitis, with or without conjunctivitis, is commonly associat-
ed with flour-induced asthma, and should also be considered 
in the diagnosis and management.

Skin prick tests 
The frequency of sensitization to wheat flour by SPT among 

cereal workers in epidemiological studies varies from 5% to 
15%.12 Skin reactivity is related to the quality, potency and stan-
dardization of allergen extracts, which are often poorly defined 
for cereal and other occupational allergens. Sander et al.20 car-
ried out a study to compare different wheat and rye flour ex-
tracts used for skin testing, and related the results to the out-
come of SIC as gold standard. Wheat and rye flour extracts for 
SPT from three companies differed in protein concentrations 
and composition, resulting in a wide difference in SPT results. 
Sensitivity of SPTs was between 40% and 67%, specificity was 
between 86% and 100%, the positive predictive value (PPV) 
ranged from 81% to 100% and the negative predictive value 
(NPV) from 44% to 70%.20

van Kampen et al.21 carried out a multicenter study in which 
SPT were performed with wheat and rye flour extracts from 4 
producers in 125 symptomatic bakers. Comparisons between 
SPT results of different extracts were made with flour-specific 
IgE. The optimal cut-off level for all SPT solutions was a weal 
size of ≥1.5 mm. Again, a wide variability of SPT wheat and rye 
flour extracts from different producers was found. These data 
indicate that improvement and standardization of SPT solutions 
used for the diagnosis of cereal-induced asthma are needed.

Specific IgE measurements
The sensitivity of specific IgE measurements (by either Immu-

noCAP or ELISA) has been shown to be higher than SPT with 
commercial cereal (wheat and rye) extracts.20 The sensitivity of 
specific IgE to wheat and rye flour was 83% and 72%, respective-

ly, whereas the specificity was 59% and 81%.

Specific inhalation challenge 
SIC is still considered the gold standard for the diagnosis of 

baker’s asthma.22 Despite the broad allergenic cross-reactivity 
between wheat and rye flour, some patients may have a nega-
tive SIC with wheat flour and a positive reaction to SIC with rye 
flour,23 indicating that SIC should be performed with flour from 
different cereals.

van Kampen et al.24 evaluated the relevance of flour-specific 
serum IgE and SPT in the diagnosis of baker’s asthma and for 
the purpose of defining flour-specific IgE concentrations and 
wheal sizes that make it possible to predict the outcome of SIC. 
The results of the challenge with wheat flour were positive for 
37 bakers, while 63 had positive results with rye flour. Depend-
ing on the flour-specific IgE concentrations (wheal size), posi-
tive predictive value (PPV) was 74%-100% for wheat and 82%-
100% for rye flour, respectively. The minimal cutoff values with 
a PPV of 100% were 2.32 kU/L (wheal size 5.0 mm) for wheat 
flour, and 9.64 kU/L (wheal size 4.5 mm) for rye flour. Thus, high 
concentrations of flour-specific IgE and clear SPT results in 
symptomatic bakers are good predictors of a positive challenge 
test result. 

These observations suggest that SIC with cereal flours can be 
avoided in strongly sensitized bakers. In fact, a systematic liter-
ature review showed that in workers with suspected OA caused 
by high-molecular-weight agents, a positive SPT result and BHR 
to methacholine correlates with SIC (high specificity, moderate 
sensitivity).25

The main determinant of a positive SIC to an allergen in pa-
tients with baker’s asthma is the degree of sensitization to that 
allergen as determined by skin reactivity, modulated to a lesser 
extent by non-specific BHR.26

On the other hand, in baker’s with persistent cough and a neg-
ative asthmatic response to the SIC, a diagnosis of non-asthmat-
ic eosinophilic bronchitis should be considered. Monitoring of 
airway inflammation by non-invasive methods (induced spu-
tum and/or exhaled nitric oxide) is necessary to confirm the di-
agnosis.27,28

WHEAT GRAIN PROTEINS AND INHALANT ALLERGENS

Protein represents about 10%-15% (dry weight) of wheat 
grain. It can be classified in four different fractions based on se-
quential extraction in a series of solvents.29 Salt-soluble frac-
tions, named albumins and globulins, include only 15%-20% of 
the total protein, whereas most protein components, designat-
ed prolamins (gliadins plus glutenins), are not extracted by salt 
solutions. Gliadins are monomeric proteins, and are grouped 
into three types, designated α/β-, γ- and ω-gliadins, according 
to their electrophoretic mobility at low pH and biochemical 
characteristics.30 Glutenins form polymers maintained by inter-
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chain disulphide bridges, and are classified into high molecular 
weight (HMW) and low molecular weight (LMW) glutenin sub-
units.30 

The sequential extraction procedure does not render clear-cut 
preparations, as expected. Thus, cross-contamination among 
protein fractions can occur (i.e. some salt-soluble proteins, such 
as α-amylase inhibitor subunits, can residually appear in the 
glutenin fraction).31 Nevertheless, the peculiar extractability 
properties of wheat grain proteins lead to several constrain of 
commercial diagnostic products. Thus, wheat ImmunoCAP 
contains preponderantly salt-soluble proteins, and has to be 
complemented with glutenin ImmunoCAP, and/or ω-5 gliadin 
ImmunoCAP, for proper diagnosis of same patients.32

A high degree of heterogeneity of recognized allergens be-
tween groups with different clinical profiles (food allergy, wheat-
dependent exercise induced anaphylaxis –WDEIA–, baker’s 
asthma), as well as within each group, has been reported.33 
However, mainly salt-soluble proteins seem to be associated 
with baker’s asthma.

The main allergens implicated in cereal-induced asthma are: 
the α-amylase/trypsin inhibitor family, lipid transfer protein 
(LTP), peroxidase, thioredoxin, serine proteinase inhibitor, 
thaumatin-like protein and some prolamins. 

Besides the above mentioned allergens, additional IgE-bind-
ing proteins, such as acyl-CoA oxidase, fructose-bisphosphate 
aldolase, triosephosphate isomerise, glycerinaldehyde-3-phos-
phate dehydrogenase, and serpin, has been located by a pro-
teomic approach and IgE-immunodetection.34,35 On the other 
hand, β-amylase (from barley flour)36 and Tri a Bd 27K, a mem-
ber of the γ-interferon-inducible thiol reductases,37 have been 
reported as putative allergens. An association between baker’s 
asthma and allergy to kiwifruit38 has been described, suggesting 
that wheat thiol-proteases homologous to kiwi Act d 1 can be 
responsible for wheat-kiwi cross-reactivity.

Recently, Pahr et al.,39 using a cDNA library, have reported the 
molecular characterization, recombinant expression and puri-
fication of five wheat allergens involved in respiratory allergy: 
1-Cys-peroxiredoxin, dehydrin, a thioredoxin h isoform, glu-
thathione transferase, and profilin. 

The cereal α-amylase/trypsin inhibitor family
The α-amylase/trypsin inhibitor family is regarded as the ma-

jor type of wheat allergens responsible for cereal asthma.29,40 
This family comprises a large proportion of the salt-soluble pro-
teins from wheat flour, including the so-called CM proteins, 
which besides salt-solutions, can be also extracted with chloro-
form/methanol mixtures.41

The cereal α-amylase/trypsin inhibitor subunits are 12-16 kDa 
polypeptides with 4-5 intrachain disulphide bridges essential 
for their inhibitory activity.41 Members of the inhibitor family 
are restricted to the seed storage tissue (endosperm) and seem 
to have a common fold.41,42

The inhibitor subunits are encoded by a multigene family in 
wheat, rye and barley. Thus, up to 12 different subunits have 
been characterized in a single bread wheat (Triticum aestivum) 
cultivar, most of them with IgE-binding capacity (see below).40,41 
Amino acid sequence identity between members of the family 
ranges from around 30% to 95%.

Three types of α-amylase inhibitors have been identified in 
wheat flour based on their degree of aggregation: monomeric (1 
subunit), homodimeric (2 identical subunits) and heterotetra-
meric (3 different subunits, one of them in two copies).40,41,43

Activity towards heterologous α-amylases from insects, mites, 
mammals and/or bacteria, but not against the endogenous α- 
amylases present in the cereal kernel, has been described for 
the wheat inhibitors.40,41 Their role in plant defence is supported 
by the negative effects on the amylase activity of coleopteran and 
lepidopteran pests, mainly predators of stored cereal grains.44,45 

Extensive data reported by different groups, mainly based on 
1- and 2-dimensional immunoblotting of wheat flour salt-solu-
ble proteins, allowed to identify several 12-16 kDa members of 
the α-amylase/trypsin inhibitor family as major IgE-binding 
proteins in sera from wheat-induced asthmatic patients.34-36,46-51 
The in vitro analysis of purified inhibitor subunits fully confirmed 
their IgE-binding capacity.47,49,51,52

Biological activity of allergenic wheat α-amylase inhibitors was 
indicated by the induction of histamine release from peripheral 
basophils by wheat flour fractions enriched in salt-soluble 14 
kDa electrophoretic bands,53 and by the stimulation of leukotri-
ene release from peripheral leucocytes by both purified WMAI-
1 and WDAI-2 allergens.51

Armentia et al.54 carried out SPT with 6 purified inhibitor sub-
units from wheat flour, which allowed evaluating the in vivo re-
activity of representative members of this allergen family. Most 
asthmatic patients (87%) sensitized to wheat flour reacted to a 
protein preparation enriched in inhibitor subunits, as well as 
(80%) to at least one isolated wheat subunit. However, positive 
responses to purified inhibitor allergens so far assayed varied 
from 16% to 45%, being a glycosylated tetrameric inhibitor sub-
unit (gWTAI-CM16) the highest reactive protein.

Homology among inhibitor subunits from wheat, rye and bar-
ley partially accounts for cross-reactivity between flours from 
these cereals.40,48,50 Allergens belonging to the α-amylase inhibi-
tor family and associated with baker’s asthma have been isolat-
ed from rye55,56 and barley54,57 flour, and their reactivity con-
firmed by in vivo SPT.54,56 Interestingly, three of the rye inhibi-
tors tested, namely Sec c 1, RDAI-1 and RDAI-3, provoked posi-
tive SPT responses in more than 50% of 21 patients with baker’s 
asthma induced by rye flour. 

Peroxidase
Sanchez-Monge et al.58 isolated a prominent IgE-binding pro-

tein of 36 kDa from diploid (Triticum monococcum) wheat flour. 
The protein, which is also present in tetraploid (pasta) and hexa-
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ploid (bread) wheat, was identified as a seed-specific peroxidase 
harbouring N-linked complex glycans (CCDs). Sera from 6 out 
of 10 patients with baker’s asthma displayed in vitro (dot-blot) 
reaction to the purified allergen. The biochemical characteris-
tics of the peroxidase were latter confirmed by Yamashita et al.,59 
who suggested IgE-binding to the glycan moiety. 

Thioredoxin
Thioredoxins are 12-14 kDa ubiquitous regulatory proteins 

that reduce intrachain disulphide bridges of target proteins, 
such as the wheat storage prolamins (gliadins and glutenins), 
thus enhancing the mobilization of these storage proteins in 
germinating wheat seeds.60 Wheat thioredoxin, named Tri a 25, 
has been located as a novel allergen related to cereal-induced 
asthma by screening of a wheat cDNA phage display library 
with sera from patients suffering this occupational disease.61

Both Tri a 25 and its homologous (74% of amino acid sequence 
identity) maize thioredoxin Zea m 25 have been produced in E. 
coli as recombinant proteins, and tested against 17 sera from 
patients with baker’s asthma.61 

Non-specific lipid transfer protein (LTP)
Plant LTPs constitute a panallergen family of 9 kDa basic poly-

peptides, which show a 3D-fold characterized by a compact do-
main composed of 4 α-helices strongly linked by a network of 4 
conserved disulphide bridges.62 A main in vivo function of these 
proteins seems to be their involvement in plant defence mech-
anisms against phytopathogens (bacteria and fungi), this lead-
ing to their classification as pathogenesis-related (PR) proteins 
(PR-14 family).62

Palacin et al.63 have characterized wheat flour LTP, named 
wheat Tri a 14, as a major allergen associated with baker’s asth-
ma. Specific IgE to this wheat flour LTP was detected in 60% of 
sera from 40 Spanish patients with baker’s asthma, and in vivo 
reactivity (positive SPT response) found in 15 (62%) out of 24 of 
these patients. Furthermore, recombinant Tri a 14 has been 
produced in Pichia pastoris, and its physicochemical properties, 
heat and proteolytic resistance, and IgE-binding capacity shown 
almost equivalent to those of its natural counterpart.64 These 
characteristics, together with its biological potency,64 makes 
rTri a 14 a helpful tool for the diagnosis of cereal-induced asth-
ma. Moreover, LTP has also been implicated in rhinitis and 
asthma caused by rice inhalation.65

Serine proteinase inhibitor
Constantin et al.66 identified in 2008 a serine proteinase inhib-

itor as a novel allergen in baker’s asthma, by screening of a cDNA 
library from wheat seeds with serum IgE from asthmatic pa-
tients. The allergen is a 9.9 kDa protein, usually forming 40 kDa 
tetramers, which represent a new member of the potato inhibi-
tor I family. The inhibitor is mainly expressed in mature seeds, 
being accumulated in the starchy endosperm and the aleuron 

layer. It is probably involved in plant defence and belongs to the 
pathogenesis-related (PR) protein-6 family.

The recombinant form of this allergen produced in E. coli, but 
not the natural one, has been assayed against sera from baker’s 
asthma patients.66 The recombinant allergen reacted with spe-
cific IgE from 14%66 and 27%67 sera from Spanish baker’s asth-
ma subjects, when tested in dot blotted or micro-arrayed sam-
ples, respectively. In contrast, the inhibitor was not recognized 
by sera from patients suffering wheat food or grass pollen aller-
gy.66,67 Biological activity of the recombinant allergen was ascer-
tained by 3 out of 3 positive basophil histamine release assays.66

Despite around 50% amino acid sequence identity, no relevant 
cross-reactivity was found with homologous inhibitors from 
maize and rice.66

Thaumatin-like protein
Thaumatin-like proteins (TLPs) is the latest salt-soluble pro-

tein family from wheat flour that has been associated to baker’s 
respiratory allergy by Lehto et al.68 in 2010. Most TLPs have mo-
lecular masses ranging from 21 to 26 kDa, and 16 conserved 
cysteine residues forming 8 disulphide bridges that are respon-
sible for a compact 3D-structure and resistance to low pH con-
ditions, proteolysis and heat treatment.69 TLP antifungal activity 
supports the role of these proteins in plant defence against fun-
gal pathogens and their assignment to form family 5 of the patho-
genesis-related (PR) proteins.69 

Purified wheat TLP induces positive SPT responses in 30% to 
45% Finnish patients with baker’s asthma when tested at 50 μg/
mL and 500 μg/mL, respectively.68 

Prolamins: gliadins and glutenins
Several of the major water/salt-insoluble wheat flour proteins 

(prolamins) also appear to be implicated in baker’s asthma. 
Several studies70-72 have demonstrated IgE-binding in the prola-
min fraction, including by α-, β-, γ- and ω-gliadins, and LMW-
glutenin subunits.71 However, very few studies have evaluated 
the allergenicity of purified (recombinant) prolamins.73,74 Bittner 
et al.74 expressed in E. coli a cDNA encoding an αβ-gliadin of 20 
kDa, and isolated the corresponding recombinant prolamin. 
ELISA screening of 153 sera of bakers with OA using the recom-
binant αβ-gliadin, detected specific IgE in 12% of the sera test-
ed. Of the asthmatic bakers, 33% showed sensitization to natu-
ral total gliadin. 

OTHER ALLERGENS ASSOCIATED WITH GRAIN INDUCED 
ASTHMA

In addition to cereal proteins, a wide array of components, 
mostly additives used to improve wheat flour quality for bak-
ing, such as fungal enzymes (mainly α-amylase from Aspergil-
lus oryzae, termed Asp o 21), have been also associated with 
baker’s asthma.75 
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Flour improvers
Starch-cleaving enzymes are well known additives in process-

ing of fermented dough products and are widely used in the 
baking industry to hasten and economize the bread-making 
process. By hydrolyzing starch molecules to fermentable sug-
ars, these enzymes continuously generate a substrate that can 
be used by yeast. 

Baur et al.76 reported in 1986 the first description of allergy to 
α-amylase from Aspergillus oryzae in baker’s asthma. Fungal 
α-amylase is an endoglycosidase which catalyses the hydrolysis 
of internal alpha-1, 4-glycosidic linkages in various polysaccha-
rides yielding a mixture of maltose and glucose. This enzyme is 
added to flour (in amounts of milligrams per kg flour) to com-
pensate for the low natural content of amylases of cereal flour 
and so enhance carbohydrate fermentation by yeast. These au-
thors found that 12 out of 35 (34%) bakers with asthma had de-
veloped IgE-mediated allergy to α-amylase.76 More recent stud-
ies have shown that 23% of German bakers suffering from work-
place-related rhinitis and/or asthma were sensitized to fungal 
α-amylase.77 

In addition, other fungal enzymes used as baking additives 
such as hemicellulase, cellulase, xylanase, and glucoamylase 
(or amyloglucosidase) from Aspergillus niger have been shown 
to cause IgE-mediated sensitization by means of in vitro and in 
vivo tests.77-80 The frequency of serum specific IgE to glucoamy-
lase among symptomatic bakers varies from 5% to 8%, indicat-
ing that this enzyme may be a relevant allergen in the baking 
industry.79 

Soya flour is used as a baking additive for the emulsifying 
properties of lecithin and the whitening effect of lipoxygenase. 
The presence of specific IgE antibodies recognizing lipoxygen-
ase and/or soybean trypsin inhibitor have been demonstrated 
in symptomatic bakers,75,81,82 and soybean lecithin has also been 
reported as a causative agent of OA.83 More recently, cases of 
rhinitis and asthma caused by lupin flour have been reported 
but their impact in the bakery sector is not yet established.84 

Other bakery ingredients that have been implicated in isolat-
ed cases of baker’s asthma are baker’s yeast (Saccharomyces 
cerevisiae),85 buckwheat,86 sunflower seed,87 and egg proteins.88 

Grain dust contaminants and pests
Storage mite (Lepidoglyphus destructor, Acarus siro and Ty-

rophagus putrescentiae) have been frequently implicated in cere-
al asthma but their causative role has not been demonstrated 
beyond doubt.89,90 Other insects,91,92 spiders93 and fungi94 that 
may contaminate grain and/or flour have been incriminated in 
respiratory allergy, but their role appears to be extremely limited.

MANAGEMENT

As in other types of immunologic OA, early diagnosis and ear-
ly avoidance of further exposure are the cornerstones of man-

agement for patients with grain-induced asthma.95 Whenever 
feasible the patient should be relocated to a job category with-
out exposure. Pharmacological treatment of OA should comply 
with published asthma guidelines.

Allergen-specific immunotherapy (SIT) and other biological 
treatments, such as anti-IgE monoclonal antibodies (omali-
zumab), also may play a role in management. 

Armentia et al.96 published the results of the first double-blind 
placebo-controlled study of SIT with cereal flour in baker’s 
asthma in 1990. Twenty patients were treated with an aqueous 
wheat flour extract (ALK-Abelló, Madrid, Spain) and 10 with 
placebo for 10 and 20 months. After SIT, the active group showed 
a significant decrease in skin sensitivity and also in bronchial 
hyperresponsiveness to methacholine. Specific IgE to wheat 
flour decreased only in patients who were treated with SIT for 
20 months. Patients in the active group also reported a signifi-
cant subjective improvement, whereas patients in the placebo 
group showed no changes in skin sensitivity or BHR to metha-
choline. 

Case reports97 and retrospective studies98 have also shown ef-
ficacy of wheat flour SIT in baker’s asthma. An observational 
cross-sectional retrospective study was performed on 41 sensi-
tised bakers98 who underwent subcutaneous SIT with wheat 
flour extract (Lofarma Allergeni, Milan, Italy) for 4 or more 
years, without avoiding their work activity. The outcome was 
investigated after 5 or 10 years. Thirty-four subjects out of 41 
were still at work with an acceptable quality of life and a normal 
working activity, mainly in their small enterprises. In the sub-
group of 19 patients treated in the past, several bakers still at 
work had stopped SIT even from 4-10 years. In the subgroup of 
15 patients, still in treatment, symptoms and drug use during 
the work activity resulted to be reduced or absent in the majori-
ty of cases. The authors suggested that SIT with wheat flour may 
allow relocation in many of cases of baker’s asthma and may be 
associated with other environmental interventions in the work-
places.98 

Omalizumab has been shown to have clinical benefit in pa-
tients with uncontrolled severe baker’s asthma.99,100
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INTRODUCTION

The aetiology of Crohn's disease has been extensively

studied, but no consensus regarding the immunopatho-

genesis of this disease has been reached. It has been

suggested that intraepithelial T-cells in patients with

Crohn's disease are activated by an exogenous antigen,

and damage to the mucosa is caused by an indirect

`bystander' mechanism.1 Two possible sources for

exogenous antigens in Crohn's disease are food and

enteric ¯ora.

Evidence in support of the importance of food antigens

perpetuating the in¯ammatory process comes from

studies showing that diets whose sole protein source

consists of amino acids or simple proteins can induce

remission in Crohn's disease.2±9 Enteral feeding with

these diets appears to be as effective as cortico-steroid

therapy in treating active Crohn's disease.7, 8 Clinically

identifying food antigens which might initiate or

exacerbate disease is extremely dif®cult, and requires

utilizing diets which patients ®nd dif®cult to tolerate.

The induction of remission after elemental diet therapy,

followed by reintroduction of food has been attempted in

Crohn's disease, but in one study speci®c food sensitivity

was con®rmed in only three out of 42 patients.10 We

hypothesized that complex proteins in food prime

immune cells, and that these cells can be identi®ed

using in vitro laboratory techniques.

Laboratory based experimental work has supported the

hypothesis that food or bacterial antigens are involved
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may act as antigenic stimuli in Crohn's disease. This

study assessed the prevalence and magnitude of lym-

phocyte priming to these antigens in Crohn's disease.

Methods: A total of 31 Crohn's disease patients (median

age 42 years, range 25±72 years) and 22 healthy

controls (median 29 years, 23±43 years) were studied.

Peripheral blood lymphocytes were collected and incu-

bated with antigens in hanging drop culture for 4 days.

The antigens tested were cow's milk, cereals, cabbage

group, citrus group, peanut group, Saccharomyces (yeast),

Bacteroides, E. coli and Klebsiella. On the 4th day
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Results: The mean background and mitogen-stimula-
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controls. The mean proliferation to antigens was not
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proliferative responses to all food and bacterial anti-

gens were signi®cantly higher than background val-
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in the pathogenesis of Crohn's disease. The proliferation

of peripheral as well as lamina propria T lymphocytes to

bacterial, mycobacterial and fungal antigens has previ-

ously been demonstrated.11, 12 A serum assay measur-

ing antibodies against anaerobic coccoid rods had a

speci®city of 89% for Crohn's disease but was not

speci®c for ulcerative colitis.13 Titres of mucosal IgG

antibodies have been shown to be signi®cantly higher in

Crohn's disease and ulcerative colitis than in controls,

and some of these antibodies have been shown to be

directed against cytoplasmic antigens of commensal

bacterial ¯ora.14 Mucosal lymphocytes from normal

individuals are tolerant to autologous bacterial ¯ora,

but lymphocytes from patients with in¯ammatory

bowel disease proliferate when co-cultured with auto-

logous bacterial antigens.12, 15 Serum antibodies and

proliferative lymphocyte responses to Saccharomyces

cerevisiae (bakers and brewers yeast) have been shown

to be signi®cantly increased in patients with Crohn's

disease, when compared to patients with ulcerative

colitis or healthy controls.16, 27 We therefore hypothes-

ized that patients with Crohn's disease may also be

sensitized to enteric bacteria or yeasts.

Amongst the most compelling evidence implicating

exogenous antigens in Crohn's disease is the

demonstration of persistent CD4+ T-cell clones in the

peripheral blood of patients with Crohn's disease.17 These

T-cell clones are shared in patients with similar HLA

types, suggesting a relationship between an exogenous

antigen and a genetic background in producing T-cell

clonal expansion leading to persistent mucosal damage.

The aim of the study was to test whether peripheral

blood lymphocytes of patients with Crohn's disease

respond to food or bacterial antigens in a way which

differs from healthy controls. If in vitro laboratory

techniques could be used to identify abnormal sensitiv-

ities to exogenous antigens, this may form the basis for

instituting elimination diets or altering enteric ¯ora as

therapies in patients with Crohn's disease.

MATERIALS AND METHODS

Subjects

Proliferative responses were assessed in 22 healthy

controls (median age 29 years, range 23±43 years) and

31 patients with Crohn's disease (median age 42 years,

range 25±72 years). Of the 31 Crohn's disease patients,

25 had ileocolonic disease, four ileal disease, and two

colonic disease. Ten had active disease, as measured by

the Harvey±Bradshaw index, ®ve were on no drug

therapy, 19 used a 5-ASA preparation, 11 were on

steroids, and seven used azathioprine.18

Approval was obtained from the Harrow Research

Ethical Committee and all subjects gave informed

consent.

Peripheral blood lymphocyte proliferation to food,

yeast and bacterial antigens

Peripheral blood lymphocytes were prepared by collect-

ing 15 mL of blood added to 0.5 mL (500 units) of

Heparin. The blood was kept at room temperature until

lymphocyte separation. Lymphocytes were isolated by

centrifugation on a Ficoll gradient (Histopaque, Sigma).

Lymphocytes were then aspirated from the interface and

suspended in complete medium (RPMI-1640, Dutch

modi®cation, Sigma, UK) supplemented with 10% v/v

heat inactivated foetal calf serum, 100 lg/mL L-gluta-

mine, 100 U/mL penicillin, 100 lg/mL streptomycin

and 5 ´ 10±5 M 2-mercaptoethanol. Triplicate 20 lL

hanging drop cultures containing 50 000±100 000

peripheral blood cells per well were established in

Terasaki plates and one antigen diluted 10-fold was

added to each well.19 Plates were inverted over saline and

incubated for 4 days at 37 °C in a humidi®ed atmosphere

of 5% CO2 in air. One microlitre (equivalent to 1 lg/mL of
3H-thymidine at a speci®c activity of 2 Ci/mmol) was

then added to each 20 lL well and incubated for a

further 4 h. The cultures were then harvested by blotting

on to ®lter papers. This technique, using a low speci®c-

activity thymidine in ¯ooding conditions for a short pulse

time, results in low counts. These re¯ect the level of DNA

synthesis without the complication of limiting the

availability of thymidine or excessive radiation damage

to cells.19 Radioisotope incorporation was determined by

liquid scintillation counting on a Beta counter.

Food antigens

Puri®ed food antigens were purchased from Bayer

(Spokane, Washington). The following groups of

antigens were utilized:

1 Cereal grain mix (barley, corn, oat, rice, rye and

wheat), 1/10 weight for volume.
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2 Cabbage group mix (broccoli, brussel sprouts, cab-

bage and cauli¯ower), 1/10 weight for volume.

3 Citrus mix (grapefruit, lemon, lime and sweet

orange), 1/10 weight for volume.

4 Whole cow's milk, 1/20 weight for volume.

5 Bakers yeast and brewers yeast (Saccharomyces

cerevisiae), 1/10 weight for volume.

6 Peanut mix (runner peanut, Virginia, Spanish),

200 protein nitrogen units/mL.

Before use in lymphocyte culture assays, antigens were

dialysed for 24 h in medium (RPMI-1640, Dutch

modi®cation, Sigma, UK), and then stored at 4 °C.

Dialysis was undertaken in order to remove preserva-

tives from the antigen solution, which would depress

lymphocyte proliferation.

The following bacterial antigens were used:

Bacteroides, Klebsiella and E. coli. The E. coli bacteria

were derived from the NTCT strain 104, while Bacte-

roides and Klebsiella were derived from wild organisms.

Bacteria were diluted to 108 organisms/mL in RPMI

medium. Irradiation with 3000 Rad (Cesium 57 source)

ensured that these organisms were not able to prolifer-

ate in culture. A 4-day incubation of bacteria in growth

medium con®rmed that proliferation of irradiated

bacteria did not occur (as measured by 3H-thymidine

incorporation).

Statistical analysis

The 99% con®dence interval for background prolifer-

ation was calculated. Antigen responses were considered

to be positive if mean proliferation to a particular

antigen, at a particular concentration, was above the

upper limit of the 99% con®dence interval for back-

ground proliferation. The combined 99% con®dence

interval and mean values were calculated for back-

ground, con A, and each antigen for patients and

controls. The Fisher's exact test was used to compare the

number of patients and controls responding to antigens.

RESULTS

Initial experiments were undertaken to determine the

optimal incubation time, antigen concentrations and

responder cell numbers. Optimal proliferation was rec-

orded after 4 days in culture (data not shown). Prolifer-

ation to antigens varied with cell responder number,

but good responses were seen when 50 000±100 000

responder cells were used per well. Some patients

responded vigorously to certain antigens at 50 000

responder cells, and less vigorously at 100 000 respon-

ders. For the purposes of standardization, all experiments

were undertaken with a constant responder cell number

of 100 000 cells per well, and 10-fold dilution of

antigens.

Individual data

The data for Crohn's disease patients are shown in

Table 1 and for healthy controls in Table 2. Twenty-

three out of 31 Crohn's disease patients responded to

one or more of the antigens, while eight patients

showed no response. The following positive proliferative

responses were noted in Crohn's disease patients: 13 to

milk, 16 to cabbage, 14 to cereal, nine to citrus, 16 to

peanut, 18 to E. coli, 11 to Bacteroides, 10 to Klebsiella,

six to bakers yeast, and nine to brewers yeast. Five out

of 22 healthy controls responded to one or more

antigens: one to milk, two to cabbage, two to peanut,

one to E. coli, one to Klebsiella, one to bakers yeast, and

three to brewers yeast.

The proportion of Crohn's disease patients responding

to at least one antigen differed signi®cantly from healthy

controls (Fisher's exact test, P � 0.0003). Sixteen

patients responded to four or more antigens, compared

to two controls (P � 0.001, Fisher's exact test).

Pooled group data for Crohn's disease patients and controls

The proliferative responses for the pooled groups of

patients and healthy controls were then assessed. The

mean proliferative responses for these two groups are

shown in Table 3.

The mean background proliferations (and 99% con-

®dence intervals) of patients and healthy controls were

161 (252) and 246 (314), respectively. The mean

proliferation for these two groups to con A was 828

and 868 counts, respectively. Neither background nor

response to con A differed signi®cantly between groups.

In the healthy control group, none of the mean

proliferative responses to antigens exceeded the upper

99% con®dence interval of background. In the Crohn's

disease patients, however, mean proliferation to all

antigens exceeded the upper 99% con®dence interval

for background proliferation.

To determine whether those Crohn's disease patients

with small bowel disease were more likely to respond to
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food or yeast, and those with large bowel disease were

more likely to respond to colonic bacterial antigens,

patients with small bowel or ileocolonic disease were

compared to those with large bowel disease only. A

positive response was taken as response to at least one

food or yeast or bacterial antigen. Those with small

bowel or ileocolonic disease responded to 37 bacterial

and 81 food or yeast antigens. Those with colonic

disease only (n � 2) responded to two bacterial and

eight food or yeast antigens. Therefore, the distribution

of disease did not appear to affect the relative frequency

of responses to food, yeast or bacterial antigens. No

statistical comparison was made.

The eight patients in the Crohn's disease group who

did not respond to any antigen were also analysed

separately. One of these non-responders (C28) was on

high dose intravenous steroids, while another (C23)

was on prednisolone 50 mg per day, and ciclosporin

50 mg per day. One non-responder with active disease

(Harvey±Bradshaw score of 7) was on azathioprine

100 mg per day, and two patients with inactive disease

were only using 5-amino salicylic acid (ASA) prepar-

ations. Three non-responders with inactive disease were

on no medication.

The 23 patients from the Crohn's disease group who

responded to one or more antigen were analysed

separately. Response to antigen was not related to

disease activity, or use of medications (Fisher's exact test

for each of these parameters assessed separately,

P � 0.8). It was not possible to test for each type of

Table 1. Individual data for Crohn's disease patients, n = 31, showing only the proliferative responses to antigens which were above the

99% con®dence interval for the background for that patient. The upper 99% con®dence interval value is shown in background column

Upper
Mean proliferative response to each antigen

Patient

number

99% CI limit

Background Milk Cabbage Cereal Citrus Peanuts E. coli Bacteriodes Klebsiella

Bake

yeast

Brew

yeast

C1 362 559 894 7639 8937

C2 114 347 139

C3 343 645 788 2649 491 2250

C4 141 559 357 320 206 226

C5 57 1107 885 1179 317 386 212 324 384 242

C6 405

C7 440 688 597 486

C8 128

C9 1455 1473

C10 58 503 912 309 677 250 192 120 330

C11 2010

C12 105 440 20600 12690 26650 3846 7481

C13 143 225 271 6181 299

C14 2249 25410 4699 4677

C15 82 1848 629 317 263 684 1081 441

C16 112 469 346 206 432 170 158

C17 146 1880 339 752

C18 146 456 1308 147 631 300 8482

C19 268 294 6582 6260

C20 376 674 454

C21 959 1249 1200 1753 1861 1590 2329

C22 111 446 401 348 468 1156 240 374 278 120 249

C23 199

C24 48

C25 241

C26 328

C27 340 638 655 575 1143 561 1396 486 768

C28 110

C29 260 1240 1080 457 1440 458 360 444

C30 31 124 37 52 118 46 55

C31 390 1869 1659 1840 806 2143 838 1497 2134 1529 1901
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drug separately because of the small number of patients

in each group.

DISCUSSION

This study has demonstrated a marked sensitization to a

broad range of food, bacterial and yeast antigens in

patients with Crohn's disease. An in vitro technique was

used to identifying peripheral T-cells which proliferate

after exposure to food, yeast and bacterial antigens. The

hanging drop culture method used in these experiments

has been shown to be a sensitive method of assaying

secondary lymphocyte responses.19 This technique

produces substantial variability according to culture

period, responder cell number, as well as the concen-

tration of the stimulating antigen. For these reasons

stringent criteria were used to de®ne positive responses

to antigen. Accordingly, mean responses to antigens

were only considered positive if they were above the

upper limit of the 99% con®dence interval for back-

ground proliferation, as opposed to the usually applied

95% con®dence interval.

The striking proliferation of lymphocytes derived from

Crohn's disease patients was speci®c; the background

proliferation and mitogen response did not differ

between the groups studied. Occasional proliferative

Table 2. Individual data from healthy control subjects, n = 22, showing proliferative responses to antigens which were above the 99%

con®dence interval for the background. Mean responses above the 99% con®dence interval were regarded as positive. The upper 99%

con®dence interval value is shown in background column

Upper
Mean proliferative response to each antigen

Subject

number

99% CI limit

Background Milk Cabbage Cereal Citrus Peanut E. coli Bacteroides Klebsiella

Bake

yeast

Brew

yeast

H1 1261

H2 1383

H3 708

H4 1289

H5 611 8917 800 1173 625 778

H6 669

H7 238

H8 1405

H9 61 68

H10 53

H11 55

H12 148 207 179 420 794

H13 504

H14 393

H15 190

H16 506 671

H17 1944

H18 772

H19 278

H20 176

H21 238

H22 403 793

Table 3. Group data for Crohn's disease patients (n = 31) and healthy controls (n = 22) after 4 days incubation with food, yeast and

bacterial antigens. Mean proliferation is shown, with upper 99% con®dence interval value in brackets next to mean. Positive proliferative

responses for antigens above the upper 99% con®dence interval for background proliferation are in bold

Background Con A Milk Cabbage Cereal Citrus Peanut E. coli Bacteroides Kleb Yeast

Crohn's 161 (252) 828 506 872 497 444 568 516 522 478 344

Healthy controls 246 (314) 868 179 182 154 81 201 178 130 72 150
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responses were observed in a minority of healthy

controls; the importance of these isolated responses is

not known. Presumably an intact mucosa prevents food

antigens from coming into contact with stimulated

T-cell clones in healthy controls.

Disease distribution, disease activity and the use of

drug therapy, did not appear to in¯uence the patients'

lymphocyte responses to the antigens tested. The

numbers were too small to be conclusive regarding

the effect of high dose steroids or azathioprine.

Whether the lymphocyte sensitization to lumenal

antigens in Crohn's disease is due to breached epithe-

lium or is a part of the pathogenic process in some other

way, such as a general immune cell hyper-responsive-

ness, is unknown. In a separate study we have tested

the rectal mucosal blood ¯ow responses to six food

antigens in 10 Crohn's disease patients, using laser

Doppler ¯owmetry.20 Crohn's disease patients demon-

strated abnormal rectal blood ¯ow responses to yeast

and citrus fruits, when group data were analysed.

Individual Crohn's disease patients showed an abnor-

mal response to all antigens, with rectal blood ¯ow

increasing in 24 out of 60 antigen tests, compared to six

out of 60 tests in controls (P < 0.0001). These responses

were speci®c to the gut, and were not seen with skin

testing. These results suggest that the current in vitro

studies are of direct clinical relevance. They also suggest

a link between peripheral lymphocytes and events

occurring in the gut, but not in the skin.

Previous studies addressing immune responsiveness to

lumenal antigens in Crohn's disease have focused

particularly on the prevalence and nature of antibodies

to yeast. Anti Saccharomyces cerevisiae antibodies

(ASCA) are strongly associated with Crohn's disease,

but not ulcerative colitis.21±23 In contrast, the prevalence

of IgG anti-Escherichia coli antibodies is not signi®cantly

different between Crohn's disease and ulcerative colitis.

The high prevalence of anti-yeast antibodies in Crohn's

disease, and their low prevalence in ulcerative colitis,

suggests that they are not raised solely due to antigenic

exposure through a breached epithelium.

The antibody response to a number of food antigens

has also been examined in a twin study of patients with

in¯ammatory bowel disease. Twenty-six monozygotic

twin pairs with in¯ammatory bowel disease and 52

healthy controls were investigated for serum antibodies

(IgA, IgG, IgM) against ovalbumin, betalactoglobulin,

gliadin, whole yeast (Saccharomyces cerevisiae) and yeast

cell wall mannan.24 Patients with ulcerative colitis were

indistinguishable from healthy twins and controls,

except for the response to gliadin. Both healthy and

diseased twins had higher IgA levels to gliadin than

controls. Twins who both had Crohn's disease displayed

higher antibody titres of all antibody types (IgA, IgG and

IgM) towards yeast cell wall mannan in particular,

but also to whole yeast (Saccharomyces cerevisiae). In

contrast, the response to gliadin, ovalbumin, and

betalactoglobulin did not differ from healthy twins and

was even lower than in the controls. The results argue

against an increased systemic antigen presentation

caused by an impaired mucosal barrier in in¯ammatory

bowel disease. Rather, they suggest that yeast cell wall

material (that is, mannan), or some antigen rich in

mannose and cross-reacting with mannan, may play an

aetiological role in Crohn's disease, but not in ulcerative

colitis. The increases in IgA and IgM, as well as IgG,

suggest that local and systemic immune systems are

selectively activated by antigen(s) present in the cell

wall of baker's yeast.

Food-speci®c IgE could not be detected in the sera from

Crohn's disease patients, suggesting that alternative

mechanisms are involved in the adverse response to

food components.25

Previous studies have demonstrated an excessive

proliferation of Crohn's patients' peripheral blood lym-

phocyte in response to yeast or milk.26, 27

If sensitized lymphocytes and speci®c antibodies play a

pathogenic role, then exclusion of the relevant foods

may provide therapeutic bene®t, even in the short term.

In a study of 19 patients with Crohn's disease, patients

continued their usual diet for the ®rst month (base-line

period), but during the next 2 months dietary yeast was

excluded. During one of these months, patients took

baker's yeast capsules, while for the other month they

took placebo capsules.28 The mean Crohn's disease

activity index (CDAI) whilst taking baker's yeast was

signi®cantly greater than during yeast exclusion. The

mean maximum CDAI during yeast exclusion was

signi®cantly lower than during the base-line and

baker's yeast inclusion periods. Patients with elevated

yeast antibodies tended to develop a higher CDAI while

receiving baker's yeast.

The clinical and long-term relevance of dietary antigen

exposure has been examined in a recent study of

patients with food intolerance who were re-exposed to

previously eliminated foods more than 4 years after

instituting an exclusion diet.30 Provocation produced

immune activation in peripheral blood lymphocytes, as
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assessed by an increased release of interleukin-4 (IL-4),

interferon gamma, and TNF-alpha.

In summary, peripheral lymphocytes of Crohn's dis-

ease patients are abnormally sensitized to food, yeast

and bacterial antigens. These sensitized lymphocytes

may contribute to the in¯ammatory process.
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A 40-year-old healthy male employed in a bakery presented with a single lung nodule and underwent
investigations to rule out pulmonary carcinoma. Biopsy was positive for yeast cells, which did not match
common fungal pathogens. PCR assay of paraffin-embedded tissue and nucleotide sequencing with ribosomal
ITS1-ITS2 universal primers revealed the presence of Saccharomyces cerevisiae.

Identification of fungal pathogens in histological sections
frequently requires application of specialized stains (6). Many
pathogenic yeasts appear as budding, rounded cells without
any characteristic tissue forms (9). This situation is alleviated
in instances in which the incriminating fungus can be isolated
in culture. However, tissue specimens are not always available
for culture. Recently, the application of PCR and nucleotide
sequencing has been extended for identification of pathogenic
fungi in histological sections. The paraffin-embedded tissue is
used as a source of template DNA for a PCR assay with
universal fungal ribosomal gene primers and/or a nested PCR
assay with pathogen-specific primers, and the amplicons are
then analyzed by restriction fragment length polymorphism
and/or nucleotide sequencing for confirmation of fungal iden-
tity (2–5, 8, 11, 13). This approach is very promising in diag-
nostics, as it could lead to conclusive identification of the
causal pathogen independently of histological or culture ob-
servations. We describe a case of a lung nodule in a healthy
male that proved to be histologically negative for suspected
lung carcinoma and instead revealed budding yeast cells, which
were confirmed as Saccharomyces cerevisiae by PCR and nu-
cleotide sequencing.

A 40-year-old healthy male was referred to the surgeon at
Coney Island Hospital for a lung nodule discovered during a
routine chest X-ray done as part of an annual physical exam-
ination. The patient was a nonsmoker with no history of any
medical illness. A wedge resection of the lung was performed.
A 0.7-cm-diameter solid grey-tan nodule was present in the
lung parenchyma. The edges of the lesion were sharply demar-
cated from the surrounding normal lung parenchyma without
any calcification. Histopathologic examination revealed an in-
flammatory mass composed of a background of fibrotic tissue
with a moderately dense population of inflammatory cells com-
posed of an equal admixture of histiocytes and lymphocytes.

No discrete areas of necrosis were noted. Numerous oval-to-
spherical structures reminiscent of fungal cells were revealed
by hematoxylin-and-eosin staining (Fig. 1A). A silver methen-
amine stain confirmed that these were fungal cells, variable in
size from 5 to 15 �m, mostly extracellular with occasional
budding (Fig. 1B). Since the tissue was not saved for fungal
culture, identification of the cells was first attempted on the
basis of their morphology. The usual pathogenic fungi causing
pulmonary nodular lesions are Histoplasma capsulatum, Blas-
tomyces dermatitidis, Coccidioides immitis, and Cryptococcus
neoformans. The larger size and predominant extracellular lo-
cation were atypical for H. capsulatum, the absence of broad-
based budding ruled out B. dermatitidis, and the absence of a
mucinous capsule ruled out C. neoformans. Also, the size and
morphology were inconsistent with Coccidioides species. Para-
coccidiodes brasiliensis was also a consideration because of
travel to South America; however, the morphology was not
supportive. The presence of budding cells ruled out the possi-
bility of Pneumocystis carinii. No other microorganisms were
identified in the lesion.

The specimen was submitted to the Mycology Laboratory at
the Wadsworth Center for further investigations. The lung
tissue block was sliced into thin pieces with a sterile surgical
blade and transferred to a microcentrifuge tube. A 200-�l
aliquot of xylene (Sigma, St. Louis, Mo.) was added, mixed by
inversion, heated for 15 min at 37°C, and centrifuged at 14,000
rpm in an Eppendorf model 5415 D centrifuge for 15 min. The
supernatant was removed, a fresh 200-�l aliquot of xylene was
added, and the whole step was repeated once. The pellet was
washed twice with 1.0 ml of 100% ethanol for 30 min at 37°C
to remove residual xylene. The ethanol was removed by cen-
trifugation for 15 min, and the tissue pellet was air dried for
DNA extraction. The QIAamp DNA Mini Kit (Qiagen, Va-
lencia, Calif.) was used to extract the DNA from the tissue
pellet in accordance with the manufacturer’s protocol. PCR
was performed with universal primers designed to amplify the
ITS1 region of the fungal ribosomal DNA. The oligonucleotide
sequences were 5�-TCCGTAGGTGAACCTGCGG-3� and 5�-
GCTGCGTTCTTCATCGATGC-3� (12). The thermal cycling
conditions were initial denaturation at 95°C for 5 min, followed

* Corresponding author. Mailing address: Mycology Laboratory,
Wadsworth Center, New York State Department of Health, SUNY
School of Public Health, University at Albany, Albany, NY 12201-
2002. Phone: (518) 453-6412. Fax: (518) 486-7811. E-mail: vishnu
@wadsworth.org.
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by 35 cycles of denaturation at 94°C for 1 min, annealing at
62°C for 30 s, and extension at 72°C for 1 min and a final
extension step of 72°C for 10 min. The same reaction condi-
tions were subsequently used to amplify the ITS1-ITS2 regions
with the primers 5�-TCCGTAGGTGAACCTGCGG-3� and
5�-TCCTCCGCTTATTGATATGC-3� (12). The DNA tem-
plate was also used for PCR amplification of the human an-
drogen receptor gene as a control with primers AR-F (5�-GC
CTGTTGAACTCTTCTGAGC-3�) and AR-R (5�-GCTGTG
AAGGTTGCTGTTCCTC-3�) (10). The control human DNA
sample was prepared from blood. The PCR products were
electrophoresed on 1.2% agarose gel in Tris-borate-EDTA
buffer. The DNA amplicons were purified from the gel with a
QIAquick gel extraction kit (Qiagen) and sequenced with an
ABI PRISM 377 sequencer and a BigDye terminator cycle
sequencing ready reaction kit (Applied Biosystems, Foster
City, Calif.).

The template DNA was successfully extracted from the par-

affin-embedded lung tissue, and PCRs worked well with both
fungal and human primers (Fig. 2). One prominent DNA band
of approximately 400 bp was obtained with ITS1 universal
fungal primers and not with the control human DNA (lanes 2
and 3), which indicated that only the lung nodule sample had
fungal DNA. The positive bands of approximately 475 bp in
lanes 4 and 5 were obtained with human androgen receptor
primers from both lung nodule DNA and control human DNA,
which indicated that the extracted DNA was comparable in
quality to control human DNA prepared in the laboratory.
Nucleotide sequencing of the DNA amplicon from lane 2 and
homology searches in the GenBank database revealed the
highest homology with the corresponding S. cerevisiae se-
quences. The subsequent sequencing of the 840-bp ITS1-ITS2
fragment from lung nodule DNA also revealed the highest
homology with S. cerevisiae.

It is reasonable to suggest that the lung nodule in this patient
was caused by inhalation of dry baking yeast powder since the
patient must have been exposed during his work, which in-
volved setting up bakeries in different areas. The patient did
not receive any further treatment after surgery, and additional
blood tests did not reveal any immune dysfunction. The patient
is doing well and has been disease free for 2 years. Although S.
cerevisiae is a rare fungal pathogen, mostly in immunocompro-
mised patients, sporadic cases of vaginitis and asthma have
been attributed to occupational exposure (1, 7, 14).

A number of investigators have described the use of a nest-
ed-PCR approach combining ITS universal primers with spe-
cies-specific primers to confirm the etiology of B. dermatitidis
and H. capsulatum in paraffin-embedded tissue (2, 3, 8, 11).
This approach increases the specificity of the PCR and obvi-
ates the need for subsequent sequencing to confirm identity,
but it cannot be used with samples containing unknown fungi.
Two other groups have reported detailed comparisons of PCR
with ITS primers, followed by hybridization with species-spe-
cific nucleic acid probes and/or nucleotide sequencing (5, 13).
In one of these studies, it was found that hybridization with
specific probes was rather limited in its sensitivity and speci-
ficity compared to nucleotide sequencing (13). In conclusion,
the present report highlights the pathogenic potential of S.
cerevisiae in healthy humans who may acquire the fungus by

FIG. 1. Histological examination of lung nodule. (A) Hematoxylin-
and-eosin staining revealing budding round-to-oval structures in the
midst of inflammatory cells (lymphocytes and plasma cells). Original
magnification, �400. (B) Silver methenamine staining revealing extra-
cellular fungal cells with occasional budding. Original magnification,
�400.

FIG. 2. Electrophoresis of DNA amplified by PCR of lung nodule.
Lanes: 1, �X174 RF/HaeII DNA fragment used as a size standard; 2,
positive PCR result with lung nodule DNA amplified by fungal ITS1
primers; 3, negative PCR result with control human DNA and fungal
ITS1 primers; 4 and 5, positive PCR results with DNA from lung
nodule and control human DNA amplified with primers for the human
androgen receptor.
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occupational exposure. Our laboratory findings also confirm
that the combination of PCR and nucleotide sequencing with
ITS1-ITS2 primers is a viable option for the identification of
fungal pathogens from paraffin-embedded tissue, especially
when the identity of the fungus is unknown.

Nucleotide sequence accession numbers. The sequences de-
termined in this study have been deposited in the GenBank
database with accession numbers AF500488 and AY525600.

We thank Ann Messer (Molecular Genetics Program, Wadsworth
Center) for providing the DNA sample and primers for the human
androgen receptor. The nucleotide sequencing was done at the Mo-
lecular Genetics Core of the Wadsworth Center.
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This study was undertaken to analyze the differences in exposure and
sensitization to five common environmental yeasts. The responses of IgG,
IgA. and IgE to Candida albicans. C. utilis, Cryptococcus alhidus.
Rhodotorula rubra, and Saccharomyces cerevisiae and purified 5, cerevisiae
enolase were analyzed by immunoblotting (igE-IB). and the cross-reactivity
of their IgE-binding components by IgE-IB inhibition. Twenty atopic
subjects, with asthma, allergic rhinitis, or atopic dermatitis were included. In
skin prick tests (SPT). 12 of the patients showed simultaneous reactivity to
at least two of the five yeasts, four reacted to one of the yeasts, and four
had no responses. Antigens run in SDS-PAGE and transferred to
nitrocellulose were probed with enzyme-labeled IgA-, IgG-, and IgE-specific
antibodies. The IgE immunoblotting revealed most IgE-binding bands in
C albicans (11 bands) followed by C utilis (eight bands). S. cerevisiae (five
bands), R. rubra (five bands), and Cr albidus (four bands). Six of the IgE-
binding bands of C. albicans and C utilis shared molecular weight, and only
two bands shared molecular weight with other yeasts. These were the
46-kDa band, shared by all five yeasts, and a 13-kDa band shared by four
yeasts. Prominent IgE binding was seen to a 46-kDa band of C albicans
(seven patients), C utilis (five patients), and S. cerevisiae (one patient) and
to corresponding weak bands of Cr albidus and R. rubra (one patient). The
possible cross-reactivity of the 46-kDa band was analyzed by IgE-IB
inhibition and densitometry, revealing clear C albicans inhibition of C. utilis
(80%) and enolase (98%) (autoinhibition 100%), The strongest IgG
responses were seen against S. cerevisiae and C albicans. The responses were
mainly against mannans of C albicans and S. cerevisiae, suggesting that most
of the exposure is to these yeasts. Yeasts with different types of exposure,
from saprophytic growth on human mucous membranes to exposure by air
and food, were shown to cross-react at the allergenic level, Atopic patients
primarily sensitized by C. albicans and 5. cerevisiae may develop allergic
symptoms by exposure to other environmental yeasts due to cross-reacting
IgE antibodies.
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Several yeasts have been found to play a role in
allergic diseases. Candida albicans, a common
saprophyte of the mucous membranes, has been
associated with bronchial asthma, allergic rhinitis,
chronic urticaria and atopic dermatitis (1-5).
Atopic allergy to a lipophilic yeast, Pityrosporum
ovale, growing on the skin has been connected with
exacerbations of atopic dermatitis (6, 7). Saccharo-
myces cerevisiae, the familiar baker's yeast, is
widely used in foods. 51 cerevisiae may also be

important in the pathogenesis of atopic dermatitis
as well as chronic urticaria (3, 8).

Despite evident antigenic cross-reactivity, the
cross-reacting allergens of yeasts have remained
unexamined until recently (9, 10). The allergenic
potencies of mannan and several cytoplasmic
proteins of C albicans, P. ovale, and S. cerevisiae
have been confirmed (11-18). Immunoblotting and
RAST-inhibition studies have revealed cross-
reacting allergens in the mannan and protein
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allergens of these yeasts. A 46-48-kDa enolase is
a main allergen and cross-reaeting component of
C albicans and S. cerevisiae (14, 19-22). Mannan
polysaccharide is a cross-reaeting allergen of
C albicans, P. ovale, and S. cerevisiae (23-25).

Candida utilis and Candida tropicalis., of indus-
trial origin, have been associated with allergic
symptoms (26). Cryptococcus albidus is the most
common airborne yeast in Finland, followed by
Rhodotorula species (27). There are no previous
data on the allergens of Rhodotorula, Cryptococ-
cus^ or C. utilis.

This study was undertaken to analyze the differ-
ences in exposure and sensitization to five common
yeasts by IgE, IgA, and IgG immunoblotting, as
well as their allergenic cross-reactivity by immuno-
blotting inhibition.

Material and methods
Patients

Sixteen atopic patients with varying skin prick test
(SPT) responses to the five studied yeasts
(Table 1) were included in the study. Four atopic
patients not responding to yeasts served as controls.
The SPT were performed according to Nordic
recommendations, as previously described (28).
The serum samples were taken at the time of SPT
and stored at -20°C until used. All patients had
diagnoses of asthma, allergic rhinitis, or atopic
dermatitis mainly in combinations (Table 1).
Pooled sera from four nonatopic subjects were used
as control in immunoblotting.

Table 1. SPT, IgE-immuno blotting, and mannan-RAST results Df study patients

Patient
no. Sex

Age
(years) Diagnosis^

C. albicans

Yeast extracts

Four different yeast strains were cultured for these
studies, as previously described (28). C albicans
strain 72024, R. rubra strain 70765, and Cr. albidus
strain 71078 were supplied and typed by the Myco-
logical Laboratory of the Department of Derma-
tology, University of Turku (Finland). C utilis,
strain VTT-C-71015 was obtained from the Depart-
ment of Clinical Microbiology, University of Kuo-
pio (Finland). S. cerevisiae cultures were provided
by OY Alko AB, Helsinki, Finland (courtesy of
Matti Korhola, Microbiological Laboratory of
Alko). The extracts used for immunoblotting were
prepared from lyophilized yeast cells, as previously
described (28). Commercially available purified
S. cerevisiae enolase was' purchased from Sigma
Chemicals (Sigma E 6126). Chemically purified
C albicans mannan was prepared according to the
Peat method, as previously described (24).

SDS-PAGE and immunoblotting

Antigens and molecular weight markers (Electro-
phoresis Low Molecular Weight Calibration Kit,
Pharmacia Fine Chemicals, Uppsala, Sweden) were
separated with SDS-PAGE in 5-17.5% gradient
gel according to Laemmh (29). Separated antigens
were transferred to nitrocellulose sheets (Millipore
0.22 pm, Millipore, Bedford, MA, USA) in
Transphor apparatus (LKB, Bromma, Sweden)
according to Towbin et al. (30). IgA- and IgG-cIass
antibody detection was performed with horseradish
peroxidase (HRP)-conjugated anti-IgA and anti-IgG

C. utilis H. rubra S. cerevisiae Cr. albidus

spr IgE" SPT IgE SPT SPT IgE SPT

1
2
3
4
5
8
7
8
9

10
1!
12
13
14
15
16
17
18
19
20

Total SPT/igE'

8
9

16
18
33
17
26
20
15
37
14
17
17
45
18
15
35
16
11
16

A, R, E
A, E
R, E
E
E
A, R, E
R, E
E
A, R, E
E
R, E
Fl
E
E
R
A, E
R
R
R
A, E

0,65
0,22
0,60
1,27
0,64
9.52
0.41
n.d.
4.40
0.94
0.16
0.61
0.62
0.32
n,d.
n.d.
n,d,
0.18
n.d.
n.d.

14 14 10 9

^Diagnosis: A=asthma; R = rhinitis; E = eczema.
^Mannan-RAST index (positive values in bold).
•̂ Skin prick test resuit.
"IgE response in immunoblotting.
"Total number of patients positive in SPT/lgE,
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CaCuRh Sc Cr
MW (kDa)

94

67

43

30

20.1

14,4

Fig. J. ExliaLib L'! ; L siudy yeasts, Candida albicans (Ca),
C. utilif: (Cu), Rhodotorula rubra (Rh), Saccharomyces cerevi-
siae (Sc), and Cryptococcus albidus (Cr), run in 5-17,5%
gradient SDS-PAGE gel and stained with Coomassie brilliant
blue. Molecular weight markers (MW) are shown on right.

antibodies (DAKO Immunoglobulins, Denmark),
as previously described (18), The IgE detection
was done according to Bengtson et al. with ^-
galactosidase-labeled anti-IgE antibodies (Phad-
ezym-RAST, Pharmacia Diagnostics, Uppsala,
Sweden), as previously described (31). In IgE-
immunoblotting inhibition prior to the incubation
with the nitrocellulose strips, the sera were incu-
bated with serial dilutions of the antigens for 30
min at 37°C.

Nitrocellulose RAST

The IgE antibodies against C. albicans mannan
were analyzed with nitrocellulose RAST, as previ-
ously described (24).

Results
The protein profiles of the study extracts of all five
yeasts run in a 5-17.5% gradient SDS-PAGE gel
stained with Coomassie brilliant blue are presented
in Fig. 1, The greatest similarity in the protein
profiles was seen between C. albicans and C. utilis,
which both showed a dominant protein staining of
46 kDa. In IgE immunoblotting, prominent IgE

binding to the 46-kDa band was seen in one serum
(patient 1) not only to C albicans and C utilis, but
also to 5. cerevisiae, as well as to, a lesser extent,
to corresponding weak bands of Cr. albidus and R.
rubra (Fig, 2).

Fig, 2 presents the parallel IgE immunoblots of
all the five yeasts of five patients, who showed
simultaneous strong IgE binding to at least three
of the five yeasts, A comparison of the IgE
immunoblotting, mannan-RAST, and SFT results
of the patients presented, together with the clinical
diagnosis, age, and sex, is shown in Table 1, and
the summary of all the IgE-binding bands of all
the five yeasts in Table 2. The yeast most often
positive in IgE immunoblotting was C albicans
with 14 positive sera, followed by C utilis (nine
sera) and R. rubra (eight sera). Among SPT-
positive patients, IgE antibodies were most often
found against these yeasts, whereas IgE antibodies
against both 5, cerevisiae and Cr. albidus were seen
in only four sera, in clearly less than 50% of the
SPT-positive patients.

The IgE immunoblotting also revealed most IgE-
binding bands in C albicans (11 bands), again
followed by C, utilis (eight bands). Five IgE-binding
bands were seen in R. rubra and 5, cerevisiae and
four in Cr. albidus. Six IgE-binding bands of
C albicans and C utilis had the same molecular
weight. In general, only two bands shared molecu-
lar weight with other yeasts. These bands were the
46-kDa band, shared by all five yeasts, and a 13-
kDa band shared by four yeasts.

Since the 46-kDa allergen was a major allergen
of both C albicans and C utilis in this population,
the possible cross-reactivity of it was analyzed by
immunoblotting inhibition. Fig. 3 shows the inhibi-
tion of the 46-kDa bands of C albicans and C utilis
and purified commercial S. cerevisiae enolase with
individual serum from patient 1, who had an IgG
response to C utilis. For elimination of the effect
of background differences, the net integrated inten-
sities of the bands were assessed densitometrically
and inhibition percentages were calculated. The
C. albicans inhibition of C. utilis clearly reached
80% inhibition, the corresponding concentration
giving a full 100% autoinhibition of C. albicans. The
enolase staining was almost as completely inhibited
(98%), with C albicans as the autoinhibition.
5. cerevisiae enolase inhibited C albicans staining
to 55% and C utilis staining to only 15%, while the
same concentration gave an enolase autoinhibition
of 98%.

Examples of the IgG immunoblotting with the
five yeasts are presented in Fig. 4, and the frequency'
of IgA and IgG antibodies against the yeasts in total
and against mannan is shown in Table 3. The strong-
est IgG responses were seen against S. cerevisiae and
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Patients:

No 1 No 2 No3 No6 No 15

76kDa

46k0a

26kOa

l» 13kDa
CaCuRhScCi C•CuR^ScC^ CaCuRllScCr ClCuRtiScCi CaOuRhScCr

Fig. 2. IgE immunoblotting strips of all five study yeasts
incubated in sera of five study patients. Lyophilized antigen
load per strip was 0.6 mg for Candida albicans (Ca). 0.45 mg
for C utilis (Cu), 0.35 mg for Rhodotorula rubra (Rh), 0.9 mg
for Saccharomyces cerevisiae (Sc), and 0.5 mg for Cryptococcus
albidus (Cr).

C albicans, against wbicb 19 (95%) and 18 (90%)
patients, respectively, bad a response. Tbe corre-
sponding patient numbers for IgA class antibodies
were 15 (75%) and 17 (85%). Eleven (55%) patients
had botb IgG and IgA responses to Cr albidics,
wbereas seven patients (35%) bad IgG and five
patients (25%) IgA against R. rubra. None of tbe
patients bad IgA against C utilis, and only four
patients (20%) bad an IgG response.

Important individual antigens were tbe bigb-
molecular-weigbt, mannan-like components, against
wbicb 17 (C. albicans), 14 (5. cerevisiae), 10
(Cr albidus), and seven (R. rubra) patients bad an

IgG response. Tbe corresponding patient numbers
in IgA immunoblotting were 17 (C. albicans), seven
(5. cerevisiae), two (Cr. albidus), and none (R.
rubra). Neitber IgG nor IgA responses against C
utilis mannan were seen in tbis group. Only occa-
sional IgG responses were seen against yeast pro-
teins except for tbe 20-kDa (18 patients) and 25-kDa
(14 patients) bands of 5. cerevisiae, a 32-kDa (seven
patients) band of Cr. albidus, and a 21-kDa (five
patients) band of C albicans. An IgA response to
tbe 20-kDa band of S. cerevisiae was seen in 12
patients.

Discussion
Altbougb different yeasts bave been long known
to sbare common antigens, their significance as
allergens has, until recently, been evaluated only by
SPT (9,10,28). In SPT, tbe patients react to several
yeast extracts simultaneously, a fact wbicb suggests
possible allergenic cross-reactivity among tbe yeast
species studied, or that patients bave been exposed
to all these yeasts. Despite abundant simultaneous
skin reactivity, specific IgE antibodies in immuno-
blotting to the same extent were seen only against
C. albicans and C utilis. Natural exposure to C.
albicans occurs, as indicated by the strong IgG
response, whieh correlates with the extent of sapro-
phytic growth; in otber words, exposure (32).

Tbe skin reactivity, as well as IgE antibodies, to
otber yeasts, except C. albicans, is probably due to
cross-reaeting antibodies. This is especially striking
for C. utilis, wbicb, according to the IgA and IgG

Table 2. IgE binding of 20 studied sera to allergenic bands of five studied yeasts

Mol. Wt.
IkDal

150
95
76
65
63

57
50
46
43
39

37
32
29
28
27

28
20
13

Total'

C,

n'

2
1
-
—
3

1
1
7
1
1

2
-
9
_
-

-.
2

U

albicans

%'

14
7

21

7
7

50
7
7

)4

64

14

n
_
-
-
—
-

1

5
1
1

2
2
-

1
_
-
2

9

C. uatis

%

11

56
11
11

22
22

11

22

n

-
-
_
-

_
1
_
-

_

_
1

4
t
4

8

fl. rubra

%

13

13

50
13
50

S. carevisiae

n

_
2

-

_
1
1

_

1

1
-

4

%

50

25
25

25

25

n

1

1

_
1

-

_

-

1

4

Cr. itbidus

%

25

25

25

25

'No. of patients with IgE response to band.
Percentage of all patients with IgE response to yeast.
Total number of patients with IgE response to each yeast.
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C.atbicans C. utilis enolase

c.atbicans enolase C.albicans enolase C.albicans enolase

Fig. 3. IgG immunoblotting inhibition of blotted strips of Candida albicans (0,3 mg per strip), C utilis (0.38 mg per strip), and
purified Saccharomyces cerevisiae enolase (0.08 mg per strip), with individual serum from patient 1. Concentrations of liquid phase
inhibiting antigens of C. albicans and 51 cerevisiae enolase were mg/ml.

21kOa

man

32 kDa

25 kDa
20 kDa

9 1113 13 1 3 4 2 19 20 19 14 15
Palients (No)

Fig. 4. Examples of IgG immunoblotting with five study yeasts,
Candida albicans (Ca), C. utilis (Cu), Rhodotorula rubra (Rh),
Saccharomyces cerevisiae (Sc), and Cryptococcus albidus (Cr),
Antigen concentrations of strips were as in Fig, 2, Most
important IgG-binding antigens are indicated on left and right.

responses, causes very little exposure, at least as
compared to patients exposed to industrial C utilis
dust. In the 1970s, emission of C utilis yeast dust of
industrial origin caused allergic symptoms in Aane-
koski (Ftnland). In a population of 60 patients from
the factory environment, 30% were positive in C
utilis IgG immunoblotting and 42% in IgA immu-
noblotting (results not shown). As exposure to C
utilis causes IgG and IgA responses, most of the

patients of this study may not have been exposed to
C utilis. The patients did not report any history of
industrial yeast exposure.

The IgE response to C utilis is probably due to
cross-reacting IgE antibodies, since only one out
of nine C utilis IgE-positive subjects showed an
IgG response to C utilis. This patient also showed
the strongest IgE response to C. utilis. By using the
serum of this patient, the cross-reactivity of the
most important antigens, the 46-kDa proteins of
C albicans and C, utilis, was confirmed. The cross-
reactivity appeared to be partial, suggesting that
C utilis has its own epitopes for IgE. This finding
suggests true exposure to C utilis in this patient
in agreement with the C u/z/w-specific IgG
response,

A recent paper showed partial cross-reactivity
between purified C albicans and 5, cerevisae
enolases, both with a molecular weight of 46-kDa
(21). It was shown that C albicans enolase could
inhibit 5. cerevisiae enolase completely, whereas
5. cerevisiae enolase could only partially inhibit IgE
binding to C albicans enolase. This implies that, in
addition to common epitopes, C albicans enolase
also has its own unique epitopes. We found the
same phenomenon, suggesting the presence not
only of cross-reacting epitopes in C utilis and S.
cerevisiae enolase but also of unique epitopes of
the C albicans 46-kDa band. On the other hand,
the 46-kDa band could be a complex of several
bands with the same molecular weight. However,
our results suggest that the 46-kDa bands of
C. albicans and C utilis are also enolases.

In our SPT survey of the urban population of
Aanekoski, the Finnish industrial town exposed to
emission of C. utilis, skin reactivity to C utilis was
found to be equal to that of another industrial
urban population in Varkaus, Finland, a town with-
out yeast dust exposure (results not shown). In a
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Table 3. IgA and IgG responses to five yeasts and their mannans in
immunoblotting

C albicans
C. utilis
R. rubra
S. cerevisiae
Cr albidus

IgA

Total'

17 (85%)'
0(0%)
5 (25%)

15(75%)
11(55%)

Mannan

17(100%)"
0(0%)
0(0%)
7 (47%)
2(18%)

Total'

18(90%)
4 (20%)
7 (35%)

19(95%)
11(55%)

IgG

Mannan

17(94%)
0(0%)
7(100%)

14(74%)
10(91%)

Total number of IgA- and 'igG-positive patients for each yeast
'Percentage of all studied patients.

"Percentage of patients with positive yeast-specific response.

further SPT analysis, these populations also
revealed skin reactivity to C albicans in equal
proportions. These observations also are well
explained by the clear cross-reactivity of the 46-
kDa main allergens of both C albicans and C utilis
and primary sensitization by C albicans.

More frequent IgE responses, as well as IgG and
IgA responses, were observed to C albicans than
5. cerevisiae and the airborne yeasts, except C utilis,
suggesting sensitization by saprophytic growth.
Having been primarily sensitized by saprophytic
exposure, these patients may suffer symptoms
when they come into contact with cross-reacting
yeasts, such as Rhodotorula and Cryptococcus, in
food or elsewhere in nature. The cross-reactivity of
these yeasts may thus explain some of the symp-
toms found in patients with respiratory, cutaneous,
or gastrointestinal allergy.

S. cerevisiae has earlier been connected with
urticaria and atopic dermatitis (3, 8). The present
study has shown that although frequent exposure
to S. cerevisiae occurs, according to IgA and IgG
antibodies, atopic sensitization (IgE antibodies) is
not as frequent as to C albicans. As the 46-kDa
enolase allergen of S. cerevisiae is labile in solu-
tions, at high temperatures and in the gastrointes-
tinal tract, it is likely that many of the anti-5.
cerevisiae enolase antibodies are due to primary
sensitization by C albicans enolase (33, 34).

The previously reported cross-reactivities of the
antimannan IgE antibodies to C. albicans, S. cere-
visiae, and R ovale were not apparent in this
population by immunoblotting analysis (23-25).
This is due to the low sensitivity of immunoblotting
to detect the antimannan antibodies, although
slightly elevated mannan RAST values were found.
As regards P. ovale, it has been shown that mannan-
specific IgE antibodies are difficult to distinguish
by immunoblotting, because mannan, as a large
molecule, hardly enters the SDS-PAGE gel (35).

The cross-reactivity of polysaccharide as well as
protein components of various yeasts is becoming
better understood. Exposure to yeasts completely
different biologically takes very different forms,
ranging from saprophytic growth on skin and

Yeasts in atopy

mucous membranes to airborne exposure and
ingested food. The finding that these different yeast
species cross-react on an antigenic and allergenic
level will help us to understand and explore their
sensitizing properties in the future.
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The clinical course of a patient with a polymicrobial pneumonia that included Saccharomyces cerevisiae
infection is described. S. cerevisiae was recovered from autopsy cultures of the lungs, spleen, oral mucosa, and
small intestine, and organisms morphologically consistent with S. cerevisiae were visualized in histologic
sections of the lung. The role of this organism as a human pathogen is reviewed.

Saccharoinyces (-ercelisiae is frequently referred to as

brewers' or bakers' yeast because of its use in the produc-
tion of beer, wine, and baked goods. It has also been
promoted by health food enthusiasts as a nutritional supple-
ment in the form of brewers' yeast tablets or powder
containing viable organisms. Consequently, S. cereri'si(a is
a microorganism that we frequently ingest, and yet this yeast
has only rarely been associated with serious human infec-
tion. We report a case of S. cereî'iisiae pneumonia, with
evidence for dissemination, in a patient with the acquired
immune deficiency syndrome.
A 39-year-old homosexual male was admitted for evalua-

tion of progressive weakness in his upper and lower extrem-
ities, tingling in the digits of his hands and feet. and lower-
back pain. These symptoms were first noted approximately 6
months prior to admission. His medical history was signifi-
cant for human immunodeficiency virus infection (first doc-
umented 17 months prior to admission), hepatitis B infec-
tion, herpes esophagitis, oral and esophageal candidiasis.
Staphylococcus aureus urinary tract infection and septice-
mia, arthritis, gout, hypertension, irreversible neurological
deficit (secondary to human immunodeficiency virus infec-
tion), right inguinal hernia repair, and right hiatal hernia
repair.
On physical examination, the temperature, pulse, respira-

tions, and blood pressure were 99.4°F (37.4°C) 48/min,
20/min, and 100/70 mm Hg, respectively; noteworthy phys-
ical findings included peripheral neuropathy, dementia, my-
elopathy, and absence of abnormalities on auscultation of
the chest. Remarkable laboratory findings included leukope-
nia with a left shift (2,500 leukocytes per mm3, 75%Wi poly-
morphonuclear neutrophils, 17% bands, 2c% lymphocytes,
1% eosinophils, 2% monocytes, and 3%, atypical lympho-
cytes); sodium, 134 meq/liter; calcium, 8.4 mg/dl; albumin,
3.2 g/dl; alkaline phosphatase, 244 IU/liter; aspartate ami-

notransferase, 107 IU/liter; and lactate dehydrogenase, 419
IU/liter. Roentgenograms of the chest taken on admission
revealed no distinct abnormalities. Blood and urine speci-

mens were collected for bacterial culture (and subsequently
found to be negative), and supportive therapy with intrave-
nous fluids was initiated. Empiric antimicrobial therapy
(ciprofloxacin, 750 mg orally twice a day) was also initiated.
At 2 days after admission, the patient became markedly
febrile (peak temperature of 104.2°F [40.10C] 3 days after

* Corresponding author.

admission). and 6 days after admission, chest X rays re-

vealed diffuse interstitial infiltrates in both lung fields. Blood
gases 6 days after admission were characterized by the
following: pH. 7.47; pCO,, 27 mm Hg; and pO2, 28 mm Hg.
Respiratory secretions were not submitted for fungal or

mycobacterial cultures at this time. Oxygen and intravenous
pentamidine therapy (200 mg once daily) were initiated, but
the patient died 7 days after admission.
Gross findings at an autopsy limited to the trunk revealed

diffuse and patchy areas of consolidation of both lungs and
bilateral pleural effusions with 200 and 100 ml of pleural fluid
in the right and left pleural cavities, respectively. Micro-
scopic examination revealed an intra-alveolar frothy exudate
with hyaline membranes. alveolar damage, and bronchial
cell hyperplasia with luminal exudate. Fungal cultures of
tissue collected at autopsy were incubated in an air atmo-
sphere at room temperature following inoculation onto yeast
extract phosphate agar. Sabouraud dextrose agar with and
without chloramphenicol and gentamicin, and Sabouraud
dextrose agar with chloramphenicol and cyclohexamide;
cultures for mycobacteria were inoculated onto Lowenstein-
Jensen and Middlebrook 7H11 media and incubated at 35°C
in an atmosphere of 5%Wc carbon dioxide and 95%c air. Autopsy
lung cultures yielded Mv-cobacîteriuzm aviîio-M. intra(cellIl-
lare and S. cerevisiae on all inoculated mycobacterial and
fungal media, respectively, except Sabouraud dextrose agar
with chloramphenicol and cyclohexamide. Pnieiano(cvstis
(arinlii and yeast forms morphologically consistent with S.
cerevisiae were seen in histologic sections of lung tissue
stained with Grocott methenamine silver stain (Fig. 1):
acid-fast bacilli were seen in the same sections stained with
Night Blue. S. cerevisiae was identified by means of ascos-

pore production and carbohydrate assimilation tests (API
20C clinical yeast systems from Analytab Products and yeast
identification cartridge from Abbott Diagnostics).
The spleen and lymph nodes were markedly depleted of

lymphoid elements. and there was evidence of extramedul-
lary hematopoiesis in the spleen. Acid-fast bacilli were
visualized in both spleen and lymph nodes with a Night Blue
stain, but no yeast cells were found with Grocott methe-
namine silver stains. Cultures of splenic tissue, however.
revealed both M. avuailii-M. intracellul(lre and S. cerevisiae
on all inoculated mycobacterial and fungal media, respec-

tively. except Sabouraud dextrose agar with chlorampheni-
col and cyclohexamide. Other remarkable autopsy findings
included an occlusive organizing thrombus in the right
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FIG. 1. Histologic section of lung showing yeast cells which
morphologically resemble S. cercisiac (Grocott methenamine sil-
ver stain). Magnification, x208.

coronary artery, microscopic evidence of a recent myocar-
dial infarct with reactive pericarditis in the posterior wall of
the left ventricle, and approximately 100 ml of serous

pericardial effusion. It was concluded that the patient prob-
ably died of cardiac arrest secondary to an acute myocardial
infarct and respiratory failure due to severe bilateral pneu-
monia. Additional relevant positive autopsy cultures in-

cluded recovery of M. avium-M. intracellulare from the
small intestine, oral cavity, bile, and pleura and recovery of
S. cerei'siae from the oral cavity and small intestinal tissue.
Blood was not submitted for fungal or mycobacterial culture
at autopsy.

S. cerev'isiae is an ascospore-producing yeast that is an

occasional commensal on human mucosal surfaces and is not
uncommon in clinical specimens; it is, however, rarely
associated with serious human infections (4, 7). A literature
review revealed eight cases of potentially serious Sac charo-
mnyces infections including six fungemias, one peritonitis,
and one pleural effusion (Table 1). Although three of the
eight patients died, Saccharornyces infection was not the
primary cause of death in two of these cases (one patient
died of complications of disseminated intravascular coagu-
lopathy, and the other died of an insulin reaction); the
contribution of Sacclharomnyces infection to the death of the
third patient cannot be assessed because he died of respira-
tory failure and had a polymicrobial pleural effusion that
included S. cereviisiae, Escherichia coli, S. aureus, a Strep-
tococcus sp., and a Lactobacillus sp. (2-4). Infections in the
surviving patients responded promptly to antifungal chemo-
therapy and produced little residual morbidity. Saccharomy-
ces spp., including S. cerei'siae, have also been associated
with genitourinary infections in both males and females as

well as mild gastrointestinal and respiratory infections (1, 4,
8, 12).
The case we report is noteworthy because our patient

clearly had involvement of multiple visceral organs as indi-
cated by positive autopsy cultures of the oral mucosa,

TABLE 1. Characteristics of patients with serious, culture-proven Saclcuharoinyces infections"h
Age (yr) Predisposing Positive Leuko- Prior Antifungal therapy Out- Comment Refer-
and sex condition culture site penia antibiotics come ence

61 (M) Renal failure; Blood; central No Yes Miconazole flucytosine Death Patient died from complica- 2
hemodialysis catheter ac- tions of DIC; autopsy

cess site failed to reveal nidus of
fungal infection

66 (M) Pancreatic can- Peritoneal fluid No Yes Ketoconazole Death Death due to insulin reac- 3
cer; laparot- tion; patient failed to com-
omy plete antifungal therapy

52 (M) COPD; steroids; Pleural fluid Unk No Ketoconazole Death Streptococcus aureus, Strep- 4
i.v. drug use; tococ c us sp., Esc herichia
ingestion of coli, and Lactobacillus sp.
brewers' yeast also recovered from pleu-

ral fluid
66 (M) Burns; upper GI Blood Yes Yes Amphotericin B followed Cure Yeast cells observed in his- 5

hemorrhage; by oral nystatin tologic sections of esopha-
mechanical geal biopsy
aspiration

68 (M) Ingestion of Blood, bone No Yes None Cure Discontinuation of brewers' 6
brewers' yeast marrow; yeast ingestion produced

urine cure
38 (M) Prosthetic tricus- Blood Unk Yes Amphotericin B Cure Probable Saccharomyces 9

pid valve; i.v. endocarditis; patient died
drug use of bacterial endocarditis 8

mo after completing anti-
fungal therapy

37 (F) AIDS; i.v. drug Blood Unk Yes Amphotericin B Cure Ophthalmologic exam re- 10
use; renal fail- vealed frothy yellow exu-
ure; peritoneal dates and chorioretinal
dialysis necrosis

54 (F) Prosthetic mitral Blood; urine No Yes Amphotericin B Cure Probable Saccharomvces il
valve endocarditis

The species was determined to be S. cerevi'siae in ail studies except one (11), in which it was undetermined.
b Abbreviations: M, male; F. female; DIC, disseminated intravascular coagulopathy; COPD, chronic obstructive pulmonary disease; i.v., intravenous; Unk,

unknown; GI. gastrointestinal; AIDS, acquired immune deficiency syndrome.
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NOTES 1691

intestine, spleen, and lungs and by visualization of yeast
cells morphologically consistent with S. (cerelisitie in his-
tologic sections of the lung. We postulate that S. (ceirc lisiae
colonized the oropharynx of the patient, was subsequently
aspirated into the lungs, and disseminated hematogenously
to the spleen. Although our patient clearly had S. c(ei-eiisi(ae
pneumonia, the contribution of this organism to the morbid-
ity and mortality of the patient cannot be assessed because
of concurrent P. (atriniii and M. ai'ium-M. inttra(e( elliltlr-e
pneumonia. Multiple organ invasion by this relatively benign
organism underscores the profound immunologic incompe-
tence induced by human immunodeficiency virus infection.
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