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Springtime of Spirit
Liliana Favelukes
Acrylic on canvas, 50 x 100 cm

iliana Favelukes was born in Warsaw, Poland.

At the age of seven she and her family escaped
from the Warsaw Ghetto. After the war they wan-
dered through various countries and in 1947 settled
in Buenos Aires, Argentina. She studied Medicine at
the University of Buenos Aires where she received her
MD degree. In 1977 she immigrated to Israel with her
two children. A retired pediatrician, she worked for
over 20 years at the Ben Gurion Clinic in Kfar Saba.
She is the proud grandmother of seven girls.

In 1999 Liliana was diagnosed with colon cancer;
she underwent surgery followed by chemotherapy. It
was at about this time that she began to paint. Her
painting became a form of art therapy. Later on she
joined several painting classes. Since then she has
participated in several group exhibitions.

She uses mostly acrylic on canvas. Her style is
Intuitive- Abstract with a strong emphasis on color.
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Food Allergy Epidemic: Can We Reverse the Trend?

Guest Editor
Allergy, Asthma and Immunology Institute, Food Allergy Center, Asaf Harofeh Medical Center, Zerifin, affiliated with Sackler Faculty of Medicine, Tel Aviv University, Ramat Aviv, Israel

The urgency of this topic is underscored by the four cases

KEY WORDS: food allergy, epidemic, oral food challenge, of mortality due to food allergy described by Levy et al. [6] in

immunoglobulin E, oral immunotherapy, tolerance
induction
IMAJ 2012;14:5-6

F ood allergy is a widespread medical problem that has
reached global, epidemic proportions over the past decade
[1]. The extent of its importance is highlighted by the volume of
publications on this topic, which has exceeded 10,000 articles
over the past 10 years alone. The question arises whether the
prevalence of allergy has actually increased over the years, or
whether the increased reporting of this entity is merely a reflec-
tion of an increased public awareness or even based on false
perceptions [2]. The striking differences between the reported
prevalence of allergy based on self-reporting versus objective
criteria are well known. A review of the literature does not nec-
essarily provide a clear answer to this question. Even among
well-designed studies that were population-based and utilized
an oral food challenge for diagnosis, a wide range of prevalence
was noted for cow's milk [3,4] and peanut allergy [4,5] (0.5%
vs. 5.6% and 0.15% vs. 3.0%, respectively). While genetic dif-
ferences fail to explain the disparities, the timing of exposure,
confounding environmental factors, and the interpretation of
OFC results may all account for the large variation of data.

Regardless of the exact prevalence data, preventive treat-
ment of food allergy is clearly a desired clinical target. The early
exposure to an allergen, for example, may prevent the devel-
opment of immunoglobulin E-mediated food allergy [3,5].
Toward this end, oral immunotherapy has emerged in recent
years as a promising treatment for persistent IgE-mediated food
allergy. Thus, through the acquisition of tolerance we may have
an opportunity to reduce the prevalence, change the direction
of the growing prevalence and, possibly, even largely eliminate
IgE-mediated food allergy. The role of acquisition of tolerance is
a central theme in preventing food allergy and is the topic of an
international conference to be held in Tel Aviv, Israel in January
2012, for which this issue of IMA] is devoted.

OFC = oral food challenge
IgE = immunoglobulin E

patients ranging in age from 6 to 26 years old: three were due
to cow's milk and the fourth presumably to nuts. Most worri-
some about these reports is that in all four cases the fatal event
was their first life-threatening event. Furthermore, in only one
of the four was injectable epinephrine prescribed [6]. Perhaps
of even greater concern is, as Segal et al. [7] point out, that
even when patients are prescribed an epinephrine injector the
majority of individuals are incapable of effectively using it.
The correct diagnosis of food allergy is crucial not only
to avoid inadvertent exposure and subsequent risk of ana-
phylaxis in a truly IgE-allergic patient, but also, at the other
end of the spectrum, to prevent misdiagnosis in non-allergic
children. The latter may lead to unnecessary dietary restric-
tions, and the failure of a proper nutritional replacement can
lead to malnutrition [8]. The gold standard for the diagnosis
of a food allergy is the oral food challenge. However, this
procedure is expensive, time and labor-consuming, and not
readily available for all patients. Cianferoni et al. [9] suggest
a method to predict the outcome of an OFC, thereby poten-
tially reducing the number of unnecessary OFCs performed.
Calvani and co-researchers [10] suggest a new model for cow’s
milk OFC, with both diagnostic and therapeutic aims. In their
model, milk is not discontinued if mild reactions are encoun-
tered during an OFC but is either continued or the patient is
prescribed a gradual increase in cow's milk feeding at home.
Thus, a significant portion of patients who would otherwise be
considered cow's milk-allergic actually tolerated cow’s milk.
In essence, the OFC became the first step in an oral immuno-
therapy program. Sanchez-Garcia et al. [11] and Ojeda et al.
[12] describe their experience with milk (105 patients) and
egg OIT (36 patients), respectively. Both report a success rate
of over 80%. These rates are similar to other reports of OIT
programs, as reviewed by Crisafulli et al. [13] and Ismail and
Tang [14]. Taken together, the accumulating scientific results
position OIT as the most promising treatment for persistent
IgE-mediated food allergy. However, whether OIT treatment
programs should be conducted in research settings only, as
suggested by Ismail and Tang [14], or whether OIT can be
a widespread therapeutic modality provided that the neces-

OIT = oral immunotherapy
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sary safety requirements are present, as suggested by others
[12,13], is a question still open for debate.

Another possible mode of reducing the prevalence of food
allergy may be by eliminating the allergy before it begins. The
notion that early nutritional manipulation can affect the atopic
predisposition of an individual is interesting. The literature is
not conclusive and the subject is reviewed by one of the leaders
in this field [15]. Less attention has been placed on the possible
effect of feeding practices on the development of celiac disease.
Shamir [16] suggests that there is a window of opportunity
between 4 and 7 months of age whereby one can introduce
gluten into the infant diet, preferably along with breastfeeding,
and thereby reduce the risk of celiac disease developing. The
early introduction of cow's milk formulae should not, however,
downplay the importance and beneficial effects of breastfeed-
ing. Lubetzky and colleagues [17] suggest that prolonged
breastfeeding may provide higher concentrations of C12 and
C14 saturated fatty acids in breast milk, which may confer
important immunological advantages, among others.

In summary, this issue of IMAJ provides an excellent oppor-
tunity to be acquainted with various and controversial aspects
of food allergy in general, and possible mechanisms by which
to reduce its burden through the induction of tolerance.
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IL-17RE is the functional receptor for IL-17C and mediates mucosal immunity to infection with

intestinal pathogens

Interleukin 17 receptor E (IL-17RE) is an orphan receptor of
the IL-17 receptor family. Song and team show that IL-17RE
is a receptor specific to IL-17C and has an essential role in
host mucosal defense against infection. IL-17C activated
downstream signaling through IL-17RE-IL-17RA complex for
the induction of genes encoding antibacterial peptides as
well as pro-inflammatory molecules. IL-17C was upregulated
in colon epithelial cells during infection with Citrobacter
rodentium and acted in synergy with IL-22 to induce the

expression of antibacterial peptides in colon epithelial cells.
Loss of IL-17C-mediated signaling in IL-17RE-deficient mice
led to lower expression of genes encoding antibacterial
molecules, greater bacterial burden and early mortality
during infection. Together these data identify IL-17RE as a
receptor of IL-17C that regulates early innate immunity to
intestinal pathogens.
Nature Immunol2011; 12: 1151
Eitan Israeli

“When the flag is unfurled, all reason is in the trumpet”

Ukrainian proverb
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Human Milk Fatty Acids Profile Changes during
Prolonged Lactation: A Cross-Sectional Study
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ABSTRACT:

KEY WORDS:

Background: Human milk produced during prolonged lactat-
ion (> 1 year) is extraordinarily rich in fat and has a higher
energy content than human milk produced during short
lactation.
Objectives: To estimate the fatty acid (FA) profile of human
milk and to test the hypothesis that the proportion of C12
and C14 (two dietary saturated FA known to most promote
hypercholesterolemia) in human milk during prolonged
lactation is similar to that in short lactation.
Methods: We conducted a cross-sectional study of 30
mothers of term infants lactating for more than 1 year as
compared with 25 mothers of full-term infants who lactated
for 2-6 months. Milk was collected by manual expression in
mid-breastfeeding.
Results: The two groups did not differ in maternal height,
weight, body mass index, diet, infant birth weight and
gestational age, but mothers in the prolonged lactation group
were significantly older. There was a significant correlation
between lactation duration and C12 or C14. The percentage
of all FA combined (except for C12 and C14) decreased
significantly overtime. In contrast, C12:0 and C14:0 combined
increased significantly during lactation (R2=10.0%, P<0.03).
Conclusions: Women who lactated for more than 1 year had
higher C12 and C14 FA percentages in their milk than women
who lactated for 2-6 months.

IMAJ 2012; 14:7-10
human milk, fatty acids, cholesterol, breastfeeding,
lactation

he optimal duration of breastfeeding is unknown. Since
1979, the World Health Organization [1], the American
Academy of Pediatrics [2] and the American Academy of
Family Physicians [3] recommend that children throughout
the world be breastfed for a minimum of 1-2 years, with no
defined upper limit on duration of breastfeeding. In 2007, the

This study was presented in part at the Pediatric Academic Societies
annual meeting 2010, Vancouver, BC, Canada

American College of Obstetricians and Gynecologists stated
that its members’ "professional objectives are to encourage
and enable as many women as possible to breastfeed and to
help them continue as long as possible" [4].

One of the important long-term benefits of breastfeeding is
reduced cardiovascular risk in adulthood [2,5]. However, two
studies have suggested that the beneficial effect of breastfeeding
on cardiovascular risk exists only if weaning is performed prior
to 1 year of age; moreover, some researchers have suggested
that beyond 1 year, prolonged breastfeeding might actually
increase the cardiovascular risk [5,6]. In a previous study we
demonstrated that human milk produced during prolonged
lactation (> 1 year) is extraordinarily rich in fat and has a
higher energy content than human milk produced during the
first half-year of lactation [7].

Dietary fat has differential effects on hypercholesterolemia.
Some dietary saturated fatty acids, in particular C12:0 and
C14:0, are known to most promote hypercholesterolemia in
humans [8]. In order to estimate the FA profile of human milk
we conducted a cross-sectional study of 55 women lactating for
periods ranging from 2 to 6 months (short lactation duration)
and for more than 1 year (prolonged lactation duration). We
tested the null hypothesis that the proportion of "cholesterol-
promoting" fatty acids, namely C12 and C14, in human milk
during prolonged lactation is similar to that in short lactation.

SUBJECTS AND METHODS

The milk of 30 mothers of full-term, healthy, growing children
lactating for more than 1 year was compared to that of 25 moth-
ers of full-term infants who lactated for 2-6 months. All infants
were healthy, free of congenital malformations, and had been
born after a normal pregnancy, labor and delivery. In order to
control for possible diurnal variations [9,10], for the analyses
we used one sample collected between 9.00 p.m. and midnight
from every subject. Milk was collected by manual expression

FA = fatty acids
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in mid-breast feeding. Maternal type of diet (omnivorous vs.
lacto-ovo-vegetarianism) was recorded.

LABORATORY METHODS

All milk samples were stored at -20°C until analyzed. Lipids
were extracted with chloroform-methanol (2:1) with buty-
latedehydroxyanisole used as an antioxidant, and fatty acids
were identified as published previously [11,12].

STATISTICAL ANALYSES

Results are expressed as mean + SD. Student’ ¢-tests were used to
determine the differences between the two groups (2-6 months
and > 1 year) for continuous variables, and chi-square tests for
categorical variables. Linear regression was used to determine
the correlation between lactation duration and the percentage
of each individual fatty acid. Stepwise backward multiple regres-
sion was used to determine the effect of variables found to be
significant in univariate analysis on fatty acid profile.

RESULTS

The demographic and maternal characteristics of the study
participants are presented in Table 1. There were 55 infants
breastfed for either 2-6 months (short duration group, n=25)
or 12-39 months (long duration group, n=30). The two groups
(short versus prolonged lactation) did not differ in terms of
maternal height, weight, body weight index, diet (most were
omnivorous and had a Mediterranean-type diet, except for
four mothers who were lacto-ovo-vegetarians - three in the
short duration and one in the long duration lactation groups),
infant birth weight and gestational age. They, however, differed
significantly in terms of maternal age, with mothers in the pro-
longed lactation group being older (P = 0.02) [Table 1].

Table 2 depicts the individual fatty acid measured, expressed
as a percentage of total FA in milk. There were no significant
differences between the two groups in terms of FA percent-
ages for all FA considered except for C14 (P = 0.046). Four

Table 1. Demographic and clinical characteristics

Short lactation  Prolonged

(2-6 mos) lactation

(n=25) (>1yr)(n=30) P
Maternal age (yrs) 31.4+3.3 34.8+4.2 0.02
Maternal weight (kg) 59.6 + 8.8 62.7 + 14.0 NS
Maternal height (m) 1.65 £ 0.05 1.64 +0.06 NS
Maternal BMI (kg/m?2) 22.3:2.7 23.1:4.3 NS
Duration of lactation (mos) 3.65+1.1 18.6 £6.2 <0.001
Infant gestational age (wks) ~ 39.0+1.7 39.6+1.5 NS
Infant birth weight (kg) 3.25:0.4 3.20+0.45 NS

Data are expressed as mean + SD
BMI = body mass index, NS = not significant

Table 2. Laboratory characteristics

Short lactation
(2-6 mos) (n=25)

Prolonged lactation
(> 1yr) (n=30)

C4:0 3.81+6.75 2.793+2.48
C6:0 0.79+1.73 1.73+4.99
C8:0 3.84+6.2 3.94:+6.9
C10:0 2.88+4.2 5.14+6.0
C12:0 3.1:20 3.8:2.1
C14:0* 3.9+2 5.4+3.4
C1441 1.2£1.2 1.8+1.8
C16:0 15.0+9.5 14.6+9.4
C16:1 52+7.6 6.8+7.9
C18:0 15.9+13.4 14.9+12.1
C18:1 n-9 83+7.3 6.6+7.7
C18:1 (total) 24.2+8.6 21.5+10.4
C18:2 n-6 27.5+17.4 21.2+14.7
C18:2 n-7 0.45+0.9 0.18+0.6
C18:3n-3 0.46 £ 0.72 0.9+1.2
C18:3 n-6 0.43+0.6 0.64+1.3
€20:0 0.58 + 0.6 1.07+1.4
C20:3 n-6 Undetectable Undetectable
C20:4 n-6 0.85+1.24 1.82+2.33
C20:5 n-3 Undetectable Undetectable
C22:5 n-3 Undetectable Undetectable
C€22:6 n-3 Undetectable Undetectable

Data are expressed as mean + SD (% of total FA)

*The groups did not significantly differ in all fatty acids measured except for
C14 (P=10.046)

fatty acids from the long chain polyunsaturated group were
undetectable in a large percentage of samples and fell below the
limit of detection of the method we used in this study.

When the duration of lactation was used as a continuous
variable and not as a categorical variable, there was a signifi-
cant correlation between lactation duration and C12 (R2 =
7.4%, P = 0.05) and lactation duration and C14 (R2 = 9.2%,
P =0.029). No other fatty acid correlated significantly with
lactation duration. The percentage of all fatty acids combined
(except for C12 and C14) decreased significantly over time
in contrast to C12:0 and C14:0 combined which significantly
increased during lactation (R2=10.0%, P < 0.03) [Figure 1].
In univariate and multiple regression, maternal age was not
found to significantly influence the FA profile.

DISCUSSION

We found that the fatty acid profile of human milk during
prolonged lactation (> 1 year) was not identical to that of
human milk during short lactation (2-6 months). The dif-
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Figure 1. Correlation between C12+C14 (percent of total fatty acids)
and lactation duration (months) (R2=10.0%, P<0.03)
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ferences found were not striking and became apparent only
when we used duration of lactation as a continuous variable.
Doing so, there was a significantly higher percentage of C12
and C14 FA and a lower percentage of all other combined
fatty acids in human milk during prolonged lactation.

It must be emphasized that a limitation of our study was
its cross-sectional design. Thus, we cannot conclude with
certainty that C12 and C14 increase over time during lacta-
tion, and we can only state that women who lactated for more
than 1 year had higher C12 and C14 percentages in their milk
than women who lactated for 2-6 months. It is indeed pos-
sible that the differences between the two groups were not
related to lactation duration but to differences between the two
groups for some important but unrecognized other variable(s).
For example, a systematic difference in dietary intake of fat
between the two groups cannot be excluded. However, most
women in the study ate a Mediterranean-type diet, and only
four women were lacto-ovo-vegetarian. More subtle dietary
differences (fish, vegetable oil, fruit/vegetable consumption)
might have had a substantial influence on fatty acid intake and
breast milk composition. The two groups were also similar in
terms of maternal height, weight, body mass index, infant birth
weight and gestational age. They were significantly different in
terms of maternal age (the mothers were older in the prolonged
duration group). The presence of older mothers in the pro-
longed duration group may indicate significant socioeconomic
differences between the two groups, which theoretically may
have influenced the results. However, in multiple regression
analysis, maternal age was not found to affect the fatty acid
profile. Thus, we emphasize that the results of our study, a pilot
study, should be confirmed in a longitudinal approach.

We are aware of another study that also examined the fatty
acid profile of human milk during prolonged (14 months) and
short (3 months) lactation [13]. In that study, there were no dif-
ferences in FA profile between groups, but the study was limited

by a similar cross-sectional approach in addition to a very small
sample size (fewer than 14 patients in each group).

If we postulate that indeed C12 and C14 increase dur-
ing prolonged lactation over time, this has to be considered
together with the striking finding that human milk produced
during prolonged lactation (> 1 year) is extraordinarily rich
in fat and has a higher energy content than human milk
produced during the first half-year of lactation [7]. Indeed,
C12 and C14 are the saturated fatty acids that have been
shown to have the greater hypercholesterolemic effect in
humans [8]. Moreover, human milk has considerably higher
concentrations of cholesterol than most available formulas,
and infants fed human milk have higher plasma cholesterol
concentrations than formula-fed infants [14]. The long-term
impact of prolonged human milk feeding on cholesterol
metabolism and on cardiovascular risk is unclear and con-
troversial. Relative hypercholesterolemia in infancy might be
beneficial in that it may "program” endogenous cholesterol
synthesis rates by lowering synthesis [14], but whether lower
cholesterol synthesis rates persist into adulthood is unknown,
although it has been demonstrated in rats [15].

The importance of a high percentage of C12 (lauric acid)
and C14 (myristic acid) in the diet of human milk-fed infants
may not be restricted to cholesterol metabolism and cardiovas-
cular protection. Indeed, lauric acid, metabolized into mono-
laurin, has been shown to play multiple roles as an antibacterial
and antiviral agent [16-18]. Infants fed with human milk are
notably protected against a multitude of infectious diseases,
and it is possible that one of the many agents involved is indeed
lauric acid. Whether or not prolonged lactation protects infants
against infections has not been studied systematically.

The fact that the concentrations of docosahexaenoic acid
were low or undetectable in the samples studied was surpris-
ing to us. Indeed, generally reported concentrations of DHA
in human milk range between 0.27 and 0.48 and are reported
to be little influenced by maternal diet [19]. We must point
out that Shehadeh et al. [13] in a study of human milk during
prolonged lactation also found undetectable values of DHA in
the majority of samples. The latter study was also performed in
Israel, thus raising the question whether the maternal Israeli
diet or prolonged lactation can be responsible for this finding.
Kosher food restrictions forbid the use of seafood other than
scaly fish, which might impose a restriction on LC-PUFA intake
among religiously observant Israeli women. Moreover, research
from Israel reveals that the Israeli population consumes a high
level of omega-6 fatty acids while the intake of omega-3 fatty
acids is relatively low [20,21]. Essentially all cold water fish,
kosher fish (salmon, herring, cod, sole, etc.) or non-kosher
seafood (shrimp, lobster, etc.) produce and contain omega-3
and omega-6 fatty acids. Thus, as long as patients eat seafood,

DHA = docosahexaenoic acid
LC-PUFA = long chain polyunsaturated fatty acids
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kosher or non-kosher, they probably obtain an adequate supply
of omega-3 or 6 fatty acids, assuming they consume two por-
tions a week as suggested by the American Heart Association
[22]. The price of fish in Israel is usually higher than that of
poultry, meat and dairy products, which might be a deterrent
to adequate fish intake in the Israeli diet. Indeed, an interna-
tional comparison shows that the average percent of total food
expenditure in Israel is 14.11% for meat products, 12.97% for
dairy products, and only 2.51% for fish products [23].

We conclude that women who lactated for more than 1 year
had higher C12 and C14 fatty acid percentages in their milk
than women who lactated for 2-6 months. This finding must
be confirmed in a longitudinal prospective approach. Whether
or not clinical outcomes - both short term (such as visual
and early motor and cognitive outcomes, etc.) and long term
(better IQ scores, improved immunological health, reduced
atherosclerosis risk, etc.) - in an individual are affected by the
composition of human milk fat remains to be studied.
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Invariant natural killer T cells recognize lipid self-antigen induced by microbial danger signals

Invariant natural killer T cells (iNKT cells) have a prominent
role during infection and other inflammatory processes,
and these cells can be activated through their T cell antigen
receptors by microbial lipid antigens. However, increasing
evidence shows that they are also activated in situations
in which foreign lipid antigens would not be present, which
suggests a role for lipid self-antigen. Brennan et al. found that
an abundant endogenous lipid, p-D-glucopyranosylceramide
(B-GlcCer), was a potent iNKT cell self antigen in mouse and

human and that its activity depended on the composition of
the N-acyl chain. Furthermore, p-GlcCer accumulated during
infection and in response to Toll-like receptor agonists,
contributing to iNKT cell activation. Thus, the authors
propose that recognition of -GlcCer by the invariant T cell
antigen receptor translates innate danger signals into iNKT
cell activation.
Nature Immunol 2011; 12: 1202
Eitan Israeli



IMA] ® VOL 14 » JANUARY 2012

ORIGINAL ARTICLES

Isolated Contact Urticaria Caused by Immunoglobulin
E-Mediated Fish Allergy
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ABSTRACT:

KEY WORDS:

Fish is a common cause of food allergy. The reactions usually
occur after its ingestion. In most immunoglobulin E-mediated
reactions, the allergens are gastroresistant and heat-stable
proteins of low molecular weight (parvalbumin). On the other
hand, isolated contact urticaria following the handling of
raw fish but without symptoms after its ingestion was found
among cooks and professional fish handlers. In these cases,
the fish allergens are gastrosensitive and thermolabile, as
demonstrated by the decrease in the diameter of the wheal
in the skin-prick test using cooked fish. To the best of our
knowledge isolated fish contact urticaria in children has
not been previously reported. We analyze the features of
three pediatric cases of contact urticaria from cod (one of
them was sensitized to parvalbumin), with tolerance after
ingestion of this fish on oral food challenge.

IMAJ2012; 14:11-13
child, contact urticaria, fish allergy, parvalbumin

ish allergy is common in Europe [1]. Allergists often
F prescribe a diet devoid of all fish to children with a clini-
cal history suggestive of adverse reaction and sensitization,
without performing the oral food challenge - the gold stan-
dard in the diagnosis of food allergy. This clinical practice
is performed because of frequent generalized reactions
following its ingestion or, more rarely, its inhalation.

Fish allergy may also emerge in a clinically less danger-
ous form, namely, urticaria or isolated contact dermatitis,
more frequently described in individuals having prolonged
and repeated skin contact with raw fish, for example, cooks
and fishmongers. In these cases fish allergy is the result of
hypersensitivity to a thermolabile and gastrosensitive allergen
and is limited to the contact site [2-4].

We report here for the first time, to the best of our knowl-
edge, three pediatric cases of isolated contact urticaria caused
by immunoglobulin E-mediated cod allergy. These cases
present significant differences from adult cases.

PATIENT DESCRIPTIONS

PATIENT 1

N.A., a 5 year old boy, was admitted to our pediatric clinic
with a history of allergic rhinitis, atopic dermatitis and fish
allergy. At age 2 years he ate grouper and 30 minutes later
presented with urticaria localized on the skin affected by
atopic dermatitis. Skin-prick tests were positive for cooked
grouper (4.5 mm) but negative (2 mm) for cod extract.
When he was 5 years old, he presented with urticaria after
his elbow came into contact with grouper.

SPTs for raw and cooked mussels, raw shrimp and cod
extract (Lofarma®, Milan, Italy) were negative. SPTs for raw
and cooked grouper, raw and cooked sea bream, raw and
cooked cod, cooked shrimp, raw and cooked tuna, and raw
and cooked cuttlefish were positive (9, 6, 6, 4, 5, 4, 5, 3, 3,
5, 4 mm, respectively). The investigation of serum-specific
IgE for fish was performed with InmunoCAP assay (Phadia,
Sweden) and the results were as follows: cod 1.63 KUA/L, sole
1.07 kUA/L, anisakis 0 kUA/L, hake 1.12 KUA/L, swordfish
0.07 KUA/L, plaice 1.20 kUA/L, yellow diamond 0.93 kUA/L,
salmon 1.26 KUA/L, European sardine 1.03 kUA/L, mackerel
0.8 KUA/L, tuna 0.44 KUA/L, trout 1.72 kUA/L, shrimp 0.04
kUA/L, sepia 0 KUA/L, ¢ rGad 1 parvalbumin 0.97 KUA/L.

The open OFC with cooked grouper was positive (gen-
eralized urticaria and itching of the lips and pharynx). We
reached the diagnosis of IgE-mediated allergy to grouper
and recommended that he not be fed this fish. The open
OFC and the Rub tests with cooked tuna were negative. The
family was advised to introduce tuna into the diet.

The open OFC with cooked cod was negative and the Rub
test was positive. We reached the diagnosis of IgE-mediated
allergy to cod, with contact urticaria as the only manifesta-
tion. The child was permitted to eat cod. His parents declined
to test his tolerance to other fish. At home he ate cod only
twice and canned tuna many times with no adverse reaction.
His parents did not feed him any other type of fish for fear of
an allergic reaction.

SPT= skin-prick test

IgE = immunoglobulin E

KUA/L = kilounits of antibody per liter
OFC = oral food challenge

1
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PATIENT 2

When we knew A.C. he was 7 years old and did not eat fish,
crustaceans or mollusks. In his first 2 years of life he pre-
sented atopic dermatitis and when he was 2.5 years old he
touched cooked cod with his hands and then touched his
face; within a few minutes he developed urticaria and angio-
edema of the face and lips. The test for serum specific IgE for
cod was positive (9.45 kIU/L), as were SPTs for bluefish and
white fish. The child had never eaten fish before and did not
eat it again. During the next 4 years, every time he touched
fish he developed contact urticaria; i.e., his mother said that
hives appeared on his cheek where he had been kissed by his
brother who had just eaten fish. For this reason he avoided
the ingestion of fish until he was 7 years old.

We performed SPTs with natural foods and they were
positive for canned (4 mm), raw (5 mm) and cooked tuna
(5 mm), raw (10 mm) and cooked cod (6 mm), raw squid (4
mm), and negative for raw and cooked clam, cooked squid,
raw and cooked mussel, and raw and cooked shrimp. The open
OFC with cooked cod was negative, while the Rub test on his
cheeks with this food was positive (contact urticaria and hives
appeared not only where the Rub test was performed but also
on distal sites, for example the trunk and limbs). IgE-mediated
allergy to fish was diagnosed, with contact urticaria as the only
clinical manifestation, and he was therefore allowed to eat cod.
The ingestion at home of clam, mussel, squid and shrimp has
been allowed without performing OFC.

The boy did not particularly like eating fish but he did eat
it occasionally in the subsequent 7 years (i.e., until his last
telephonic follow-up) without any sign of adverse reaction.

PATIENT 3

N.C., a 2 year old child who suffered from atopic dermatitis,
came to our clinic because of perioral urticaria supposedly
due to the ingestion of cooked cod. The specific serum IgE
for cod (ImmunoCAP, Phadia, Sweden) was slightly positive
(0.75 kU/L). The child had a history of other food allergies
(eggs and nuts). The SPT with cooked cod was positive (mean
diameter of wheals 7 mm); the open OFC resulted in only a
small urticaria wheal on his left cheek and a light circumoral
erythema, where fish had accidentally touched his skin.

We presumed that the modest clinical reaction was due
to skin contact and not food ingestion. Therefore, based on
the skin-prick test and oral food challenge results, the child
was allowed to ingest cooked cod. To further confirm our
hypothesis, the successive ingestions of cod at home have not
been associated with adverse events.

DISCUSSION

Fish is the third most frequent food allergen after cow’s milk
and egg in Europe [1]. Contact urticaria constitutes a common

reaction in patients with systemic fish allergy, even in the pedi-
atric age [4]. Contact urticaria from IgE-mediated fish allergy
may also occur in isolated form, despite oral tolerance to fish
ingestion; it has been described in food handlers and chefs [2]
but was not previously described in the pediatric population.
The three cases presented here demonstrate that IgE-mediated
fish allergy contact urticaria can occur even in children.
There are other points of interest: namely, all children had
atopic dermatitis and this could have caused a first “unusual”
contact with the allergen. We say “unusual” because it has been
theorized that food allergens that enter the body through the
airways and skin (and not through the gastrointestinal route)
could result in sensitization [5,6]. Skin injuries from atopic der-
matitis could be compared to the macerated skin of the hands
of professional fish handlers. However, these are the only simi-
larities between our cases and occupational contact urticaria:
o the three children were not exposed to continuous contact
with the allergen
o urticaria spread to sites usually not affected by contact
(i.e., the hands), and in at least one case (A.C.) it went
beyond the contact site
+ the food caused contact urticaria also when cooked;
therefore, the offending allergen is heat-resistant, even if
gastrosensitive.

Unfortunately, the patients A.C and N.C were observed
several years ago and at that time we could not measure the
specific IgE for parvalbumin or perform molecular analysis.
Gad c 1 was positive in case 1, where the SPTs with commer-
cial extracts of cod and OFC were negative, but the Rub test
and SPTs with natural food (cod) were positive. The prick-
by-prick test with natural food showed a greater sensitivity
than the commercial extract, as already documented with
vegetables and milk [7,8]. Nonetheless, it was surprising that
the positivity of Gad ¢ 1 and the negativity of SPT with cod
extracts occurred concomitantly. The company producing the
cod extract used in this study assured us of the presence of
parvalbumin. Previous studies [9,10] showed that parents did
not introduce the food into the diet of their children even
after a negative OFC. This is confirmed by our experience.

CONCLUSIONS

According to our experience, isolated contact urticaria caused
by IgE-mediated fish allergy exists even in the pediatric age
with characteristics different from those seen in adults. It is
a rare manifestation: during a period of 10 years we observed
only three cases, and an informal survey with the Italian
Association of Pediatric Allergists (APAL, www.apalweb.it)
did not reveal other such cases up to April 2011.

In the three cases described we reached the diagnosis of
IgE-mediated allergy to cod but dietary restriction was not pre-
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scribed to the patients because the contact urticaria was the only
clinical sign at OFC. However, it is our opinion that pediatric
cases of suspected IgE-mediated allergy to fish with a history of
contact urticaria should undergo the OFC in order to verify the
presence or absence of symptoms after ingestion of the trigger
food and that excessive dietary restrictions should be avoided.
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Distinct stem cells contribute to mammary gland development and maintenance

The mammary epithelium is composed of several cell
lineages including luminal, alveolar and myoepithelial cells.
Transplantation studies have suggested that the mammary
epithelium is maintained by the presence of multipotent
mammary stem cells. To define the cellular hierarchy of
the mammary gland during physiological conditions,
Van Keymeulen et al. performed genetic lineage-tracing
experiments and clonal analysis of the mouse mammary
gland during development, adulthood and pregnancy. The
authors found that in postnatal unperturbed mammary
gland, both luminal and myoepithelial lineages contain

long-lived unipotent stem cells that display extensive
renewing capacities, as demonstrated by their ability to
clonally expand during morphogenesis and adult life as
well as undergo massive expansion during several cycles
of pregnancy. The demonstration that the mammary
gland contains different types of long-lived stem cells has
profound implications for our understanding of mammary
gland physiology and will be instrumental in unraveling the
cells at the origin of breast cancers.
Nature 20111; 479: 189
Eitan Israeli

Suppression of bone formation by osteoclastic expression of semaphorin 4D

Most of the currently available drugs for osteoporosis
inhibit osteoclastic bone resorption; only a few drugs
promote osteoblastic bone formation. It is thus becoming
increasingly necessary to identify the factors that regulate
bone formation. Negishi-Koga and colleagues found that
osteoclasts express semaphorin 4D (Sema4D), previously
shown to be an axon guidance molecule, which potently
inhibits bone formation. The binding of Sema4D to its
receptor Plexin-B1 on osteoblasts resulted in the activation
of the small GTPase RhoA, which inhibits bone formation
by suppressing insulin-like growth factor-1 (IGF-1) signaling

“Who will watch the watchman?”

and by modulating osteoblast motility. Sema4d-/- mice,
Plxnb1-/- mice and mice expressing a dominant-negative
RhoA specifically in osteoblasts showed an osteosclerotic
phenotype due to augmented bone formation. Notably,
Sema4D-specific antibody treatment markedly prevented
bone loss in a model of postmenopausal osteoporosis.
Thus, SemadD has emerged as a new therapeutic target for
the discovery and development of bone-increasing drugs.
Nature Med 2011; 17: 1473
Eitan Israeli

Decimus Junius Juvenal (2nd century AD), Roman poet
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Effect of Instruction on the Ability to Use a
Self-Administered Epinephrine Injector
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ABSTRACT:

KEY WORDS:

14

Background: Patients with allergy as well as their parents
frequently fail to use the self-administered epinephrine
injection (EpiPen®) properly in cases of allergic emergencies.
Objectives: To determine the benefit of an instruction
session with follow-up instruction.
Methods: We evaluated 141 patients aged 1.9-23.4 years
(median 5.8 years, 83% with food allergy) or their parents
(for those aged < 12 years) who were trained in the use of the
EpiPen during the first diagnostic visit to the allergy clinic
during 2006-2009. At the next follow-up visit, the patients or
their parents were asked to list the indications for epinephrine
administration and to demonstrate the five steps involved in
using the EpiPen. Each step was scored on a scale of 0-2.
Results: Fourteen participants (9.9%) had used self-injectable
epinephrine in the past. Only 65 (46%) brought the device with
them to the follow-up visit. The mean total score for the whole
sample was 4.03 + 3. Fifty-three participants (38%) failed
to remove the cap before trying to apply the device. Only 8
(5.6%) had a maximum score. The patients and their parents
were reinstructed in the use of the device: 41 participants
were reexamined at a subsequent follow-up visit after 1.02 +
0.56 years; their mean score improved from 4.71 + 3.04 to 6.73
+3.18 (P<0.001).
Conclusions: Patients with severe allergic reactions, as well
as their parents, are not sufficiently skilled in the use of the
EpiPen after only one instruction session with a specialist.
Repeated instruction may improve the results and we
therefore recommend that the instructions be repeated at
every follow-up visit.

IMAJ2012; 14:14-17
anaphylaxis, epinephrine, food allergy, EpiPen®

T he occurrence of anaphylaxis in developed countries is
increasing, especially in the first and second decades of life
[1]. Food allergy is the leading cause of anaphylaxis in children
and adolescents, and allergy to drugs, hymenoptera sting, and
latex are the leading causes in adults [2]. In Israel, a study of 92
patients under the age of 18 years admitted to a single pediatric
medical center for anaphylactic reaction during 1993-2004

found that food allergy was the cause in 43%, drug allergy in
22%, and hymenoptera sting allergy in 14% [3].

The treatment of choice for anaphylactic reaction is epi-
nephrine injection [4]. However, several studies have shown
that patients and parents often receive inadequate instruc-
tion in the application of the epinephrine auto-injector, the
EpiPen® (NAPA, CA, USA), and their skills in its use were
poor [5-9]. Correct use of the device improved after a single
visit to a multidisciplinary allergy clinic [10].

In Israel, the prescription rate for the EpiPen increased by
76% from 1997 to 2004 [11], while the population increased
by 16% [12]. At the Schneider Children’s Medical Center of
Israel, where the present study was performed, all patients
with anaphylactic reactions are referred to allergists, and they
or their parents are routinely given guidance in EpiPen use
at the first visit to the allergy clinic [13]. Each patient/parent
also receives an individualized written emergency plan for
possible additional severe allergic reaction (translated into
Hebrew from the site: www.foodallergy.org) [13]. The aim of
the present study was to evaluate the ability and knowledge
of both patients with allergy and their parents to properly use
the injector after the first clinic visit and to assess the benefit
of reinstruction in the use of the EpiPen at a follow-up visit.

PATIENTS AND METHODS

The study population was recruited from children and adoles-
cents who attended the allergy clinic of the Schneider Children’s
Medical Center of Israel, a tertiary university-affiliated hospital,
from June 2006 to June 2009. The patients had been referred for
evaluation by the hospital ward or by their primary care physician.
The diagnosis of anaphylactic reaction was confirmed at the first
clinic visit according to the criteria proposed by an international
task force [14]. Prick-skin tests (ALK-Abello, Port Washington,
NY, USA) and/or blood tests (Immulite 2000, Siemens Medical
Solutions Diagnostics, Tarrytown, NY, USA) were performed to
detect specific immunoglobulin E antibodies. According to our
departmental protocol, all patients and parents received an indi-
vidualized written emergency plan and instructions for the use of
the EpiPen injector. They were also trained in its use in the clinic
by one of three physicians (Y.L., N.S., B.-Z.G.).
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At the next follow-up visit, the patients (age > 12 years, n=12)
and parents (n=129) were asked to complete a questionnaire on
the indications for the epinephrine injection and on availability
of an emergency kit at school. They were also asked if they had
used the EpiPen, and if they had brought the device with them
to the present clinic visit. The expiration date was checked for
each available EpiPen device. Thereafter, using a trainer injector,
patients or parents were asked to demonstrate how to use it.
Each step of the procedure was scored on a scale of 0-2 (maxi-
mum score 10) by the same physician who served as the trainer,
as follows: 1) removing the cap, 2) holding the device, 3) placing
the injector tip against the upper outer thigh and pressing the
top until a “click” is heard, 4) holding the needle in place for
about 10 seconds, 5) pulling the needle out and massaging the
injection site. A score of 0 meant the participant did not know
what to do; a score of 1 meant that the participant hesitated
for a few minutes before performing the step and/or did not
perform it correctly (i.e., held the injector upside down, used it
in the wrong anatomic site or immediately removed it from the
injection site); a score of 2 meant the step was performed cor-
rectly and without hesitation. Some of the patients were asked to
repeat the demonstration at the second follow-up visit.

STATISTICAL ANALYSIS

Data were analyzed using BMDP statistical software [15].
Continuous variables were compared across groups with
one-way analysis of variance (ANOVA). Variables with a non-
Gaussian distribution were compared with the Mann-Whitney
non-parametric U test. Discrete variables were compared using
Pearson’s chi-square test or Fisher’s exact test, as appropriate.
A Pvalue < 0.05 was considered significant.

RESULTS

The study group consisted of 141 children with anaphylactic
reactions who had been prescribed the EpiPen and trained in
its use in our allergy clinic. Ninety-three children (66%) were
male; median age was 5.8 years (range 22 months to 23.4 years).
The clinical characteristics of the patients and the cause of the
anaphylactic reactions are shown in Table 1. Food allergy was
the main cause (n=118, 83%), followed by hymenoptera sting
allergy (n=15, 11%). The interval from the diagnostic visit to
the first follow-up visit was 0.04-6.54 years (mean 1.28 years).

KNOWLEDGE ABOUT ANAPHYLACTIC REACTION

When the patients or parents were asked to describe the
indications for epinephrine injection, 109 (77%) were able to
cite at least two symptoms of systemic allergic reaction: rash,
angioedema, dyspnea, or wheezing. In addition, 106 (75%)
knew what needed to be done in emergencies according to
their individualized emergency plan. Although all reported
that they had the device with them at all times, only 66 (47%)

Table 1. Data of patients with anaphylaxis

Causes of anaphylaxis

Food Insect bite Other Total
No. of children, n (%) 118 (83) 15 (11) 8 (6) 141
Male/female 79/39 10/5 4/4 93/48
Allergenic trigger, n* Milk 75 Honey bee 7 Drugs (penicillin) 1

Peanut 34 Yellow jacket5 Pollens 2

Nut 19 Wasp 3 Cold 1

Sesame 17 Idiopathic 4

Egg 13

Fish 6

Soy 1

Almond 1

Peach 1
Age at presentation
(yrs, mean = SD) 1.13£1.82 10.07 £+ 4.17 9.33+6.05 2.55+4.09
Age at study
(yrs, mean + SD) 2.67+3.19 12.99 + 4.98 12.01 +5.06 7.2+4.39
Medical history, n (%)*
Asthma 52 (44) 3(37.5 55 (39)
Atopic dermatitis 33(28) 34 (24)
Allergic rhinitis 7.2 1(6.6) 2(25) 9(6)

*Some children had several allergies

Figure 1. Distribution of performance scores for use of the EpiPen
for each of the five steps
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had brought it to the clinic, and in 14 of these cases (21%) the
device had passed its expiry date. Thus, only 52 participants
(37%) had a valid device at hand at the time of the survey.

ABILITY TO USE THE EPIPEN

Fourteen participants (10%) had used the EpiPen in the past. The
demonstration performance scores for the use of the EpiPen by
steps of the procedure are shown in Figure 1. Fifty-three partici-
pants (37.5%) failed to remove the cap (step 1), which is essential
for effective application of the injector. Most of the patients (62%-
87%) incorrectly performed the final two steps. The distribution

15
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Table 2. EpiPen use scores in 141 patients at the first follow-up visit

Score No. (%)
0 27 (19)
1-4 55 (39)
5-7 39 (28)
8-10 20 (14)

Table 3. EpiPen use scores of 41 patients at the first and second
follow-up visits*

First follow-up Second follow-up

visit visit
Score No. (%) No. (%)
0 707) 4(10)
1-4 11(27) 4(10)
5-7 15 (36) 1127
8-10 8(19) 22 (53)

*The mean score per patient improved from 4.71 + 3.04 to 6.73 + 3.18 (P< 0.001)

of total scores is presented in Table 2. Twenty-seven participants
(19%) received a score of 0, and only 8 (5.6%) received a maxi-
mum score of 10. The mean score per patient was 4.03 + 3.

REEVALUATION

Forty-one participants (29%) were reevaluated at the second
follow-up visit after 1.02 + 0.56 years (range 0.08-2.6 years).
Six (15%) did not remove the cap. The mean score of this
subgroup improved from 4.71 + 3.04 to 6.7 + 3.18 (P < 0.001).
The distribution of the total scores at the second follow-up
visit is presented in Table 3.

There were no statistically significant differences in the
score between the 12 older patients (age > 12 years), who
demonstrated the use of the EpiPen themselves, and the par-
ents who demonstrated the use of the device on the younger
children. In addition, there were no differences in total score
between participants who had or had not used the EpiPen
previously. The time elapsed from the initial diagnostic visit
to the first follow-up and between the first and second follow-
up visits had no effect on the total score (data not shown).

EMERGENCY KIT AT SCHOOL

According to the survey responses, 83 of the 138 children
attending school or kindergarten at the time of the survey
had access to the EpiPen at school: 52 (63%) kept the device
in their schoolbag, 22 (27%) kept it in the classroom in an
easy-to-reach place (teacher’s drawer/closet or on a shelf),
and 9 (11%) kept it outside the classroom (in the principal’s,
secretary’s, or nurse’s room). Five children (6%) had two
devices at school: one in their bag and the other with a staff
member. Fifty-four participants (39%) stated that the school

staff knew the indications for administering the drug and had
been trained in the use of the injector.

DISCUSSION

The present study focused mainly on the degree of patient/
parental knowledge and ability in the use of the EpiPen on
follow-up after a single training session in a specialized allergy
clinic. The majority of patients and their parents (75-77%)
correctly identified the symptoms and signs of anaphylaxis
and knew what needed to be done in emergencies. This find-
ing is in accordance with previous studies in which 48-75%
of patients cared for by allergists successfully identified skin
and respiratory symptoms indicating the need for epineph-
rine [16-19]. However, our patients were not skilled in the
practical aspects: only 5.6% performed all five steps of the
procedure correctly. This rate is lower than the rates reported
in earlier studies — namely 38% [6], 24% [7] and 14-35% [9],
although the difference can be attributed to differences in
the scoring systems used. We assigned a maximal score of
2 points when the step was performed quickly and without
hesitation, whereas other investigators did not quantify the
performance. In addition, our scoring method might explain
the considerably lower proportion of our patients who were
completely unable to use the device (19%, score 0) compared
to an earlier study (43%) [8]. The rate of failure to perform
the last two steps of the procedure correctly (holding the
injector in place for 10 seconds and massaging the site) was
higher than the failure rate for the first three steps, which are
more crucial to proper administration of the drug. At the first
follow-up visit, 37.5% of our patients did not remove the cap
of the injector (score 0), a rate similar to the 32% found in the
study of Blyth and Sundrum [7], but lower than the 55% in
the study of Sicherer et al. [6]. One exception is the study by
Huang [5], which observed that 89.8% of the patients knew
that the cap had to be removed.

In an earlier study on the effectiveness of patient/parent
education in an allergy clinic, 52.2% of the 23 participants
identified all the critical steps of EpiPen administration at
the initial visit before instruction, and 95% did so at a follow-
up visit 3 months later [10]. The patients in our study were
also trained in an allergy clinic, but more time had elapsed
between the diagnostic visit and the first follow-up visit, a fac-
tor that might have influenced the score. It is noteworthy that
on further analysis of the impact of repeated training (n=41),
the results were significantly improved. The mean score per
patient rose from 4.71 to 6.7, and the percentage of patients
who did not remove the cap decreased from 37% to 15%.
Thus, it seems that repeated training in the use of the EpiPen
at the allergy clinic resulted in a considerable improvement in
patient/parent skills in its usage. Also important is the finding
that there was no difference in scores between the small group
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of children older than 12 years (n=12) who demonstrated
the use of the injector on themselves and the parents of the
younger patients (n=129). We therefore conclude that it is
worthwhile to educate and instruct this age group of allergic
children in the use of the EpiPen.

Most of the patients in the present study (83%) had food
allergy, in accordance with earlier studies [6-8,11]. Food allergy
is responsible for the majority of anaphylactic reactions in chil-
dren [2]. In our sample, milk was the allergenic food in 63.5%
of the food-allergic patients. This finding was not unexpected
given that milk is the most prevalent allergenic food in Israel
(in contrast to peanuts in the United States and Europe) [20].
Our patients with food allergy also had a high rate of asthma
(44%). In a previous study in our institute, the rate of asthma
in patients with persistent milk allergy was 60% [13]. Since
asthma is a risk factor for fatal anaphylaxis [21], this high value
further emphasizes the need for proper training in the use of
the EpiPen for patients with food allergy in order to prevent
fatalities in case of accidental exposure.

Only half of our patients had the EpiPen with them at
the first clinic follow-up visit, and in more than 21% the
expiry date had passed. Allen et al. [22] also reported that
30% of 120 patients with anaphylaxis who were in the care
of an allergist did not always carry an EpiPen. These findings
highlight the need for more involvement of primary physi-
cians in the community in the care and follow-up of patients
with anaphylactic reactions.

Although 60% of the participants reported that an emer-
gency kit was accessible at school, for only 39% was the school
personnel instructed in its use. Gold and Sainsbury [17]
found a 97% rate of reportage of child allergies to the school
and a 40% rate of EpiPen availability at the school, with staff
trained in its use. Pouessel at al. [19] reported that up to 72%
of their patients had an EpiPen at school. Considering that
20% of children with food allergy experience a reaction at
school according to survey studies [23], it is very important
that medical facilities communicate with school authorities
on this topic. The Ministry of Education in Israel recently
published recommendations for the management at school
of children with food allergy [24].

In conclusion, training and instruction of patients and par-
ents in EpiPen use should be repeated in subsequent follow-up
visits at the allergy clinic to improve performance. Primary
care pediatricians and the school health care system should be
actively involved in the management of patients at risk of ana-
phylactic reactions, with guidance from attending allergists.
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ABSTRACT:
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Background: The diagnostic gold standard for food allergy
is an oral food challenge (OFC) with the suspected food.
Usually, an OFC is stopped at the onset of mild objective
symptoms for fear of severe reactions, but there is no
consensus on this issue.

Objectives: To investigate the effectiveness and side effects
of a new model of oral milk challenge in order to increase
the diagnostic accuracy of cow’s milk protein allergy and
reduce the number of useless elimination diets. This model is
characterized by a conservative diagnostic protocol and “step-
up cow’s milk dosing.” The secondary aim was to investigate
possible factors influencing severe reactions.

Methods: Sixty-six children (median age 1 year, range 1-18)
with suspected immunoglobulin E (IgE)-mediated cow’s
milk allergy performed a conservative OFC, i.e., the OFC was
continued even in the presence of subjective, even repeated,
or mild local or multiple organ objective symptoms. If the first
objective reaction occurred when the quantity of milk was »
10 ml, the investigator would decide whether to continue the
OFC or prescribe a gradual increase in milk feeding at home.
Results: Symptoms developed during the OFC in 42.4% of
the children. Local, generalized and severe generalized
reactions developed in 11 (16.7%), 11 (16.7%) and 6 (9.1%)
children, respectively. Only 14/28 (50%) who developed
objective symptoms during the OFC were considered to
be affected by cow’s milk allergy. In the remaining 14 both
subjective and objective symptoms developed and the OFC
was continued without further symptoms. Epinephrine was
administered to 6 of the 28 children (21.4%) who developed
objective symptoms. All but one had subjective symptoms
following the early doses of milk, whereas all children
who later tolerated milk had their first subjective or mild
symptoms following doses > 10 ml.

Conclusions: This new model of OFC criteria led to frequent
severe allergic reactions; hence its use in daily practice
seems inadvisable. However, our study provides evidence
that a severe allergic reaction does not invariably occur if

the offending food continues to be admin-
istered after the onset of symptoms. If mild
symptoms appear at doses » 10 ml, contin-
ued milk administration, on the same day or
in subsequent days, seems to facilitate the
development of tolerance and may reduce
the number of useless elimination diets.
IMAJ 2012; 14:18-23
KEY WORDS: milk allergy, oral food challenge, tolerance

he diagnostic gold standard for food allergy is an oral
food challenge with the suspected food. The European
Academy of Allergology and Clinical Immunology [1] and
other European societies of allergology [2,3] have presented
position papers on this procedure but do not detail the signs
and symptoms of a positive OFC. Furthermore, they do not
distinguish between an OFC performed to establish a diagnosis
of food allergy and an OFC to assess tolerance when a patient
is suspected to have outgrown his or her clinical allergy.
Usually, an OFC is stopped at the onset of mild objective symp-
toms for fear of severe reactions. It was recently suggested that
an OFC can be stopped and considered positive at the onset of
clear, objective and/or repetitive allergic symptoms [4]. However,
there is no consensus on this issue and some authors have used a
more conservative criterion, such as the development of at least
two objective signs of an allergic reaction [5,6]. Moreover, it is
not known if a severe allergic reaction invariably occurs if an
offending food continues to be administered after the onset of
symptoms or, conversely, if it can induce tolerance in children.
Tolerance seems to develop gradually; some children seem
to tolerate a small amount of milk, although larger doses still
cause symptoms. Furthermore, it is not known whether toler-
ance is delayed if the intake of milk is increased while tolerance

OFC = oral food challenge
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is developing [7]. In this context, it has been reported that a
low dose OFC in which increasing doses of milk (up to 30 ml)
were administered, followed later at home with increased milk
intake taken slowly, allowed the introduction of milk in the
diet of children during the development of tolerance [8].

The aim of the present study was to investigate the effec-
tiveness and side effects of a new model of oral milk chal-
lenge characterized by a conservative diagnostic protocol in
order to decrease the number of incorrect diagnoses of milk
allergy, and further up-dosing of cow’s milk facilitating the
reintroduction of milk in the diet and reducing the number
of useless elimination diets. The possible factors influencing
severe reactions were also investigated.

PATIENTS AND METHODS

A prospective study was carried out in 66 children (median age
1 year, range 1-18) consecutively attending two pediatric allergy
clinics for immunoglobulin E-mediated suspected cow’s milk
allergy. Children were referred to the clinics because they had
had a diagnosis of cow’s milk allergy: in six children because
of a preceding positive OFC and the others on the basis of a
positive skin-prick test and a clinical history suggestive of cows’
milk allergy. They were on a milk-free diet for almost 12 months.
All children were submitted to a conservative OFC; that is, the
OFC was continued even in the presence of subjective, repeated
or severe symptoms, or in the presence of mild local or multiple
organ objective symptoms (such as mild rhinitis and/or wheals).
If the child had a mild reaction to a dose, the next dose was deter-
mined at the discretion of the investigator. The options were to
increase the dose, to extend the time between doses, or to repeat
the current dose. If the first objective reaction occurred to a dose
exceeding 10 ml of milk, the investigator could decide whether
to continue the OFC or continue cow’s milk administration at
slowly increasing doses during the subsequent days at home.

An OFC was considered positive if objective symptoms (local
or multiple organ) were persistent or consistently worsened with
subsequent doses of milk and/or when an immediate reaction
involved at least two of the following target organs: skin (gen-
eralized pruritus, flushing, urticaria, angioedema), gastrointes-
tinal tract (repetitive vomiting), respiratory tract (rhinorrhoea,
marked congestion, sensation of throat pruritus or tightness),
cardiovascular (tachycardia = increase > 15 beats/min), or
neurological system (change in activity level plus anxiety). This
definition corresponds to grade 3 according to Sampson’s crite-
ria for food anaphylaxis [9]. Informed consent for the OFC was
obtained from the parents or guardians of the infants.

The reactions to the OFC were treated depending on the
type and severity of the reaction. Epinephrine, 0.01 mg/kg
(maximum 0.3 mg) per dose, was administered intramuscularly
every 15 to 30 minutes as needed to reverse symptoms. Patients
were observed for at least 4 hours after an allergic reaction.

ORAL FOOD CHALLENGES

Open controlled challenge tests were performed in the allergy
clinics. Each patient remained under observance for at least
2 hours after intake of the last milk dose before returning
home. An open challenge was carried out with fresh cow’s
milk (or formula for infants under the age of 12 months).
First, a drop of formula was put on the tongue, then increas-
ing doses of formula (0.1 ml, 0.3 ml, 1 ml, 3 ml, 10 ml, 30 ml,
100 ml) were given at 20 minute intervals or until a reaction
appeared. All reactions were scored with regard to type, time
of onset, and severity. The amount of milk responsible for the
development of symptoms was also recorded.

SYSTEMS AND SEVERITY CATEGORIES

Objective symptoms observed during the failed challenges
were categorized into four systems: skin, gastrointestinal,
respiratory tract, cardiovascular. The skin category included
rash, erythema, pruritus, worsening eczema, angioedema,
or swelling of the eyes or face. Gastrointestinal symptoms
consisted of palatal erythema or hives, vomiting, or diarrhea.
Respiratory symptoms included rhinorrhea, nasal conges-
tion, nasal pruritus, sneezing, cough, wheeze, shortness of
breath, stridor or hoarseness. Cardiovascular symptoms con-
sisted of hypotension, light-headedness, syncope or collapse.
Subjective symptoms comprised nausea, itching of the palate,
tongue or lips, throat pain, and abdominal cramp or pain.

The severity of symptoms was categorized as follows: a) local
reactions — any objective symptoms affecting only one system; b)
generalized reactions - reactions affecting two or more systems,
namely, skin, gastrointestinal and upper respiratory symptoms;
c) severe generalized reactions - reactions affecting two or more
systems, including cardiovascular or lower respiratory tract
involvement.

Skin-prick tests were performed by trained physicians
on the volar aspect of the forearm with cow’s milk extract,
a-lactalbumin, casein, p-lactoglobulin (Lofarma™, Milan,
Italy); the prick-by-prick was performed with pasteurized milk.
The positive control was carried out with a histamine standard
(1 mg/ml) and a negative control with a glycerosaline solu-
tion. A wheal > 3 mm of the mean wheal diameter tested 15
minutes after the application of the allergen extracts, and after
subtraction of each patient’s reaction to the negative control,
was required for positivity. The results were expressed as the
mean wheal diameter in millimeters.

STATISTICAL ANALYSIS

The Kruskall-Wallis test was used to compare age and SPT
wheal diameter for milk proteins and milk (PbP) between
children who tolerated milk, those who developed allergic
reactions, and those who developed anaphylaxis. P value of

PbP = prick-by-prick
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multiple comparison was adjusted by Bonferroni’s correction.
The chi-square test (exact test where necessary) was used to
compare gender and historical reaction between the three
groups. P values < 0.05 (two tailed) were considered statisti-
cally significant. All analyses were performed using SPSS for
Windows (release 17.0; SPSS Inc., Chicago, IL, USA).

RESULTS

PATIENT CHARACTERISTICS

Of the 66 children with cow’s milk allergy enrolled in the study,
43 (65.2%) were boys, and the overall median age was 1 year
(range 1-18 years). Atopic dermatitis was the most frequent
diagnosis (32/66, 48.5%), while gastrointestinal symptoms,
urticaria/angioedema, asthma/allergic rhinitis and anaphy-
laxis were reported in 21 (31.8%), 20 (30.3%), 6 (9.1%) and
9 (13.6%) children, respectively. All children had at least one
positive SPT for milk or milk proteins. Mean diameters were
larger for cow’s milk PbP than for milk proteins [Table 1].

ORAL FOOD CHALLENGE

Subjective symptoms were recorded in 10 children (15.2%).
Objective symptoms developed in 28 (42.4%). All children
who initially developed subjective symptoms subsequently
developed objective symptoms. Skin symptoms were the most
frequent objective symptoms (27.3%), followed by respiratory
(22.7%), gastrointestinal (18.2%) and cardiovascular (4.5%).
Local reactions were seen in 11 OFC (16.7%), whereas gen-
eralized reactions and severe generalized reactions were seen
in 11 (16.7%) and 6 (9.1%), respectively.

SPT = skin-prick test

Table 1. Main characteristics of historical reactions of the study
population

n =66 %
Male gender 43 62.5
Age (yrs) median (range) 1(1-18)
<3yrs 45 68.2
SPT=3 mm 66 100
Diagnosis
Atopic dermatitis 32 48.5
Urticaria angioedema 20 30.3
Asthma, allergic rhinitis 6 9.1
Gastrointestinal symptoms 21 31.8
Anaphylaxis 9 13.6
Lactalbumin SPT (mm) 3.0+3.1
Casein SPT (mm) 3.4+29
Beta-lactoglobulin SPT (mm) 3.2+2.5
Cow’s milk PbP (mm) 57+2.0

SPT = skin-prick test, PbP = prick-by-prick

Positive OFC: OFC was considered positive in 14 children
(21.2%); thus, only 14/28 (50%) who developed objective
symptoms during the OFC were considered to be affected by
cow’s milk allergy. OFC was considered positive in eight chil-
dren because of persistent or worsening objective symptoms
with subsequent milk doses, and for the onset of cardiovas-
cular or severe respiratory symptoms in six.

Negative and inconclusive OFC: OFC was considered
negative in 51 (77.3%), and inconclusive in 1 (1.5%) due to
refusal to drink milk. Among the 51 children 38 performed
the OFC without any objective symptoms. The remaining 13
children (25.4%) developed both subjective and mild objective
symptoms (in 7 cases with local and in 6 with multiple organ
targets); however, the OFC was continued. In four children
(cases 8, 9, 10, 12) the administration of milk was continued
on the same day. Two of these four children (cases 8 and 9)
consumed milk until the cumulative dose of 95 and 125 ml,
respectively, without side effects. The third child (case 10)
developed abdominal pain and itching on the nose following
the 10 ml dose. She repeated the same dose without further
problem. With the 50 ml dose she felt nausea and a spot of
urticaria appeared on the trunk. The fourth child (case 12)
retched and refused food at the 10 ml dose. The same dose
was repeated with no side effects, but he developed facial urti-
caria soon after consuming the 30 ml dose. In the remaining
nine children, seven developed objective symptoms and milk
administration was stopped during OFC at the cumulative
amount of 61.4 ml (range 10-144 ml). The last two children
(cases 4 and 5) developed slight objective symptoms after hav-
ing consumed the last dose of 100 ml and were put on a regular
intake of cow’s milk. All 13 of these children were to continue
to consume cows’ milk over the subsequent days at the same
dosage as the last tolerated dose during the OFC, with small
increases every week.

At 1 year follow-up, 11 of the 13 of children who tolerated
milk after having exhibited objective symptoms continued to
consume it and tolerated a regular intake of cow’s milk. One
of the two remaining children of this group (case 12) toler-
ated only a cumulative amount of cow’s milk < 50 ml, and the
other child (case 13) returned to a cow’s milk-free diet because
of recurrence of allergic symptoms (diarrhea and abdominal
pain). None of these 13 children needed epinephrine treatment
for allergic symptoms during follow-up [Table 2].

THERAPY ADMINISTERED DURING OFC

Overall, no therapy was administered in half the children
affected by objective symptoms. All children whose OFC
was considered positive received therapy. Antihistamine
and steroids were administered intramuscularly or intrave-
nously in about one-third of cases. Epinephrine nebulization
was administered in 10.7% and intramuscular epinephrine
in 21.4%.
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Table 2. Clinical characteristics of children who tolerated milk after objective symptoms

Age Lactalbumin  Casein  BLG Cow’s milk  Milk doses at Total cumulative  Dietary Tolerance
Case Gender (yrs) (mm) (mm) (mm) PbP (mm) onset (ml) Symptoms milk dose (ml) suggestion at 1 yr follow-up
1 M 1 4 4 ND 4 30 LUA 44 Slow increase  Yes
2 M 18 ND 6 7 ND 20 Ol, NO, CH 34 Slow increase  Yes
3 M 3 0 0 0 8 100 S, NO 124 Slow increase Yes
4 M 3 4 9 0 6 100 LUA, NO 144 Free diet Yes
5 M 1 0 0 3 7 90 LUA 134 Free diet Yes
6 M 1 0 0 4 4 100 LUA 144 Slow increase  Yes
7 M 5 8 0 8 7 30 LUA 44 Slow increase  Yes
8 H 1 0 3 7 ND 30 LUA 95 Slow increase  Yes
9 F 10 8 2 5 1 40 LUA, OI 121 Slow increase  Yes
10 F 1 7 6 6 6 10 AP, Ol,V,LUA 60 Slow increase Yes
11 M 2 3 7 3 4 10 LUA 10 Slow increase  Yes
12 1 5 0 5 6 10 LUA, RM, AV 40 Slow increase Yes (only for doses
<50 ml)
13 ] 6 5 0 5 6 30 Ol, LUA 30 Slow increase No, due to repeated

symptoms

PbP = prick-by-prick, BLG = beta-lactoglobulin, ND = not determined, Ol = oral itching, AP = abdominal pain, LUA = limited urticaria angioedema, E = erythema, CH = conjunctival
hyperemia, V = vomiting, S = sneezing, NO = nasal obstruction, RM = refuse milk, AV = attempt to vomit

FACTORS RELATED TO THE OUTCOME

Continuation of milk feeding despite the onset of symptoms
led to a high frequency of severe allergic reactions and seemed
to induce tolerance in some of the children. Thus, we tried
to identify factors related to this outcome by comparing the
characteristics of children who developed allergic or severe
allergic reactions with those of children who developed toler-
ance to milk after objective symptoms. Age, gender and past
allergic reactions (atopic dermatitis, asthma, gastrointestinal
symptoms and history of anaphylaxis) did not differ in these
three groups of children (data not shown).

There was a significant difference in wheal diameter of the
SPT for casein and milk (PbP) between children who devel-
oped severe allergic reactions and those who developed allergic
reactions and tolerance after objective symptoms [Table 3].

All but one of the six children who developed multiple
organ reactions with cardiovascular or severe respiratory
symptoms had symptoms before the onset of severe allergic
reaction. These warning symptoms were only subjective in two
children (repeated oral itching starting from the first drop). In
one child warning symptoms were both subjective and mildly
objective: the child became pale and restless after 0.5 ml, and
cried and refused to drink milk after a 3 ml dose. Two children
developed mild objective symptoms and only one child devel-
oped a severe allergic reaction without any apparent discom-
fort. He was the youngest child in the study (1 year old).

There was a significant difference (Kruskall-Wallis test, P
=0.009) in the mean doses of milk that induced the first sub-
jective or objective symptoms in children who later tolerated

Table 3. Mean SPT wheal diameter for milk proteins and milk (PbP) in children with

different OFC outcome

(1) Severe (3) Tolerance
allergic (2) Allergic after objective P P
reactions reactions symptoms (1vs.2)* (1vs.3)*
Lactalbumin 3.0:46 46+4.1 3.6+3.1 1.000 1.000
(mean £ SD)
Casein 71+20 1.7+£22 2.8+3.2 0.006 0.034
(mean = SD)
Beta lactoglobulin 3.2+3.0 48+0.7 44+25 1.000 0.976
(mean = SD)
Milk (PbP) 10.1+3.4 56+1.6 6.2+2.0 0.036 0.048
(mean + SD)

* After Bonferroni’s correction

milk (48 + 40 ml) as compared to children who developed
allergic reactions (19.3 £ 34.0) and those who developed
severe allergic reactions (16.9 + 40.6 ml) [Figure 1].

DISCUSSION

In this study we investigated a new model of OFC. We con-
sidered the OFC positive based on more conservative criteria,
and we allowed the possibility of interrupting the OFC and
continuing the administration of milk in the subsequent days
if at least 10 ml of milk was tolerated, facilitating introduction
of milk in the diet.

This new protocol has been burdened by a high frequency
of severe generalized reactions (21.4%) and the use of epi-
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Figure 1. Doses of milk (median and range) inducing the first
subjective or objective symptoms in children
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nephrine (21.4%). This could be explained by the conserva-
tive diagnostic criterion: i.e., the OFC was not stopped at the
onset of objective symptoms, hence there was a higher pos-
sibility of a severe allergic reaction. Therapy was administered
in about half the children. In accordance with other studies
[10,11], antihistamine was the most frequent drug adminis-
tered during OFC. However, intramuscular epinephrine was
used frequently (21.4%); this percentage is higher than the
11% reported by Perry et al. [12] and by Jarvinen et al. [13],
although epinephrine seemed to be underused in our centers,
being administered in only five of the six children with severe
generalized allergic reactions.

On the other hand, only about half the children (14/28) in
the conservative criterion group were considered to be aller-
gic to cow’s milk at the end of the OFC, irrespective of the
presence of objective symptoms. Had the OFC been consid-
ered positive at the onset of objective symptoms, 14 children
would have been wrongly diagnosed as allergic and would
have received a useless prescription of elimination diets.
Thus, to continue the administration of milk after the onset
of objective symptoms increased the risk of severe allergic
reactions in some children, but in others it seemed to induce
tolerance. In fact, further symptoms did not develop in five
children despite the administration of increasing amounts of
milk on the same day until the maximum dose of 100 ml.

Among children who continue to consume milk despite
subjective or mild objective symptoms, it seems impossible
a priori to distinguish those who will develop tolerance from
those who will develop a severe reaction. A larger mean wheal
diameter of milk SPT correlates with a positive challenge but it
seems not to be predictive of a severe reaction [10-14]. In this
study population the mean wheal diameter of casein SPT and
milk PbP was larger in children who developed severe allergic

reactions than in children with allergic reactions or tolerance
after objective symptoms. Furthermore, also the amount of
milk that evoked the onset of the first allergic symptoms was
related to the OFC result. All but one of the children who
developed severe allergic reactions had subjective symptoms
or slight objective symptoms at the early doses of milk (few
drops or a few milliliters), whereas all the children who later
tolerated milk had their first subjective or mild symptoms at
doses > 10 ml. The only child who developed a severe allergic
reaction without any apparent discomfort was the youngest
(one year old), and it is conceivable that his young age may
have hindered the identification of subjective symptoms. In
accordance with our results, Kok et al. [15] recently reported
that oropharyngeal symptoms frequently predict the devel-
opment of objective symptoms in double-blind placebo-
controlled food challenges to cow’s milk. Thus, we suggest that
physicians be particularly alert to subjective oropharyngeal
symptoms during milk OFC in the first years of life if symp-
toms developed at the early doses. The importance of the dose
is supported by the fact that the only two children who at 1
year follow-up had reduced tolerance to milk or were on a
milk-free diet developed the first symptoms at very low doses,
namely 10 and 30 ml, respectively. In addition, there was a sig-
nificant difference in the mean doses of milk that induced the
first subjective or objective symptoms in children who later
tolerated milk as compared to those who developed allergic
reactions or those who developed anaphylaxis. Two previous
studies of the relationship between the amount of food trig-
gering a reaction and severity of reaction produced contrast-
ing results. Perry and co-authors [10] reported that severe
reactions during OFC were significantly related to reacting to
alower dose of the challenge food, whereas Jarvinen et al. [11]
found that the amount of food triggering a reaction did not
differ between children who received epinephrine and those
who did not. This discrepancy may be due to methodologi-
cal differences between the studies. Lastly, in our study, we
considered the amount of milk triggering the first reaction,
taking into account both subjective and objective symptoms.

Today, OFC is performed to obtain a clear yes/no response,
and if any objective symptoms or repeated severe subjective
symptoms arise it is usually stopped and considered positive
to avoid more severe allergic reactions. This seems appropri-
ate if the OFC is done to confirm the allergy in a child with
suspected milk allergy. It might be less appropriate, however,
if the OFC is performed to demonstrate the development of
tolerance in children on a long-standing cow’s milk-free diet.
In fact, it is likely that tolerance develops gradually, probably
starting at the lowest doses of milk, which is in line with Carl
Nilsson Linnaeus’ adage natura non facit saltus . A number
of recent studies have challenged the dogma that strict avoid-

*Translated from the Latin as: Nature makes no leaps
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ance hastens recovery from food allergy [16,17]. Studies on
oral desensitization for milk showed that the continued
administration of milk promotes the development of toler-
ance in some children [18,19]. This observation suggests that
once tolerance for low doses is established, continued graded
exposure favors the maintenance of tolerance rather than
sensitization [20], and recent DRACMA Guidelines suggest
that “when the diagnostic challenge indicates that the child
is tolerating small doses of cow’s milk, complete avoidance
may not always be required” [21]. Our results support the
hypothesis that tolerance develops gradually, starting with
the lowest doses. It is tempting to speculate that in children
who continued the OFC despite objective symptoms, toler-
ance was achieved as occurs in rush immunotherapy, i.e.,
by making effector cells less responsive or non-reactive by
the continuous administration of incremental doses of milk,
and then maintained by the continuing administration of
milk [22].

A limitation of this study is that we did not confirm the diag-
noses of food allergy using double-blind placebo-controlled
food challenges. However, an open OFC is considered to be suf-
ficient when dealing with immunoglobulin E-mediated acute
reactions manifesting as objective signs, such as in our study
population. Moreover, the median age of our study population
was rather low (1 year) and hence it is unlikely that the devel-
opment of symptoms had a psychological basis, and investiga-
tors reported both subjective and objective symptoms.

In conclusion, our new conservative diagnostic criteria led
to frequent severe allergic reactions; therefore, its use in daily
practice seems inadvisable. However, our study, for the first
time (to the best of our knowledge), provides evidence that a
severe allergic reaction does not invariably occur in children
with suspected/confirmed immunoglobulin E-mediated cow’s
milk allergy who were on a milk-free diet for almost 12 months,
if the offending food continues to be administered after the
onset of symptoms. Continuing milk administration, on the
same day or in subsequent days, if mild symptoms emerge at
doses higher than 10 ml, appears to facilitate the development
of tolerance and may obviate useless elimination diets. On the
contrary, continuing milk administration should be avoided if
subjective or mild objective symptoms appear at the first drops
of milk, because there is a high risk of a severe allergic reaction.
Finally, OFC should be undertaken only in a fully equipped
clinical setting because severe adverse reactions can occur,
even without warning symptoms. Other studies are required to
verify our findings, which, if confirmed, may help to establish
new guidelines on how to perform OFC to demonstrate milk
tolerance in children.
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Background: Skin-prick tests (SPT), food-specific immu-
noglobulin E level (sIgE) and clinical history have limited
value individually in predicting the severity of outcome of
the oral food challenge (OFC).
Objectives: To develop a score that accounts for SPT, sIgE
and clinical history to predict the risk of severe reaction to
the OFC.
Methods: A 5 year retrospective chart review was performed
on 983 children who underwent OFC to egg, milk and peanut.
Results: Using multilogistic regression, four major indicators
were found to be independently associated with failed OFC:
sIgE (odds ratio = 1.04, P< 0.0001), wheal size of the SPT (OR
=1.23, P<0.0001), a history of any prior reaction to the food
(OR=1.13, P<0.01), and a history of a prior non-cutaneous
reaction (OR = 1.99, P<0.01); and three were independently
associated with anaphylaxis: wheal size (OR = 1.16, P <
0.001), a history of a prior non-cutaneous reaction (OR =
4.24, P<0.01), and age (OR =1.07, P<0.03). A Food Challenge
Score (0-4) was developed which accounted for SPT wheal,
sIgE, a history of a prior non-cutaneous reaction, and age. A
score of 0-1 had a negative predictive value for multisystem
reaction to the OFC: 95% for milk, 91% for egg and 93% for
peanut. A score of 3—4 had a positive predictive value for
anaphylaxis: 62% for milk, 92% for egg and 86% for peanut.
Conclusions: Severe reaction to milk, egg and peanut
OFC can be predicted using a simple score that takes into
account clinical data that are commonly available prior to
the challenges.

IMAJ 2012; 14: 24-28
food allergy, oral food challenge, skin-prick test (SPT),
immunoglobulin E (IgE), anaphylaxis

For Editorial see page 48

he recommended evaluation for food allergy includes a
detailed history and physical examination, followed by
selected in vivo and in vitro tests based on the patient’s his-
tory. Oral food challenges are performed either because the
food allergy is not supported by the history or because a newly
developed tolerance needs to be established [1]. The demand

OD = odds ratio

for OFC for evaluation of food allergies has greatly increased
in the last decade due to the rising prevalence of food allergy
[2] and the growing number of elimination diets based solely
on the presence in the serum of specific immunoglobulin E
to food detected using commercially available in vitro testing
[3]. However, OFCs are commonly associated with inherent
risks, as seen in a study where up to 28% of these tests resulted
in systemic and potentially life-threatening reactions [4]. The
increased demand for OFC has created a need to identify those
patients with the highest risk to develop anaphylaxis following
an OFC. Hence, easy-to-follow parameters that could predict
severe reaction to the OFC must be determined to better assess
the risk-benefit ratio of each patient undergoing OFC.

Previous studies examining the relationship of skin-prick
tests [5-7] or food-specific serum immunoglobulin E levels
[4,6,8,9] to challenge outcome show that both SPT and sIgE
tests are individually very useful but limited in their predic-
tive accuracy [10]. A recent article has suggested that a more
complex model incorporating test results and clinical history
had a better predictive ability compared with sIgE and SPT used
either alone or in combination [11]. So far, sIgE and SPT have
not been found useful for predicting severe reaction when used
in isolation [4,12]. The initial presentation as predictor of type of
future outcome has also not proven a good parameter to predict
severity of OFC [3,13]. Other factors such as history of asthma,
older age, or previous history of multi-organ system reaction
have been reported to be associated with more severe reactions
in children with food allergy but not as factors predicting the
severity of the reaction induced by OFCs [13-17]. In the present
study we hypothesized that a simple score for predicting which
children are at increased risk of severe reactions to the OFC
could be developed based on clinical parameters commonly
available to providers at the time of the OFC.

PATIENTS AND METHODS

We performed a retrospective analysis of children who under-
went OFC to milk, egg and peanut at The Children’s Hospital
of Philadelphia Pediatric Day Medicine Unit from August 2004

OFC = oral food challenge
SPT = skin-prick test
sIgE = serum immunoglobulin E
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to December 2010. Clinical data of serum milk, egg white and
peanut-specific IgE antibody levels, SPT results, previous history
of systemic reaction, history of asthma or eczema, and oral chal-
lenge outcomes of children were collected with approval of the
hospital’s internal review board. Briefly, OFCs were performed
with a starting dose of 0.1 ml, followed by 0.5, 1, 2.5, 5, 10, 30,
60, 120 and 240 ml for liquid foods (milk). For solid foods (pea-
nut, egg powder, milk powder), the challenge doses were 125,
250 and 500 mg, 1,2, 4 and 8 g, and ad lib (minimum 8 g). Each
dose was administered with an interval of 15 to 20 minutes until
ad lib doses were reached or the patient experienced a reaction
within 2 hours of the last dose [13]. Challenges were stopped in
the event of gastrointestinal reactions, respiratory symptoms,
non-contact cutaneous reactions, or multisystem reactions (for
details, see supplementary material online). All investigations
were approved by the internal review board.

CLASSIFICATION OF REACTIONS

Reactions on presentation and following challenges were classi-
fied as cutaneous, respiratory, gastrointestinal, multi-organ sys-
tem, and anaphylaxis. Cutaneous reactions were hives, urticaria,
erythematous flushing, cutaneous angioedema, and flaring of
atopic dermatitis on non-contact areas. Respiratory reactions
included rhinitis, sneezing, voice change, throat tightness, cough,
wheeze, shortness of breath, and tachypnea. Gastrointestinal
reactions were emesis and diarrhea. Multi-organ system reac-
tions included symptoms in more than one organ system but not
anaphylaxis. Finally, anaphylaxis was a life-threatening reaction
that involved more than one organ system plus either hypoten-
sion or use of rescue medications (intravenous fluids, multiple
doses of albuterol, or epinephrine) [15].

SKIN TESTING AND SERUM IGE

Skin-prick tests were performed by the prick method using
commercial extracts (Bayer Laboratories, Spokane, WA; Greer
Laboratories, Lenoir, NC, USA) and bifurcated needles mea-
suring maximal wheal and flare diameter at 15 minutes [15].
Serum samples were analyzed for egg white, milk and peanut-
sIgE antibody concentrations by means of the Pharmacia CAP
system FEIA (Pharmacia and Upjohn Diagnostics, Uppsala,
Sweden). The lower limit of detection was 0.35 kU/L (for
details, see supplementary material online).

STATISTICAL METHODS

The Mann-Whitney U test was used to compare wheal and
flare diameter between groups, assuming skin tests were not
normally distributed. Student’s -test was used to compare age
in the different groups. The chi-square analysis of indepen-
dent variables was used to compare the initial reaction and
the history of asthma and eczema to the reaction observed on
the challenge, and each food allergen to the reaction seen on
the challenge. The relationships between the different types

of OFC outcomes and other clinical characteristics were ana-
lyzed by calculating the odds ratio and confidence intervals
using a univariate or multivariate logistic regression [18]. To
determine the cutoff point of food-specific serum IgE level
and wheal size with the optimum sensitivity and specificity
to predict positive OFC, we used the receiver operating char-
acteristic curve to evaluate sensitivity and specificity [19]. We
performed an ROC analysis of definite OFC outcome for sIgE
or wheal size and tested the null hypothesis of whether the
area under the ROC curve was 0.5 [20].

The optimal balance of sensitivity and specificity indicated
by the ROC output was used to determine the positive/negative
cutoff points. P < 0.05 was considered significant. All tests were
performed with STATA (version 11.0 for Windows; STATA Inc,
College Station, TX, USA). (See supplemental material online)

RESULTS

We analyzed history of asthma and eczema, type of previous
reaction, history of prior ingestion, sIgE and SPT-wheal size
with regard to specific foods, and outcome of food challenges in
983 open OFCs to milk, egg or peanut. Most of the children had
had comorbidity with eczema, asthma, or both. The children
were primarily male (68%) and had a mean age of 5 years.
Forty-seven percent of the challenges were positive, with
the following failure rates for each food: milk 144 of 290
(50%), egg 190 of 410 (47%) and peanut 130 of 282 (46%).
No difference in failure rate was found between those with
a history of prior ingestion of the challenged food and those
without. The systems involved during positive OFC were
skin in 56% of cases, upper respiratory tract in 45.5%, lower
respiratory system in 29.5%, and gastrointestinal tract in
599%; 24% of patients developed a multisystem anaphylactic
reaction (any combination of two organs), and 10.7% devel-
oped anaphylaxis at a dose less than 1 g of the ingested food.
No difference in failure rate was found between those with
a history of prior ingestion of the challenged food and those
without. Similar system involvement and associated severity
of positive OFCs were observed for milk, egg and peanut.
The subjects’ previous reactions to the challenged food were
no exposure in 23% of cases, cutaneous only in 41%, and non-
cutaneous in 36%. Those with not only a cutaneous reaction
had either a multisystem reaction (58%) or a reaction involving
either the respiratory system (11%) or the gastrointestinal tract
(41%). More than 96% of children had a positive SPT and/or a
positive sIgE prior to the challenge. These results are similar to
other studies on OFC [4,11,13]. Similar to previously reported
results, children who failed the OFC had a larger SPT-wheal
size and higher IgE level for each of the specific foods tested
[4,13].The mean wheal size for milk was 8.15 mm in those

ROC = receiver operating characteristic
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who failed OFC vs. 4.8 mm in those who passed (P < 1x10-4),
for egg 6.7 vs. 4.7 mm (P < 1x10-4), and for peanut 8.8 vs. 4.36
mm (P < 1x10-4). The mean specific IgE levels for milk were
10 kU/L in those who failed OFC vs. 4 kU/L in those who
passed (P < 1x10-4), for egg 7 vs. 2.93 kU/L (P < 1x10-4), and
for peanut 13.4 vs. 1.54 KU/L (P < 1x10-4).

Children who failed the OFC compared to those who passed
also had a higher incidence of previous reaction (80% vs. 70%,
P < 1x10-4), previous reaction involving the gastrointestinal
tract, airways or multisystem (53% vs. 41%, P < 1x10-4), and
higher prevalence of asthma (52% vs. 42%, P < 1x10-4). The
children who had a multisystem reaction compared to those
who did not were older (mean age 5.7 vs. 4.8 years, P < 1x10-2)
and had more often a past history of a non-cutaneous reaction
(77% vs. 44%, P < 1x10-4).

DEVELOPMENT OF THE SCORE SYSTEM

Using univariate regression analysis, we first identified clinical
factors that were associated with a positive OFC or with OFC
resulting in anaphylaxis. SPT-wheal size (P < 1x10-4), sIgE (P
< 1x10-4), history of asthma (P < 1x10-4), history of previous
reaction to the tested food (P < 1x10-4), and history of a non-
cutaneous reaction to the tested food (P < 1x10-4) were associ-
ated with failed OFC, but not gender, age, history of eczema,
or history of prior ingestion of the tested food. In the event of
an anaphylactic reaction only SPT-wheal size (P < 1x10-4), sIgE
(P < 1x10-2), age (P < 1x10-4), history of previous reaction to
the tested food (P < 1x10-4) and previous non-cutaneous reac-
tion (P < 1x10-4) were statistically significantly associated with
a multisystem reaction. In order to evaluate which variables
were independently associated with either OFC or OFC result-
ing in an anaphylactic reaction, we performed a multilogistic
analysis of the data, which showed that only SPT-wheal size,
sIgE levels, history of prior reaction, and history of previous
non-cutaneous reaction were independently associated with
a failed OFC [Table 1]. On the other hand, only SPT-wheal
size, history of previous non-cutaneous reaction and age were
independently associated with OFC resulting in a multisystem
reaction [Table 1].

Table 1. Multilogistic regression of factors associated with a
positive OFC with outcome of anaphylaxis

Positive OFC Anaphylaxis
0dds ratio P 0dds ratio P

Wheal 1.23 «1x104 1.16 <1x104
sigkE 1.04 <1x104 1.01 0.177
Age 0.97 0.528 1.07 0.027
Asthma 1.13 0.516 0.97 0.456
Prior reaction 1.14 ¢<1x102 1.06 0.333
Non-cutaneous 1.99 «1x102 4.24 «1x102
previous reaction

For each food allergy, the relationship between sIgE
and food allergy was investigated using logistic regression
models [2].The optimal balance of sensitivity and specific-

Figure 1. Probability of developing different type of reaction after
OFC challenge, calculated using a logistic regression. Positive
OFC [A-D], anaphylaxis [E-H], or anaphylaxis for allergen <1 g [I-L].
Wheal size [A,E,l], sIgE [B,F,]], wheal size if IgE » 0.34 kU/L [C,G,K],
and for total score [D,H,L] are also shown
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Figure 2. Probability of developing anaphylaxis for score 0 to 4
[A,C,E] and anaphylaxis for allergen < 1 g [B,D,F] for score 0 to
4 in milk [A,B], egg [C,D] or peanut [E,F] food challenges were
calculated using a logistic regression
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ity indicated by the ROC output was used to determine the
positive/negative cutoff points for sIgE (sIgE > 5 kU/L, NPV
76, PPV 58) and wheal size values (sIgE > 9 mm, NPV 78,
PPV 59) as predictors of failed OFC or OFC that caused
anaphylaxis [Figures 1 and 2]. These cutoffs are similar if not
exactly the same as other published values [15]. There was
no significant difference among the different allergens tested:
milk (sIgE > 5 kU/L, NPV 70, PPV 58), egg (NPV 80, PPV
56) and peanut (NPV 81, PPV 63). An SPT-wheal > 9 mm
had an NPV of 75 and a PPV of 58 for milk, NPV 76 and PPV
59 for egg, and NPV 80 and PPV 68 for peanut. A score of
1 point was assigned for the following criteria [18] for the
Food Challenge Score:
« Age > 5years old (PPV 70, NPV 60)
o Prior reaction gastrointestinal, respiratory, multi-organ,
or anaphylaxis
o SPT>9mm
« sIgE>5kU/L

NPV = negative predictive value
PPV = positive predictive value

Table 2. Univariate logistic regression for positive OFC, anaphylactic reaction, and

anaphylactic reaction at challenged dose<1g

Positive OFC Anaphylaxis Anaphylaxis<1g
Odds ratio P Odds ratio P Oddsratio P

Wheal 1.32 «1x104 1.15 <1x104 1.04 0.527
sIgkE 1.06 «1x104 1.02 «1x102 0.99 0.549
Age 1.05 0.058 112 <1x104 1.15 0.294
Non-cutaneous 1.60 «1x104 4.44 «<1x10+4 5.45 «1x102
previous reaction

Score 9.52 «1x104 25.18 <1x104 59.86 0.012

VALIDATION OF THE FOOD CHALLENGE SCORE SYSTEM
Univariate logistic regression was performed with different
possible outcomes of OFC: positive, multisystem reaction, and
multisystem reaction at low dose of allergen (< 1 g) [Table 2].
The total Food Challenge Score was associated with more than
one component and was increasingly associated with a more
severe outcome of the challenge, displaying the highest cor-
relation for anaphylaxis with low dose allergen in all patients
[Table 2]. We analyzed the probability that the different SPT-
wheal size, sIgE, SPT-wheal size if IgE > 0.34 KUI/L, and score
would predict positive OFC, multisystem reaction, multisystem
reaction for low dose allergen, anaphylaxis and anaphylaxis for
low dose allergen. The total Food Challenge Score was found
to be the best predictor for anaphylaxis with low dose aller-
gen [Figure 1]. These findings were similar for all the tested
allergens [Figure 1]. A score of 4 carries > 95% probability to
develop anaphylaxis from low dose allergen. A score of 0-1 had
a negative predictive value for multisystem reaction of 95% for
milk OFC, 91% for egg, and 93% for peanut. A score of 3-4
had a positive predictive value for anaphylaxis of 62% for milk
OFC, 92% for egg, and 86% for peanut. All allergens with the
exception of milk had a less than 45% probability for develop-
ing anaphylaxis for score 1 or less, and above 95% for score 4.

DISCUSSION

We have performed approximately 1000 food challenges to
milk, egg and peanut in the last 5 years. As previously reported,
these foods are the predominant food allergens in children and
account for most multi-organ system reactions on food chal-
lenges [13,21-23]. Our goal was to identify risk factors for a
severe reaction. We hypothesized that by combining clinical
variables (routinely available prechallenge) with allergy test
results, we could develop a simple score system that would
improve our ability to predict the severity of the outcome of
a food challenge. To determine the risk factors for those reac-
tions, a logistic regression model examining commonly avail-
able clinical data was designed [6,11]. This differs from using
a single variable such as specific IgE or SPT to predict future
reactions. Consistent with the concept that a single variable is
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not robust, previous investigators examined the relationship
of SPT [5-7] or food-specific IgE levels [4,6,8,9] to challenge
outcome and showed that both skin and food-specific IgE
tests have good NPV but low PPV in determining oral toler-
ance [10]. However, sIgE, SPT or prior clinical history has not
been demonstrated consistently to be of value in predicting
reaction severity when used alone [9,14,21,23]. Therefore, we
used a univariate logistic regression and determined the fac-
tors associated with increased risk to develop positive OFC
and multisystem reaction. The factors (sIgE levels, SPT-wheal
size, history of any prior reaction to the tested food, history
of an initial non-cutaneous reaction, and age) were identified
and positively associated with either outcome: failed OFC or
multisystem reaction on OFC [Table 1]. The Food Challenge
Score also included previous non-cutaneous reactions as
it was consistently associated with both positive OFC and
multisystem reaction. Indeed, in our experience, families can
accurately remember if skin and/or another organ (vomiting,
coughing, sneezing, abdominal pain, wheezing) was involved
in the initial reaction. The cutoffs were the optimal balance of
sensitivity and specificity indicated by the ROC output.

To validate the Food Challenge Score, we performed a
univariate analysis with the increasingly more severe type of
OFC outcome (positive, multisystem reaction, multisystem
reaction at low dose of allergen) [Table 2]. If the score was
a good predictor of severe reaction, a higher value should
be associated with a more severe reaction during OFC. This
proved true, since the food challenge score was strongly
associated with a more severe outcome of the challenge and
displayed the highest correlation for anaphylaxis at low dose
in all patients [Table 2], indicating the usefulness of the score.
The total Food Challenge Score was superior to any indi-
vidual element. Higher score (3 or 4) was a better predictor of
anaphylaxis and anaphylaxis occurring at low dose, confirm-
ing that despite limited sensitivity (44%) it could predict a
severe outcome with high specificity (80%). No significant
difference was found among all the foods tested, although
the Food Challenge Score predicted a severe reaction to egg
and peanut at a higher rate than milk OFC.

This simple Food Challenge Score will make it easier to
determine which OFCs are high risk. This is important given
the high demand for these tests. There is an increasing need to
perform OFC in the doctor’s office, which may or may not be
located in the immediate vicinity of a hospital. Stratification
of the risk of OFC would be important for choosing the right
location of OFC performance as well as to better counsel the
family on risk associated with OFC. The value of the initial
presentation as predictor of type of future outcome has also not
proven a good parameter to predict severity of OFC [9,21].

In conclusion, we have developed a simple score, which for
the first time can help clinicians to accurately identify oral food
challenges that have an elevated risk of severe outcome and

can help the clinician to decide on safe locations such as the
hospital setting or lower starting doses for those challenges.
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SUPPLEMENTAL MATERIAL

STUDY POPULATION AND ORAL CHALLENGES

Informed consent was obtained from the participants, and the
study was approved by the institutional review board of The
Children’s Hospital of Philadelphia (CHOP), Philadelphia,
PA. Children were seen in clinics at either the main hospital
or its associated satellites. As previously reported, initial or
repeated open food challenges were performed when oral
tolerance was suspected [1E]. Challenges were administered
in escalating doses of the food allergen as tolerated every 20
minutes for a total age-appropriate serving by using an appro-
priate food or powdered protein (Barry Farm Enterprises,
Wapakoneta, OH, USA) camouflaged with juice, or other
moist food, such as applesauce or pudding [1E,2E]. Hives
secondary to direct contact with the food, such as those on
the face or hands, were not considered positive reactions.
Ambiguous reactions (25 total) were not included in this
review. In patients with underlying atopic dermatitis, the skin
was in good control at the time of the challenge; patients’ skin
was cleared with aggressive topical therapy and antibiotics
if necessary. Challenges were stopped if clear symptoms of
an allergic reaction developed [3E]. Emergency medications,
including diphenhydramine, epinephrine, albuterol, and
prednisone were administered at the physician’s discretion.
Medication was prescribed for failed challenges on the basis of
the type and severity of reaction. Short-acting antihistamine
doses were oral diphenhydramine 1.5 to 2 mg/kg (maximum
dose 50 mg). The same dose was repeated orally if the patient
vomited within 30 minutes of receiving the dose. Epinephrine
0.01 mg/kg (maximum 0.3 mg) per dose was administered
intramuscularly every 15 to 30 minutes as needed to reverse
symptoms. Albuterol 2.5 to 5 mg was also administered by
nebulization for persistent chest symptoms. Prednisone 1 to 2
mg/kg (maximum dose 60 mg) was given orally for refractory
lower respiratory or gastrointestinal symptoms. The steroid
dose was repeated if vomiting occurred within 30 minutes
of the dose.

Negative or passed challenge was declared if patients ingested
100% of the intended dose without significant untoward effects.
All patients were observed for a minimum of 2 hours or until
signs of clinical reactivity subsided for those patients who failed
the challenge. Patients were informed about late-phase reac-
tions before discharge and instructed to contact the supervising
physician immediately if symptoms recurred [3E]

SKIN TESTING
Reactions of wheal and flare were recorded after 20 minutes
by measuring the maximal longitudinal diameter of the wheal

and the diameter orthogonal to it. Mean wheal diameters were
calculated as (a + b)/2. A wheal of > 3 mm than the negative
control, accompanied by a flare, was considered positive. The
positive control was 10 mg/ml of histamine dihydrochloride.
Food-specific IgE levels were measured and SPTs were per-
formed within 6 to 12 months of OFCs.

STATISTICAL METHODS

The children were categorized (positive or negative) on the
basis of any reaction, multi-organ system reaction after OFC,
multi-organ system reaction after OFC after ingestion of a
dose < 1 g, anaphylaxis, or anaphylaxis after ingestion of
a dose < 1 g. Collection of patient data was in compliance
with the internal review board of The Children’s Hospital of
Philadelphia.
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Table E1. Demographics of the study population

Study population
Characteristic (n=982)
Male gender 687 (68%)
Female gender 295 (32%)
Mean + SD age (yrs) 5.0+2.6
Atopic history
Asthma 540 (58%)
Eczema 476 (53%)
Prior reaction(s) 654 (74%)
Milk 248 (84%)
Egg 244 (70%)
Peanut 161 (62%)
Non-cutaneous previous reaction 465 (53%)
Milk 144 (50%)
Egg 190 (54%)
Peanut 130 (50%)
Prior ingestion 733 (76%)
Milk 262 (92%)
Egg 296 (74%)
Peanut 174 (62%)
Wheal mean size (mm % SD)
Milk 6.5+3.9
Egg 5.7+3.3
Peanut 6.4+4.2
Serum IgE
Milk 7.1+£14.8
Egg 4.8+12.34
Peanut 6.8+18.8
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Table E2. Clinical characteristics in children with a positive and negative OFC

Positive OFC Negative OFC P Anaphylaxis Non-anaphylaxis P
Wheal (mm) (mean = SE)
Milk 8.15+0.32 4.8+0.26 <1x10-4 7407 6.3+0.23 0.07
Egg 6.7+0.25 47+01 <1x10-4 7.+0.52 55+0.16 <1x102
Peanut 8.8:0.34 4.36 £ 0.27 <1x10-4 9.6 +0.47 5.7+0.27 <1x10-4
sIgE kU/L (mean + SE)
Milk 10.08 £1.7 4.01+0.98 <1x10-4 12.2+3.7 6.3+0.99 0.045
Egg 7.04£1.3 2.93+0.73 <1x104 16.5+4.8 3.4:0.52 <1x10-4
Peanut 134128 1.54 1 0.25 <1x104 76+25 2.5+0.52 0.183
Male (%) 70.35 69.46 0.7 70 70 0.8
Age 5.1+0.12 4.8+0.11 0.056 5.7+0.21 4.8+0.09 ¢<1x102
Asthma (%) 52 42 <1x10-4 64 57 0.11
Eczema (%) 47 47 0.90 55 51 0.2
Prior ingestion (%) 98 73 0.11 75 68 0.06
Any prior reaction (%) 80 70 <1x10-4 57 67 0.06
Non-cutaneous previous reaction (%) 53 41 <1x104 77 44 <1x104

SE = standard error, OFV = oral food challenge, anaphylaxis = OFC resulting in anaphylaxis, non-anaphylaxis = OFC with no anaphylaxis

Table E3. Univariate logistic regression of factors associated with a
positive OFC or OFC with anaphylaxis

Positive OFC Anaphylaxis
Oddsratio P 0dds ratio P

Wheal 1.32 <1x10-4 1.14 <1x10-4
sIgE 1.06 <1x10-4 1.04 <1x10-2
Age 1.05 0.058 1.12 <1x10-4
Male 1.04 0.762 1.01 0.948
Asthma 1.63 <1x10-4 1.36 0.11
Eczema 1.02 0.86 1.77 0.404
Prior ingestion 0.98 0.885 0.73 0.11
Previous reaction 1.60 <1x10-4 1.15 <1x104
Non-cutaneous 1.32 <1x10-4 4.44 <1x10-4

previous reaction

Table E4. Food challenge score

Score
Wheal»9 mm 1
sIgE > 6 kU/L 1
Age >5yrs 1
Initial reaction not cutaneous 1
Max total 4
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Figure E1. ROC curve wheal size and prediction of positive OFC Figure 2E. ROC curve sIgE and prediction of positive OFC
[A] ROC output was used to determine the positive/negative [A] ROC output was used to determine the positive/negative cutoff
cutoff points for wheal size (mm) to predict positive OFC. [B] The points for sIgk (kU/L) to predict positive OFC. [B] The sensitivity,
sensitivity, specificity, efficiency, positive predictive value and specificity, efficiency, positive predictive value (PPV) and negative
negative predictive value (NPV) of different cutoff points predictive value (NPV) of different cutoff points
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Wheal>3 90 37 62 56 80 IgE>3 44 89 69 67 61
Wheal» 4 82 54 67 61 77 IgE> 4 48 78 63 70 60
Wheal>5 82 53 63 65 69 IgE>5 4 84 63 73 58
Wheal > 6 65 7 68 7 66 IgE> 6 34 88 62 76 58
Wheal>7 56 79 68 74 65 IgE>7 31 91 62 7 56
Wheal> 8 49 85 68 77 61 IgE>9 28 92 61 79 56
Wheal>9 38 90 65 78 59
Wheal> 10 34 91 64 86 57
Wheal» 11 18 97 59 85 56

PPV = positive predictive value, NPV = negative predictive value
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Lessons from Cases of Mortality due to Food Allergy in
Israel: Cow’s Milk Protein should be Considered
a Potentially Fatal Allergen
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ABSTRACT:

KEY WORDS:

Background: Most reports in the medical literature on food
allergy mortality are related to peanut and tree nut. There is
limited knowledge regarding these reactions and often only
a partial medical history is described.
Objective: To record and characterize all known cases of
mortality due to food allergy in Israel occurring during the
period 2004-2011.
Methods: All cases of food allergy-related mortality that
were known to medical personnel or were published in the
Israeli national communications media were investigated.
We interviewed the parents and, when feasible, physicians
who treated the final event.
Results: Four cases of food-related mortality were identified:
three cases were due to cow's milk and one to hazelnut. All
were exposed to a hidden/non-obvious allergen. All four had a
history of asthma but were not on controller medications, and
none had experienced previous non-life threatening accidental
reactions. Three of the four patients had not been evaluated by
an allergist, nor were they prescribed injectable epinephrine.
The one patient who had been prescribed injectable
epinephrine did not use it during her fatal anaphylactic attack.
Conclusions: Fatal reactions to cow's milk and hazelnut but
not to peanut are the only reported food mortality cases
in Israel. Although these patients had previous reactions
following accidental exposures, none had experienced a
life-threatening reaction. Patients at risk are not adequately
evaluated by allergists, nor are they prescribed and
instructed on the proper use of injectable epinephrine. Cow's
milk should be considered a potentially fatal allergen.

IMAJ 2012; 14:29-33
food allergy-related mortality, milk allergy, high risk,
epinephrine use

n recent years, national health surveys in the United States
have indicated that the prevalence of food allergy has
increased, a trend reflected in data of reported ambulatory

and emergency department visits as well as hospital-related
discharge diagnoses related to food allergy [1-3]. The allergenic
foods with the highest prevalence are peanut, tree nut, fish and
seafood, egg, cow's milk protein, sesame, and soy [4]. Peanut,
tree nut and seafood, however, are the foods most often associ-
ated with fatal or severe anaphylaxis [5]. Interestingly, cow's
milk protein and egg, although quite prevalent as allergens, are
relatively uncommon causes of food-induced anaphylaxis in
the U.S. For example, in a relatively detailed description of 51
cases of food-induced anaphylaxis, no reaction was attributed
to cow's milk protein, two (4%) were due to eggs, while over
50% of cases were attributed to peanut and tree nut [6]. That
report included two cases of mortality, one related to tree nut
and the second of unknown cause [6]. More recently, of 36
food-related anaphylaxis cases among children and adolescents
enrolled in a health maintenance organization in Washington
State, 22 were related to peanut or tree nut and 3 to seafood,
with none attributed to cow's milk protein [7].

In contrast, a review of 40 food-related anaphylactic reac-
tions presenting to a major pediatric medical center in Israel
revealed 17 cases (42.5%) related to milk, while 10 (25%) were
nut related and 4 (10%) were due to egg allergy [8]. The authors
did not distinguish between peanut and tree nut [8].

The number of fatal food-induced anaphylaxis in the U.S.
has been estimated at 150-200 cases per year [2]. Of 69 detailed
food-related deaths in the U.S., 60 were attributed to peanut and
tree nut [9-11]. The picture from Britain, the only other coun-
try with detailed reports of food-related mortality, is similar,
although not as striking. Of the 108 cases of food-related mor-
tality 75 were due to peanut and tree nut [12-14]. Interestingly,
tree nut was the leading cause of food-related fatalities in the
UK., whereas in the U.S. peanut accounted for two-thirds of
such deaths.

In nearly all published food allergy mortality cases, the
patients had a history of asthma and a known history of allergy
to the food to which they had a fatal reaction but were unaware
that the food consumed actually contained the ingredient [15].
In addition, in nearly all cases, epinephrine was not adminis-
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tered in a timely manner, that is, immediately after ingestion and
before the onset of respiratory symptoms, even though in the
vast majority of cases these patients had experienced previous
accidental exposures and reactions [10,11,14]. In his study of
fatal reactions to foods in the UK, Pumphrey [12,13] noted that
42 of 47 cases suffered respiratory arrest involving the upper or
lower airways or both, which occurred in a median time of less
than 30 minutes after ingestion. Cutaneous symptoms preced-
ing the fatal moment were not reported in the UK series [13].
Sampson et al. [11] reported six fatal and seven non-fatal food-
related reactions and noted that all the children and adolescents
with non-fatal reactions but only one child in the fatal reaction
group had cutaneous signs during the anaphylactic event.

PATIENTS AND METHODS

We investigated all known food allergy mortality cases in
Israel during the years 2004-2011. The information on the
three milk-related deaths was collected from regional allergists
after a preliminary presentation of the current data at a recent
(October 2010) national allergy society conference and from
the Israeli national media. The parents and the physicians who
treated the final events were interviewed and asked specifically
about the type and amount of food ingested, the onset and
progression of symptoms, use of epinephrine, response of the
emergency medical services, and course of hospital treatment.
In addition, information regarding asthma and allergy history,
current medications and prior education about food allergy
were ascertained. The information on the most recent death
due to hazelnut (July 2011) was gathered only from the media
since the case is under legal consideration. Complete medical
records were not available for any of these patients. The study
was approved by the local institutional review board.

RESULTS

We retrieved the data on four cases of food-related mortality:
three were due to the ingestion of milk and one to hazelnut.
All three milk-related cases had been known to local allergists
and had been discussed informally at periodic allergy society
meetings. All four cases had been reported and published in
the media, including online news, newspapers and television.
The Israel National Forensic Pathology office had no informa-
tion of additional cases (personal communication).

The milk-related fatalities involved youngsters aged 6, 10
and 16. The hazelnut death involved an adult, age 26. The cases
are briefly summarized below and are compared in Table 1.

CASE 1

A 6 year old girl had a history of asthma and a known cow’s
milk protein allergy. Her first allergic reaction occurred at the
age of 8 months when she was weaned from breastfeeding and

Table 1. Clinical characteristics of four food related fatalities in Israel

Case 1 Case 2 Case 3 Case 4
Age (yrs) 6 10 16 26
Gender F M F F
Location of School Bakery Party Restaurant
ingestion
Location of death Clinic ICU ICU ICU
Age when milk 8 months  Infancy Infancy Unknown
allergy was first
diagnosed
Regular allergy No No Yes No
follow-up
Prescription No No Yes No
of injectable
epinephrine
Use of epinephrine  No No No No
during final event
Previous reactions Yes Yes Yes Yes
Previous food- No No No No
related life-
threatening event
Time to reaction <10 min <10 min <10 min <10 min
Type of food Chocolate Cake, Pastry, Waffle

hidden hidden

Estimated amount 180 mg Several Several Unknown
consumed milligrams  milligrams
Asthma Yes Yes Yes Yes
Controller treatment  No No No No
for asthma
Cutaneous signs No No No No

ICU = intensive care unit

given a cow’s milk-based formula. At the age of 13 months she
was accidentally exposed to a cow’s milk protein-containing
candy labeled as non-dairy and she developed shortness of
breath and rash. The family filed a complaint with the com-
pany, claiming improper product labeling. In addition, she had
asthma with relatively mild, although frequent attacks. She was
not prescribed an asthma controller. She was never formally
evaluated by an allergist and was not prescribed injectable epi-
nephrine. On the day of the fatal event she unknowingly ate
a piece of chocolate that contained milk protein. Several min-
utes later she complained of shortness of breath and received
an inhalation with her B2 agonist bronchodilator. When this
treatment failed, she was brought to a local clinic where her
airway symptoms worsened but resuscitation was unsuccessful.
Information was obtained from the parents by a journalist and
from a colleague pediatrician of the treating physician since
both parties refused direct communication.

CASE 2
A 10 old boy had a history of asthma and known cow’s milk
protein allergy since infancy. He had experienced several
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previous reactions to milk-containing products during child-
hood and was educated by his parents to always inquire about
possible hidden allergen sources of milk protein. He suffered
mild attacks of asthma during the spring and fall months and
did not have an asthma controller medication. The patient was
not prescribed injectable epinephrine and was not followed
by an allergist. Every Friday he would eat a certain “non-
dairy” cake at a local bakery. On the day of the fatal event he
ate a piece of this same cake, not knowing that the tray had
previously held a dairy-containing item. Within minutes, the
patient experienced shortness of breath, used his inhaled 2
bronchodilator, and collapsed. Emergency medical services
were called and he was treated by the paramedics for about 30
minutes with epinephrine, intravenous fluids and oxygen. He
was transported to a nearby hospital but died in the intensive
care unit after arriving comatose, later determined as brain
dead. The information was obtained from the patient’s par-
ents, the paramedic record and the attending physician from
the intensive care unit.

CASE 3

A 16 year old girl had a history of asthma and known cow’s
milk protein allergy from infancy. She had experienced sev-
eral prior accidental exposures to cow’s milk protein, which
usually manifested as respiratory symptoms and which
responded to an inhaled bronchodilator. Inhaled corticos-
teroids were prescribed but were used only on an ‘as needed’
basis. While attending a party, she ate a non-dairy pastry,
unaware that it had been previously packed in a bag contain-
ing a dairy item. Within minutes she felt shortness of breath
and called her parents. One of her parents arrived within
10 minutes and an ambulance was called. The patient had
been prescribed injectable epinephrine several months prior
to the episode but it was not used during her anaphylactic
attack. She died in the intensive care unit of a local hospital.
The information was provided by the patient’s parents who
additionally commented that they did not fully understand
the significance of incorporating the injectable epinephrine
into their daily routine.

CASE 4

The fourth case was a 26 year old woman with a history of
asthma and a known history of tree nut and sesame seed
allergy. She had had previous reactions but none severe
enough to require admission to the ICU. She had not been
prescribed injectable epinephrine. On the day of the fatal
event, the patient ordered a waffle in a restaurant that,
unknown to her, contained hazelnut paste. Within minutes
she began to experience chest symptoms and used her 2
bronchodilator. No rash was noted. The symptoms worsened
and she was eventually admitted to the emergency room
where treatment was initiated. Despite aggressive treatment,

she died in the intensive care unit. The case is under legal
consideration and further details were not available.

We are not aware of additional cases of death due to food
allergy. However, there were at least 10 cases reported in the
local media of emergency department treatment or ICU admis-
sion for severe food allergic reactions. All but one (peanut)
were related to cow’s milk protein.

DISCUSSION

The food allergy mortality cases reported in Israel share com-
mon characteristics with those reported in the U.S. and Britain.
All four patients were aware of their food allergy, had experi-
enced previous reactions, had a history of asthma, were older
than 6 years, and unknowingly ate a food that either contained
or was cross-contaminated with the allergen. As in other food
allergy mortality reports, the fatal event occurred outside the
home or other non-medical environment; therefore, even
though detailed medical information was not available we
feel that essential relevant information had been collected
[9,10,11,14]. These cases reinforce the observations made by
other authors characterizing the features of fatal food-induced
anaphylaxis: the reaction occurred within minutes, and in three
of the four patients injectable epinephrine was not prescribed.
In one patient the epinephrine, although previously prescribed,
was not used during the final event. In addition, in three of
the patients, clinical evaluation and regular follow-up with an
allergy specialist was not part of their routine medical care.
All four patients had asthma, a risk factor identified for food
allergy-induced mortality, but they were not prescribed inhaled
corticosteroid controller medications [16]. Interestingly, the
four patients in this small series showed no cutaneous signs of
anaphylaxis such as urticaria or flushing that had been noted
in previous mortality reports [11].

An important point of information obtained in the inter-
view process and described in the current case series is the
estimated amount of protein consumed that triggered the
fatal event. This amount ranged from an estimated few mil-
ligrams (patient 2 and 3) to approximately 180 mg (patient
1). In a review of six severe non-fatal accidental reactions to
cow’s milk protein, three patients reportedly consumed less
than 1 ml of milk, or the equivalent of less than 30 mg of milk
protein. The onset of the reaction in these cases was less than
15 minutes [17]. Using primarily double-blind challenges
with milk protein, multiple investigators have demonstrated
that the lowest threshold dose provoking a reaction ranged
from 1.5 to 180 mg [18]. This information illustrates the min-
ute amounts of allergen that may be involved in triggering
anaphylaxis and provides background to the understanding
of how cross-contamination may be fatal, as in cases 2 and
3 of the present series where a non-dairy baked good came
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into contact with a dairy item. The information regarding
patient 4 is unknown.

The most distinctive feature in these cases is that cow’s milk
protein appears to be a major cause of food-induced anaphylac-
tic mortality in Israel. This is in contrast to the mortality reports
from the U.S. and the UK where peanut and tree nut are the
most common allergens causing death. This finding raises the
possibility that we may have missed cases of food-related death.
Although this is a possible explanation, we feel this is unlikely.
Firstly, Israel is a relatively small country of approximately 7.5
million people, and although it does not have a national food
allergy mortality registry, it does have a very dynamic and active
communications media. We are confident that through our
contact with national allergists, forensic pathologist review, and
communications media search, the current report accurately
reflects information on any cases of food allergy mortality that
may have occurred in Israel from 2004 to 2011. Secondly, if we
did miss cases, we would have also missed cases related to cow’s
milk protein as well as to peanut, tree nut and other allergens.
Thirdly, the patients’ clinical characteristics are similar to the
reports of mortality by other authors where peanut and tree nut
are the predominant triggers [15].

Interestingly, closer examination of the data from previ-
ously published mortality reports suggest that approximately
10% of cases are related to cow’s milk protein [10,12-14].
From this it would appear that cow’s milk protein allergy,
although less common, is as potentially dangerous as peanut
and tree nut allergy, with reactions no less catastrophic.

Several lines of evidence suggest that the differences in
the prevalence of allergy to different foods cannot completely
explain the differences in mortality related to that food.
Firstly, in Israel, the prevalence of peanut and cow’s milk
protein allergy at 6 years of age is approximately in the same
range, 0.17% for peanut and 0.2% for milk, if we consider
that over 60% of patients diagnosed with cow’s milk protein
allergy recover by 4 years of age [19,21]. Secondly, the preva-
lence of seafood allergy in the U.S. is not lower than peanut
allergy; yet seafood-related mortality, although not rare, is
much less than that of peanut [9,10,22]. Thirdly, allergy to
egg is very common, but fortunately deaths due to exposure
to egg are very rare [23].

We think that peanut, tree nut, seafood and cow’s milk
protein are extremely dangerous foods for those who are
allergic to them. In addition to the intrinsic characteristic of
the food allergen we hypothesize that two other factors may
be responsible for mortality-prone allergy. One factor is the
role of repeated accidental exposures that may increase sen-
sitization and subsequently amplify the allergic response in
the susceptible individual. This is supported by evidence that
failure to adhere to avoidance diets may reduce the probability
of recovery from food allergy [24,25]. A second and somewhat
related factor is the difficulty in completely avoiding exposure

to a “hidden” or obscure allergen. In contrast to the U.S., pea-
nuts or peanut butter are not commonly used as fillers in Israeli
food products. Although the locally produced peanut-coated
corn puff snack known as Bamba™ is very prevalent, it is also
very clearly identified as a peanut-containing food. In addi-
tion, children and parents of children with peanut allergy are
quite aware of this popular product and its danger. Therefore,
it seems that peanut-allergic patients may be able to avoid or
limit accidental allergen exposures.

The current series also highlights the difficulties in treating
patients with severe food allergy and the attempts to prevent
mortality. Our present standard of care of these patients empha-
sizes allergen avoidance and treatment with readily available
injectable epinephrine when indicated [16]. Appropriate avoid-
ance measures include education on proper label reading and,
more importantly, helping patients and their families identify
problematic food situations outside the home such as restau-
rants, bakeries and social events where cross-contamination
and hidden allergen issues may present themselves. All four
patients reported in this series ate items outside the home.

Finally, the mortality prone patient may not have experi-
enced a previous life-threatening reaction. This observation is
in agreement with previously published cases of food-related
mortality [9-11,14] as well as an additional unpublished series
of 26 cases (S.A. Bock, personal communication).

In summary, four fatal food-related reactions were noted
in Israel, a country where the peanut and cow’s milk protein
allergy prevalence rates by 6 years of age are similar. Frequent
accidental and hidden allergen exposure to cow’s milk protein,
which is present in many foods in contrast to the lack of peanut
protein in local food products may be responsible for augment-
ing the observed severe reactions in patients allergic to cow’s
milk protein. Patients with a history of asthma, lack of inject-
able epinephrine, no previous life-threatening reaction, and
without follow-up by an allergy specialist characterize these
mortality-prone individuals. Cow’s milk protein should be
considered a major mortality-prone allergen risk, along with
peanut, tree nut and seafood.
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Expression of A20 by dendritic cells preserves immune homeostasis and prevents colitis and

spondyloarthritis

Dendritic cells (DCs), which are known to support immune
activation during infection, may also regulate immune
homeostasis in resting animals. Hammer et al. show that
mice lacking the ubiquitin-editing molecule A20 specifically
in DCs spontaneously showed DC activation and population
expansion of activated T cells. Analysis of DC-specific
epistasis in compound mice lacking both A20 and the
signaling adaptor MyD88 specifically in DCs showed that
A20 restricted both MyD88-independent signals, which
drive activation of DCs and T cells, and MyD88-dependent

signals, which drive population expansion of T cells. In
addition, mice lacking A20 specifically in DCs spontaneously
developed lymphocyte-dependent colitis, seronegative
ankylosing arthritis and enthesitis, conditions stereotypical
of human inflammatory bowel disease (IBD). These findings
indicate that DCs need A20 to preserve immune quiescence
and suggest that A20-dependent DC functions may underlie
IBD and IBD-associated arthritides.

Nature Immunol2011; 12: 118
Eitan Israeli

DNA methylation regulates the expression of CXCL12 in rheumatoid arthritis synovial fibroblasts

In the search for specific genes regulated by DNA methylation
in rheumatoid arthritis (RA), Karouzakis and associates
investigated the expression of CXCL12 in synovial fibroblasts
(SFs) and the methylation status of its promoterand determined
its contribution to the expression of matrix metalloproteinases
(MMPs). 5-azacytidine demethylation increased the expression
of CXCL12 and reduced the methylation of CpG nucleotides. A
lower percentage of CpG methylation was found in the CXCL12
promoter of RASFs compared with OASFs. Overall, the authors
observed a significant correlation in the mRNA expression and

the CXCL12 promoter DNA methylation. Stimulation of RASFs
with CXCL12 increased the expression of MMPs. CXCR7 but not
CXCR4 was expressed and functional in SFs. The researchers
show that RASFs produce more CXCL12 than OASFs due to
promoter methylation changes and that stimulation with
CXCL12 activates MMPs via CXCR7 in SFs, thereby describing
an endogenously activated pathway in RASFs, which promotes
joint destruction.

Genes Immunity 2011; 12: 643
Eitan Israeli
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Pasteurized Egg for Children Allergic to Hen's Egg
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Background: In the last decade the use of different types of
oral immunotherapy for food-allergic patients has increased
with generally satisfactory outcomes. Cow's milk and hen's
egg, a common element in the daily diet, have received the
main interest. Most of these immunotherapy regimens are
performed in the hospital, causing inconvenience for both
children and their parents.
Objectives: To assess the efficacy and safety of a home-based
oral immunotherapy regimen with raw pasteurized egg.
Methods: The study group comprised children aged 6 years
and olderwith allergy to hen's egg proteins, proven by positive
skin prick-tests (SPT) and/or specific immunoglobulin E (sIgE)
and positive open oral food challenge (OOFC) with boiled or
raw egg. Patients who met the inclusion criteria and signed
the informed consent form underwent egg immunotherapy
according to an established schedule.
Results: The treatment was given to 31 of the 36 recruited
patients: 80.6% of the intention-to-treat population achieved
complete tolerance to the maximum dose equivalent to one
raw hen's egg, 3.2% achieved incomplete tolerance, and 16.2%
did not achieve an acceptable tolerance dose. Most of the
latter patients had a positive baseline OOFC with low doses
of boiled egg. The average number of reactions per treated
patient was 5.8, most of them grades 1 and 2; there were no
grade 4 reactions.
Conclusions: This home-based oral immunotherapy protocol
proved to effectively induce tolerance to hen's egg in most of
the egg-allergic children and its safety profile was acceptable.
IMAJ 2012; 14: 34-39
oral immunotherapy, hen's egg, food allergy, desensitization

Ithough there are few reports in the literature before

the 1980s of specific oral tolerance induction, it was the
publication by Patriarca et al. [1] that boosted the use of SOTI
protocols in food-allergic patients, mainly children. While
most of the reported protocols focused on cow's milk and
hen's egg since these are ubiquitous foods in the regular diet,
researchers around the world have reported successful SOTI

SOTI = specific oral tolerance induction

with other foods such as fish, wheat, vegetables, and peanut
[see Ref. 2 for a review].

Most of these regimens include weekly dose increases in the
hospital setting, with dose maintenance during the week, taking
from 12 to 24 weeks (or even more) to reach the final dose.
Recently, schedules with a duration of only a few days have
been introduced but they require that the treated patient be
admitted to the hospital or at least attend the hospital daily.

Based on the SOTI regimens published by Patriarca et al.
in 1998 [1], our group designed a shortened home-based oral
immunotherapy protocol (CLOJ/01-2004) with cow's milk for
milk-allergic children, and during 2004-2008 we conducted
a clinical trial to assess its efficacy and safety. In summary,
this protocol included 24 treated patients who achieved a
complete or partial tolerance (over 100 ml of cow's milk);
namely, a rate of 95.8%, with an average of 3.6 reactions per
patient, most of them mild to moderate, and no severe reac-
tions necessitating injection of epinephrine [3]. Since then,
our clinic offers this treatment as part of our services.

Egg allergy is somewhat different from allergy to milk in
that there are two distinct populations of egg-allergic chil-
dren: those tolerating cooked egg but not raw egg, and those
not tolerating either. In daily clinical practice, we consider
that egg-allergic patients have outgrown their allergy when
they tolerate sufficient amounts of raw egg to follow a normal
unrestricted diet. Based on our previous results with milk, we
designed another study protocol (CLOJ/01-2009) to assess
the safety and efficacy of a home-based SOTI with raw pas-
teurized egg in egg-allergic children.

PATIENTS AND METHODS

The study protocol was approved by the local ethics com-
mittee and verbal and written information was provided to
the parents/guardians before their children entered the study.
Informed consent was obtained for both the diagnostic tests
and the SOTT regimen.

STUDY POPULATION
The inclusion criteria were children aged 6 years and older
with a history of a clinical reaction when eating egg (either
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cooked or raw), positive skin-prick tests and/or specific
serum immunoglobulin E to any of the tested egg extracts
(see below), and a positive open food challenge test with
either cooked or raw egg.

The exclusion criteria were age < 5 years, negative SPT
and sIgE to egg fractions, tolerance to foods containing raw
egg in sufficient amounts to be able to follow a normal free
diet, negative food challenge with raw egg, grade 4 anaphy-
laxis based on European Academy of Allergy and Clinical
Immunology criteria [4], egg-related clinical entities with-
out an IgE-mediated pathogenesis, chronic medications that
interfere with the test results, and lack of informed consent
from the parents or guardians.

DIAGNOSTIC TESTS

An allergy history was taken to gather information about pre-
vious reactions to egg (and other foods), a personal or family
history of other allergic diseases, and the use of concomitant
medications. SPTs were carried out on the anterior area of the
forearm with newly prepared extracts of egg white, egg yolk,
ovalbumin, ovomucoid, and lysozyme (Diater Laboratories,
Madrid, Spain). A result was considered positive if the wheal
diameter was > 3 mm (provided that the saline control was
negative). Immunological determinations were done at base-
line, end-of-treatment, at 6 months and at 18 months, but are
not commented on in this article.

An OFC with cooked egg (one boiled hen's egg as is,
or mixed in a vegetable purée) was carried out if the child
was following a strict egg-avoidance diet. The OOFC with
pasteurized raw egg (mixed with yogurt or fruit juice) was
performed if the child was already tolerating cooked egg in
his/her diet or if the first challenge test with cooked egg had
been negative. Children achieving tolerance to the complete
or to a sufficient amount of pasteurized egg with the SOTI
regimen were then submitted to a final OOFC with natural
raw egg to verify that achieving tolerance to pasteurized egg
assured tolerance to natural raw egg. A test was considered
positive when symptoms and objective signs occurred upon
egg ingestion, precluding the administration of medication
to control the reaction. All food challenges were done at the
hospital and close to the intensive care unit.

STUDY ARMS

Upon completing all the diagnostic tests, the children (and
their parents) were advised to follow the SOTI regimen.
Those who agreed (and signed the informed consent) were
assigned to the treatment group, and those who did not
want to participate were assigned to the control group (these

SPT = skin-prick test

sIgE = specific serum immunoglobulin E
OFC = oral food challenge

OOFC = open oral food challenge

patients were followed at 6 and 18 months, and the in vivo
and in vitro allergy tests were repeated). For ethical reasons,
this allocation was not done in a random manner and was
based solely on the children’s and parents’ decision. Children
whose food challenge test with raw egg was negative (i.e.,
they tolerated a complete natural raw egg) were excluded
from the study since this indicated that they had outgrown
their egg allergy naturally.

SOTI REGIMEN

Specific oral tolerance induction to pasteurized egg was
performed according to the designed protocol [Table 1].
The patients received their first treatment dose (with diluted
pasteurized egg) at our clinic, the first dose of the undiluted
solution, the dose equivalent to the one that was positive on the
food challenge, and the final dose (50 ml). At their first treat-
ment visit, the parents were given verbal and written informa-
tion about the dose schedule, possible reactions and how to
manage them, and a 24 hour phone number for contacting
one of the study investigators if necessary. The remaining doses
were administered at the patient's home, but the patients could
come to the clinic whenever they felt it necessary or if they felt
insecure. All patients were pretreated with cetirizine (0.25 mg/
kg of weight/day), which was continued until the end of treat-
ment. Other medications (such as cetirizine given twice daily,
inhaled budesonide, oral sodium cromoglicate, or oral corti-
costeroids) were added during the treatment course according
to the investigators' clinical judgment).

The product used for the treatment was complete (white and
yolk) pasteurized egg (PITAS, Madrid, Spain). Approximately
45 ml of pasteurized egg equals one natural egg: protein
content 11.5 g/100 g of the product. Before undertaking the
study, in vitro studies were performed with an extract of the
raw product and an extract of the natural raw egg to assess
the product's allergenicity by means of immunoblotting and
enzyme-linked immunosorbent assay inhibition tests with a
sample of pooled sera from the egg-allergic patients.

All adverse events were registered and classified as fol-
lows: AE1 = atypical symptoms for an allergic reaction and
not representing a risk to the patient's life, AE2 = symptoms
typical of an allergic reaction and classified as mild according
to the EACCI classification [4], AE3 = moderate symptoms
typical of an allergic reaction, AE4 = severe symptoms typi-
cal of an allergic reaction. Moreover, each adverse event was
categorized as CR (clearly related to the treatment dose),
PR (probably related), PoR (possibly related) and NR (not
related), depending on the time elapsed since taking the
dose, the time the symptoms occurred, and the presence of
other concurrent factors (such as another disease, ingestion
of other foods to which the patient was allergic to, etc.). The

AE = adverse events
EACCI = European Academy of Allergy and Clinical Inmunology
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Table 1. SOTI regimen with liquid pasteurized egg*

Initial dilution (1/40): 0.5 ml of the solution in 19.5 ml of purified water
= 3.01875 mg of egg protein/ml of the solution

Continuation solution (dilution 1/1): 1 ml = 120.75 mg of egg proteins

No. of Solution Pasteurized Egg protein x fold Solution Pasteurized Egg x fold
Days drops (ml) egg (mg) (mg) increase Days (m)) egg (mg) protein (mg) increase
1 1 0.05 1.291 0.151 21 1 1033.0 120.75
2 1 0.05 1.291 0.151 1 22 2 2066.0 241.50 2.00
3 2 0.1 2.582 0.302 2 23 3 3099.0 362.25 1.50
4 2 0.1 2.582 0.302 1 24 4 4132.0 483.00 1.33
5 5 0.25 6.455 0.755 2.5 25 5 5165.0 603.75 1.25
6 5 0.25 6.455 0.755 1 26 6 6198.0 724.50 1.20
7 10 0.5 12.910 1.509 2 27 7 7231.0 845.25 1.17
8 10 0.5 12.910 1.509 1 28 8 8264.0 966.00 1.14
9 20 1 25.820 3.019 2 29 9 9297.0 1086.75 1.13
10 20 1 25.820 3.019 1 30 10 10,330.0 1207.50 1.11
1 2 51.640 6.038 2 31 12 12,396.0 1449.00 1.20
12 2 51.640 6.038 1 32 15 15,495.0 1811.25 1.25
13 5 129.100 15.094 2.5 33 20 20,660.0 2415.00 1.33
14 5 129.100 15.094 1 34 25 25,825.0 3018.75 1.25
15 10 258.200 30.188 2 35 30 30,990.0 3622.50 1.20
16 10 258.200 30.188 1 36 40 41,320.0 4830.00 1.33
17 20 516.400 60.375 2 37 50 51,650.0 6037.50 1.25
18 20 516.400 60.375 1
19 40 1032.800 120.750 2
m W - Pm— : *1 ml of pasteurized egg = 0.12075 g of egg proteins

50 ml of pasteurized egg = 1.16 medium-size whole egg

NR category only included those reactions clearly related to
the ingestion of an offending food other than egg.

STATISTICAL ANALYSIS

Descriptive statistics were used for the demographic data. For
the comparison between the baseline and post-treatment data of
the wheal diameters, sIgE and sIgG4, the two-tailed Wilcoxon's
test for paired samples (level of significance P < 0.05) was
employed, using GraphPad Instant 3 statistical software.

RESULTS

The demographics of the study population, subcategorized as
treatment group (31/36), control group (patients not wanting
the treatment, 3/36), and patients withdrawn from the study
(because of negative challenge tests, 2/36) are shown in Table
2. The mean age of the patients, 17 females and 18 males, was
9.6 years (range 6-15 years).

EFFICACY RESULTS
Slightly over 80% of the treated patients (25/31) achieved
complete tolerance to the maximum dose of the regimen (50

ml of pasteurized egg), 3.2% (1/31) achieved partial tolerance,
9.7% (3/31) did not achieve tolerance to sufficient amounts
of pasteurized egg to follow a normal diet but increased their
reactivity threshold at the final food challenge as compared with
the baseline challenge test, and 6.5% (2/31) did not achieve tol-
erance or increase their reactivity threshold. The median times
of the treatment (time frame from the first to the last treatment
dose) for the whole treatment group and the subgroup achieving
complete tolerance were, respectively, 43 and 43 days (minimum
37 and 37 days, maximum 85 and 70 days; the pre-established
treatment duration was 37 days). Of nine patients who were
already tolerating cooked egg at baseline, eight achieved com-
plete tolerance and one did not want the treatment and was
allocated to the control group. In the subgroup of patients whose
baseline OOFC with cooked egg was positive, those showing
a reactivity threshold at less than one-fourth of egg did not
achieve a minimum acceptable tolerance and they had to be
withdrawn because of repeated severe reactions.

Of the 25 patients achieving complete tolerance, 23 also
tolerated - without any reaction - the post-treatment food
challenge test with one natural raw egg. Besides allowing
them to eat any form of cooked egg, these patients were
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Table 2. Patients’ demographics and study arms distribution and outcomes

Baseline Baseline Final Baseline Baseline Final

Pt. Age Allergic  OVA- OVM- SoTl Pt. Age Allergic  OVA- OVM- SoTl
#  (yrs) Gender history specificigE  specificIgE  Distribution* outcome #  (yrs) Gender history specificlgE  specificigE  Distribution* outcome
1 9 F Pos 2.69 5.23 TG NTIT 19 8 M Pos 3.06 2.59 TG CcT

2 1 M Pos 3.63 9.6 TG NTWC 20 7 H Pos 0.29 0.35 CG ND

3 9 F Pos 0.86 2.24 TG CcT 21 8 F Pos 0.84 0.89 CG ND

4 9 M Pos 3.46 6.56 TG CcT 2 6 H Pos 8.21 12.4 CG ND

5 8 M Pos 1.48 0.81 TG CcT 23 12 F Pos 3.44 5.73 TG CcT

6 9 M Pos 3.99 6.01 TG CcT 24 15 M Pos 4.92 7.54 TG CcT

7 8 F Pos 31.3 32.2 TG NTIT 25 7 M Pos 0.12 217 TG CcT

8 9 M Pos 0.14 0.77 WD ND 26 14 M Pos 0.63 5.75 TG CcT

9 8 M Neg 5.35 3.93 TG CcT 27 14 F Pos 0.32 5.2 TG CcT
10 15 M Pos 431 46.5 TG NTIT 28 7 H Pos 6.94 6.07 TG PT
1 9 F Neg 2.44 0.6 TG CcT 29 1 M Pos 6.64 10.9 TG CcT
12 1 F Neg 1.98 1.9 TG CcT 30 10 M Pos 0.69 0.66 TG CcT
13 6 M Pos >100 >100 TG NTWC 31 10 F Pos 0.51 3.2 WD ND
14 12 M Neg 3.25 0.25 TG CcT 32 13 H Pos 1.09 1.17 TG CcT
15 10 M Pos 3.61 5.9 TG T 3 9 F Pos 2.49 2.56 TG CcT
16 8 F Pos 5.73 6.21 TG CcT 34 14 M Neg 6.73 6.22 TG CcT
17 7 M Pos 8.37 8.63 TG T 3% 9 F Pos 0.14 0.32 TG CcT
18 6 F Pos 13.1 13.1 TG CcT % 7 M Pos 21.8 33.1 TG CcT

*Two patients were excluded from the study because of baseline negative oral food challenge test with raw egg
M = male, F = female, OVA = ovalbumin, OVM = ovomucoid, Pos = positive, Neg = negative, TG = treatment group, CG = control group, WD = withdrawn, CT = complete tolerance,

PT = partial tolerance, NTIT = no tolerance but with increased reactivity threshold, NTWC = no tolerance without change in the reactivity threshold, ND = not done

instructed to eat one-half of a natural raw egg mixed with
yoghurt or fruit juice at least three times a week until the next
follow-up visit in order to maintain the acquired tolerance.
The remaining two patients who had mild reactions with
natural raw egg, as well as the patient achieving partial toler-
ance, were instructed to eat any form of cooked egg as well as
foods containing partially uncooked egg and small amounts
of raw egg (e.g., omelette, fried egg, mayonnaise, etc.).

TOLERABILITY RESULTS

The distribution of reactions by severity, degree of causality,
and type of symptoms is shown in Table 3. In total, there were
180 adverse events. Of the 31 treated patients, 8 (25.8%) did
not experience any kind of adverse events during the treat-
ment course. However, one patient experienced 23 AEs. The
mean number of AEs per treated patient was 5.8.

As shown in Figure 1, more than half the reactions involved
the gastrointestinal tract, ranging from light abdominal pain
after the dose intake to severe and prolonged abdominal pain
and abrupt diarrhea or vomiting. Gastrointestinal symptoms
can occur from several minutes to several hours (up to 9)
after the dose intake. Cutaneous (itching or urticaria) symp-

Table 3. Distribution of the adverse events by severity and degree
of causality

Severity No. (%)
AE1 8 (4.4
AE2 147 (81.7)
AE3 25(13.9)
AE4 00
Degree of causality

Clearly related 145 (80.6)
Probably related 17 9.4
Possibly related 14 (7.8)
Not related 4.2

See Patients and Methods for the classification criteria

toms and oral allergy syndrome were also reported relatively
often (13.8% and 15.8%, respectively). Anaphylaxis was con-
sidered when three different organ systems were affected, or
two organ systems but with moderate to severe symptoms. In
four cases (0.02%), auto-injectable adrenaline was used at the
patient’s home to treat the adverse reaction.
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Figure 1. Relative distribution of the organ systems involved in the
180 adverse reactions registered with the SOTI regimen
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DISCUSSION

Despite isolated reports of tolerance induction to foods in
food-allergic patients, the publication in 1998 by Patriarca et
al. [1] of their experience using SOTI regimens with several
foods is notable and will boost the use of this type of therapy
in food-allergic individuals, at least in our country.

In Spain, the first SOTI protocols were carried out with
cow’s milk. In general, this protocol is performed in allergy
units of the Public Health Care system and rarely in private
facilities, our clinic being one of the few private allergy
centers conducting this kind of clinical study to assess the
effectiveness and safety of this treatment before offering it to
patients. In general, the Spanish experience using the SOTI
regimens with cow’s milk is extensive and has yielded fairly
good results, with reported complete tolerance rates > 90%,
depending on the population studied [3,5,6]. Even severely
allergic children have been included with promising results,
although extreme care has to be taken [7]. In most of the
studies, the patients were 5 years of age and older, since the
evidence shows that rarely does a child allergic to cow’s milk
spontaneously outgrow his/her allergy [8]. There is, however,
an interesting national multicenter study promoted by the
Spanish Society of Pediatric Allergy that compared the toler-
ance acquisition rates in two groups of milk-allergic children
aged 2-3 years [9]. The study comprised 60 patients randomly
allocated to a long SOTI regimen with milk or to the control
group (not treated). The results clearly demonstrated that
SOTI induced complete tolerance to milk in more patients
within this age range than did expectant management [10].

In recent years, more groups have instituted SOTI proto-
cols with hen’s egg for egg-allergic children [11-13]. Again, in
Spain most of these protocols were performed in the Public
Health Care system, with fairly good results regarding efficacy
and acceptable safety results depending on the severity of the
patients egg allergy and the fact that tolerance induction to egg
seems to be somewhat more difficult than to milk [14,15].

There is, however, higher variability among these protocols
not only in the schedules but also in the type of product used
to achieve desensitisation: natural boiled egg, well-cooked
French omelette, lyophilized egg white, pasteurized egg white,
and pasteurized whole egg. In our case, the rationale for using
pasteurized whole egg was that in inducing tolerance to egg,
we wanted to achieve tolerance to the whole product, as occurs
in patients acquiring the tolerance by themselves. The other
reason for using fresh liquid pasteurized egg is that the pas-
teurizing process assures the elimination of Salmonella and
other contaminating bacteria without altering the structure of
the egg proteins, since the product remains in a liquid state and
not in a solid state that would occur in the case of heat-induced
protein coagulation. In order to verify this, before starting the
trial we assessed the allergenicity of an extract of crude egg and
an extract of liquid pasteurized egg by means of SDS-PAGE
immunoblotting with a sample of pooled sera from egg-allergic
patients, as well as an ELISA-inhibition assay. The pattern of
protein recognition by specific IgE contained in the pooled sera
sample was almost identical for both extracts, but the ELISA-
inhibition assay showed that the natural crude egg extract was
about four times more allergenic than the pasteurized extract
(data not shown). However, the final food challenge test with
one natural raw egg in the patients reaching the maximum
dose of the SOTT regimen (50 ml) showed that this higher in
vitro allergenicity of crude egg versus pasteurized egg is not
clinically relevant, since all patients achieving tolerance to 50
ml of pasteurized egg also tolerated one raw egg.

Our study shows that tolerance to raw egg can be induced
by using a SOTI regimen with liquid pasteurized egg in egg-
allergic children. There are three clear patterns of response
to the SOTI regimen:

« in patients already tolerating cooked egg, the probability of
achieving complete tolerance to raw egg is very high and
relatively easy (5 of the 8 patients having a negative OFCT
with boiled egg had no reactions throughout the SOTT regi-
men, one had one reaction, and of the remaining 2 one had
11 mild reactions and the other had 11 reactions, 3 of them
anaphylaxis)

« in patients reacting to a low dose of boiled egg at the base-
line OFC, the likelihood of achieving a change in their
reactivity to egg after the SOTI regimen is very low; we do
not offer this therapy to these patients because the predict-
able outcome is not worth the suffering

« in patients in the “grey zone,” who react to intermediate to high
doses of cooked egg at the baseline OFC, the probability of
achieving complete tolerance to raw egg is high but very likely
to have adverse reactions during the treatment course (only 3
of the 23 patients having a positive baseline OFC with cooked
egg had no reactions at all during the SOTI regimen).

ELISA = enzyme-linked immunosorbent assay
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With regard to the safety of our SOTI regimen, inducing
tolerance to egg is more complicated than for cow’s milk:
the percentage of patients experiencing at least one adverse
reaction during the treatment is high (about two-thirds of
the patients), with a mean number of reactions per patient
of almost 6, and the reactions are somewhat more severe (no
patient needed adrenaline in our previous protocol with milk,
versus four patients in the protocol with egg). Also, more
than half the reactions involved the gastrointestinal tract with
the particularity that these reactions could have a delayed
onset (in one case, even 9 hours after the dose intake) and
took longer to resolve than those affecting other organs. It is
paramount, therefore, to explain these facts to the patients
and parents and provide them with a telephone number
that they can call around the clock to receive instructions

if needed.

CONCLUSIONS

We report the efficacy and tolerability outcomes of a home-
based SOTI regimen with liquid pasteurized egg in egg-
allergic children. The results show fairly good tolerance rates,
allowing us to include this therapy in our services portfolio.
However, this treatment has to be given in well-selected
patients and under close supervision (regular follow-up visits
and 24 hour phone service) by a specially trained allergist.
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Epigenetic suppression of GAD65 expression mediates persistent pain

Chronic pain is a common neurological disease involving
lasting, multifaceted maladaptations ranging from gene
modulation to synaptic dysfunction and emotional disorders.
Sustained pathological stimuli in many diseases alter the
output activities of certain genes through epigenetic modifi-
cations, but it is unclear how epigenetic mechanisms operate
in the development of chronic pain. Zhang et al. show that in
the rat brainstem nucleus raphe magnus, which is important
for central mechanisms of chronic pain, persistent inflamm-
atory and neuropathic pain epigenetically suppresses Gad2
[encoding glutamic acid decarboxylase 65 (GAD65)] trans-

cription through histone deacetylase (HDAC)-mediated histone
hypoacetylation, resulting in impaired y-aminobutyric acid (GABA)
synaptic inhibition. Gad2 knockout mice showed sensitized pain
behavior and impaired GABA synaptic function in their brainstem
neurons. In wild-type but not Gad2 knockout mice, HDAC inhibitors
strongly increased GADG65 activity, restored GABA synaptic
function and relieved sensitized pain behavior. These findings
suggest GAD65 and HDACs as potential therapeutic targets in an
epigenetic approach to the treatment of chronic pain.
Nature Med 2011; 17: 1448
Eitan Israeli
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Severe Malnutrition Resulting from Use of Rice Milk in
Food Elimination Diets for Atopic Dermatitis

Michael D. Keller MD, Michele Shuker RD, Jennifer Heimall MD and Antonella Cianferoni MD PhD

Division of Allergy & Immunology, The Children’s Hospital of Philadelphia, Philadelphia, PA, USA

ABSTRACT:

KEY WORDS:

40

Background: Alternatives to cow’s milk and soy milk are
often necessary for children with food allergies. Although
hydrolyzed and elemental formulas are appropriate
replacements, other milk products such as rice and almond
milk are insufficient protein sources for children under 2 years
of age. A chart review on three patients treated for protein
malnutrition in association with multiple diagnosed food
allergies that resulted in refractory eczema revealed adverse
outcomes that resulted from elimination diets. The use of rice
milk resulted in hypoalbuminemia and poor weight gain in
all cases, and multiple secondary infections in one patient.
These cases illustrate the need for careful nutritional guidance
in the management of food allergy, as well as the importance
of cautious use and interpretation of testing for food allergies
in the absence of a clear clinical history of reaction.

IMAJ 2012; 14: 40-42
eczema, atopy, food allergy, malnutrition,
hypoalbuminemia

E czema is a chronically relapsing inflammatory skin disease
and one of the most common skin disorders of childhood,
affecting up to 17% of children [1]. It is commonly associ-
ated with respiratory and/or food allergy [2,3], and previous
studies have suggested that in roughly one-third of children
with eczema the condition resolved with food avoidance [4,5].
However, eczema can rarely be managed with dietary changes
alone, and hypoallergenic diets carry a significant risk for nutri-
tional deficits in young children. Thus, the evaluation for food
allergy should be limited to children with moderate to severe
eczema not controlled by topical steroids [6-8] and should be
performed by allergists with experience in food allergy and
diet management in children. Both skin testing and specific
immunoglobulin E testing for food allergies are complicated by
low positive predictive values in the general population, mak-
ing these tests imperfect for diagnosis of food allergy in the
absence of a clear reaction history [9]. Moreover, in children
under 2 years of age, cow’s milk and soy are both common
allergens [10] and also one of the primary sources of protein

and calories. Though hydrolyzed and elemental formulas meet
recommended protein and nutrient requirements, they are
both costly and not very palatable, which often causes parents
to opt for other alternatives such as rice, coconut or almond
milk. Though they may be vitamin fortified and comparable in
calories, these are not suitable substitutes for cow’s or soy milk
due to their lower protein and fat content, and long-term use
may result in significant protein malnutrition and poor weight
gain in infants and toddlers.

The following cases describe three incidences of severe
hypoalbuminemia resulting from the use of rice milk for
eczema, which was thought to be secondary to food allergy.

PATIENT DESCRIPTIONS

A chart review was performed at the host institution. Results
of allergy skin-prick testing were obtained from outside
facilities, and follow-up tests were performed at the Allergy
Clinic of the Children’s Hospital of Philadelphia. Specific IgE
testing was obtained from commercial laboratories.

PATIENT 1

A 19 month old girl was hospitalized due to severe hypoalbu-
minemia and concern for refeeding syndrome. Eczema appeared
at age 3 months and was treated with emollients and topical
steroids with only slight improvement. She was diagnosed with
eczema herpeticum at age 8 months and was treated with acy-
clovir. At 1 year of age, she underwent allergy skin-prick testing
to a variety of foods due to her refractory eczema. She was posi-
tive to milk, soy, egg, peanut, tree nut, lentil, oat, pork, tomato,
wheat, melon, and negative to beef and chicken.

The child had been breastfed for 6 months and then transi-
tioned to soy formula. She was fed lentils, rice, beans, and car-
rots prior to allergy testing. She had rarely eaten dairy products
and never exhibited any reactions. She had never ingested egg,
peanut, tree nut, oat, or pork. Following skin testing, a brief
trial of a hydrolyzed formula failed due to refusal to drink the
formula, and the child was given only rice milk, rice, potato,
and carrot. Chicken was also offered but refused. She had no
symptoms of gastroesophageal reflux or diarrhea.

IgE = immunoglobulin E
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Despite diet restriction, the eczema persisted with frequent
flares and was treated with antibiotics, topical steroids, and
brief courses of oral steroids. Her weight remained at the 25th
percentile for age, but her height fell to below the 3rd percen-
tile. At 18 months, edema of the face and extremities devel-
oped, and her albumin level was 1.6 g/dl and total protein 3.3
g/dl, with no proteinuria. She was hospitalized at 19 months
due to kwashiorkor.

She required central access due to severe edema and elec-
trolyte abnormalities, and developed line infections with both
Pseudomonas aeruginosa and Candida glabrata. Her hospital-
ization was further complicated by infections with influenza
A (HIN1) and Clostridium difficile, as well as respiratory
failure and acute renal failure. Further investigation revealed
mild hypogammaglobulinemia (332 mg/dl) in the setting
of overall hypoproteinemia, and she was given intravenous
immunoglobulin due to her multiple infections. Lymphocyte
flow cytometry was normal, and genetic sequencing of STAT3
revealed no mutations.

She was discharged home on an elemental formula. She
unfortunately suffered a left tibial fracture secondary to
osteopenia 3 weeks after discharge. Repeat skin testing was
positive to egg, peanut, wheat, lentil, and pea, and negative
to milk, soy, oat, and tomato. Milk and soy were reintroduced
without reaction. Her eczema flares have been managed with
topical steroids. Her weight and height have continued to
track at the 25th and 3rd percentiles for age respectively, and
she has not had further infections of note.

PATIENT 2

This patient was born at term and developed eczema in infancy.
He was breastfed for 6 weeks but developed moderate gastro-
esophageal reflux and refused to feed. He was transitioned to
a hydrolyzed formula and showed improvement. At age 12
months, cow’s milk was introduced, but the child developed
vomiting and diarrhea after exposure. Soy milk and goat’s milk
were offered, both of which worsened his eczema. Finally, he
was placed on rice milk, as well as chickpeas, lentils, and olives
to further supplement protein. In spite of this, the child devel-
oped failure to thrive, and at 16 months of age experienced
gradual onset of facial and lower extremity edema.

At 17 months old his albumin was 1.2 g/dl and he was hos-
pitalized. Urine studies revealed no proteinuria. He was also
found to be anemic with hemoglobin 7 g/dl, and he received
a transfusion. The child was given elemental formula, which
he tolerated well, and the edema gradually resolved. Specific
IgE testing during his hospitalization was positive to egg and
cow’s milk and negative to soy.

On follow-up, the skin-prick test was negative to milk,
soy, peanut, wheat, and a variety of fruits and meats. He has
continued on elemental formula pending future food chal-
lenges to cow’s milk and soy to rule out food protein-induced

enterocolitis syndrome. His eczema was managed with topi-
cal steroids.

PATIENT 3
The patient was born at term and developed eczema at 2
months of age while being fed a cow’s milk-based formula.
She underwent skin testing at age 6 months due to ongoing
rash and was positive to egg, cow’s milk, and wheat. She was
transitioned to a soy formula but her eczema did not subside.
She was subsequently transitioned to rice milk by 7 months of
age. She was also fed oatmeal and a variety of fruits. Meats were
offered to supplement her protein-poor diet, but were refused.
She had no gastroesophageal reflux symptoms or diarrhea.
Within 5 months the child’s weight had dropped from the
50th percentile to the 7th percentile. Skin testing at age 12
months was positive to egg and dog, but negative to milk,
soy, peanut, tree nut, and wheat. Laboratory evaluation
demonstrated albumin of 2.9 g/dl, and an elemental formula
was started. Specific IgE to cow’s milk was negative, and it
was slowly reintroduced without difficulty. Her eczema was
managed via topical steroids and avoidance of the family
dog. Within several months her weight had rebounded to
the 25th percentile for age. She remains on an egg-free diet,
as accidental exposure to egg has caused hives.

DISCUSSION

Though eczema and food allergies commonly coexist, pre-
vious studies suggest that only a small fraction of eczema
cases are triggered by food allergies [4,5]. In these instances,
the interpretation of food allergy testing via skin-prick test-
ing and/or specific IgE must be interpreted with caution
as positive results do not necessarily correlate with clinical
symptoms [9]. Furthermore, positive predictive values vary
dramatically by food. A study of skin and blood testing com-
pared to double-blind placebo-controlled food challenges
found that the positive predictive values of skin testing to
milk and soy were 66% and 33% respectively [11].

As demonstrated by these cases, elimination diets in the
absence of nutritional counseling can lead to severe malnutrition
and associated complications [Table 1]. Similar cases of severe
hypoalbuminemia resulting from rice milk have been described
[12]. In all three of these cases the malnutrition resolved on
elemental formula, and their eczema was managed via topical
treatments.

In cases of eczema worsened by food allergies, careful dietary
management is essential for preventing malnutrition. Cross-
reactivity between mammalian milks (cow, sheep, goat) has been
shown to be high [13]. Though allergy to soy in patients with IgE-
mediated allergy to cow’s milk is relatively low [14], confirmatory
testing is recommended in these cases. Alternatives to cow’s milk
[Table 2] such as rice or almond milk, in spite of fortification, are
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Table 1. Patient characteristics and complications of elimination diets

Age at onset of Length of elimination Albumin at Absolute Infectious Other
Patient hypoproteinemia (mos) diet (mos) presentation (g/dl) eosinophil count complications complications
1 19 6 1.6 Bactermia: Pseudomonas aeruginosa Acute renal failure
H1N1; osteopenia

265-1065 Fungemia: Candida glabrata Left tibial fracture

2 16 4 1.2 422-539 None Anemia

3 12 5 29 104-182 None Failure to thrive
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not a sufficient protein source. In the case of significant dietary
restrictions, guidance from a nutritionist is essential. The recom-
mended protein intake for children aged 0-6 months is 1.5 g/kg,
1.2 g/kg for children aged 7-12 months, and 1.1 g/kg/day for chil-
dren aged 1-3 years. Hydrolyzed or elemental formulas provide a
safe alternative for children allergic to cow’s milk or soy.

Corresponding author:

Dr. M.D. Keller

Division of Allergy & Immunology, The Children’s Hospital of Philadelphia,
3550 Market Street 3rd floor, Philadelphia PA, 19104, USA

Phone: (1-215) 590-2549, Fax: (1-215) 590-4529

email: kellermd@email.chop.edu

2010; 30: xv.

8. Nicol NH, Boguniewicz M. Successful strategies in atopic dermatitis
management. Dermatol Nurs 2008; (Suppl): 3-18; quiz 19.

9. Leung DY, Nicklas RA, Li JT, et al. Disease management of atopic dermatitis:
an updated practice parameter. Ann Allergy Clin Immunol 2004; 93: S3-21.

10. Sampson HA, Ho DG. Relationship between food specific IgE and the risk of
positive food challenges in children and adolescents. ] Allergy Clin Immunol
1997; 100: 444-51.

11. Sicherer SH. Epidemiology of food allergy. J Allergy Clin Immunol 2011; 127;
594-602.

12. Novembre E, Leo G, Cianferoni A, Bernardini R, Pucci N, Vierucci A. Severe
hypoproteinemia in infant with atopic dermatitis. Allergy 2003; 58: 88-9.

13. Sicherer SH. Clinical implications of cross-reactive food allergens. J Allergy
Clin Immunol 2001; 108: 881-90.

14. Katz Y, Rajuan N, Goldberg MR, et al. Early exposure to cow’s milk protein

is protective against IgE-mediated cow’s milk protein allergy. J Allergy Clin
Immunol 2010; 126: 77-82.

A novel immunodeficiency disorder characterized by genetic amplification of interleukin-25

Many primaryimmunodeficiency disorders of differing etiologies
have been well characterized, and much understanding of
immunological processes has been gained by investigating the
mechanisms of disease. Green et al. have used a whole-ge-
nome approach, employing single-nucleotide polymorphism and
gene expression microarrays, to provide insight into the mol-
ecular etiology of a novel immunodeficiency disorder. Using
DNA copy number profiling, the researchers defined a hyperploid
region on 14g11.2 in the immunodeficiency case associated

with the interleukin (IL)-25 locus. This alteration was associated
with significantly heightened expression of IL-25 following T cell
activation. An associated dominant type 2 helper T cell bias in
the immunodeficiency case provides a mechanistic explanation
for recurrence of infections by pathogens met by Th1-driven
responses. Furthermore, this highlights the capacity of IL-25 to
alter normal human immune responses.
Genes Immunity 2011; 12: 663
Eitan Israeli
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ABSTRACT:

KEY WORDS:

Background: In the last two decades milk oralimmunotherapy
has gained interest as an effective treatment option for milk-
allergic patients.
Objectives: To report on the efficacy of a milk oral immu-
notherapy.
Methods: Children with immunoglobulin E-mediated cow's
milk allergy were included in the protocol. The treatment
consisted of an induction phase in which milk doses were
increased weekly in the hospital, while the tolerated dose
was continued daily at home. The goal was to achieve a
minimum milk intake of 200 ml a day. During the maintenance
phase, patients ingested at least 200 ml of milk in a single
dose every day.
Results: The protocol was applied to 105 milk-allergic
children diagnosed by specific IgE to milk and controlled oral
food challenge. The mean duration of the induction phase
was 19 weeks. Of the 105 subjects, 86 (81.9%) successfully
complied with the protocol and 19 (19.1%) failed. Causes
of failure were moderate/severe reactions in 12 patients
(12.44%) and personal reasons in 7 (6.66%). A total of 182
adverse reactions occurred during the induction phase, most
of them mild. Baseline specific IgE to milk and casein was
significantly lower (P<0.05) in the successfully treated group
compared to the group in which the treatment failed.
Conclusions: Milk oral immunotherapy is a safe and effective
treatment for milk-allergic children, although adverse reactions
may occur. Baseline milk and casein-specific IgE may be useful
to predict a good response to milk oral immunotherapy.

IMAJ 2012; 14: 43-47
food allergy, milk, children, oral immunotherapy,
immunoglobulin E-mediated allergy

D uring the last two decades food allergy has become an
important public health disorder, affecting both children
and adults [1]. The severity and frequency of food allergy are
growing problems and a cause of impaired quality of life [2].
Cow’s milk allergy is the most frequent food allergy in
infants, affecting 2%-3% of children under 1 year of age [3,4].

Milk allergy is considered a transient disorder and usually
develops in the first 3 years of life [5]. However, some reports
described more than 19% of children over 5 years old with
ongoing milk allergy and 11% who had not recovered by age 8
years [6]. Patients with persistent cow’s milk allergy have more
severe reactions and a different immunological pattern than
those with transient allergy [7].

Traditionally, the only treatment for milk-allergic children
was a strict avoidance diet and the rescue treatment of acute
reactions after accidental ingestions [8]. The potential fatality
risk of a severe reaction after an unknowing ingestion of con-
taminated food, together with the frequent difficulty to under-
stand food allergen advisory labelling [9] necessitate seeking a
more effective treatment than merely a milk-free diet [10].

Milk oral immunotherapy is a promising treatment that has
advanced considerably in the last few years and its efficacy is
supported by growing evidence. The treatment regimen con-
sists of step-dose milk administration. Depending on the goal
of the treatment, the final tolerated dose can be a small protec-
tive dose in case of an accidental exposure, or a larger dose for
following a diet with no restrictions and a minimum milk daily
amount intake ranging from 150 to 250 ml. In both cases, the
aim is to reach milk tolerance, either by tolerance induction
where permanent tolerance is achieved, or by desensitization
where a continued and regular intake of the allergen is manda-
tory to maintain the protective effect [8].

We describe the efficacy of a milk oral immunotherapy
protocol designed to achieve tolerance at a minimum dose of
200 ml of milk per day. This protocol has been applied in our
outpatient clinic for the last 5 years in 105 pediatric patients.

PATIENTS AND METHODS

In this prospective open-label study, consecutive patients who

attended the Allergy Department of Nifio Jesus Paediatric

Hospital between 2006 and 2011 were enrolled according to

the following inclusion criteria:

o Children aged 2 to 18 years old

« A history suggestive of immediate milk allergy within the
first 2 hours of ingesting milk
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 IgE-mediated allergy to cow’s milk diagnosed by at least
one of the following:
> Positive skin-prick test to whole cow’s milk or at least
one cow’s milk protein: casein, alpha-lactalbumin, beta-
lactoglobulin (Leti, Barcelona, Spain), with a wheal
diameter 3 mm larger than the saline control
> Detection of specific IgE > 0.35 kU/L to whole milk or
any of its proteins, measured by fluorescence enzyme
immunoassay (Phadia, CAP System, Uppsala, Sweden)
« Positive milk oral challenge: anaphylactic children or those
who experienced an immediate and unequivocal reaction
after milk ingestion within the previous 3 months, who did
not overcome the challenge and were considered allergic
to milk.

The exclusion criteria were malignant or autoimmune disease
or associated diseases contraindicating the use of epinephrine,
such as severe hypertension, and a poor compliance to protocol.
The study was approved by the hospital’s ethics committee and
informed consent was obtained from all parents/guardians and
children over 12 years old prior to their participation.

MILK ORAL CHALLENGE

Both challenges and immunotherapy were performed with
commercially available milk with a protein concentration of
0.03 g/ml. Parents were advised to use the same brand through-
out the protocol, and fatted, skimmed or semi-skimmed milk
to avoid reactions due to different protein concentrations.
Calcium-enriched milk was to be avoided since it contains a
higher quantity of protein that may lead to overdosing and the
resultant adverse reactions.

The milk oral challenge was performed in children who met
the inclusion criteria with increasing amounts of milk as fol-
lows: 0.2, 0.5, 1, 2.5, 5, 10, 25, 60 and 145 ml on the same day.
It was considered negative if children tolerated a total ingestion
of 250 ml of milk. The challenge was considered positive if
an objective symptom was observed. Patients whose challenge
was negative were not included in the protocol and they were
considered not allergic.

MILK ORAL IMMUNOTHERAPY PROTOCOL
The milk oral immunotherapy was performed in the Allergy
Department under the supervision of the medical and nursing
staff. Cardiopulmonary resuscitation measures and a pediatric
intensive care unit were available for the treatment of possible
adverse reactions. The milk oral immunotherapy consisted of
two phases: the induction phase and the maintenance phase.
+ Induction Phase: Initiated 1 week after a positive oral milk
challenge, this phase involved increasing the milk doses
weekly at the clinic and continuing at home with a daily

IgE = immunoglobulin E

Table 1. Induction phase of the two methods used (dilutions were
performed in water)

Induction Phase

Induction Phase* Slow escalation dose**

Protein Drops Protein
Day ml (8) Day  diluted1/25 Drops ml (g)
1 0.05  0.0015 1 1 = - 0.00006
1 0.1 0.003 7 2 - - 0.00013
1 0.3 0.009 14 4 = - 0.00026
1 0.6 0.018 21 8 - - 0.0005
2 0.6 0.018 28 16 = - 0.001
2 1 0.03 35 32 - - 0.002
2 2.5 0.08 42 64 = - 0.004
7 4 0.13 49 - 5 - 0.008
14 6 0.19 56 = 10 - 0.016
21 8 0.26 63 - 20 - 003
28 10 0.32 70 = = 2 0.06
35 12 0.38 7 - - 4 0.13
42 15 0.475 84 = = 6 0.19
49 20 0.64 91 - - 8 0.26
56 25 0.795 98 = = 10 0.32
63 30 0.95 105 - - 12 038
70 40 1.28 112 = = 15 0.475
7 50 1.59 119 - - 20 0.64
84 75 2.385 126 = = 25 0.795
91 100 3.18 133 - - 30 095
98 125 3.975 140 = = 50 1.59
105 150 477 147 - - 75 2385
112 200 6.36 154 = = (1]0 3.18
- - - 161 - - 14 445

0

= = = 168 = = 50 6.36

* Modified from Martorell et al. [13]
**Modified from Meglio et al. [14]

intake of the tolerated dose. Dairy products were not per-
mitted during the induction phase. The dose-up methodol-
ogy is shown in Table 1 [12,13]. The protocol was designed
to achieve a total amount of 200 ml in 16 weeks. However,
the induction phase was longer in patients who experienced
adverse reactions. When a dose in the induction phase was
not tolerated, the patient was treated and referred home
for 1 more week with the previous tolerated dose, and a
second attempt was made later on. Patients were treated
with antihistamines (cetirizine) once a day throughout the
entire induction phase. Patients were instructed to take the
dose at a quiet time of the day; exercise was prohibited for
2 hours before and after the intake to avoid a predisposing
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factor that may precipitate a reaction. A symptoms diary
was given to the patient for noting any adverse reaction
during the week. Written instructions were given and the
parents were trained to treat any reaction that may occur
during the immunotherapy. Parents were also advised to
contact their allergist if any reaction occurred. A so-called
slow dose-up protocol was performed [14] in patients at
“high risk”: namely, patients over 10 years old with a previ-
ous anaphylactic reaction and/or sIgE >100 kU/L, and those
who failed the afore-mentioned protocol.

+ Maintenance Phase: Once a 200 ml intake of milk was
achieved in the hospital, treatment with cetirizine was dis-
continued and a minimum home daily intake of at least 200
ml of milk was advised. Larger amounts of milk and dairy
products were also allowed. Cheese was forbidden based
on the observation of adverse reactions following goat and
sheep milk ingestion [15] and the report of cross-sensitiza-
tion between milk proteins from other species [16].

Following the guidelines of Clark and Ewan [17], adverse
reactions were registered and classified according to severity as
mild (oral allergy syndrome, erythema, rhinitis, conjunctivitis,
local urticarial, vomiting), moderate (generalized urticaria and
angioedema, mild bronchospasm), and severe (moderate/severe
bronchospasm, shortness of breath, anaphylactic shock).

Milk oral immunotherapy was interrupted and classified as
a treatment failure when two or more severe reactions occurred
or repeated moderate reactions appeared. It was also stopped if a
decrease in quality of life was detected, if parents/patient decided
to stop, or if compliance was poor according to the clinician.

VARIABLES MEASURED AND STATISTICAL ANALYSIS

Skin-prick tests were performed following European guidelines
[11]. Blood samples were collected to measure total IgE and
sIgE (UNICAP, Phadia, Sweden) to cow’s milk and proteins.
Immunological tests performed before the induction phase
were considered as baseline values. Baseline skin-prick tests and
sIgE to whole milk, casein, a-lactalbumin and p-lactoglobulin
were compared between patients who successfully completed
the treatment and those who failed, using the t-test. Failures for
personal or family reasons were not included in the analysis.
Differences were considered significant when P < 0.05.

RESULTS

The study population comprised 105 children who met the
inclusion criteria and were aged 2-15 years old (mean SD 6.37
+ 3.09). Distribution by age (in years) is shown in Figure 1.
Sixty-three of the 105 were male (60%). Doses eliciting symp-
toms in the inclusion oral milk challenges varied from 0.2 to

sIgE = specific IgE

Figure 1. Distribution by age (years) of the children treated with milk
oral immunotherapy
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145 ml (mean SD 10 + 45.7 ml) and their frequency, according
to severity of reaction, was 66.66% mild, 32% moderate, and
1.33% severe. Fourteen patients did not perform the challenge
and they were included in the protocol based on unequivocal
symptoms or anaphylaxis after milk intake. Mean results of
baseline skin-prick test (mm) were: whole milk 5, ALA 6, BLG
6, casein 5. Baseline sIgE (kU/L) to milk ranged from 0.35 to
216 (mean SD 22.5 + 25.7), ALA from 0.35 to 220 (mean SD
9.6, +SD 17.5), BLG from 0.35 to 100 (mean SD 6.27 + 13.6)
and casein from 0.35 to 267 (mean SD 19.9 + 25.33).

Of the 105 patients, 86 (81.9%) successfully completed the
treatment and 19 (19.1%) failed. Twelve patients withdrew
from the treatment due to moderate/severe reactions and 7 for
personal reasons. A 12 year old child achieved partial tolerance
(60 ml) for 4 months. Due to poor compliance and oral allergy
syndrome, the dose of milk was reduced to 40 ml for a further
4 months. However, he refused to follow the treatment and was
classified as a failure due to family/patient decision.

Adverse reactions during the induction phase led to extend-
ing the time, thus the total mean duration of the induction phase
was 19 weeks (£ SD 8.7). Thirty-one patients (29.5%) did not suf-
fer any reaction at all. During the induction phase 182 adverse
reactions occurred in 74 patients (70.5%); 98.3% were mild or
moderate. Severe symptoms were observed in 3 children (1.7%
reactions, 2.85% patients) who suffered severe bronchospasm
immediately after milk intake. All of these reactions occurred
in the hospital and were reverted with adrenaline.

Baseline skin-prick test comparison between the success-
ful and failed groups showed no differences. Specific IgE to
milk, ALA, BLG and casein is shown in Table 2, and no dif-
ferences were found in ALA and BLG-sIgE between the two
groups. However, a significant lower baseline sIgE to milk
and casein was found in the successful group (P < 0.05).

Two patients were classified as high risk. After two failures
with the regular protocol due to repeated moderate/severe reac-

ALA = alpha-lactalbumin
BLG = beta-lactoglobin
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Table 2. Comparison of specific IgE to milk, ALA, BLG and casein
between patients who successfully completed the treatment and
those who failed

Milk sIgE ALA-sIgE  BLG-sIgE  Casein-sIgE

Success 19.24 9.75 6.30 16.07
(n=73) (n=73) (n=73) (n=73)

Failures 42.91 9.44 5.29 43.32
(n=9) (n=9) (n=9) (n=9)

Statistical difference  P=0.007* P=0.962 P=0.837 P=0.001*

sIgE = specific immunoglobulin E, ALA = alpha-lactalbumin,
BLG = beta-lactoglobulin

tions they were treated with a slow dose-up method [14]. One
of them was an anaphylactic 10 year old boy whose baseline
milk IgE was 13 kU/L and casein sIgE 10 kU/L. The use of the
slow dose-up protocol in this patient took 39 weeks and no
adverse reactions were recorded. During the maintenance phase
he did not experience any adverse reaction and today he ingests
200 ml of milk daily without symptoms. The second patient
was a non-asthmatic 14 year old boy who experienced anaphy-
lactic reactions after dietetic transgressions. Regular milk oral
immunotherapy treatment failed twice with an interval of 18
months. Milk and casein sIgE was > 100. The induction phase
of the slow dose-up method lasted 39 weeks. He experienced
moderate reactions including mild bronchospasm, generalized
urticaria and severe bronchospasm that were treated with two
doses of adrenaline. Cetirizine and inhaled fluticasone were
administered throughout the remaining induction phase. After
2 months in maintenance phase, he tolerated a daily dose of
200 ml of milk.

DISCUSSION

Elimination diet represents the current treatment for milk-
allergic children; this treatment is difficult to comply with,
especially in the younger population, and any unknowing
contact with the culprit food may unleash a severe reaction.
Among other therapeutic approaches, milk oral immuno-
therapy is an interesting optional treatment and is applied
widely. Although an increasing number of allergists and
researchers have contributed to our current knowledge on
this topic during the last few years [12-14,18], there remain
several unmet needs that require further investigation. First,
there is a discrepant terminology to name this treatment, cur-
rently known as oral immunotherapy, tolerance induction,
and desensitization. Second, there are no recommendations
for the long-term clinical and immunological follow-up.
Third, many different protocols have been published, from 3
days (rush milk oral immunotherapy) [19,20] to a 6 month
regimen (slow dose-up oral immunotherapy) [14]. Fourth,
there is a lack of studies both comparing different oral immu-
notherapy regimens and defining different patients’ pheno-

types in order to perform tailored oral immunotherapy to
minimize risks and maximize adherence.

For the last 5 years we have been applying this treatment
to milk-allergic children with a mean age of 6 years old and
a sIgE to milk and casein of 22.5 and 19.9 kU/L, respectively.
That means the treatment was performed in older children
with high levels of sIgE to milk and casein, which implies a
risk of adverse reactions. In our experience, this is an effec-
tive treatment (81.9% success rate). Skripak et al. [12] report
a success rate of 95%; we think this difference may be due to
the smaller number of patients treated, pointing to a possible
selection bias. The average age was also younger than in our
study, which suggests a higher probability of children in their
study having transient rather than persistent allergy [12]. We
found that baseline milk and casein sIgE were significantly
lower in patients who successfully completed treatment, which
is consistent with previous publications related to the natural
outcome of milk allergy. Rottem and co-authors [21] observed
that milk sIgE during the first year of life can serve as a predic-
tor of the persistence of milk allergy and they reported a posi-
tive predictive value of 82.6% to casein sIgE > 3 IU/ml at age 3
years. Furthermore, most of the patients with persistent milk
allergy showed IgE binding epitopes on caseins as compared to
none of the patients with transient milk allergy [22]. Although
we did not establish a cutoff point, we conclude that milk and
casein-sIgE are useful tools to determine whether a patient will
be successfully treated with milk oral immunotherapy. No dif-
ferences were observed in baseline ALA and BLG sIgE.

Both patients and parents reported a subjective improvement
in their quality of life after the treatment. However, it is notewor-
thy that 6.66% of the patients (36.89% of the failures) failed due
to family or personal reasons. This reflects the difficulties that
parents and children have in adhering to the protocol.

Adverse reactions were observed in 69.5% of patients,
most of which were mild, and the majority of patients did
not receive rescue medication or were treated with oral anti-
histamines. Administration of antihistamines throughout the
induction phase could be argued for, but in our experience
this treatment did not mask any symptom apart from oral
allergy syndrome and facilitated patient compliance. We
found major differences in the literature regarding adverse
reactions, ranging from 45.4% [12] to 80% [13]. We think
this may be due to a misclassification of severity of adverse
reactions or differences in grading systems.

The introduction of milk oral immunotherapy to patients
with severe cow’s milk allergy is controversial. Although it
implies exposing the patient to the risk of a severe reaction
with every increase in dosage, the possibility of an anaphylactic
reaction following the accidental ingestion of a small amount of
allergen at any time and not in a controlled manner as occurs
in oral immunotherapy mandates seeking new therapeutic
approaches. The combination of omalizumab and milk oral
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immunotherapy has shown encouraging results [18]. Longo et
al. [23] observed that 36% of a selected group of “very severe
milk allergic children” who underwent 10 days of a dose-up
protocol could tolerate larger volumes of milk. Meglio and team
[14] described a slow dose-up protocol of 6 months duration
to achieve a total amount of 200 ml, reaching a rate of 71.4%
successful treatments. Kaneko et al. [24] recently reported
their experience of up-dosing every 2 weeks, resulting in an
80% success rate. In our series, 2 of the 105 patients suffered
repeated moderate to severe reactions that required adrena-
line treatment several times during the induction phase of our
16 week protocol. One of these two patients was successfully
treated with a slow dose-up regimen. Our limited experience
with long-term protocols does not allow us to infer whether it
should be applied instead of the shorter regimen.

Since we began to implement milk oral immunotherapy
we have observed a growing demand from patients and
allergic patient organizations to include it in daily clinical
practice. However, and taking into account that this treat-
ment is not without risk, we believe that milk oral immuno-
therapy should be implemented as a routine treatment only
in experienced allergy departments that dedicate a portion of
their time exclusively to food oral immunotherapy and where
resuscitation measures are available. Although milk oral
immunotherapy is a time-consuming treatment and neces-
sitates a considerable effort by both clinicians and patients,
the risk-benefit balance is positive. The disadvantages of milk
oral immunotherapy are the following: risk of an adverse
reaction, parents’ fear, low compliance, poor accessibility to
allergists, and distance to the hospital. In contrast, the ben-
efits observed were dietary improvement [25] and the general
subjective perception of a better quality of life.

Milk oral immunotherapy is an effective treatment option
for milk-allergic children. Further studies are needed to assess
biomarkers of good response to milk oral immunotherapy and
to optimize the best method in terms of efficacy and safety.
Finally, an international position paper is essential before milk
oral immunotherapy can be implemented in routine practice.
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harles May introduced physician-
C supervised diagnostic double-blind
placebo-controlled oral food challenge into
mainstream clinical practice in 1976 [1].
Since then, the oral food challenge has been
accepted as a procedure that can be used to
definitively establish whether a food is the
cause of adverse reactions [2,3].

OFC may be performed to confirm
that an allergic or other adverse reac-
tion to a food or food additive exists or
that it has resolved [4]. The decision to
proceed to OFC is complex and may be
influenced by many factors, including the
patient’s medical history, age, past adverse
food reactions, skin-prick tests and serum
food-specific immunoglobulin E antibody
tests, and concomitant food allergies [5].
The decision is also influenced by the
importance of the food to the patient due
to its nutritional value, its universal pres-
ence in commercial foods or ethnic diets,
and by the patient’s/family’s preferences.

Oral food challenges can be performed
openly or in a single or double-blinded
manner. OFCs are expensive, time and
labor-consuming and usually are not
easily available for patients. They are
considered safe; there have been no asso-
ciated deaths from OFC reported in the
literature indexed since 1976 in Pubmed.
However, OFCs do have inherent risks,
including acute allergic reactions with

OFC = oral food challenge

potentially life-threatening anaphylaxis,
exacerbation of atopic dermatitis, and
emotional distress — particularly in older
children, teenagers and adults who may
become more anxious about their food
allergy. In patients with cardiovascular
disease, anaphylaxis or its treatment could
result in morbidity. A possible effect of a
positive OFC on preventing or delaying
resolution of a food allergy has not been
studied systematically. The benefits of a
positive OFC include a conclusive diag-
nosis of food allergy demonstrating the
need for continued counseling in strict
avoidance of the food, reduced risk of
inadvertent exposures, reduced anxiety
about the unknown, and validation of
the patients’ and families’ efforts to avoid
a food. The benefits of a ‘negative’ OFC
include expanding the diet and improving
the patient’s nutrition and quality of life.
In spite of the clear benefits of the
OFCs, they are frequently deferred due
to the concern regarding severe reactions.
To address this obstacle, Cianferoni and
colleagues [6] developed a Food Challenge
Score, a system that could predict the
anaphylactic reaction as an outcome of
an OFC. They retrospectively analyzed
data from over 1000 OFCs to cow’s milk,
egg and peanut performed openly over a
5 year period. Overall, 47% of the chal-
lenges resulted in an allergic reaction; 24%
patients developed anaphylaxis (defined as
amultisystem reaction), and 10.7% reacted
to less than 1 g (eliciting dose) of the chal-
lenge food. They observed no significant
differences in reaction severity of the elic-
iting dose between children with or with-
out prior reaction history. The children
with a multisystem reaction were older
and had a past history of non-cutaneous

reactions. Among the children with prior
history of reactivity, 21% had multisystem
reactions. Using a multivariate regression
analysis they identified factors indepen-
dently associated with a positive OFC.
These factors included age older than 5
years, prior reaction with gastrointestinal
or respiratory symptoms or anaphylaxis,
skin-prick test wheal greater than 9 mm,
and serum food-specific IgE concentra-
tion greater than 5 KU/L. The probability
of anaphylaxis and anaphylaxis to less than
1 g of food during an OFC increased with
increased score for all tested foods.

These findings are interesting and
could be used to facilitate selection of the
optimal candidates for office food chal-
lenges. However, the proposed system
has some limitations. First, even with the
score of 4, the probability of anaphylaxis
during challenge was only 0.45 for milk
and about 0.05-0.1 for egg and peanut.
Second, with the score of 0, the probability
of anaphylaxis to milk was about 0.65. This
underscores the critical importance of hav-
ing emergency medications immediately
available at the bedside during oral food
challenges and close monitoring during
and following the OFC. Third, there were
no data provided regarding the distribu-
tion of the challenge score in the studied
population and whether the scores were
distributed normally or skewed towards
lower or higher scores, which might have
affected the probability curves. Finally,
clinical judgment might override the
scoring system. For example, a 3 year old
child who recently developed diffuse hives
following ingestion of a food contami-
nated with peanut and whose peanut-IgE
is 4 KU/L and SPT 6 mm has a score of 0
but would not usually be considered for a
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challenge in clinical practice. In contrast,
a teenager with a distant history of peanut
anaphylaxis, peanut IgE 5 KU/L, SPT wheal
size 10 mm and a recent accidental inges-
tion of a small amount of peanut candy
without symptoms would be considered
for a challenge with a score of 3. The
authors also did not discuss the difference
between their proposed score and the epi-
demiological risk factors for anaphylaxis,
such as asthma, that was not included in
their score. It might have been due to the
high frequency of asthma among the study
subjects, but without a better characteriza-
tion of the baseline clinical features of the
study population it is not possible to draw
conclusions on this issue.

Nevertheless, the Food Challenge
Score seems to identify subjects at high
risk for a severe reaction during the oral
food challenge and may merit validation
in studies with a more rigorous design
and in different patient populations.
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Biologic therapies have revolutionized the treatment of
rheumatic diseases in the past decade. As with any drug,
however, a variety of important safety concerns affect
the choice and use of these agents. Several issues, such
as the risk of infection, malignancy, or administration
reactions, apply to all of these compounds, although some
conditions that affect patient selection and management
within these categories seem to be specific to particular
biologic treatments. Other safety concerns with biologic
agents, such as congestive heart failure, demyelinating
disease, and hyperlipidemia, are associated with individual

agents. Despite all these concerns, the therapeutic indices
for biologic agents remain fairly high in relation to non-
biologic DMARDs. Available safety data for all biologic
agents approved for the treatment of rheumatoid arthritis
were reviewed by Woodrick and Ruderman, who conclude
that with careful patient selection and appropriate vigilance
on the part of treating physicians and other care providers,
these compounds can be safely integrated into the
therapeutic plan.
Nature Rev Rheumatol 2011; 7: 639
Eitan Israeli

Israeli scientist develops technology to diagnose hearing loss

A researcher at Tel Aviv University has developed a fast-
track gene-based technology to diagnose hearing loss. Prof.
Karen Avraham, working in a unique collaboration with Prof.
Moein Kannan from Bethlehem University, used “exome
deep sequencing” — a method that sequences thousands
of genes at a time. Exome sequencing collects relevant
DNA from specific sites of the body. The process was used
to identify five genetic mutations leading to deafness in a
population of 11 Jewish Israelis and Palestinian Authority
Arabs. None were related to each other, but all had deafness

in their families. This method is faster and cheaper than
current methods. Of the more than 28 million Americans who
are hearing impaired, at least half of the cases can be traced
to genetic causes. The condition is especially challenging
for children born with hearing impairment, because spoken
language, reading and cognitive development are all tied to
hearing. Prof. Avraham commented: “This new technology
is changing the way we practice genomic medicine, and
revolutionizing genetic diagnostics.”

Israel High-Tech & Investment Report

“Money is better than poverty, if only for financial reasons”

Woody Allen (born 1935), American screenwriter, director, actor, comedian, jazz musician, author, and playwright. Allen's films
draw heavily on literature, sexuality, philosophy, psychology and Jewish identity
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Can Feeding Practices during Infancy Change

the Risk for Celiac Disease?
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eliac disease is an immune-mediated disorder that occurs in
C genetically susceptible individuals and manifests as gastro-
intestinal and systemic symptoms that are induced by gluten and
related prolamines (found in wheat,
rye and barley) [1]. In recent years it
became apparent that celiac disease
is much more common than previ-
ously thought, affecting 0.5%-1% of
the population [2]. In addition to symptoms that range from
minor complaints to severe symptomatic presentation [3], celiac
disease carries an increased morbidity burden (iron deficiency
anemia, osteopenia, increased prevalence of autoimmune dis-
orders, infertility) and increased mortality [4,5]. Since celiac
disease requires the life-long elimination of prolamines from the
diet, a gluten-free diet is currently the only treatment available
for the disease [3]. In addition, the economic burden of celiac
disease on society is high; our group recently showed that in
certain situations the early identification of celiac disease can be
cost-eftective [6,7]. However, the best strategy that will decrease
the burden of this disorder is to prevent its occurrence.
The aim of this review is to provide readers with current
evidence on the effects of feeding practices during infancy on
the risk of celiac disease developing.

THEORETICAL CONSIDERATIONS

Breast milk is the natural food for infants and the optimal exclu-
sive food for infants until the age of 6 months [8]; all infants
should therefore be breastfed.
However, in the context of celiac
disease, the question is whether
breastfeeding protects the infant
from developing the disease. Theoretically, breast milk could
induce tolerance to gliadin due to several factors: the pres-
ence of gliadin in human milk, the reduction in prevalence
of acute gastroenteritis in breastfed infants, differences in gut
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Gluten should be introduced to the
infant’s diet when the infant is still
being breastfed and not before 4
months or after 7 months of age

The introduction of gluten while the infant
is being breastfed may be beneficial in
delaying or preventing celiac disease

microbiota, and the reduced intestinal permeability observed
in breastfed infants.

More than 20 years ago, Troncone and colleagues [9] showed
that after the ingestion of 20 g of gluten by breastfeeding moth-
ers (n=53), gliadin was detected in 54 of 80 human milk samples
(41/53 in the first week, 8/17 at 6 weeks, 3/6 at 3 months and 2/4
at 5 months of age). In that study, maximum levels were found
2-4 hours after the ingestion of gliadin and the concentration
of gliadin ranged between 5 and 95 ng/ml. In that study [9]
no gliadin was detected in maternal
serum. In another study, Chirdo et al.
[10] found gliadin in all 49 milk sam-
ples and the concentration ranged
between 5 and 1200 ng/ml. In colos-
trum (n=14), gliadin levels were much higher (range 28-9000
ng/ml) and gliadin was present in 14/31 serum samples.

Breastfeeding protects against acute gastroenteritis, while
repeated episodes of acute gastroenteritis have been linked
to increased risk of celiac disease [11,12]. This reduction in
the incidence of acute gastroenteritis could be mediated via
immunoglobulins and cytokines present in human milk as
well as by the reduced intestinal permeability observed in
breastfed infants compared to formula-fed infants [13]. In
addition, human milk causes alterations in gut microbiota
[14] and there are emerging data on the association between
changes in gut microbiota and celiac disease [15,16].

CLINICAL EVIDENCE

A few retrospective studies have demonstrated a negative associa-
tion between the duration of breastfeeding and the occurrence
of celiac disease [17-20]. However, in one of these cohorts, it was
noted [17] that there was no change in the overall prevalence of
celiac disease in breastfed infants compared to controls, suggesting
that breastfeeding may only delay
the presentation of the disease but
does not prevent it. Furthermore,
there are studies where no signifi-
cant difference in the prevalence of celiac disease was detected
between breastfed and non-breastfed subjects [21,22].

Some indications for the role of breastfeeding can be taken
from the Swedish epidemic, where recent data suggest a 3%
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prevalence of celiac disease in the cohort born during the epi-
demic [20,23]. When analyzing the association between feed-
ing practices and celiac disease during the epidemic, Ivarssson
et al. [20] found that the risk to
develop celiac disease was lower
in children under 2 years of age
if these children were still being
breastfed when dietary gluten was
introduced (odds ratio 0.59, 95%
confidence interval 0.42-0.83).
A further decrease in the risk to develop celiac disease was
observed when breastfeeding was continued after gluten was
introduced to the diet (OR 0.36, 95% CI 0.26-0.51) [20].

In a meta-analysis including the Ivarsson cohort, it was
shown that the risk to develop celiac disease was significantly
reduced in infants who were breastfed at the time of gluten
introduction to their diet (pooled OR 0.48, 95% CI 0.40-0.59)
compared to infants who were not breastfed at the time of glu-
ten exposure [24]. In a later study, Akobeng and co-researchers
[25] estimated that if all babies were breastfed at the time of
gluten introduction, 2500 cases in the United Kingdom would
be prevented every year.

The best available data on the age of gluten introduction
come from a prospective study done in the United States [26].
This study was a prospective observational study that followed
1560 children in Denver between 1994 and 2004. These chil-
dren were at increased risk for type 1 diabetes mellitus defined
as having a first-degree relative with type 1 diabetes, or celiac
disease defined as having human leukocyte antigen-DR3 or
DR4 alleles. Risk for celiac disease was defined based on positive
serology for the disease (tissue transglutaminase antibodies) on
two or more consecutive visits or being serology-positive on
one visit with a positive small bowel biopsy for celiac disease.
This prospective study by Norris et al. [26] showed that children
exposed to gluten in the first 3 months of life had a fivefold
increased risk of having celiac disease than children exposed to
gluten between 4 and 6 months of age. Furthermore, children
not exposed to gluten until 7 months of life or later had an
almost twofold increased risk compared with those exposed
at 4 to 6 months (hazard ratio 1.87, 95% CI 0.97-3.60). When
the analysis was limited to biopsy-diagnosed celiac disease,
the hazard ratio was 23.97 (95% CI 4.55-115.9) for children
exposed to gluten during the first 3 months of life compared to
the 4-6 months exposure group, and 3.98 (95% CI 1.18-13.46)
in the group exposed at 7 months or later.

Despite all of the above, it is not clear whether breastfeeding
and the age of introduction of gliadin prevent celiac disease or
merely delay its onset. In order to shed light on the relation-
ship of breastfeeding, age at introduction of gluten and celiac
disease, a prospective cohort funded by the European Union
(PREVENTCD, FP6) was initiated in 10 European centers [27].
In this PREVENTCD cohort, pregnant women with a family

While the infant’s age at introduction
of gluten and the amount are yet to be
established, we should remember that
breast milk is the natural food for infants
and is the optimal exclusive food for
infants until the age of 6 months

history of celiac disease were recruited and HLA4 of the new-
born was determined at birth. By the end of December 2010,
a total of 1345 children were recruited at birth and 986 (73%)
with positive HLA DQ status were
enrolled. Mothers were instructed
to breastfeed for 6 months if
possible. At the age of 4 months,
infants were randomized to a study
group ingesting 100 mg of gliadin
or placebo (no gliadin) every day.
Complete results will be available when all children reach the
age of 3 years, and it is hoped that the study will provide us
with answers on the effect of breastfeeding and age of gluten
introduction on the occurrence of celiac disease.

Meanwhile, based on all available data until 2009, the
ESPGHAN Committee on Nutrition recommendations are
still valid. These recommendations state that both early (less
than 4 months) and late (7 or more months) introduction of
gluten should be avoided and that gluten be introduced into
the diet when the infant is still being breastfed [8].
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Structural basis of RNA recognition and activation by innate immune receptor RIG-I

Retinoic-acid-inducible gene-I (RIG-I, also known as DDX58) is
a cytoplasmic pathogen recognition receptor that recognizes
pathogen-associated molecular pattern (PAMP) motifs to
differentiate between viral and cellular RNAs. RIG- is activated
by blunt-ended double-stranded (ds)RNA with or without a
5'-triphosphate (ppp), by single-stranded RNA marked by a
5'-ppp and by polyuridine sequences. Upon binding to such
PAMP motifs, RIG-I initiates a signaling cascade that induces
innate immune defenses and inflammatory cytokines to
establish an antiviral state. The RIG-I pathway is highly
regulated and aberrant signaling leads to apoptosis, altered
cell differentiation, inflammation, autoimmune diseases and
cancer. The helicase and repressor domains (RD) of RIG-I
recognize dsRNA and 5'-ppp RNA to activate the two amino-
terminal caspase recruitment domains (CARDs) for signaling.
In order to understand the synergy between the helicase and
the RD for RNA binding, and the contribution of ATP hydrolysis
to RIG-I activation, Jiang and fellow researchers determined
the structure of human RIG-| helicase-RD in complex with

Autophagy and tumor cell clearance

The process of autophagy, through which cells can digest
their own components, has complicated, sometimes
contradictory, effects on cancer cells. Whereas loss of auto-
phagy can lead to genomic instability and favor generation
of cancer cells, maintained or enhanced autophagy can help
cancer cells survive in a stressful environment. Michaud et
al. found that in mice autophagy could also have a strong

dsRNA and an ATP analog. The helicase-RD organizes into a
ring around dsRNA, capping one end, while contacting both
strands using previously uncharacterized motifs to recognize
dsRNA. Small-angle X-ray scattering, limited proteolysis and
differential scanning fluorimetry indicate that RIG-I is in an
extended and flexible conformation that compacts upon
binding RNA. These results provide a detailed view of the role
of helicase in dsRNA recognition, the synergy between the
RD and the helicase for RNA binding and the organization of
full-length RIG-I bound to dsRNA, and provide evidence of a
conformational change upon RNA binding. The RIG-I helicase-
RD structure is consistent with dsRNA translocation without
unwinding and cooperative binding to RNA. The structure
yields unprecedented insight into innate immunity and has
a broader impact on other areas of biology, including RNA
interference and DNA repair, which utilize homologous
helicase domains within DICER and FANCM.

Nature 2011; 479: 423
Eitan Israeli

influence on the response of the immune system to tumor
cells dying in response to chemotherapy. Autophagy caused
release of adenosine triphosphate from such cells, which
helped to recruitimmune cells that contributed to cancer cell
clearance.

Science 2011; 334: 1573
Eitan Israeli
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ABSTRACT:

KEY WORDS:

Food allergy is an increasingly prevalent disease in western
countries, but an effective form of therapy has not yet been
found. A specific active treatment forimmunoglobulin E (IgE)-
mediated food allergy is currently under study in human
clinical trials. Allergen-specific approaches include oral,
sublingual and epicutaneous immunotherapy. Currently,
reports on oral immunotherapy (OIT) have been more
extensive than reports on other routes such as sublingual
immunotherapy (SLIT) and epicutaneous patch. The aim of
OIT using foods, especially milk and egg — the cause of most
common allergies in infants and young children in Europe -
is the achievement of desensitization or tolerance by patients
suffering from food allergy. Treatment protocols have been
initiated in highly supervised research settings with the goal of
finding an active treatment against IgE-mediated food allergy.
The preliminary data on OIT are encouraging, and among the
plethora of novel approaches the strategies most likely to
advance into clinical practice include both OIT and SLIT. It
is still unclear whether oral desensitization is only the first
step toward permanent desensitization or whether it induces
only a transient tolerance. Longer duration of desensitization
may result in permanent tolerance. The occurrence of adverse
events or reactions during OIT is quite frequent and has been
reported in all published studies. Therefore, before this
treatment can be used in clinical practice additional studies
are needed. Currently, immunotherapy for cow’s milk or egg
allergies is a novel approach that expands the possibility of
an active treatment to improve the quality of life of patients
and their families.

IMAJ 2012; 14: 53-56
food allergy, oral immunotherapy, sublingual
immunotherapy, desensitization, tolerance

A dverse reactions to cow’s milk and hen’s egg proteins can
range from immediate potentially life-threatening reac-
tions to chronic disorders. Cow’s milk allergy is the most
common food allergy in infants and young children, affecting
2%-3% of the general population. Egg allergy is the second
most common food allergy in infants and young children
(1%-2%) [1-5]. Most studies have shown the prognosis for

developing tolerance to cow’s milk to be good, with the major-
ity of patients outgrowing their allergy by age 4 years [2-5].
The appearance of spontaneous tolerance in children with egg
allergy is quite frequent, but more delayed [1]. On the other
hand, recent reports indicate that children need longer to
outgrow their milk allergy, with most developing tolerance in
their teenage years and not in elementary school as previously
thought [6-8]. It has been shown that infants with food allergy
but without detectable specific immunoglobulin E levels have
a higher spontaneous recovery rate compared to infants with
high levels of specific IgE, i.e., IgE-mediated egg or milk allergy
[6,7,9]. Because the current management of food allergy is
limited to strict dietary avoidance, nutrition counselling and
emergency treatment of adverse reactions [10], allergy-specific
treatments and strategies that attempt to alter the allergic
response to specific food allergens have been conducted. The
approach attracting interest in the scientific community, as
well as the public and the media, is oral immunotherapy [11].
OIT and sublingual immunotherapy for the treatment of IgE-
mediated food allergy have been studied, although reports on
OIT thus far have been more extensive.

SELECTION OF CANDIDATES FOR ACTIVE
FOOD ALLERGY THERAPIES

Food allergies alter the quality of life of food-allergic patients
and their families. Fortunately, about 80% of children allergic to
foods such as cow’s milk or hen’s egg develop spontaneous toler-
ance. However, patients allergic to fish, crustaceans and shellfish
may show permanent allergy throughout life without achieving
any form of tolerance [10]. The adverse immune reactions to
food proteins can range from immediate potentially life-threat-
ening reactions to chronic disorders. There is a need for diagnos-
tic tests able to distinguish subjects with transient forms of food
allergy from those with persistent forms. Currently there are no
diagnostic tests (e.g., serum food allergen-specific IgE antibody
measurement, skin-prick tests) to reliably predict the potential
for spontaneous development of oral tolerance in children with
food allergy. Therefore, to verify the clinical status of children
with previous well-diagnosed food allergy it is essential that a

IgE = immunoglobulin E
OIT = oral immunotherapy
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double-blind placebo-controlled food challenge or an open chal-
lenge be conducted periodically. Of note, it has been shown that
infants with cow’s milk allergy but without detectable specific
IgE levels to cow’s milk have a higher spontaneous recovery rate
than those with IgE-mediated cow’s milk allergy [6,7,9,12,13].
Thus, in order to select patients who are suitable candidates
for oral immunotherapy, several factors need to be considered,
such as the natural history of IgE and non-IgE-mediated allergic
disorders caused by foods, food allergen exposure in infants and
toddlers, and severity and type of food allergy responsive to OIT.
Of note, new specific immunotherapy approaches are currently
being used for the treatment of IgE-mediated food allergy; no
studies are available for non-IgE-mediated food allergy.

FOOD OIT AND SLIT

At present oral immunotherapy to cow’s milk is one of the most
actively investigated therapeutic approaches for food allergy
[Table 1]. OIT generally involves
the use of a protein powder that is
mixed in a vehicle food and con-
sumed orally. Conversely, some trials administer fresh material
such as cow’s milk without a vehicle, and in Europe it is quite
common to use fresh, naive food/s for oral immunotherapy.
In a large OIT trial [12], children with challenge-proven IgE-
mediated cow’s milk or egg allergy were randomly assigned to
OIT (n=25) or to an elimination diet (control group, n=20).
A further evaluation of clinically relevant food allergy was

SLIT = sublingual immunotherapy

Table 1. Oral food desentisization for IgE-mediated cow’s milk allergy

Oral immunotherapy is the new treatment
for IgE-mediated food allergy

Study Patients Success rate Comments

Staden Cow’s milk 14 9/25 (36%) permanent The first randomized clinical

etal. Egg 11 tolerance. trial of OIT. The rate of

[12] Controls 20 3/25 (12%) tolerance by regular  spontaneous food allergy

Cow’s Age 0.6-12.9yrs intake (desensitization). resolution in the control group

milk and 4/25 (16%) partial tolerance (7/29, 35%) was similar to the

egg treatment group

Longo Cow’s milk 30 11/30 (37%) tolerated 150 ml The first study to include

etal. Control 30 of cow’s milk. children with previous

[15] Age 5-17 yrs 13/30 (53%) tolerated 5-150 ml.  anaphylaxis to cow’s milk.

Cow’s 3 children (10%) discontinued 17/30 children of active group

milk the study because of severe reported side effect at home
systemic reaction

Skripak Cow’s milk 20 12 (92%) tolerated 5140 mg The first double-blinded

etal. Active to placebo-controlled clinical trial

[13] placebo for OIT, side effects occurred

Cow’s (ratio 2:1) in 35% in the active group and

milk Age 6-21yrs 1% in the placebo group

Pajno Cow’s milk 30 10 (76% tolerated 200 ml. The first blinded trial with the

etal. Active to 2 (15%) discontinued the study ~ weekly up-dosing regiment

[16] placebo because of severe systemic carried out in 18 weeks.

Cow’s (ratio 1:1) reaction No changes occurred in the

milk Age 4-13 yrs control group

Performed in randomized controlled studies
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performed after a median of 21 months. Interestingly, children
in the OIT group were placed on a secondary elimination diet
for 2 months before a DBPCFC to evaluate the persistence of
induced oral tolerance. In this study a similar percentage (35%)
in both the treatment and control group displayed tolerance by
passing the DBPCFC off therapy, although a number of “partial
responders” were noted, which increased the rate (total plus par-
tial) of response(s) to 64%. Therefore, the patients who reached
total tolerance were able to discontinue consuming previous cul-
prit foods without risking the occurrence of allergic symptoms.
Allergen-specific IgE levels decreased significantly in children
with natural tolerance during an elimination diet as well as in
those treated with OIT.

In the first randomized double-blind placebo-controlled OIT
trial, 20 children with IgE-mediated cow’s milk allergy were
randomized to milk or placebo OIT [13]. The desensitization
involved three phases: 1 day of build-up in office (initial dose 0.4
mg of milk protein, final dose 50 mg), an 8 week in-office dose
increase to a maximum of 500 mg,
and finally a daily maintenance
dose at home for 3 to 4 months.
Nineteen patients, 6 to 17 years of age, completed the treatment,
12 in the active group and 7 in the placebo group. The median
milk threshold dose in both groups was 40 mg at the baseline
DBPCEFC. After OIT the median threshold dose in the active
treatment group was 5.240 mg (range 2.540-8.140), whereas
all patients in the placebo group tolerated 40 mg (P = 0.0003).
All children in the active treatment group experienced mild to
moderate adverse reactions. Milk-specific IgE levels did not
change significantly in the active group, whereas IgG4 increased
significantly. In a follow-up open-label study [14], the inges-
tion of tolerated cow’s milk was carried out at home. Adverse
reactions were quite common, with several systemic reactions
occurring in association with exercise or febrile illness.

Longo et al. [15] studied 60 children 5 years of age or older
with histories of severe allergic reactions to milk ingestion.
The subjects” milk-specific IgE levels were higher than 85 kU/L
with a mean skin-prick test wheal size of 11-12 mm. One half
received immunotherapy for 1 year and the second half followed
a conventional elimination diet (observation group). In the OIT
group 36% were able to tolerate a single feeding of 150 ml, 54%
could ingest 5-50 ml and 10% (3 children) interrupted the study
because of serious adverse effects. Conversely, most children in
the observation group showed no change in their milk reaction
threshold and none was able to tolerate 5 ml. Adverse reactions,
including systemic reactions, were common in the actively treated
group, but no child suffered life-threatening anaphylaxis.

Pajno and co-researchers [16] evaluated the safety and effi-
cacy of oral immunotherapy by means of a new study protocol:
this comprised a weekly outpatient increasing-dose regimen of

DBPCFC = double-blind placebo-controlled food challenge
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28 visits over 4 months. Thirty children with confirmed cow’s
milk allergy via a DBPCFC were randomized to receive active
therapy or a sham protocol using soy. The primary outcome was
the reduction in clinical sensitivity as demonstrated by a change
in threshold dose via a DBPCFC. The secondary outcome was the
immunological changes associated with this procedure. OIT was
effective with the tolerated “full” milk dose of 200 ml in 10 of 13
individuals, partial tolerance in 1, but in 2 subjects the protocol
was discontinued because of severe reactions associated with the
protocol. No change was seen in specific IgE levels. However, in
the actively treated group an increase was seen in IgG4 levels to
cow’s milk. An uncontrolled pilot study of SLIT was performed
in eight children with cow’s milk allergy [17]: milk was kept
in the mouth for 2 minutes and then spat out. Seven children
completed the protocol but one child withdrew because of con-
tinued oral symptoms. After 6 months of treatment the threshold
of milk increased from a mean of 39 ml at baseline to 143 ml
(P <0.01). In an early study with an OIT protocol for various
foods, Patriarca and team [18] induced desensitization in 75%
of participants. The most common food allergy was to milk, fol-
lowed by egg and fish. As compared to age-matched food allergic
controls, individuals receiving oral immunotherapy experienced
a significant decrease in food-specific IgE and an increase in spe-
cific IgG4. Buchanan et al. [19] treated seven children with mild
symptoms (urticaria) who were
allergic to egg, and six of them
tolerated significantly more egg
protein than at study onset. In an
open study Garcia Rodriguez and
colleagues [20] evaluated OIT with
egg in 23 children aged 5 or older with IgE-mediated allergy to
hen’s egg. The children underwent a 5 day tolerance induction
with raw egg and were subsequently on a regular egg intake.
During the follow-up of at least 6 months egg was well tolerated
by all patients. Allergic reactions were frequent throughout the
treatment but in general were mild [Table 2].

An alternative route of allergen delivery is through an epicu-
taneous patch. Cow’s milk allergy was confirmed by an oral food
challenge at baseline. Children received three 48 hour applica-
tions (1 mg skimmed milk powder or 1 mg glucose as placebo)
through a skin patch each week for 3 months. Children treated
with the patch showed a trend toward an increased threshold
dose in the follow-up oral milk challenge. There were no changes
in the placebo group [21]. The most common side effects were
local pruritus and eczema at the site of application.

THE ISSUES: DESENSITIZATION, TOLERANCE AND SAFETY

The goal of oral immunotherapy is permanent tolerance,
which is established when the food can be ingested without the
appearance of allergic symptoms despite periods of withdrawal.
On the other hand, desensitization is marked by the ability of

Table 2. Oral food desentisization for IgE-mediated egg allergy

Study Patients Success rate Comments

Staden et al. Cow’s milk 14 9/25 (36%) permanent The first randomized clinical
[12] Egg 11 tolerance. trial of OIT. The rate of

Cow’s milk Controls 20 3/25 (12%) tolerance spontaneous food allergy

and egg Age 0.6-12.9yrs by regular intake resolution in the control group

(desensitization).
4/25 (16%) partial tolerance

(7/29, 35%) was similar to the
treatment group

Patriarca et Active 12 10 (83.3%) completed. Specific IgE showed a
al. [18] Controls 16 2 (16.6%) withdrawn significant decrease and a
Egg (and Age<16yrs significant increase in all active
others foods) patients
Buchanan el Open study n=7 2 (28.5%) achieved All the active patients reached
al. [19] Age 14-84 mos persistent tolerance. a protective threshold dose
Egg 2 (28.5%) achieved partial against accidental introduction
tolerance.
3 (42.8%) stopped at first
challenge
Garcia Open study 20 (86.9%) achieved Tolerance can be achieved
Rodriguez n=23 tolerance. within a matter of days in
etal. [20] Age 5-17 yrs 2 (8.6%) achieved tolerance  symptomatic allergic patients
Egg through a slower protocol. even in patients with episodes

1 (4.3%) stopped because of
severe reactions

of anaphylaxis

Performed study: egg allergy

Treatment protocols should be performed
only in supervised research settings or
offered as a modern advanced
treatment by trained physicians

patients to regularly ingest the food allergen(s). Therefore,
when ingestion is interrupted or discontinued, the protective
effect of the oral immunotherapy may be lost or significantly
decreased. Currently, it is still
unclear whether oral desensitiza-
tion is the first step towards per-
manent oral tolerance. As with
other kinds of immunotherapy
(e.g., for inhalant allergens), the
duration of desensitization could be pivotal for achieving toler-
ance. Although clinical desensitization and immune modulation
have been demonstrated with OIT, the strength of the evidence
from clinical trials is insufficient with regard to the induction of
permanent tolerance [22,23] [Figure 1].

Figure 1. Oral immunotherapy is the new treatment of IgE-mediated
food allergy. Despite substantial progress toward a definitive therapy
forfood allergy, some issues remain unanswered such as the achieve-
ment of tolerance and well-established risk-benefit ratio

Issues of oral immunotherapy for food allergy

Desensitization Tolerance Safety
Is currently Is the goal of oral Since
demonstrated immunotherapy; desensitization(s)
by results of oral however, the current places patients at
immunotherapy for evidence from clinical risk for systemic
IgE-mediated trials is insufficient reactions, it can
food allergy with regard to its be performed for

induction research purpose or
as modern therapies

in specialized centers
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The occurrence of adverse events during OIT or SLIT is quite
frequent. Side effects have been reported by patients in all trials
and for all routes of administration. Currently SLIT seems safer
than OIT, especially when the “SLIT spit” method is used by
patients [24]. The frequency of serious events and the severity
of reactions are highest on the initial days and lowest on the
days following desensitization when the doses of food intake
are large. Mild reactions - such as abdominal pain, throat pru-
ritus, gritty eyes, watery eyes, transient erythema, and sneezing
- usually do not require stopping desensitization. On the other
hand, when rhinitis, dyspnea, asthma, generalized urticaria, and
hypotension occur as a single symptom or in combination, OIT
should be postponed or preferably stopped.

Adverse events are largely unpredictable, and they can occur
during home dosing. Several systemic reactions have occurred
with previously tolerated doses in the setting of exercise [25],
viral illness and suboptimal controlled asthma [14]. Of note,
these reactions have been well controlled with antihistamines,
steroids and epinephrine. Because desensitization places
patients at risk for systemic reactions, it is not appropriate
to implement OIT or SLIT in clinical practice settings at this
time. Therefore, immunotherapy for food allergy should be
performed for research purposes only, or as modern therapy
for IgE-mediated food allergy in specialized allergy centers.

SUMMARY

Successful oral immunotherapy in a boy with egg-induced ana-
phylaxis was first reported in 1908 [26]. At the beginning of the
21st century this kind of treatment for food allergy was tested
again in Italy by Patriarca et al. [18] and Meglio et al. [27]. At
present OIT to food(s) is one of the most actively investigated
therapeutic approaches for food allergy worldwide; among the
plethora of novel therapies the strategies most likely to advance
into clinical practice are OIT and SLIT [28]. The preliminary data
on OIT and SLIT are encouraging. However, a large number of
children (especially with cow’s milk allergy) develop tolerance
spontaneously; therefore, waiting for the child to reach at least the
age of 3 before starting oral immunotherapy seems reasonable.
Active treatments represent a novel approach that provides hope
for patients with food allergy; with time, immunotherapy may
become an efficacious and safe treatment for children with persis-
tent symptoms caused by foods. Young patients and their families
deserve better than strict allergen avoidance; therefore, the efforts
of researchers in the quest to improve the care and quality of life
of patients with food allergy should be encouraged.
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The rising number of children and adults with allergic
disorders worldwide has prompted interest in strategies to
prevent or reduce the risk of allergy. This article discusses
the role of early nutritional strategies in the prenatal/
postnatal periods that potentially may modify disease risk.
Exclusive breastfeeding may help to prevent allergic disease
by decreasing exposure to exogenous antigens, protecting
against infections, promoting gastrointestinal mucosal
maturation and the development of gut microbiota, and
conferringimmunomodulatory and anti-inflammatory benefits.
However, the results of the studies are inconsistent, showing
a protective effect, no effect, or even a predisposing effect.
Still, breastfeeding should be promoted for its nutritional,
immunological and psychological benefits. For infants with
a documented hereditary risk of allergy (i.e., an affected
parent and/or sibling) who cannot be breastfed exclusively,
dietary products with confirmed reduced allergenicity are
recommended. Previously, for complementary feeding, early
exposure to solid foods during infancy was associated with
the development of allergic diseases, particularly eczema.
Currently, the guidelines downplay the role of solid foods in the
development of allergies, stating that there is no convincing
scientific evidence that the avoidance or delayed introduction
of potentially allergenic foods beyond 4-6 months reduces
allergies in infants considered to be at increased risk for the
development of allergic diseases or in those not considered to
be atincreased risk. Evidence from some trials with probiotics
or prebiotic oligosaccharides suggests some benefits, but at
present there is insufficient evidence to support their routine
use. Neither can specific recommendations be made for the
use of long-chain polyunsaturated fatty acids, antioxidants,
folate, and vitamin D.

IMAJ 2012; 14: 57-61
infants, feeding, breastfeeding, complementary feeding,
hydrolyzed formula

he rising number of children and adults with allergic disor-
ders worldwide is a major public health concern, although
the origins of this increase are still not well understood.
Consequently, there is an interest in understanding the reasons
for this increase and in strategies to prevent or reduce allergic
disease. With a better understanding of the immune system,

it is now clear that, among other factors, impaired oral toler-
ance, which is a specific suppression of cellular and/or humoral
immune responses to an antigen, contributes to the development
of allergic diseases. Recognition of the oral tolerance mecha-
nisms may provide measures for safe and effective primary
prevention of allergic diseases either at the population level or in
subgroups of individuals with increased genetic disease suscep-
tibility. A number of strategies have been studied for preventing
allergy. However, not all of them are equal. This article discusses
evidence regarding the role of early nutritional interventions
that potentially may modify developing immune tolerance and
disease risk in the prenatal and postnatal periods.

MATERNAL DIET DURING PREGNANCY AND LACTATION

One systematic review [1] of five randomized controlled tri-
als involving 952 participants evaluated the effects of maternal
dietary avoidance of milk, eggs and other potentially antigenic
foods during pregnancy and lactation. The investigators found
that prescribing an antigen-avoidance diet to a high risk
woman during pregnancy is unlikely to substantially reduce
her child’s risk of atopic diseases. Moreover, such a diet may
adversely affect maternal or fetal nutrition, or both. Prescribing
an antigen avoidance diet to a high risk woman during lactation
did not reduce the risk of her infant developing atopic eczema
during the first 18 months of life. In addition, evidence did not
show a significant protective effect of maternal antigen avoid-
ance on positive skin-prick tests to cow’s milk, egg, or peanut
antigen at 1, 2, or 7 years. Thus, current evidence is inadequate
to recommend avoidance of specific foods during pregnancy or
breastfeeding for preventing children from developing allergic
diseases such as eczema and asthma. Since the evidence is not
fully conclusive, large well-conducted studies are needed.

BREASTFEEDING

Exclusive breastfeeding may help to prevent allergic disease by
decreasing exposure to exogenous antigens, protecting against
infections, promoting gastrointestinal mucosal maturation and
the development of gut microbiota, and conferring immuno-
modulatory and anti-inflammatory benefits. Whether or not
allergy prevention is feasible through breastfeeding has been
frequently studied and hotly debated for more than 70 years.
Several meta-analyses of data published before 2007 found prob-



IMA] ® VOL 14 » JANUARY 2012

REVIEWS

able and possible evidence that exclusive breastfeeding protects
against asthma, wheezing and atopic dermatitis [2,3]. However,
more recent meta-analyses on the relationship between exclu-
sive breastfeeding and atopic disease have not supported these
conclusions [4]. Overall, there are studies that show a protective
effect, no effect, or even a predisposing effect. Despite the fact
that there is controversy in the literature, this does not mean
that breastfeeding does not have significant effects. Rather, this
is more likely a reflection of the methodological inadequacy of
investigating breastfeeding in ways that take into account all the
complexity of interactions. A variety of methodological problems
are likely to contribute to these inconsistent results. First, these
include the inability to randomize and blind. Thus, in general,
the studies on breastfeeding are non-randomized, retrospective,
or observational in design and thus produce inconclusive results.
While randomization to formula feeding versus breastfeeding is
unfeasible and unethical, randomizing subjects to an interven-
tion that promotes breastfeeding is feasible and ethical and such
studies have been carried out (e.g., PROBIT Study) [5]. A second
methodological problem is the retrospective design of many stud-
ies addressing the association between breastfeeding and allergic
disease. One threat to the validity of retrospective studies is the
potential for parental recall bias (i.e., a bias arising from mistakes
in recollecting events, both because of failures of memory and
looking at things 'with hindsight' and possibly changed views).
Although it is unlikely that a mother would forget whether she
had breastfed, she might not recall whether
the breastfeeding was totally exclusive. One
may overcome this problem by obtaining
prospective feeding histories. Moreover, most of the studies that
examined the effect of breastfeeding on food allergy were carried
out in unselected birth cohorts with regard to allergy risk. Only
a limited number of studies have assessed the effect of breast-
feeding in high risk infants. Inconsistencies may also be due to
imprecise definitions of the intervention. Many studies do not
make the distinction between “exclusive breastfeeding” and “any
breastfeeding” Moreover, ideally, the diagnosis of allergic diseases
should be based on widely agreed-upon criteria. However, in
many of the studies on the effect of breastfeeding, heterogeneous
definitions made comparisons between the studies difficult. One
example is asthma. The terms “wheezing” and “asthma” are often
used interchangeably, and the latter is sometimes diagnosed in
very young children. However, the diagnosis of asthma cannot
be reliably and objectively determined in children younger than
5 years of age. Equally important is who makes the diagnosis,
i.e,, parental/participant versus physician diagnosed outcome(s).
Finally, reverse causation may contribute to inconsistent results.
Infants at the highest risk of allergic diseases (because of a family
history of allergy or the presence of early signs of allergy, such
as infantile eczema or wheeze) might be breastfed for longer
periods in the hope that breastfeeding might reduce the risk of
allergic diseases.

Exclusive breastfeeding for 6
months is a desirable goal

What can be done? In 1988, Kramer proposed 12 criteria
to apply to studies designed to assess the relationship between
atopic disease and breastfeeding [6]. These criteria included
non-reliance on the maternal recall of breastfeeding, sufficient
duration of exclusive breastfeeding, strict diagnostic criteria for
atopic outcomes, assessment of effects on children at high risk of
atopic outcomes, and adequate statistical power. Unfortunately,
there are no studies that fully meet these criteria. Thus, the issue
remains controversial.

What to do in practice? Despite the controversy, everyone
agrees that even if breastfeeding does not provide a strong
protective effect, it should be promoted for its nutritional,
immunological and psychological benefits. Exclusive breast-
feeding for 6 months is a desirable goal [7,8].

DIETARY PRODUCTS WITH REDUCED ALLERGENICITY

Formulas that contain protein that has been hydrolyzed to
reduce the potential risk associated with intact cow’s milk
protein are widely available. These formulas are differentiated
by the protein source (whey and casein) and by the degree of
hydrolysis (partially or extensively hydrolyzed). The American
Academy of Pediatrics defines partially hydrolyzed formulas as
those containing reduced oligopeptides that have a molecular
weight of generally < 5000 Da and defines extensively hydrolyzed
formulas as those containing only peptides that have a molecular
weight < 3000 Da [8]. A number of meta-
analyses have evaluated the effects of using
these hydrolyzed formulas in the preven-
tion of allergy. Among them, the Cochrane Review [9] (search
date: March 2006) found that in high risk infants who are unable
to be completely breastfed, there is limited evidence that pro-
longed feeding with a hydrolyzed formula compared to a cow's
milk formula reduces infant and childhood allergy and infant
cow's milk allergy. It was also stated that in view of the method-
ological concerns and inconsistency of the findings, further large
well-designed trials comparing formulas containing partially
hydrolyzed whey or extensively hydrolyzed casein to cow's milk
formulas are needed. Despite this evidence, there is still uncer-
tainty regarding the choice of a hydrolyzed formula for allergy
prevention as well as the actual efficacy of a particular hydrolyzed
formula. Clearly, not all hydrolyzed formulas are equal. Efficacy
and safety should be established for each hydrolyzed formula, as
factors such as the protein source, hydrolysis method, and degree
of hydrolysis that often depend on the manufacturer contribute
to differences among hydrolysates. A 2010 meta-analysis [10]
compared the efficacy of a partially hydrolyzed 100% whey for-
mula with that of standard infant formula in reducing the risk
of allergy in healthy infants at high risk for atopic disease. This
meta-analysis showed that the pHF compared to standard infant
formula reduced the risk of all allergic diseases, particularly
atopic dermatitis/eczema, at some time points among children
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at high risk for allergy. Limited data suggest that the use of the
pHF compared with standard infant formula reduced the risk of
gastrointestinal symptoms and food allergy. The pooled results
did not provide evidence of a difference in the effect of the pHF
versus standard infant formula on the incidence of either wheez-
ing/asthma or rhinitis. Few significant differences in outcomes
were found between children who received the pHF versus an
extensively hydrolyzed whey for-
mula. No significant differences in
outcomes were found between chil-
dren who received the pHF versus
an extensively hydrolyzed casein
formula. These results should be
interpreted with caution due to a
lack of methodological rigor in many trials. However, the studies
were carried out in different settings with similar results con-
sistently being seen in the various trials, and reassuringly, the
strongest evidence comes from a well-designed and conducted,
independently funded randomized clinical trial (GINI Study).
Therefore, the effects of the pHF have generalizability. Similar
conclusions were reached by the authors of another meta-analysis
comparing use of pHF with standard infant formula [11]. In all
the studies, a reduced incidence of atopic dermatitis was found
among infants who received a pHF versus cow’s milk formula,
regardless of the study design, infant population, follow-up time
or study location.

The most recent evidence comes from a study that was pub-
lished subsequent to the latest meta-analyses [12]. This was a
single-blind, randomized controlled trial involving 620 infants
designed to assess the effect of using a partially hydrolyzed whey
infant formula at weaning on the risk of allergic disease. The
participants were randomized to receive, at partial or full cessa-
tion of breastfeeding, one of three infant formulas: cow’s milk
formula (n=206), soy formula (n=208), or partially hydrolyzed
whey formula (n=206). Study formulas were offered until the
end of the first year of life. The methods of randomization
and allocation concealment were unclear. The first 97 infants
were randomized to two arms only (cow’s milk formula or soy
formula); later, when partially hydrolyzed formula became
available, a new randomization list was generated with a higher
proportion of infants allocated to the partially hydrolyzed for-
mula group to obtain equal numbers in each formula group.
The primary outcome measure was the development of any
allergic manifestations (eczema, food reaction, positive skin-
prick test) assessed during 18 telephone interviews with parents.
The investigators reported that at 2 years, 575 (93%) infants of
620 were followed, and at 6 to 7 years, 495 (80%). Feeding with
the pHF compared with cow’s milk formula did not significantly
affect the risk of any allergic disease at 0-1 year or at 0-2 years.
There was also no difference between the group fed the pHF

pHF = partially hydrolyzed 100% whey formula

Infants with a documented hereditary
risk of allergy (i.e., an affected parent
and/or sibling) who cannot be breastfed
exclusively should receive a formula
with confirmed reduced allergenicity

and the group fed cow’s milk formula for any of the secondary
outcomes within the first 2 years and at 6-7 years. The authors
concluded that there was no evidence that introducing pHF at
the cessation of breastfeeding reduced the risk of allergic mani-
festations, including eczema, asthma and allergic rhinitis. There
were some issues with the trial [13,14], in addition to unclear
allocation concealment, that call for caution when interpret-
ing the results. These include the
unclear reason for publishing the
results 15 years after collecting the
data, outcome assessment through
telephone interviews with par-
ents, and changing definitions of
outcome parameters compared to
previous publications on this cohort.

For clinical practice, based on the current evidence, currently
recommendations state that infants with a documented heredi-
tary risk of allergy (i.e., an affected parent and/or sibling) who
cannot be breastfed exclusively [15] should receive a formula
with confirmed reduced allergenicity, i.e., a partially or exten-
sively hydrolyzed formula, as a means of preventing allergic
reactions, primarily atopic dermatitis 8].

COMPLEMENTARY FOOD

Previously, early exposure to solid foods during infancy was
associated with the development of allergic diseases, particularly
eczema. Nowadays, we are witnessing a shifting of the paradigm.
Oral tolerance induction is being investigated to determine if
early weaning onto allergenic foods after at least 3-4 months of
exclusive breastfeeding will result in the reduced prevalence of
food allergies. Extended avoidance/delayed introduction of solid
foods, specifically of potentially allergenic foods, is being replaced
by early exposure. No effect of the delayed introduction of solid
foods on the prevalence of food allergies has been suggested by
the results of a number of prospective birth cohort studies, e.g.,
the GINI Study [16], LISA Study [17] and the KOALA Study
[18]. Consequently, current recommendations from scientific
societies agree that there is no convincing scientific evidence that
the avoidance or delayed introduction of potentially allergenic
foods (e.g., cow’s milk, egg, peanut, tree nut, fish and seafood)
beyond 4-6 months reduces allergies in infants considered to
be at increased risk for the development of allergic diseases or
in those not considered to be at increased risk [8,19]. However,
different opinions exist [20]. Still, even if the available evidence
suggests that early exposures may modify tolerance development,
further research on these exposures continues. Such studies are
currently underway. One example is the EAT study (Enquiring
About Tolerance; www.eatstudy.co.uk). This study is designed
to determine whether early (at 3 months of age) introduction of
six allergenic foods (cow’s milk-based yogurt, egg, fish, wheat,
sesame, peanut) into the diet of unselected infants, together with
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continued breastfeeding, compared with later (at 6 months of age)
introduction with continued breastfeeding will have an impact
on the risk of food allergies at 3 years of age. Another example
is the LEAP study (Learning Early About Peanut Allergy; www.
leapstudy.co.uk), which plans to compare the effects of peanut
avoidance until 3 years of age with early peanut introduction in
640 high risk infants (age 4-10 months) with atopic dermatitis
and/or egg allergy. The preventive
effect of early consumption of
peanuts during infancy has been
suggested by the results of a cross-
sectional study demonstrating a
low prevalence of peanut allergy
in Jewish children in Israel who
consumed large quantities of
peanuts during their first year of
life compared with Jewish children in the United Kingdom who
avoided peanuts [21].

Further research is also needed to explore whether very early
(first weeks of life) exposure to cow’s milk protein reduces the
risk of immunoglobulin E-mediated cow’s milk protein allergy,
as suggested by a recent prospective cohort study involving
more than 13,000 infants [22]; however, these results have been
challenged by other investigators [23].

PROBIOTICS AND/OR PREBIOTICS

The rationale for using probiotics in the prevention of allergic
disorders is based on several concepts. It has been suggested
that improved hygiene and the reduced exposure of the
immune system to the microbial stimulus early in childhood
contribute to the rising number of allergic disorders worldwide
[24]. Second, there are differences in the neonatal gut micro-
biota that may precede or coincide with the early development
of atopy. Atopic subjects have more clostridia and tend to have
fewer bifidobacteria than non-atopic subjects [25]. Finally, there
is evidence suggesting a crucial role for a balanced commensal
gut microbiota in the maturation of the early immune system.

A number of recent meta-analyses have suggested that pro-
biotics are effective in preventing eczema, particularly if the
probiotics are administered both pre- and postnatally [26-28].
However, one major limitation of all these meta-analyses is that
all of them pooled data obtained from different probiotic strains,
with no analyses based on individual probiotic strain(s). It is well
accepted that all probiotics are not created equal. The most recent
meta-analysis by Doege et al. [29] included seven randomized
double-blind placebo-controlled trials published until 2009. The
pooled results of six of these trials showed a significant reduction
in the risk of atopic eczema in children aged 2-7 years by the
administration of probiotics during pregnancy. However, this
effect was only significant for lactobacilli, but not for a mixture
of various bacterial strains as probiotics. This most recent meta-

There is no convincing evidence that
the avoidance or delayed introduction
of potentially allergenic foods beyond
4-6 months reduces allergies in infants
considered to be at increased risk for the
development of allergic diseases or in
those not considered to be at increased risk

analysis by Doege et al. differs from those previously published.
While it presents pooled data, it also separately presents data
from studies that used mixtures of probiotics and studies that
used lactobacilli. Of note, only the lactobacilli proved to be effec-
tive. Still, different lactobacilli were pooled together, calling for
caution when interpreting the pooled effect.

Like probiotics, prebiotics may contribute to more favorable
gut microbiota and may have
a direct effect on the immune
system. The Cochrane Review
published in 2006 concluded
that there is insufficient evidence
to determine the role of prebi-
otic supplementation of infant
formula for the prevention of
allergic disease and food hyper-
sensitivity [30]. One small trial of prebiotic oligosaccharides
(with excessive losses) reported a reduction in eczema in high
risk formula-fed infants. A very recent study carried out in
440 healthy term infants, unselected for allergy risk, from five
European countries demonstrated that formula supplementation
with a specific mixture of neutral oligosaccharides and pectin-
derived acidic oligosaccharides compared with unsupplemented
formula reduced the risk of atopic dermatitis from 9.7% in the
control group to 5.7% in the prebiotic group (P = 0.04) [31].

For synbiotics, one randomized controlled trial (n=925)
found that treatment with L. rhamnosus, B. breve, and P. freuden-
reichii plus galacto-oligosaccharides did not have a significant
effect on all allergic diseases, but significantly reduced eczema
and, particularly, atopic eczema [32].

Overall, research in the area of prevention of allergic disor-
ders through modification of intestinal microbiota is relatively
new. According to recommendations by the American Academy
of Pediatrics [33], “the results of some studies support the pro-
phylactic use of probiotics during pregnancy and lactation and
during the first 6 months of life in infants who are at risk of atopic
disorders. However, further confirmatory evidence is necessary
before a recommendation for a routine use can be made”” This
recommendation is hard to argue against. In particular, thereisa
need to determine which microorganisms or prebiotic products
are suitable for use and in which type of population.

OTHER NUTRITIONAL INTERVENTIONS

A number of other nutritional factors, including long-chain
polyunsaturated fatty acids, antioxidants (e.g., vitamin C, vita-
min E, beta-carotene, zinc) [34], folate [35] and vitamin D [36],
are considered to have effects on immune function. Among
them, supplementation with LCPUFA has been studied most
extensively, both pre- and postnatally. The rationale for the use

LCPUFA = long-chain polyunsaturated fatty acids
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of LCPUFA is based on the observations that the low consump-
tion of n-3 LCPUFA (e.g., oily fish), typical of the diet in many
westernized countries, results in reduced maternal consumption
of n-3 LCPUFA, favors more pro-inflammatory n-6 LCPUFA,
and contributes to the development of allergy and asthma [37].
Epidemiological studies suggest an association between the
intake of fish oil and a reduced risk of allergy [38]. However,
in contrast to the epidemiological data, a meta-analysis of 10
publications (representing 6 studies) found no clear evidence
of a benefit with regard to reducing the risk of allergic sensitiza-
tion or a favorable immunological profile with use of n-3 or n-6
LCPUFA [39].
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ABSTRACT:

KEY WORDS:

Food allergies have increased significantly over recent de-
cades and are the most common cause of admissions for
anaphylaxis in childhood, particularly in children under 5
years of age. Current management of food allergy is limited
to strict food allergen avoidance together with education
on the recognition and emergency management of allergic
reactions, and in some cases provision of self-injectable
adrenaline. Although this supportive management approach
is generally effective, it is burdensome for patients and
families, and in turn leads to reduced quality of life. Patients
with food allergy would benefit greatly from a definitive
treatment that could achieve long-term tolerance. Recent
studies demonstrate that oral immunotherapy (OIT) can
induce desensitization and modulate allergen-specific
immune responses. However, it remains uncertain whether
long-term tolerance can be achieved with current OIT
regimens. Increased allergen dose, duration of OIT and/or
inclusion of an immune modifying adjuvant may enhance
the tolerogenic potential of OIT. Allergic reactions during OIT
are common, although severe reactions are infrequent. Oral
immunotherapy holds promise as a novel approach to the
definitive treatment of food allergy.

IMAJ 2012; 14: 62-68
food allergy, allergen, oral immunotherapy

ver the past few decades, the prevalence of allergic diseases
has increased substantially especially in developed
countries. While the prevalence of asthma has stabilized, and
the rise in prevalence of eczema and allergic rhinitis appears
to be slowing, the prevalence of food allergy and anaphylaxis
continues to rise [1,2]. A recent cross-sectional survey of
households with children in the United States for the period
June 2009 to February 2010 reported a food allergy prevalence
of 8.0%, with the commonest being to peanut (25.2%), followed
by milk (21.1%) and shellfish (17.2%) [1]. In Australia, a large
population-based study (HealthNuts) reported the prevalence
of challenge-proven immunoglobulin E-mediated food allergy
among 12 month old infants to be > 10% [5].
Among the common food allergens, peanut and tree nut
are particularly important since allergies to these foods gen-

erally persist into adulthood and reactions are often severe.
Furthermore, they are the commonest cause of fatatily due to
food anaphyalxis, accounting for 81%, 38% and 43% of deaths
in the U.S., Britain and Australia respectively [4-6]. A treat-
ment that could modify the natural history of food allergy by
inducing long-term tolerance would be of great benefit to those
individuals who fail to outgrow their food allergy.

MECHANISMS OF FOOD ALLERGY

The mechanisms by which ingested food proteins are identified
as allergens leading to the development of food allergy remain
poorly understood (reviewed in [7]). Antigen-presenting
cells, especially intestinal epithelial cells and dendritic cells,
and regulatory T cells play a central role in the induction and
maintenance of oral tolerance. Oral tolerance may develop
with repeated low dose exposure to antigen mediated by
activation of Treg cells. It can also be induced by a single
high dose antigen exposure involving lymphocyte anergy or
deletion by Fas-mediated apoptosis [7]. Aberration in the
normal induction of oral tolerance results in the generation of
allergen-specific Th2 immune responses and elevation of food
allergen-specific IgE levels. Studies suggest that imbalance of
Th2/Thl responses in food allergy is caused by dysregulation of
Treg cell activity [8]. Oral tolerance induction may be bypassed
by several pathways. Reduced ultraviolet exposure and vitamin
D levels, alteration in intestinal physiologic barrier function,
diet and the way in which antigen is prepared or presented in
food (e.g., boiled vs. roasted peanut, baked vs. other forms of
egg or milk), the route of antigen exposure, and the timing of
food introduction (reviewed in [7,9]) have all been suggested
to play a role in determining whether responses are directed
towards tolerance or allergy.

CURRENT MANAGEMENT OF FOOD ALLERGY

There is currently no effective long-term treatment to change
the natural history of food allergy. Management is only sup-
portive, comprising avoidance of the food concerned, early
recognition of allergic reaction symptoms, and initiation of
appropriate emergency treatment. Avoidance of food allergens

Treg = regulatory T
IgE = immunoglobulin E
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is difficult to achieve, particularly with commercially prepared
foods. Furthermore, 40%-100% of deaths from food anaphy-
laxis involved ingestion of foods catered or prepared away from
home [4-6]. Several self-injectable adrenaline devices are avail-
able for the emergency treatment of anaphylaxis. However, the
use of these devices is not intuitive and requires specific train-
ing [10]. Moreover, half the food anaphylaxis deaths in the UK
series involved failure to carry or use an EpiPen® correctly [4].
Adrenaline, however, may not always be sufficient to prevent
fatality, since early and repeated administration of adrenalin
failed to prevent death in 12-14% of anaphylaxis fatalities [4,5].
These significant limitations of current food allergy manage-
ment highlight the need for alternative treatment options to
induce long-term tolerance.

ALLERGEN-SPECIFIC IMMUNOTHERAPY AS A
TREATMENT FOR ALLERGIC DISEASE

Allergen-specific immunotherapy is effective for the induction
of tolerance and has been used for the long-term treatment
of insect venom anaphylaxis, asthma and allergic rhinitis.
Subcutaneous immunotherapy has been shown to modulate
the immune response to allergen by inducing allergen-specific
CD4+CD25+ Treg cells that restore the balance of allergen-
specific Th1/Th2 effector cells, leading to reduced Th2 cytokine
expression (interleukin 4 and 5), and in most studies increased
Th1 cytokine responses (interferon-gamma). These changes in
turn lead to reduced allergen-specific IgE and increased aller-
gen-specific IgG4 (reviewed in [11]). Other immunological
effects of SCIT include increased apoptosis of allergen-specific
Th2 cells, reduced tissue mast cell numbers and reduced serum
levels of tumor necrosis factor-alpha and IL-1f [11]. Sublingual
immunotherapy has also been shown to be effective in reduc-
ing clinical symptoms in respiratory allergy (asthma and
allergic rhinitis); however, immunological effects are less well
characterized. Increased allergen-specific IgG4 and reduced
allergen-specific IgE have been reported in some but not all
studies [11]. Oral immunotherapy has not been consistently
effective when used for the treatment of respiratory allergy;
however, recent studies suggest an exciting potential for OIT
as a treatment for food allergy, and there is renewed interest in
the application of OIT in this setting.

ORAL IMMUNOTHERAPY FOR FOOD ALLERGY

Oral immunotherapy protocols involve daily oral adminis-
tration of allergen in gradually increasing doses during the
build-up phase to reach a maintenance dose that is contin-
ued for a variable period (usually 6 months to 2 years) [12-

SCIT = subcutaneous immunotherapy
IL = interleukin
OIT = oral immunotherapy

30]. Study outcomes have mostly focused on achievement
of desensitization (the ability to tolerate an allergen while
on immunotherapy), with only a few studies evaluating the
acquisition of tolerance (the long-term ability to tolerate an
allergen after immunotherapy is discontinued) (reviewed in
[7]). Studies of OIT for the treatment of food allergy have
consistently reported successful desensitization in the majority
of subjects [12,14,16,17,22,24], and OIT has also been shown
to induce modulation of allergen-specific immune responses
[15,16,18,31]. However, effective induction of long-term toler-
ance with OIT has yet to be demonstrated.

OIT AND INDUCTION OF DESENSITIZATION

The majority of early OIT studies focused on hen’s egg and
cow’s milk allergies. Initial encouraging results of OIT in food
allergy originated from case reports describing desensitization
in patients with cow’s milk allergy [14,15], and associated
immunologic changes of resolution of cow’s milk skin-prick
test, reduced milk-specific IgE, increased milk-specific IgG4
and IgA levels, increased IFNy and decreased IL-4 production
[15]. A case series of 39 children with confirmed IgE-mediated
cow’s milk allergy reported similar results: 36 children were
successfully desensitized after 12 weeks of milk OIT, and 33
demonstrated ongoing desensitization 6 months later, with
serum milk-specific IgE decreased at completion of OIT and 6
months after [28]. In an open-label case-control study of OIT
in 54 patients (aged 3-55 years) with various food allergies,
Patriarca et al. demonstrated successful desensitization in 83.3%
of the participants (45/54), with reductions in food-specific IgE
and increase in food-specific IgG4 [16]. Meglio and colleagues
employed a 6 month milk OIT protocol in 21 children with
proven IgE-mediated cow’s milk allergy, and reported full
desensitization to milk in 71% (15/21 who tolerated 200 ml) and
partial desensitization in 14% (3/21 who tolerated 40-80 ml),
with decreased milk-specific IgE and increased milk-specific
IgG4 [17]. Follow-up at 4 years showed that all of these children
remained desensitized while on daily milk consumption [18]. A
desensitization milk OIT protocol used in an outpatient setting
(weekly increases in doses over a 9-10 week period) demon-
strated that 16 of 18 children with challenge-confirmed cow’s
milk allergy tolerated a daily dose of 200-250 ml, with 13 of 16
continuing to tolerate milk for more than a year [27].

The first randomized double-blind placebo-controlled trial of
OIT was performed by Skripak et al. [19]. Nineteen children (12
completed active treatment and 7 received placebo) aged 6-17
years with IgE-mediated cow’s milk allergy underwent milk OIT
(an initial escalation day aiming for 50 mg, weekly updosings
over 8 weeks to a final dose of 500 mg, and maintenance for 3-4
months), with double-blind placebo-controlled food challenges
performed before and after 13 weeks of OIT. Following OIT, the

IFNy = interferon-gamma
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median threshold dose for reaction to milk increased from 40
mg to 5140 mg in the active group but remained unchanged in
the placebo group (P = 0.003). Although there were no changes
in milk-specific IgE levels and SPT size in both groups, increased
milk-specific [gG4 levels were observed in the active group [19].
In a follow-up study of 15 children from the original Skripak
study, the median tolerated daily dose was gradually increased
to 7 g, with 6 children tolerating 16 g without symptoms and 7
subjects reacting at 3-16 g during milk challenges conducted
after 13-75 weeks. Milk-specific IgE levels and SPT wheal size
were significantly decreased and milk-specific IgG4 increased
[20]. In a randomized single-blind controlled study, Pajno et
al. [32] evaluated 30 children (aged 4-10 years) with challenge-
confirmed IgE-mediated cow’s milk allergy who received milk
OIT (15 children; 1 drop of milk diluted 1:25 and doubled
every week until week 18 to achieve 200 ml) or matched soy
formula (15 subjects), followed by a DBPCFC. Unlike other
protocols, there were no “home doses” between clinic visits for
updosing. In the active group, 10 of 13 children achieved full
desensitization without adverse events, 1 child achieved partial
desensitization at 64 ml, while 2 children discontinued therapy
after experiencing severe reactions requiring epinephrine, and
desensitization was associated with increased milk-specific IgG4,
but milk-specific IgE remained unchanged. After 6 months, the
desensitized children continued to
tolerate regular milk ingestion with-
out clinical reactions [32].

Longo and co-researchers [21]
evaluated the safety and efficacy of
OIT in highly milk-allergic children with a history of anaphy-
laxis. Sixty children (aged 5-17 years) with a history of at least
one severe allergic reaction and significantly elevated (> 85kU/L)
milk-specific IgE levels and who reacted to < 0.8 ml during an
initial oral milk challenge were randomized to receive milk OIT
or a milk-free diet for 12 months. After 1 year 36% of children
in the active group (11/30) were completely desensitized (> 150
ml/day), 54% (16/30) achieved partial desensitization (tolerated
5-150 ml), and 10% (3/30) failed to complete the OIT protocol
due to persistent symptoms. In contrast, all 30 children in the
control group failed the DBPCFC after 1 year. Fifty percent of
subjects in the OIT group had significantly decreased milk-spe-
cific IgE levels at 6 and 12 months, whereas in the control group
milk-specific IgE remained unchanged. The response rates in
this study were lower than those reported in unselected popula-
tions in the previous OIT studies [16,17]. Nevertheless, despite
being highly allergic to cow’s milk, the majority of children were
able to remain on maintenance therapy and attained partial
desensitization. Similar results were observed in a study using
rush milk OIT protocol: 6 of 9 children with persistent cow’s
milk allergy achieved a maximal dose of 120 ml with only mild

SPT = skin-prick test
DPBCFC = double-blind placebo-controlled food challenge

Oral immunotherapy has been shown
to consistently induce desensitization,
but its ability to induce long-term
tolerance appears limited

to moderate reactions [26], indicating that desensitization can be
achieved quickly through a rush protocol. In a recent rush hen’s
egg OIT study, all six children with severe egg allergy were able
to ingest one whole cooked egg without adverse reactions and
demonstrated decreased egg white-specific IgE and increased
egg white-specific IgG4 and transforming growth factor-beta 1,
but rather surprisingly decreased IL-10 [29]. Adding six cases
to the first six reported cases above also revealed similar results
[30]. Kaneko et al. [33] evaluated the efficacy of slow updosing
OIT methods (1 daily drop of milk in 20 ml water, with dose
increments every 2 weeks), followed by an oral food challenge in
a pilot study involving 10 children with cow’s milk allergy. Eight
patients completed the protocol and were able to tolerate 100 ml
while the other two did not complete the study because of per-
sistent adverse reactions at 5 ml and 20 ml doses. The severity
and frequency of adverse reactions were similar to previous OIT
protocols [13,21]. However, no data were provided with regard
to the duration of OIT and the outcomes of desensitization.
Since severe reactions can occur following accidental
peanut ingestion or inhalation, peanut OIT has now become a
major focus in food allergy treatment. Despite several isolated
case reports of oral desensitization following peanut OIT,
the first clinical trial of peanut OIT was conducted by Jones
and colleagues [22], who enrolled 39 peanut-allergic children
(aged 1-16 years) in an open-label
uncontrolled study involving a 1 day
modified rush escalation phase (0.1
mg increased to 50 mg), a build-up
phase (daily doses increased by 25
mg every 2 weeks until reaching 300 mg), and a maintenance
phase (300 mg daily for 4-22 months). During the initial day
escalation, 26% of subjects (10/39) tolerated the highest dose of
50 mg, 38% (15/39) tolerated 25 mg, 15% (6/39) tolerated 12
mg, 13% (5/39) tolerated 6 mg, 3% (1/39) tolerated 3 mg, and
5% (2/39) tolerated 1.5 mg. Twenty-nine subjects completed the
protocol followed by an open OFC; 27 children (93%) tolerated
3.9 g during a peanut challenge with 18 of them having no
reaction. By 6 months, titrated peanut SPT responses and baso-
phil activation to peanut antigen were significantly decreased.
By 12-18 months, peanut-specific IgE decreased and peanut-
specific IgG4 increased. Production of IL-10, IL-5, IFNy and
TNFa by peanut-stimulated peripheral blood mononuclear cells
increased over a 6-12 month period. Peanut-specific FoxP3
Treg cells increased until 12 months and decreased thereafter.
In addition, T cell microarray gene expression analysis showed
down-regulation of genes involved in the apoptotic pathways,
and production of serum inhibitory factors that blocked IgE-
peanut antigen complex formation were demonstrated [22].
This study provided evidence for the ability of peanut OIT to
induce desensitization and modulate immune regulation. It

TNFa = tumor necrosis factor-alpha
OFC = oral food challenge
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also contributed novel findings that provide insight into the
mechanisms of OIT.

Clark et al. [12] reported a case series of four boys (aged 9-13
years) with challenge-confirmed peanut allergy who underwent
peanut OIT with gradual escalation and higher doses of peanut
protein (biweekly updosing increments from 5 to 800 mg daily).
After 6 weeks, all patients tolerated at least 2.4 g (10 peanuts)
with a median 50-fold increase in dose threshold for reactiv-
ity following a repeat OFC [12]. The follow-up data of these 4
subjects and another 18 children following the same protocol
were evaluated in an uncontrolled clinical trial whereby OIT
was administered in two phases: a gradual updosing phase
with 2-weekly increments) (8-38 weeks) to 800 mg/day and a
30 week maintenance phase, followed by an OFC at 6 and 30
weeks. After 6 weeks, 54% (12/22) completed a 2.6 g peanut
challenge without reaction, and after 30 weeks 64% (14/22)
tolerated 6.6 g. The median tolerated dose was increased by
1000-fold following peanut OIT [34]. This study used a higher
maintenance dose of 800 mg peanut protein compared to 300
mg in the Jones study [22].

The first RDBPCT of peanut OIT in children with peanut
allergy was recently reported by Varshney et al. [31], in which
28 children aged 1-16 years were
randomized to receive a high dose
of 4 g peanut flour (19 subjects)
or placebo (9 subjects). The OIT
protocol involved an initial one-
day escalation phase (0.1 mg in-
creased to 6 mg), a build-up phase
(the highest tolerated dose on the
initial day was increased by 50-100% until 75 mg, and then by
25-33% until 4 g was reached, every 2 weeks for 44 weeks), and
a maintenance phase (4 g daily for 1 month), followed by an
OFC at the completion of OIT. Sixteen of 19 participants in the
peanut OIT group completed the one year OIT protocol and
underwent peanut challenge with the maximum cumulative
dose of 5 g (approximately 20 peanuts) without reaction,
whereas placebo subjects ingested a median cumulative dose of
280 mg (P < 0.001). The peanut OIT group showed reductions
in SPT wheal size (P < 0.001), IL-5 (P = 0.01) and IL-13 (P
= 0.02) by peanut-induced PBMC, and increased peanut-
specific IgG4 (P < 0.001), but no changes in peanut-specific
IgE as compared to the placebo group. Additionally, the ratio
of FoxP3hi:FoxP3intermediate Treg cells increased at the time
of OFC in peanut OIT subjects [31]. Follow-up of this study
will determine the ability of OIT to induce long-term clinical
tolerance after discontinuing OIT.

Taken together, these findings suggest that OIT can con-
sistently induce desensitization, allowing patients to tolerate
significantly larger amounts of food than before treatment,

RDBPCT = randomized double-blind placebo-controlled trial
PBMC = peripheral blood mononuclear cells

With OIT there is reduced risk of allergic
reaction following exposure to small or
hidden quantities of allergen in food, but
patients continuing on maintenance doses
of OIT can experience adverse reactions
(in some cases anaphylaxis)

and is also able to modulate allergen-specific immune
responses in the direction of tolerance induction.

INDUCTION OF TOLERANCE WITH OIT

Although the above studies confirm the ability of OIT to
induce desensitization, it remains uncertain whether current
OIT protocols are effective in inducing long-term tolerance,
since few studies included a formal evaluation for tolerance
by performing food challenges after immunotherapy was
discontinued for at least 2-4 weeks or more [35].

In a pilot study of egg OIT involving seven children with egg
allergy, Buchanan and team [24] used a modified rush phase
(doubling of hen’s egg protein every 30 minutes until the highest
tolerated dose was achieved) followed by daily maintenance
therapy (300 mg) for 24 months. At the end of the treatment,
a DBPCFC was performed to assess for desensitization, and a
second OFC was performed 3 months after stopping OIT for
tolerance assessment. All patients completed the treatment
protocol, with one child experiencing hypotension during the
rush induction phase and all subjects tolerating daily home
maintenance doses. All patients passed the first oral egg challenge
(8 g egg protein) at 24 months without reaction - indicating
successful desensitization, and 2
of 7 children (28%) tolerated the
second challenge - suggesting
possible development of perm-
anent tolerance. Egg OIT was asso-
ciated with increased egg-specific
IgG, but egg-specific IgE was
unchanged. Blumchen et al. [23]
conducted an open peanut OIT study (maintenance dose 125-
500 mg, maintenance phase 2-22 months) in 23 children (aged
3-14 years) with severe challenge-confirmed IgE-mediated
peanut allergy (the median peanut-specific IgE level was 95.6
KU/L, 65% had asthma, and > 80% had history of allergic reaction
after accidental peanut ingestion). A DBPCFC performed 2
weeks after discontinuation of OIT revealed acquisition of
tolerance in 4 of 23 subjects (17%). This study highlighted the
safety of a long-term build-up protocol for children at high risk
of peanut-induced anaphylaxis [23]. However, as there was no
control group included in the two studies it is possible that those
children had experienced spontaneous allergy resolution rather
than OIT-induced tolerance.

In the only randomized controlled trial to date that
included a control group and evaluated tolerance induction
as a study outcome, Staden et al. [13] randomized 45 children
with cow’s milk allergy or hen’s egg allergy confirmed by food
challenge to either receive OIT or remain on an elimination
diet: 25 children received OIT (14 to cow’s milk, 11 to egg)
with maintenance doses of 250 ml milk and half an egg, and 20
children were allocated to elimination diets (10 milk, 10 egg).
A DBPCEFC performed 2 months after OIT was discontinued
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revealed acquisition of long-term tolerance in 36% of children
in the OIT group (9/25) and 35% in the control group (7/20),
suggesting that OIT may not modify the natural course of tol-
erance development. Interestingly, allergen-specific IgE levels
decreased significantly in children who achieved OIT-induced
tolerance and/or desensitization as well as those who naturally
acquired tolerance [13].

A meta-analysis of specific oral tolerance induction in food-
allergic children by Fisher and colleagues [36] included three
randomized controlled trials [13,19,21] in their analysis, and
concluded that SOTT can not yet be recommended in routine
practice for the treatment of children with IgE-mediated food
allergy, and that larger, higher quality randomized controlled
trials assessing long-term efficacy and safety of SOTI are
needed. Unfortunately, the meta-analysis does not clearly
distinguish desensitization vs. tolerance as an outcome since
two of the studies [19,21] did not perform a formal evaluation
for tolerance by means of food challenges after discontinuing
immunotherapy.

OIT WITH HEAT-DENATURED PROTEINS

OIT with heat-denaturated proteins offers a new therapeutic
direction in this field. It has been shown that children with
transient milk and egg allergy possess IgE antibodies directed
against conformational epitopes that are disrupted by extensive
heating or food processing, whereas the presence of IgE
antibodies that bind sequential epitopes is a marker for persistent
milk and egg allergy [37,38]. Recently, it was reported that a
subgroup of children (75%) with cow’s milk allergy who could
tolerate baked milk products (e.g., muffins and waftles) but not
fresh cow’s milk demonstrated a reduction in milk SPT size
and increase in milk-specific IgG4 with regular consumption
of heated milk [39], suggesting that OIT with heated milk may
hasten the development of tolerance in this subgroup of children.
In selecting subjects for baked milk OIT, it will be important
to first evaluate the ability to tolerate baked milk products by
carefully supervised food challenges, since 35% of baked milk-
reactive children needed epinephrine for anaphylactic reaction
during the challenge with baked milk products [39]. Studies
suggest that children who are able to tolerate baked milk foods
have different milk-specific immune responses compared to
those who cannot tolerate such foods. Children who were able
to take heated milk had significantly lower basophil reactivity
following stimulation with milk protein as compared to chil-
dren who reacted to extensively heated milk [40]. In addition,
higher percentages of casein-specific Treg cells were evident in
extensively heated milk-tolerant children compared with chil-
dren who reacted to extensively heated milk [41]. Another study
demonstrated similar results in hen’s egg-allergic children who

SOTI = specific oral tolerance induction

completed a baked egg OIT protocol with tolerance acquisition:
decreased SPT reactivity and increased egg-specific IgG4 after
OFC [42]. However, these two studies did not include a control
group, so it remains uncertain whether the changes observed for
the tolerant group related to the baked milk/egg intervention or
simply reflected the natural resolution of food allergy.

The long-term effect of incorporating baked milk prod-
ucts into a patient’s diet was evaluated recently by Kim et
al. [43], who reported the outcomes of children from the
Nowak-Wegrzyn study [39]. Eighty-eight children evaluated
for tolerance to baked milk (muffin) underwent sequential
food challenges to baked cheese (pizza) over a median of 37
months (range 8-75 months) followed by unheated milk chal-
lenge. In the initial baked milk challenges, 65 children passed
(baked milk-tolerant) and 23 failed (baked milk-reactive).
A comparison group consisting of 60 subjects who met the
inclusion criteria but were not initially challenged to baked
milk products were included in the study. Among the baked
milk-tolerant group, 60% (39/65) tolerated unheated milk,
28% (18/65) tolerated baked milk/baked cheese, and 12%
(8/65) chose to avoid milk completely. Among the baked
milk-reactive group, 9% (2/23) tolerated unheated milk, 13%
(3/23) tolerated baked milk/baked cheese, and the majority
(78%) avoided milk strictly. Thirteen of 60 children (22%) in
the comparison group tolerated unheated milk, 22% (13/60)
tolerated milk/baked cheese, and 56% (34/60) continued to
avoid all milk. Children who were baked milk-tolerant were 28
times more likely to become unheated milk-tolerant compared
to the baked milk-reactive children (P < 0.001). Children who
incorporated baked milk products in their diet were 16 times
more likely than the comparison group to develop tolerance
to unheated milk (P < 0.001). The levels of casein IgG4 were
significantly increased in the baked milk-tolerant group, but
milk-specific IgE levels were unchanged [43].

SAFETY OF OIT

Safety considerations for OIT include the risks of inducing
allergic reactions during the treatment protocol as well as
during oral food challenges required to evaluate treatment
outcomes. A large peanut OIT study discussed above [22]
examined clinical reactions throughout all stages of the
protocol and revealed that the frequency and severity of
reactions were greatest on the initial rush induction day,
and least during the home dosing phases: 93% of subjects
experienced some symptoms during the initial rush induc-
tion, mostly upper respiratory (79%) and abdominal (68%)
symptoms, although 4 withdrew because of persistent adverse
reactions. During the subsequent build-up phase, adverse
reactions occurred after 46% of the build-up doses, with 29%
experiencing upper respiratory tract symptoms and 24% skin
symptoms. The risk of an adverse reaction with any home dose
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was 3.5%, and treatment was required for only 0.7% doses,
including epinephrine injections in two participants [44]. Risk
factors for developing reactions to a previously tolerated OIT
dose are reported to be concurrent illness (especially fever),
suboptimally controlled asthma, timing of dose administra-
tion after food ingestion, physical exertion after dosing, and
dosing during menses [20,45]. Studies of egg and milk OIT
also identified several “augmentation factors” - such as infec-
tion, exercise, pollen allergy, and irregular intake of OIT - that
can predispose subjects to allergic reactions [13].
Cumulative findings from published OIT studies show
that adverse reactions during OIT treatment are common,
with the majority being mild allergic reactions involving
the skin, perioral region, and gastrointestinal system, which
respond to conventional treatments such as antihistamines
[13,19,27]. More severe reactions involving the lower air-
ways and/or cardiovascular system requiring treatment with
bronchodilator and/or epinephrine (anaphylaxis reactions)
were reported less commonly [13,19,20,22,31,45], while no
epinephrine was needed for the treatment of adverse reac-
tions in two OIT studies [12,23]. Even highly allergic subjects
at increased risk of anaphylaxis appear to be able to complete
the OIT protocol without severe adverse effects in most cases,
and the incidence of severe reactions among these subjects
is similar to that reported in other OIT studies that did not
specifically enrol high risk subjects [21,23,29,30].

SUMMARY

Various OIT protocols have been reported, and most include
an initial rush/ultra-rush phase followed by updosing and
maintenance phases. Allergic reactions during treatment are
common, and therefore OIT should be performed in special-
ist allergy centers under close medical supervision, ideally
as part of ongoing research. Nevertheless, OIT appears to
be safe in children and adults with a range of food allergies,
including children with severe allergy who are at high risk
for anaphylaxis. OIT has been shown to consistently induce
desensitization, but the ability for OIT to induce long-term
tolerance appears limited. It is controversial whether desen-
sitization in the absence of long-term tolerance provides
significant benefit to patients with food allergy. On the one
hand, there is reduced risk of allergic reaction following
exposure to small or hidden quantities of allergen in foods,
which may lessen anxiety for the patient and their family.
On the other hand, the safety of maintaining desensitization,
particularly in the setting of peanut allergy, is of some con-
cern given that patients continuing on a steady maintenance
dose of oral immunotherapy have commonly been reported
to experience adverse reactions (in some cases anaphylaxis).
While some risk factors for reactions to a steady maintenance
dose have been identified (e.g., intercurrent illness, menses,

exercise), the emergence of such reactions may not be reliably
predicted and therefore represent a defined risk to subjects
continuing on a daily desensitization program. Before such
treatment can be implemented into routine clinical practice,
further studies are needed to identify novel approaches that
enhance the tolerogenic potential of OIT, to confirm the
safety and feasibility of OIT, and to clarify whether selected
populations are more likely to benefit from OIT or whether
they are at greater risk of adverse reactions during OIT.
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A mechanism for glycoconjugate vaccine activation of the adaptive immune system and its

implications for vaccine design

Glycoconjugate vaccines have provided enormous health
benefits globally, but they have been less successful in some
populations at high risk for developing disease. To identify new
approaches to enhancing glycoconjugate effectiveness, Avci et
al. investigated molecular and cellular mechanisms governing
the immune response to a prototypical glycoconjugate
vaccine. The authors found that in antigen-presenting cells
a carbohydrate epitope is generated upon endolysosomal
processing of group B streptococcal type Il polysaccharide
coupled to a carrier protein. In conjunction with a carrier
protein-derived peptide, this carbohydrate epitope binds major
histocompatibility class Il (MHCII) and stimulates carbohydrate-
specific CD4+ T cell clones to produce interleukins 2 and 4

— cytokines essential for providing T cell help to antibody-
producing B cells. An archetypical glycoconjugate vaccine that
was constructed to maximize the presentation of carbohydrate-
specific T cell epitopes is 50-100 times more potent and
substantially more protective in a neonatal mouse model of
group B Streptococcus infection than a vaccine constructed by
methods currently used by the vaccine industry. This discovery
of how glycoconjugates are processed resulting in presentation
of carbohydrate epitopes that stimulate CD4+ T cells has key
implications for glycoconjugate vaccine design that could result
in greatly enhanced vaccine efficacy.

Nature Med 2011; 17: 1602
Eitan Israeli
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The prevalence of food allergy is increasing in both the
pediatric and adult populations. While symptom onset occurs
mostly during childhood, there are a considerable number of
patients whose symptoms first begin to appear after the age
of 18 years. The majority of patients with adult-onset food
allergy suffer from the pollen-plant allergy syndromes. Many
of them manifest their allergy after exercise and consuming
food to which they are allergic. Eosinophilic esophagitis,
an eosinophilic inflammation of the esophagus affecting
individuals of all ages, recently emerged as another allergic
manifestation, with both immediate and late response to the
ingested food. This review provides a condensed update of
the current data in the literature on adult-onset allergy.

IMAJ 2012; 14: 69-71
food allergy, adult onset, food plants, exercise-induced
allergy

revalence rates of allergic diseases have been increasing

worldwide over the last few decades, especially in indus-
trialized countries [1,2]. Allergic diseases are often regarded as
pediatric problems since some of them start in early childhood.
The subject of allergic reactions in
the elderly has not been investigated
in depth thus far, yet one-fifth of the
population in developed countries was aged 60 years or more
in 2000, and this is expected to rise to one-third by 2050 [3].
Allergic reactions present with a variety of symptoms involving
cutaneous (e.g., urticaria, angioedema, eczema), respiratory
(rhinitis, asthma), gastrointestinal (diarrhea), or generalized
anaphylactic reactions [4,5]. Up to 25% of adults believe that
they or their children suffer from food allergy, although the
actual prevalence seems to be lower, i.e., ~5%-8% of children
and 2%-3% of adults suffer from objectively confirmed food
hypersensitivity [1,2].

A 2004 German study determined a point prevalence of
food hypersensitivity by conducting a double-blind, placebo-
controlled food challenge in 2.6% of the general population
aged 18-79 years [6]. The most frequent foods that elicited
allergens in childhood were egg, milk, peanut, soy and wheat,
whereas the most prevalent pollen-associated food allergies

Food allergy is becoming a common
health problem in adults

in adults were elicited by fruits, vegetables, nuts, fish and
shellfish [7-10].

Sensitization to food allergens may occur directly or indi-
rectly through cross-reactivity with aeroallergens. Birch pollen
is one of the most common causes of rhinoconjunctivitis and
allergic asthma in Northern and Central Europe and North
America. It has long been known that patients with birch pollen
allergy may develop immediate reactions to fruits and vegetables
in addition to seasonal respiratory symptoms. This birch-fruit-
vegetable syndrome is characterized by local symptoms at the
site of food contact, such as itching of the lips, tongue and throat,
sometimes accompanied by swelling of the lips and tongue, and
it is referred to as oral allergy syndrome [11-14]. Systemic and
more severe immunoglobulin E-mediated reactions, such as
urticaria, asthma, or anaphylactic shock, may sometimes occur.
Birch pollen-related food allergy is considered a consequence of
immunological cross-reactivity between ubiquitous birch pollen
allergens and structurally related food proteins. IgE antibodies
specific for the major birch pollen allergen, Bet v 1, have been
shown to cross-react with homologous proteins identified in
different stone fruits, such as apple (Mal d 1), cherry (Pruav 1)
and pear (Pyr c 1), as well as hazelnut (Cor a 1), celery (Api g 1),
carrot (Dau c 1), soybean (Gly m 4), peanut (Ara h 8;), jackfruit,
and kiwi (Act d 8). Bet v 2, the birch pollen profilin, is another
allergen capable of inducing cross-reactive IgE antibodies. Bet
v 2-specific IgE antibodies have been
shown to recognize profilins in apple,
banana, carrot, celery, cherry, hazel-
nut, pear, pineapple, potato and tomato. Patients with birch
pollen allergy who display IgE reactivity to birch pollen-related
allergens in foods often do not develop clinical symptoms when
consuming those foods.

Patients sensitized to ragweed pollen may react to the
Cucurbitaceae family (melon, cantaloupe, honeydew, water-
melon, zucchini, cucumber) and to the Musaceae family
(bananas). Patients sensitized to mugwort pollen may also
react to the Apiaveae family of food (carrot, celery, parsley,
caraway, fennel, coriander, aniseed). Patients allergic to mug-
wort may develop allergic symptoms to mustard and experi-
ence severe reactions (mugwort-mustard syndrome) [15].

Also well known is the latex-fruit syndrome: approximately
30% to 50% of patients who have an allergy to natural rubber

IgE = immunoglobulin E
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latex demonstrate allergy to plant-derived food, especially to
fruits such as avocado, banana, chestnut, kiwi, peach, tomato
and others [16].

Profilins are ubiquitous proteins, present in all eukaryotic
cells and identified as allergens in pollen, latex, and plant foods
[17]. The highly conserved structure confers the cross-reactive
nature of IgE antibodies against plant profilins and their designa-
tion as pan-allergens. Primary sensitization to profilin seems to
arise from pollen sensitization, with later development of cross-
reactive IgE antibodies against plant food (and possibly latex)
profilins. The role of profilin in inducing allergic symptoms
needs to be evaluated and raises impor-
tant issues for the diagnosis of allergy
due to cross-reactivity. IgE cross-
reactivity among profilins is associated
with multiple pollen sensitizations and with various pollen-food
syndromes. In respiratory allergy, sensitization to pollen to
which the patient has virtually no environmental exposure has
been identified as a manifestation of profilin sensitization. As
a food allergen, profilin usually elicits mild reactions, such as
oral allergy syndrome; it is not modified by processing, and it
is especially important in allergy to some fruits such as melon,
watermelon, banana, tomato, citrus and persimmon. Purified
natural and recombinant profilins for in vitro and in vivo allergy
tests are helpful in the diagnostic workup. As a pan-allergen,
profilin is associated with multiple pollen sensitization and
pollen-food-latex syndromes that the allergist needs to be aware
of in order to reach an accurate diagnosis and choose optimal
treatment. In reviewing the current state of knowledge about
profilin and its implications in the diagnosis and treatment of
allergic diseases, we conclude that although its role in triggering
allergic symptoms is still controversial, this is undoubtedly an
allergen of considerable impact.

Lipid transfer proteins are by far the most frequent cause of
type 1 food allergy in adults living in Mediterranean countries
[18-21], but they are very rare in Northern Europe. Offending
fruits also differ between geographic areas, peach being the most
frequent sensitizer in Italy and Spain and wine or hazelnut causing
the rare cases observed in the north. The reasons for this strange
distribution are still unclear, but some published data provide
clues that point to a possible transdermal
or respiratory sensitization to this protein.
Lipid transfer proteins are particularly
abundant in peach fuzz [22] which, in
turn, is particularly abundant in freshly picked peaches. Many
workers employed in picking and handling peaches in the area
of Ferrara (a commune in northern Italy) must wear gloves to
avoid the occurrence of contact urticaria induced by these fruits,
but, interestingly, the same workers have never reported similar
problems handling nectarines, apples, pears, plums or cherries.

Previously considered a rare condition, eosinophilic eso-
phagitis has become increasingly recognized as an important

The presentation of adult-onset
food allergy can be different than
pediatric-onset food allergy

Special precaution should be
taken when asthma coexists
with food allergy

cause of dysphagia and food impactions in adults [23,24]. This
is likely attributable to a combination of an increasing inci-
dence of eosinophilic esophagitis and a growing awareness of
the condition among gastroenterologists and pathologists. This
is illustrated by a PubMed search conducted in February 2009
using the term _eosinophilic esophagitis_ which identified 403
publications since 2000 compared to only 38 publications prior
to that time. There has been a substantial increase in reports
of eosinophilic esophagitis both in adults and children from
Europe, Asia, Australia and North and South America. Noel
and Rothenberg [25] reported the incidence of eosinophilic
esophagitis in children residing in
Hamilton County in Ohio, USA: in
2000 the estimated incidence was 0.91
case/10,000 with a prevalence of 1
case/10,000 compared with 1.7 cases/10,000 and a prevalence of
10.4 cases/10,000 in 2007. Straumann and Simon [26] reported
a similar trend among adults in Olten County, Switzerland,
with an incidence of 0.15 cases/10,000 and a prevalence of 3
cases/10,000 in that catchment area. A population-based study
in Sweden randomly surveyed 2860 healthy adults, 1000 of
whom underwent endoscopy with esophageal biopsy, and
reported histological eosinophilia meeting criteria for definite
or probable eosinophilic esophagitis in 1% of that population
[27]. The pathophysiology of eosinophilic esophagitis remains
largely unknown, although the entity has been increasingly
linked to food allergies and aeroallergens [28]. The vast majority
of patients (90%) are sensitized to both food and aeroallergens,
yet only 10-30% have a history of anaphylaxis. Beef, chicken and
cows have been implicated as causing esophageal inflammation
in patients with eosinophilic esophagitis.

Fortunately, the rate of fatal food allergic reactions is very
low [29]. As demonstrated by pooled data from the American
Academy of Allergy, Asthma and Immunology Registry of
Anaphylactic Deaths in the USA, 89% of the 63 reported cases
occurred in adolescents and adults, with approximately 50%
occurring in teenagers.

In conclusion, food allergy is generally considered the
domain of the pediatric population since symptom onset is,
indeed, mostly during childhood. The aim of this review is to
increase the awareness of the primary care
physician to the newly emerging evi-
dence on the magnitude of adult-onset
food allergy in order to expedite the
appropriate management for those patients.
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Association of Toll-like receptor 10 and susceptibility to Crohn’s disease independent of NOD2

Impaired innate inflammatory response has a key role in the
Crohn’s disease (CD) pathogenesis. Abad et al. investigated
the possible role of the TLR10-TLR1-TLR6 gene cluster in
CD susceptibility; their study population comprised 508 CD
patients (284 in cohort 1 and 224 in cohort 2) and 576 controls.
TLR10-TLR1-TLR6 cluster single-nucleotide polymorphisms
genotyping, NOD2 mutations and TLR10 mRNA quantification
were performed using TagMan assays. One TLR10 haplotype
(TLR10GGGG) was found associated with CD susceptibility in
both cohorts; individuals with two copies had approximately
twofold more risk of CD susceptibility than individuals having
no copies (odds ratio 1.89, P = 0.0002). No differences in

the mRNA levels were observed among the genotypes. The
strongest model for predicting CD risk according to the MDR
analysis was a two-locus model including NOD2 mutations
and TLR10GGGG haplotype (P < 0.0001). The interaction gain
attributed to the combination of both genes was negative (IG
= -2.36%), indicating redundancy or independent effects.
These results support association of the TLR10 gene with
CD susceptibility. The effect of TLR10 would be independent
of NOD2, suggesting different signaling pathways for both
genes.

Genes Immunity 2011; 12: 635
Eitan Israeli

“The difference between fiction and reality is that fiction has to make sense”

Tom Clancy (born 1947), American author, best known for his technically detailed

espionage, military science, and techno thriller storylines
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THE DEAD SEA AND SCHF
PATIENTS WITH AN ICD
To the Editor:

e read with great interest the article
w of Gabizon and colleagues that
appeared in a previous issue [1] and would
like to comment on their conclusions
about descent to and ascent from a Dead
Sea resort. This study shows clearly that
these trips are safe for cardiologic patients,
the main advantages of this work being
the choice and classification of the patients
and their follow-up one week later.

However, the brief stay of the patients
does not allow assessment about the
safety of longer sojourns. Also, one cannot
extrapolate these findings regarding any
eventual beneficial aspects in patients with
systolic congestive heart failure (SCHF)
and an implantable cardioverter defibril-
lator because of the improbable effects of
such a short "treatment." In our 30 year
experience, we have never encountered
any serious problems in patients with
SCHEF either while at the Dead Sea or
just after leaving it. On the contrary, we
can report on such cardiac patients who
spent several weeks at the Dead Sea with-
out any worsening. They always showed
good acclimatization, at any season of the
year, and enjoy coming back to the clinic.
However, these observations are not sup-
ported by any cardiologic follow-up and,
consequently, do not provide any clinical
evidence.

Even if the slogan "Dead Sea is good
for the heart" is not yet based upon sci-
entific evidence, the study by Gabizon
and colleagues contributes to the efforts
to show that cardiology patients can also
spend time at the Dead Sea with possible
health benefits. These patients may also
include those who seek relief for their skin
or joint ailments. Thank to this publica-
tion, physicians need no longer discour-
age patients suffering from such cardio-
logic conditions to receive climatotherapy
at the Dead Sea.

M. Harari MD and L. Abu-Sirhan MD
DMZ Medical Center, Lot Spa Hotel, Ein Bokek,
Dead Sea, Israel [lot_clinica2@LotHotel.co.il]
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To the Editor:

e thank Dr. Harari and Dr. Abu-

Sirhan for their interesting comments
regarding our recently published article
[1]. We agree with them that our work
supports the safety and possible benefits
of the descent and stay at the Dead Sea
resort for patients with systolic heart fail-
ure and an ICD. We acknowledge that the
duration of the study was relatively short,
although we evaluated the subjects both
a week before and a week after their stay.
It was chosen to represent the average
length of stay at the Dead Sea resort (for
a vacation rather than climatotherapy or
balneotherapy which are usually longer)
and of course was determined by techni-
cal limitations as well.

Based on our study and those of oth-
ers [2-4] demonstrating the possible
benefits for cardiopulmonary patients
and the clinical experience of Drs. Harari
and Abu-Sirhan, we believe that a lon-
ger stay would probably be safe as well.
Nevertheless, a more prolonged evaluation
is needed, preferably with a control group
to minimize the effect of confounders,
and measurement of additional important
physiological parameters (e.g., hormones,
metabolic and inflammatory markers)
[5] that might shed some light on the
mechanisms behind the clinical results.
Meanwhile, we believe that physicians
can tell their cardiac patients that staying
ata Dead Sea resort is safe and could even
be beneficial, especially when the patient
suffers from other conditions in addition
(e.g., dermatologic, rheumatologic, etc.)
[6]. It is important, however, to emphasize
and to warn patients - as was done in our
study - against overeating, prolonged stay
under extreme weather conditions (i.e.,
high temperatures) and other extreme
changes in lifestyle that might accompany
the vacation and endanger them.

A. Shiyovich MD and A. Katz MD

Dept. of Cardiology, Barzilai Medical Center,
Ashkelon and Faculty of Health Sciences, Ben-
Gurion University of the Negev, Beer Sheva, Israel
[arthur.shiyovich@gmail.com]
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PLEASE, INTUBATE ME!
To the Editor:

was just about to call out the daily in-

structions. Everything seemed so similar;
it was all so familiar yet it seemed remote.
The nurses were the same, the bed was
identical, but the situation seemed so
dislocated. The last thing I remember
was me shouting "please intubate me, I'm
choking."

Sixteen days earlier I experienced what
an intensive care doctor does not want to
even imagine. After a few days of progres-
sive respiratory failure due to the combi-
nation of severe Epstein-Barr virus infec-
tion with acute streptococcal pharyngitis,
intubation seemed inevitable.

In the months prior to this, as the rota-
tional resident of the respiratory intensive
care unit I had to make many urgent med-
ical decisions. Intubations are performed
daily and are regarded as a medical issue.
Many emotional and ethical dilemmas
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evolve, but no thoughts are given to how
an intubated patient feels.

While being weaned gradually from
my sedation, I was still suffering from
intense hallucinations. Surgical tracheos-
tomy, two surgical abscess openings, three
endotracheal intubations, two unsuccess-
ful extubation attempts, and two major
intensive care unit infections made up
this unforgettable experience.

It all began with feelings of weakness
and fatigue. Subsequently, fever evolved
and throat pain joined my general feel-
ing. Although I prescribed myself oral
antibiotics, there was no improvement.
My appearance at the emergency room
was just the start of the deterioration.
Following hospitalization to the medical
intensive care unit (ICU), a parapharyn-
geal abscess was diagnosed. Although
successful drainage was performed, my
clinical status was worsening. A neck
CT scan showed severe narrowing of
the pharynx and a small parapharyngeal
abscess [Figure 1]. Upon transfer to the
respiratory intensive care unit, I was in
severe respiratory stress. My thoughts at
that moment were obscure and faint, but
there was only one clear notion that I am
sure of — I desperately wanted to be free

CT scan: axial view [A] and sagittal
reconstruction [B] of the neck showing
significant airway obstruction at the pharynx

of this overwhelmingly terrible feeling.
With what was left of my voice, I shouted
to the doctor, “please intubate me”” That
was the last vivid act I can recall making
in the following 16 days. This experience
has given me insight into being a patient
and - no less important - into being a
doctor.

My colleague, Dr. Koslowsky, who
treated me in those days, describes his
feelings: “Treating seriously ill patients
mandates an emotional detachment.
The ability to act clearly and decisively
is impaired when you’re emotionally
involved. Treating a close colleague, who
had performed rounds with me just the
other day, is an extraordinary experience:
eagerness to help on the one hand mixed
with fear and concern regarding the con-
sequences of your decisions on the other.
Dr. Livovsky was by no means my patient,
he was my close friend. When I heard him
call out ‘please intubate me, I realized
for the first time that one cannot treat a
‘friend’ Only then did I understand that
in order to actually function as a physi-
cian, one has to detach oneself from all
distractions. The following course just
showed me how important that transac-
tion was.”

My awakening was not smooth; for 3
days I suffered from hallucinations.
Interestingly, the things I saw and heard
were closely related to my own life: my
religion, fears, education and profession
[1]; for example, I hallucinated that a
newly recognized incurable genetic dis-
ease was affecting me and some members
of my family. Conversely, as I started to
recognize the environment and under-
stand the situation, the hallucinations
slowly became more coherent.

After more than two weeks in bed
under heavy sedation, like 25% of ICU
patients who receive mechanical ventila-
tion for at least 7 days [2], I was affected
by ICU-acquired weakness (ICUAW)
and suddenly was unable to perform the
most basic tasks. Brushing my teeth and
moving from my bed to the sofa required
tremendous effort. My future was the

source of fear and concern. Will I be able
to go back to work? Will I be able to take
care of my family? For more than a month
I was unable to walk without assistance,
and it took about four months to recover
before I returned to work.

Nearly a month after my disease began
the tracheotomy tube was extracted and I
was discharged. Removing the tube was
terrifying as I feared that at any moment
I may choke to death. It took some time
and several sleepless nights to recover a
sense of safety without being continu-
ously monitored. Friday night, the first
night at home, was unforgettable. Almost
every 20 minutes I awoke with a choking
feeling, similar to the day of my intuba-
tion. Although I knew everything was
perfectly fine, I was unable to control
this distress.

Meditating on this I realize how unique
each person is. Having insight into being
a patient is inspiring. The ability to under-
stand the patient as a whole entity, com-
prising not only the medical aspects but
also their feelings and concerns, is a huge
reward. Today, I try to perform based on
these notions.

I've always thought of myself as a
rationalist, in both my professional and
personal life; during my illness I under-
went a profound change that provided
me with an understanding of the enor-
mous importance of irrational issues in
the practice of medicine and every other
discipline that treats human beings. Does
this make me a better doctor? I'm not
sure, but it certainly provides me with a
broader perspective of the profession that
I practice.

D.M. Livovsky MD and B. Koslowsky MD
Dept. of Internal Medicine, Hadassah Medical
Center, Mt. Scopus Campus, Jerusalem, Israel
[danlivo@yahoo.com]
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