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The prevalence of nickel hyper-sensitivity varies widely in different countries, nevertheless it is the
leading cause of contact dermatitis. The presence of nickel in the diet (mainly plant foods) in some
nickel-sensitive subjects can provoke/aggravate eczema and systemic contact dermatitis as well as cause
extra-cutaneous symptoms (respiratory, gastrointestinal, neurological). These symptoms, correlated to
the ingestion of nickel-containing foods and beverages, in nickel patch test positive individuals, defines
the so called “systemic nickel allergy syndrome (SNAS)”, a condition successfully treated by oral
desensitization. Although numerous studies have investigated the prevalence of contact nickel allergy
or addressed the relationship between nickel intake and onset of systemic symptoms, to our knowledge
no epidemiological studies have attempted to estimate the prevalence of SNAS. Therefore, we decided to
evaluate consecutive patients (1,696), afferent to four allergy units in Sicily, a region of southern Italy,
from October 2010 to March 2011. SNAS was confirmed in 98 patients (5.78%) of the 1,696 studied,
suggesting that this clinical entity may be an emergent allergological condition rather than an occasional
finding. The most common symptoms complained of in our population were cutaneous (51 patients),
gastrointestinal (87 patients) and other systemic clinical manifestations (37 patients). Furthermore, 16
out of the 98 SNAS patients (16.3%) presented IgE-mediated food allergy with a statistically significant
association (y>=16.950; P<0.0001), therefore suggesting underlying cross-facilitating pathways. These
findings need confirmation on wider populations but may help allergists to suspect, during common
clinical practice, that cutaneous and extra-cutaneous symptoms may be referred to nickel intake and
deserve specific in-depth investigation.

Nickel is a chemical element largely diffused
in the environment (1). The classical presentation
of nickel allergy is allergic contact dermatitis (2).
However, in some sensitized subjects, nickel is able
to elicit cutaneous symptoms irrespective of the direct
skin contact (3). The presence of nickel in the diet of

some nickel-sensitive subjects can provoke flare-ups
of previous eczematous lesions (4). This condition is
named systemic contact dermatitis (SCD) (5).
Sensitization to nickel can also cause respiratory
symptoms (occupational rhinitis and asthma),
urticaria, angioedema, gastrointestinal symptoms
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(recurrent aphtosis, abdominal bloating and pain,
diarrhoea and/or constipation, nausea and or
vomiting, with endoscopic findings of chronic
gastroduodenitis) and other aspecific systemic
clinical manifestations including headache, chronic
fatigue, post-prandial dyspnea, cystitis and/or
vulvovaginitis, acne and iron deficiency anaemia.

These cutaneous and extra-cutaneous symptoms,
when correlated to the ingestion of foods and
beverages containing nickel, define the so-called
“systemic nickel allergy syndrome” (SNAS) (6).
This clinical condition has been treated successfully
with nickel oral hyposensitizing treatment (NiOH)
(7) which has also proved to influence the nickel-
induced immunologic response (8).

The correct approach to the diagnosis of SNAS
should mimic the natural exposure, thus should be
supported by a positive oral provocation test with
nickel-containing foods (such as vegetables) or
with nickel-containing capsules, after obtaining a
significant improvement with a low nickel diet (9).
Patients can be investigated for SNAS only if nickel
sensitization is confirmed by a positive patch-test (10).

Although some data concerning the correlation
between the ingestion of foods containing nickel
and the onset of cutaneous and gastrointestinal
symptoms have been previously reported (11-14),
the available information is insufficient to draw
definitive conclusions about the epidemiology
of SNAS. For this reason we conducted a cross-
sectional study aimed at determining the prevalence
of SNAS among the population of patients afferent
to four allergy units in Sicily, also reporting the most
common symptoms of SNAS presentation and the
most common triggering foods.

MATERIALS AND METHODS

Patients

Our study included 1,696 consecutive patients afferent
to four allergy units in Sicily, a region of southern Italy,
between October 2010 and March 2011. All of them had
been referred by their General Practitioners (GPs) for
allergological evaluation and allergy tests if needed.

Written informed consent was obtained from all
subjects enrolled in the study.

Methods
Following the collection of clinical history and

physical examination of all patients, allergological
evaluations were carried out, including skin prick tests
(SPT) with commercial extracts (Stallergenes, Saronno,
Varese, Italy) for common inhalants (house dust mites,
moulds, Parietaria Judaica, grass and olive pollens,
dog and cat epithelia) and foods (milk proteins, egg yolk,
egg white, cod, shrimp, Anisakis Simplex, peanut, hazel,
walnut, soybean, tomato, wheat, celery, carrot, potato,
bean, apple, peach, orange, strawberry) and patch-tests
with the Standard European series (Lofarma S.p.A. Milan,
Italy), according to the International Contact Dermatitis
Research Group (ICDRG) guidelines.

The clinical suspicion of SNAS was defined by a
positive nickel patch test and the improvement, after one
month on a low nickel diet (Table I), of the previously
mentioned symptoms. To confirm the diagnosis of
SNAS, the patients also underwent an oral provocation
test (OPT) with nickel sulphate capsules (Lofarma
S.p.A., Milano, Italy) in an open challenge fashion. The
maximum cumulative dose of 3.75 mg of nickel sulphate
was chosen on the basis of previous studies showing
that this amount is approximately 10 times greater than
the estimated normal daily dietary intake of nickel and
therefore it is expected to cause flare-up reactions in most
of nickel-sensitive individuals (13). Nickel sulphate was
given at the dose of 1.25 mg the first day. In absence of
symptoms two further single doses of 1.25 mg were given
on the second day.

The skin status and the global clinical condition were
evaluated and recorded 24 h after the challenge. A positive
response was defined as the occurrence of cutaneous
eruptions of previously unaffected skin, flare-up at
previous sites of ACD (including the flare-up reactions
of previously positive patch test sites), urticaria and/or
angioedema and any other systemic manifestation, such as
headache, marked fatigue and gastrointestinal symptoms
(heartburn and abdominal distension, abdominal pain,
diarrhoea and/or constipation, nausea and/or vomiting).

Statistics

Data are reported as mean + SD. Differences between
categorical groups were analyzed by the Pearson Chi-
square (c?) test. In the statistical analyses the level of
significance was set at P=0.05.

RESULTS

A total of 1,696 patients (mean age: 31.21£12.45;
1,123 females and 573 males) afferent to four
allergy units were included in the study; 697
patients (41.10% of total) were affected by
rhinoconjunctivitis, 272 (16.04%) by asthma, 109
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Table 1. Low nickel diet.
FOOD ALLOWED
SPICES AND Paprika, Pepper, Olive oil, Vinegar, Mayonnaise, Tomato
DRESSINGS sauce, Salt
DRINKS Water, Fizzy drinks, Beer (not canned), Coffee, Wine
CEREALS Plain flour, Bread, Pasta, Pizza, Rice
VEGETABLES Citrus fruits, Bananas, Apples, Melons, Peaches, Cucumbers,
AND FRUIT Aubergenes, Peppers, Potatoes, Garlic, Pumpkins, Courgettes
FISH Swordfish, Tuna
SWEETS Choux-pastry, Biscuits, Custard, Honey, Pastry, Sponge
cakes, Sugar
OTHER Meat, Eggs, Ham, Salami, Dairy products
FOOD NOT ALLOWED
Asparagus, Broccoli, Artichokes, Carrots, Cabbage,
VEGETABLES Cauliflower, Onions, Fennel, Mushrooms, Lettuce, Tomatoes,
Rocket salad, Celery, Spinach, Brussel sprouts
Apricots, Pineapples, Watermelon, Avocado, Cherries, Figs,
FRUIT . ..
Berries, Kiwi, Pears, Plums, Grapes
HERBS AND Bay leaves, Basil, Marjoram, Parsley, Ketchup, Seed oil,
DRESSINGS Mustard
CEREALS Wholemeal products, Buckwheat Oat, Barley, Maize, Malt,
Rye
LEGUMES Lentils, Peas, Beans, Green beans
SEAFOOD Cod, Shell-fish, Salmon, Octopus, Squid, Plaice
CHOCOLATE All chocolate
NUTS All
DRINKS Tea
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(6.43%) by food allergy (FA), 49 (2.89%) by ACD,
143 (8.43%) by adverse drug reaction (ADR), 30
(1.77%) by chronic idiopathic urticaria (CIU) and
298 (17.57%) by other non-allergic conditions. The
presence of SNAS was clinically suspected in 108
patients (6.4%), all with a positive patch test to nickel
and symptom improvement after one month on a

low nickel diet. The diagnosis was confirmed by a
positive response to the OPT with nickel sulphate in
98 (5.78%) patients; the eliciting dose was 1.25 mg
in 76 (77.5%) and 3.75 mg in 22 (22.5%) subjects,
respectively. The 98 patients with SNAS were 88
females (89.8%) and 10 males (10.2%), mean age
36.8£11.75 years.
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Table I1. Symptoms occurred in the 98 SNAS patients.

CLINICAL MANIFESTATIONS N° %
Meteorism 66 673
Bloating 56 57.1
Flare up of ACD 33 337
Headache 33 337
Heartburn 37 37.6
Recurrent abdominal pain 30 30.6
Urticaria and/or angioedema 23 235
Diarrhoea 16 16.3
Constipation 16 163
Systemic dermatitis 15 153
Migraine 7 7.1
Rosacea 6 6.1
Acne 5 5.1
Iron deficiency anaemia 1 1.0

Some allergic co-morbidities could be found in
subjects with SNAS: 37 subjects (37.8%) also had
allergic rhinoconjunctivitis, 10 (10.2%) had allergic
asthma and 16 (16.3%) were diagnosed with an IgE-
mediated food allergy (with positive history and skin
tests) with a statistically significant association to
SNAS (¥2=16.950; P<0.0001).

SNAS correlated symptoms are reported in
Table II, triggered by a quite wide range of foods
(Table III). Gastro-enteric symptoms like meteorism
and bloating were very commonly correlated to
SNAS, followed by flare-up of ACD, headache,
heartburn, recurrent abdominal pain, urticaria and/or
angioedema, while diarrhoea, constipation, and SCD
occurred less frequently. Few patients complained of
migraine, rosacea, acne, iron deficiency anaemia.

Legumes and tomatoes were the most common
triggering foods, followed by cocoa and some
vegetables like lettuce, broccoli, cauliflower and
onions. The intensity of nickel patch test reactions
in these patients was “+” in 4 subjects, “++” in 58
and “+++” in 36 but the grade of reactivity to nickel
patch-test did not correlate to the intensity of SNAS
symptoms. In some patients a concomitant positivity
to other haptens, especially to cobalt chloride (16
patients), was found.

DISCUSSION

Although numerous studies document the
prevalence of ACD to nickel, to our knowledge

Table II1. Foods that triggered symptoms in the 98 SNAS

patients.

FOOD Patients
Lentils 51
Peas 42
Tomato 40
Beans 38
Green beans 37
Nuts 30
Cocoa 26
Lettuce 23
Broccoli 19
Cauliflower 15
Onions 15
Mushrooms 15
Tea 14
Whole wheat bread 13
Cormn 13
Cabbage 13
Canned food 12
Mussels 12
Leavened food 11
Pears 11
Carrots 8
Figs 7
Asparagus 6
Shrimp 5
Liquorice 5
Prunes 5
Spinach 5
Cod 4
Apricots 3
Lobster 3
Buckwheat 2
Oysters 2
Flour 1
Oregano 1
Potatoes 1
Baked ham 1
Celery 1
Soy 1

no epidemiological study so far has addressed the
issue of estimating SNAS incidence. In our study,
SNAS was diagnosed in 98 patients out of 1,696; the
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prevalence of SNAS in our sample was calculated as
being around 5.78%, mostly women.

The main SNAS symptoms reported by our
patients were gastrointestinal and cutaneous, apart
from headache, and SCD which was present in 15.3%
of patients; a similar incidence of nickel-induced
SCD was reported to occur in 10% of patients
consuming food with high nickel content (15).

The high prevalence of gastrointestinal
symptoms in our SNAS population is supported
by the findings of Di Gioacchino et al. (16) who
observed a marked inflammatory infiltrate, mainly
lymphoplasmacellular, associated to duodenum
villus deformation and deepening of the crypta,
in patients with nickel related ACD after an
oral nickel challenge. Similarly, Cazzato et al.
documented a nickel-related pro-inflammatory status
at the intestinal mucosa in SNAS patients (17). The
alteration of the intestinal barrier functions with an
increased dietary antigen transportation, as well as
exposure of dietary antigens to the mucosal immune
system, may lead to the development of the dietary
antigen-specific response (18) and could explain the
high incidence of FA found in our SNAS patients.

Although the nickel content in individual
foods can vary widely, a number of foods has
been recognized as particularly rich in this metal,
including peanuts, beans, lentils, peas, soybeans,
oats, cocoa, chocolate, nuts, whole wheat, pears and
mushrooms (19). Our study confirmed that fresh and
dried legumes represent the most common foods
triggering SNAS, followed by tomatoes, cocoa and
nuts. Soy and oatmeal were rarely reported to cause
symptoms, probably because of the low consumption
of these foods in our region.

In conclusion, our data support the role of nickel-
containing foods as potentially responsible for
cutaneous and extra-cutaneous symptoms in nickel
sensitized patients. These patients can be diagnosed
with SNAS after a positive nickel patch-test result,
symptom improvement following a low nickel diet
and a positive result to a nickel OPT.
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After birth various bacterial species, mainly streptococci, colonize the oral cavity and are frequently
isolated from carious lesions in children. Previous studies suggest that an earlier colonization of a child’s
mouth by cariogenic organisms might be related to a higher risk of caries. The aim of this study is to
assess the influence of different milks for infant feeding on the growth of Streptococcus mutans (SM)
colonies. Three human milk samples from three different mothers and five infant formulas were tested.
To prepare the bacterial inoculum, SM was grown in Brain Heart Infusion broth for 18 hours at 37°C
in microaerophilic atmosphere. The growth of SM was determined immediately after the inoculation of
milks (T0) and after 24 hours (T24) of incubation. After 24 hours of incubation (AT= CFUs/ml at T24 —
CFUs/ml at T0) the bacterial growth changes were different among milks. Among the complementary
milks tested, AT of formulas supplemented with Lactobacillus reuteri and with Bifidobacterium lactis was
lower than those of non-supplemented formula. In conclusion, on the basis of the reduced SM growth in
milks supplemented with probiotics, we may speculate that these formulas have a preventive effect on

the development of caries in children.

The mouth is an ideal ecosystem for the growth
of microorganisms and the composition of its
indigenous flora changes over lifetime.

During the prenatal period oral cavity is usually
sterile and the bacterial acquisition is a complex
process influenced by many perinatal factors such as
pregnancy duration, type of delivery and birth weight
(1). Soon after birth, the oral mucosa is colonized by
different species of microflora, such as streptococci,
staphylococci and Gram-negative aerobic bacilli (2).
However, the balance of the oral ecosystem, similar
to the gastrointestinal tract, relies on interaction
between saprophytic and pathogenic bacteria (3). On

the other hand, any change of the oral microflora may
allow pathogens to predominate and to cause diseases.
This event increases the risk of developing one of the
most common disease in children, such as the Early
Childhood Caries (ECC) (4). This condition has an
impact not only on oral health of young patients but
also on global health (5) As a significant example,
ECC can indirectly affect normal infant growth (6).
Some bacteria are considered more caries-provoking
than others, for example Streptococcus mutans (SM)
is strongly associated with the pathogenic process
of ECC (4). Previous studies suggested that an
earlier acquisition of cariogenic organisms could
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be related with a higher risk of dental caries (7).
In this perspective, the possibility of knowing the
timing of SM colonization could play an important
role in the ECC prevention. To date, few studies
have investigated the oral colonization of SM in
infants. Milgrom et al. and Wan et al. found that
SM is present in an infant’s mouth just before teeth
eruption (8, 9). Although the SM colonization results
from a complex interaction of bacterial factors with
host factors, the infant feeding mode may be a proper
intervention to promote the maintenance of oral
health by contrasting early acquisition of SM. Over
the past years, the clinical use of probiotic bacteria,
also defined “good bacteria”, has been extensively
studied for their health-promoting effects (10),
including beneficial impacts on oral health (11). The
purpose of this study is to assess the influence of
different milks for infant feeding on the growth of
SM colonies and, hence, to evaluate the in vitro anti-
cariogenic potential of different formulas.

MATERIALS AND METHODS

We performed a preliminary study, testing three human
milk samples (HM1, HM2, HM3) from three different
mothers, and five infant formulas (M1-5): an extensive
hydrolyzed infant formula (M1; Althéra, Nestl¢), a
partially hydrolyzed infant formula (M2; Alfaré, Nestle),
a complementary milk from 6 months of age (M3; Nidina
2 liquid, Nestl¢), a complementary milk from 6 months
of age supplemented with Bifidobacterium lactis (M4;
Nidina 2, Nestl¢), a complementary milk from 6 months

M. DUSE ET AL.

of age milk supplemented with Lactobacillus reuteri (M5,
Mio, Nestl¢). Reconstituted milk formulas and human
milks were analyzed in blind within 24 h.

Microbiological methods

SM ATCC25175" (serotype c), was checked for
purity on Columbia blood agar (Difco Laboratories, MD,
USA) with 5% red sheep cells before the experiments.
To prepare bacterial inoculum, SM was grown in Brain
Heart Infusion (BHI) (OXOID Ltd., UK) broth for 18 h
at 37°C in microaerophilic atmosphere (10% CO,). After
incubation, bacteria were harvested by centrifugation
at 10,000 g for 10 min, washed twice and suspended in
sterile saline solution (0.9% NaCl).

Before experimental contamination with SM, the
milks for infant feeding were checked for pre-existent
bacterial contamination. Lyophilized infant formulas were
dissolved in sterile water following the manufacturer’s
instructions; the bacterial number present in the dissolved
infant formulas and in human milk samples was evaluated
using the colony forming units (CFUs) protocol. Briefly,
serial dilutions of dissolved infant formula and human
milk samples were plated into Columbia blood agar. The
plates were incubated for 24 h at 37°C in microaerophilic
conditions. After incubation, the number of the developed
colonies was counted.

Infant formulas and human milks were inoculated with
10°to 10 CFUs/ml of the SM inoculum prepared as above
described. The contaminated milks were incubated at
37°C for 24 h in microaerophilic conditions. The growth
of SM was determined, as above mentioned, immediately
after inoculation of milks (TO) and after 24 h (T24) of
incubation. In control experiments, SM was cultured in
BHI broth.

Table 1. P-values of the comparisons among milks and between each milk and Brain Heart Infusion (Control) for AT.

M3 M4 M5 HM1 HM2

M1 - 0.0005 0.1611 <0.0001
b2 0.0005 - 0.0994 0.0066
kL 0.1611 0.0994 - 0.0001
S <0.0001 0.0066 0.0001 -
B <0.0001 0.0058 0.0001 <0.0001
1008 0.0012 0.2446 0.0073 <0.0001
HM2 | RSO 0.0068 0.0001 0.1801
HM3 | IS0 0.0058 0.0001 0.0007
[N s 0.0013 0.5635 0.2186 0.0032

HM3 Control

<0.0001  0.0012 = <0.0001 <0.0001  0.0013
0.0058 0.2446 0.0068 0.0058 0.5635
0.0001 0.0073 0.0001 0.0001 0.2186
<0.0001 <0.0001  0.1801 0.0007 0.0032
- <0.0001  <0.0001  0.7743 0.0028
<0.0001 - <0.0001 <0.0001  0.1205
<0.0001  <0.0001 - 0.0002 0.0032
0.7743  <0.0001  0.0002 - 0.0028
0.0028 0.1205 0.0032 0.0028 -
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Fig. 1. AT of Streptococcus mutans in milk formulas. AT(CFUs/ml recovered at T24 — CFUs/ml inoculated at T0) of
Streptococcus mutans cultured in BHI broth and in all the complementary milks included in the study. [Althéra, Nestle
(M1), an extensive hydrolyzed infant formula; Alfaré, Nestle (M2), a partially hydrolyzed infant formula; Nidina 2 liquid,
Nestle (M3), a complementary milk from 6 months of age; Nidina 2, Nestle (M4), a complementary milk from 6 months
of age supplemented with Bifidobacterium lactis;, Mio, Nestle (M5), a complementary milk from 6 months of age milk
supplemented with Lactobacillus reuteri; three human milk samples (HM1, HM2, HM3)].

CFUs were assessed at least three times in independent
experiments in the inoculum and in milk samples after
incubation.

Statistical analyses

Statistical analyses were performed with SPSS
(Statistical Package of Social Sciences, Chicago, IL, USA)
software version 19. Continuous data were expressed as
means with SDs. Comparisons among CFUs inoculated
and recovered and among the differences between CFUs
recovered and inoculated (AT= CFUs/ml at T24—CFUs/
ml at TO) for each milk were evaluated using a #-test,
after assessing for normality with the Shapiro-Wilk
test. A General linear model for repeated measures was
performed to investigate the change of CFUs/ml among
milks over time. A p-value less than 0.05 was considered
statistically significant.

RESULTS

Preliminary experiments were carried out to
determine the number of bacterial cells in milks
before the experimental contamination: any growth
of microaerophilic bacteria was reported in infant

formulas while it was detected in the human milk
samples (2.0*10* CFUs/ml for HM1, 15.1*10°CFUs/
ml for HM2, and 1.3*10° CFUs/ml for HM3).

There was a statistically significant interaction
between milk formulas and time on CFUs/ml (F(9)=
7.624; p <0.0005). The bacterial growth changes
after 24 h of incubation (AT) were different among
milks (Fig. 1). P-values of the comparisons among
milks and between each milk and Brain Heart
Infusion (BHI) for AT are shown in Table I.

An increase in SM colonies compared to BHI
were found out in M1, M3 and M2 while the lowest
colonization was observed in HM3, M5, and M4. In
particular, M4 and M5 respectively supplemented
with  Bifidobacterium lactis and Lactobacillus
reuteri showed significantly lower colonization than
the control sample.

DISCUSSION

The aim of this study was to compare the growth
of SM colonies on different milks for infant feeding.
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Results show that human milk samples have a lower
amount of SM colonies if compared to control (BHI),
except for HM1 sample.

It can be assumed that human milk could contrast
the colonization of SM in vitro. These data are
in line with recent findings reporting that human
milk components, such as lactoferrin, IgA and IgG,
might have an inhibitory effect on SM (12). Human
milk also contains oligosaccharides (HMOs). It is
generally accepted that HMOs have a prebiotic effect,
mimicking the attachment sites for certain pathogens
and blocking their adhesion, colonization and
invasion (13). On the other hand, beneficial effects
of human milk in contrasting ECC is controversy.
Several studies have reported an inverse association
between breastfeeding and ECC, while other
studies have failed to show any highly beneficial
association. A systematic review identifies possible
risk factors for ECC in breastfeeding for longer than
1 year, as well as nighttime breastfeeding after teeth
eruption, although methodological concerns and
inconsistent definition of breastfeeding used in the
studies examined make it difficult to draw definitive
conclusion (14). Anticariogenic effect of human milk
due to its concentration of calcium and phosphate has
also been reported (15). Although our findings show
a lower bacterial growth in human milks compared
to control sample, these conclusion are limited due
to the low number of samples analyzed.

By analyzing the infant formulas, we realized
that supplementation with Lactobacillus reuteri
and Bifidobacterium lactis is associated with a
significant reduction of SM colonies if compared to
the non-supplemented formula. From these results
it is reasonable to affirm that probiotics may play
a potential role in contrasting SM colonization.
Little information is available about the relationship
between probiotics and counts of SM. In vitro
studies showed that probiotic strains may affect the
oral ecology by preventing the adherence of other
bacteria to saliva-coated hydroxyapatite and by
modifying the composition of the salivary pellicle
(16). Other mechanisms of action for probiotics
on oral health are described in literature, including
adhesion, co-aggregation, competitive inhibition,
production of organic acids and bacteriocin-like
compounds and immune-modulation (17). In
particular, the enhanced resistance to oral infections

could be obtained through the interaction among
probiotics, oral epithelium and saliva. Salivary
proteins can modulate microbial colonization by
stimulating their adhesion to epithelium surface
and their metabolic activity. This cooperation may
also promote the modulation of innate and adaptive
host immune response (18). The beneficial probiotic
effects also include an alteration of the composition
and metabolic activity of host micro-flora at the
specific location. Several studies have shown that
the use of probiotics allows the replacement of
cariogenic bacteria with those non-cariogenic (19).
We can speculate that beneficial effect of probiotics is
limited by the fact that probiotic bacteria are not able
to permanently colonize oral cavity (20). To ensure
a longer duration of probiotics in oral environment,
it seems necessary to determine which is the most
suitable vehicle. Short effect of probiotics in oral
cavity may be contrasted through their continuous
administration in infant formula, as a natural and
long-term approach.

In conclusion, despite our results are limited by the
low number of samples analyzed, they suggest that
infant formula supplemented with probiotics may have
an antimicrobial activity against SM and, consequently,
a preventive effect on maintaining and promoting oral
health by delaying SM colonization. Although human
milk is the benchmark regarding each health outcome
in the first months of life, these preliminary results
identify an increased in-vitro capacity to reduce the
growth of SM in milks supplemented with probiotics
and encourage further large-scale studies on usefulness
of probiotics to promote oral health.
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The yeast Saccharomyces boulardii is a biotherapeutic agent used for the prevention and treatment
of several gastrointestinal diseases, such as diarrhoea caused by Clostridium difficile, in addition to the
antibiotic therapy. In this study we report a case of Saccharomyces cerevisiae fungemia in a patient with
Clostridium difficile-associated diarrhoea (CDAD) treated orally with S. boulardii in association with
vancomycin. The identification of the S. cerevisiae was confirmed by molecular technique. Fungemia is
a rare, but a serious complication to treatment with probiotics. We believe it is important to remind the

clinicians of this risk when prescribing probiotics, especially to immunocompromised patients.

Fungal infections are an increasing cause
of morbidity and mortality particularly in
immunocompromised patients. Although most
fungal infections are caused by Candida and
Aspergillus species, over the past decade there has
been increasing recognition of other opportunistic
fungi (1, 2).

Clostridium difficile is a major cause of antibiotic
associated diarrhoea within the hospital setting
(3). The antibiotics most commonly used to treat
C. difficile-associated diarrhoea (CDAD) include
metronidazole or vancomycin, but vancomycin is
superior for treating patients with severe CDAD
(4). Probiotics represent a promising approach as
an adjunctive therapy for CDAD. Saccharomyces
cerevisiae is a well-known yeast used in the food
industry and it has now been established that
this yeast can cause different forms of invasive

infection. The use of the probiotics for prevention
and treatment of acute or chronic diarrhoea has been
controversial because there have been case reports
of fungemia in both immunocompromised and
immunocompetent patients (5). The mechanism of
action of this probiotic includes the regulation of
intestinal microbial homeostasis, the interference
with the ability of pathogens to colonize and
infect the mucosa, the modulation of local and
systemic immune responses, the stabilization of
the gastrointestinal barrier function and induction
of enzymatic activity favouring absorption and
nutrition (6). Saccharomyces fungemia is the most
severe complication secondary to administration
of the probiotics, especially in patients with an
indwelling catheter (7). In this article, we described
a case of S. cerevisiae fungemia in a patient treated
orally with Saccharomyces boulardii in association
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with vancomycin for C. difficile colitis.
MATERIALS AND METHODS

Patient

An 86 year-old man was admitted to the emergency
department of Sant’ Andrea Hospital in Rome for a possible
C. difficile-associated diarrhoea due to an antibiotic
treatment with ceftriaxone for an acute exacerbation
of chronic obstructive bronchitis. A stool sample was
positive for C. difficile toxin by enzyme-linked fluorescent
immunoassay (ELFA) performed with the automated
VIDAS instrument (bioMérieux, Marcy 1’Etoile, France).
Moreover, bacterial stool culture was positive on
commercially available CLO agar plates (bioMérieux).
Stool samples analyzed for enteric pathogenic bacteria
and parasite were negative. Abdominal computed
tomography showed pancolitis.

The patient was treated with oral vancomycin 500 mg
four times daily, and also with a probiotic preparation,
labeled Codex (Zambon Farmaceutici, Vicenza, Italy)
and declared to contain 250 mg of lyophilized S.
boulardii, three times daily for ten days, until clinical
improvement. The subsequent microbiological control
showed the negativity of the stool sample for C. difficile
toxin. However, after 10 days of treatment, the patient
presented fever and infectious parameters were elevated.
Laboratory data showed a normal white blood cell count
of 4.5 thousand/L (normal range, 4.30-10.8 thousand/L),
a hemoglobin level 0of 9.7 g/dL (normal range, 13.0-18.0),
a C-reactive protein greater than 3 mg/dL (normal range,
0.00-0.50) and procalcitonin level of 5.88 ng/ml (normal
range <0.05).

Two sets (aerobic and anaerobic) of blood cultures
with BacT/Alert System (BD Diagnostic Systems, Sparks,
Md.) were performed from peripheral veins and from the
indwelling catheter, previously positioned to perform fluid
therapy. The catheter was removed and put in culture.

Isolation and antimicrobial susceptibility

The positive blood cultures were subcultured onto
plate media selected in accordance with the Gram stain
result, and identification of the S. cerevisiae was carried
out using a combination of conventional and commercial
methods API ID32C and VitekIl system (bioMericux).
Antifungal susceptibility testing for amphotericin B,
fluconazole itraconazole, voriconazole, and caspofungin
was performed by E-test (Liofilchem®, Roseto degli
Abruzzi, Teramo, Italy) against S. cerevisiae.

Amplification and sequencing
The identification of the S. cerevisiae was confirmed
by molecular technique. A couple of specific primers

for 18S ribosomal RNA gene of S. cerevisiae were
designed, 18S Forward TCCTGGTTCGCCAAGAGCCA
and 18S Reverse GGCAGCAGGCGCGCAAATTA.
The molecular analysis was carried out by PCR in a
GeneAmp® PCR System 9700 (Applied Biosystems).
The amplification was purified and then sequenced using
BigDye terminator v3.1 cycle sequencing kit (Applied
Biosystems) as recommended by the manufacturer.
The sequences were determined with an ABI Prism
3130XL Genetic Analyser (Applied Biosystems). The
sequences were compared to reference data available
in the GenBank database by using BLAST (basic local
alignment search tool) that determined for the strain
tested a correct identification for S. cerevisiae with a rate
of 100% (278/278). Results were further aligned with
a reference sequences (JX021607.1) using Navigator
software (Applied Biosystems).

RESULTS

The result of microbiological analysis and the
additional nucleotide sequencing reactions showed
that the organism was S. cerevisiae. S. cerevisiae was
isolated from both (peripheral veins and indwelling
catheter) aerobic blood cultures, while the culture
of the removed catheter was negative. No other
pathogens were detected.

Susceptibility testing indicated that S. cerevisiae
was susceptible to caspofungin and voriconazole
but resistant to fluconazole, intraconazole and
Amphotericin B. Therapy with caspofungin was
initiated. Intravenous caspofungin (initial dose of 70
mg followed by 50 mg daily) was administrated to
our patient with a fast improvement within 24 hours
(diminished fever and improvement of the infectious
biochemical parameters).

DISCUSSION

Probiotics represent a promising approach
as an adjunctive therapy for CDAD however,
Saccharomyces fungemia is the most frequent
complication secondary to administration of the
probiotics especially in patients with an indwelling
catheter (7).

Although S. cerevisiae is considered a safe and
non-pathogenic agent, several reports show that this
fungus may indeed cause severe infections including
fungemia, endocarditis, pneumonia, liver abscess,
peritonitis, and septic shock. Review of published
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cases indicates that invasive infections with S.
cerevisiae occur inimmunocompromised patients, but
also in relatively healthy individuals. The incidence
of S. cerevisiae fungemia is unknown, although
population-based studies suggest that it is responsible
for 0.1%—-3.6% of all episodes of fungemia (8-10),
and several recent studies reported that S. cerevisiae
fungemia had occurred in patients with a history ofuse
of probiotics or evidence of nosocomial acquisition
in an environment where probiotics were used (11-
17). S. cerevisiae fungemia was first reported in
1970 in a patient with a prosthetic mitral valve (18),
fifteen cases (16.3%) were diagnosed before 1990,
although the incidence has significantly increased
since the 1990s. In a review by Munoz et al. (19),
60 cases of Saccharomyces fungemia were reported
from 1996 to 2004, and 54.6% of cases followed the
use of probiotics by a median time of 10 days. Since
2005, other cases (20-25) of invasive Saccharomyces
infections have been diagnosed and all patients had
at least one condition facilitating the development of
invasive fungal infection.

In this study we report a case of fungemia due to
S. cerevisiae in a patient with CDAD and with inser-
tion of a venous catheter admitted to the emergency
department of Sant’Andrea Hospital in Rome. The
origin of the fungemia is thought to be either a di-
gestive tract translocation or a contamination of the
central venous line by the infected hands of health
workers (17). Contamination of the air, environmen-
tal surfaces, and hands following the opening of a
packet suggests that catheter contamination may
have been a source of infection. To prevent catheter
contamination it is recommended that packets or
capsules of S. boulardii be opened with gloves, out-
side the patient’s room.

A ready and close cooperation between the
clinician and the microbiologist allowed to identify
the microbiological agent and then the target the
therapy for the treatment of the sepsis yeast infection.

Most cases of S. cerevisiae fungemia related to
oral administration of S. houlardii have been treated
with amphotericin B or fluconazole. We treated the
patient with caspofungin with excellent results, in
agreement with those reported by Lolis et al. (26) in
a previous paper.

In conclusion, this report confirms the risk of
infection of §. cerevisiae fungemia, identification

confirmed by sequencing of the gene for rRNA, in
a patient treated orally with probiotics. The need for
stringent application of proper hygiene when using
a probiotic preparation of this organism is required
particularly for patients with a central venous
catheter or in immunocompromised or critically ill
patients.
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