Case report

Cow’s milk allergy in a patient with hyper-IgE
syndrome
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Background: Both hyper-IgE syndrome and food alergies can result in the early onset of skin rash, eosinophilia, and
markedly elevated serum IgE. Occasionally, it can be difficult to distinguish the 2 disorders. Most patients with hyper-1gE
syndrome do not have food alergy.

Objective: To describe a child with cow’s milk allergy associated with hyper-IgE syndrome manifesting as failure to thrive
(FTT).

Methods: Epicutaneous skin prick test to cow’s milk, CAP radioallergosorbent test, atopy patch tests, and double-blind,
placebo-controlled milk challenge (DBPCMC) were performed.

Results: During initial presentation at 3 weeks of age, the circulating eosinophil count increased from 13,800/mm? to
44,254/mm?e within 2 weeks while taking cephalexin. Despite treatment, he had worsening rash and FTT at 10 weeks of age with
an IgE level of 8,454 U/mL. After changing from an infant milk formula with whey protein to an amino acid-based formulain
combination with oral antibiotic treatment, his rash and growth velocity improved markedly within 2 months. IgE decreased to
2,747 U/mL. He remained clinically well for 12 months. He subsequently developed additional food and inhalant alergies with an
increase in IgE to 12,150 U/mL. Cow’s milk allergy was confirmed by epicutaneous skin prick test, atopy patch test, and DBPCMC.

Conclusions: Traditional prophylactic antistaphylococcal antibiotics, in combination with Neocate formula, were effective in
treating the early skin manifestations of hyper-IgE syndrome and FTT in this infant. Cow’s milk protein alergy should be

considered in patients with hyper-IgE syndrome and FTT.

INTRODUCTION

Distinguishing between food allergy and hyper-IgE in infants
with elevated IgE levelsis often difficult. Both diseases may
present with delayed growth or failure to thrive (FTT).%3
Hyper-1gE syndrome often presentsin the neonatal period.*
In this case report, we describe an infant presenting with
recalcitrant dermatitis, who continued to have worsening skin
lesions despite intermittent oral antibiotics. After the diagno-
sis of cow’s milk alergy was made, the infant’s feeding was
changed to an amino acid-based formula, with marked im-
provement. The incidence of cow’s milk allergy in infants
with hyper-IgE syndrome is unknown. We report the case of
an infant with hyper-Igg syndrome who benefited from di-
agnosis of cow’s milk allergy and treatment with an elemen-
tal formula
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METHODS

Case Subject

The patient was recruited for a case report based on retro-
spective medical record review from an alergy clinic. This
case report was approved by the University of Tennessee
Health Science Center Institutional Review Board. Informed
consent was obtained from the patient’s parents.

Epicutaneous Skin Prick Tests

Skin prick test to cow’s milk and other allergens listed in
Table 1 were performed using the DermaPIK device (Greer
Laboratories, Lenoir, NC). The longest diameters of indura-
tion and flare were measured after a 15-minute time interval.

CAP Radioallergosorbent Test

ImmunoCAP radioallergosorbent test (RAST; Pharmacia AB,
Uppsala, Sweden) to food allergens, including cow’s milk, beef,
chicken, egg white, peanut, and shrimp, was performed.

Atopy Patch Tests

Atopy patch tests were performed using saline, nonfat milk
(20 wg) in saline, milk in petroleum, and petroleum.
Double-Blind, Placebo-Controlled Oral Challenge

After 2 weeks on elimination diet with avoidance of all
milk-containing products and avoidance of antihistamines for
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Table 1. Epicutaneous Prick Tests and CAP Radioallergosorbent Test (RAST) Results*

Induration at

Induration at

Induration at CAP RAST, kU/L/class

Allergen 2.5 months 13 months 23 months at 23 months old
old, mm old, mm old, mm

Cow’s milk 3t 4t 61 >100/VI
Beef X 8 8t 55/V
Chicken X 8t 0 A
Egg white X 12t 8t 36/IV
Egg yolk X 7t 41 X
Peanut X a1 3t 96/V
Shrimp X 9t 8t 26/¢
Yogurt X X 41 X
Diluent N N N X
Histamine 2 7 6 X

Abbreviations: N, nonreactive response; X, test not performed.

*Skin prick testing and CAP RAST to food allergens were performed. This patient was allergic to multiple foods, with the largest response to cow’s
milk on CAP RAST. Total serum IgE level at 23 months was 12,150 kU/L. CAP RAST to inhalants revealed class Il responses to fescue and Timothy

grass and class | and Il responses to other inhalants tested.

1 Clinical relevance with worsening rash after consumption of the food.

10 days, double-blind, placebo-controlled oral challenge to
cow’s milk was performed. Grape juice (placebo) or escalat-
ing doses of nonfat dry milk (0.5, 1, 2, 4, and 8 g, mixed in
20 to 100 mL of grape juice) were given at 30-minute
intervals. Grape juice alone was well tolerated.

CASE REPORT

This patient isamaleinfant born at 40 weeks' gestational age
by normal, spontaneous, vaginal delivery with a birth weight
of 3,814 g, length of 48 cm, and Apgar indices of 8 and 9. He
presented at 6 hours of age with respiratory distress and
cyanosis, requiring mechanical ventilation and surfactant.
Chest radiography revealed a right upper lobe infiltrate and
ground glass appearance of the lungs, athough blood and
tracheal aspirate cultures were negative. Initial laboratory
studies revealed a circulating eosinophil count of 410/mm’
that increased to 665/mm? at 5 days. He received 7 days of
empiric antibiotics and showed clinical improvement. He was
discharged at 1 week of age.

At 3 weeks of age, he presented with an erythematous,
crusted rash localized to the face and scalp. He was treated
with oral cephalexin, Nystatin (Bristol-Myers Squibb, Prince-
ton, NJ), and oatmeal baths for 5 days. His initial circulating
eosinophil count was 13,800/mm?, increasing within 2 weeks
to a total leukocyte count of 76,300/mm? with 58% eosino-
phils. He was readmitted at 5 weeks with a generalized
maculopapular, papulovesicular rash on his face, scalp, back,
neck, and chest. The lesions had foul-smelling, yellow dis-
charge. He had normal activity, norma appetite, and no
associated fever. He was hospitalized for treatment with
ceftriaxone for 3 days and completed a 1-week course of
Nystatin and Selsun Blue (Chattem Inc, Chattanooga, TN).
Within 4 days, the skin lesions were nearly resolved. Skin
potassium hydroxide test result was negative. Vira cultures
and direct fluorescence antibody to herpes simplex results
were negative.

Despite treatment with Lotrimin (Schering-Plough, Ken-
ilworth, NJ) and hydrocortisone creams, the child was read-
mitted with worsening rash and FTT at 10 weeks of age
(Fig 1). From birth to 10 weeks of age, his weight percentile
had dropped from 90% to 5%, and length dropped from 10%
to below the fifth percentile. Skin biopsy revealed a perifol-
licular and periadnexal mixed cell infiltrate of histiocytes,

Figure 1. Infant with hyper-IgE syndrome with recalcitrant dermatitis.
Diffuse skin lesions are seen on the face and scalp. Prominent forehead with
frontal bossing is shown. Skin biopsy confirmed the diagnosis of eosino-
philic pustular folliculitis.
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eosinophils, and neutrophils, consistent with eosinophilic
pustular folliculitis. Lymphocyte cell surface markers re-
vealed 8% CD19+ B cells and 80% CD3+ T cells with 5%
activated T cells. He had 63% CD4+ T cellsand 20% CD8+
T cells with 2% natural killer cells. Mitogen responses to
phytohemagglutinin and concanavalin A were normal, with re-
sponse to pokeweed mitogen 26% that of control. Hiscirculating
eosinophil count was 6,310/mm® with an IgE level of 8,454
U/mL. Serum immunoglobulin levels were an 1gG reading of
754, 1gA of 72, and IgM of 112 mg/dL. At 3 months of age, IgD
was lessthan 1.5 mg/dL. Chromosome test results were normal.

Allergy skin prick test to cow’s milk revealed a 3-mm
induration in the presence of a negative control. Histamine
control showed a 2-mm induration (Table 1). While hospi-
talized, he was treated with oxacillin. He was discharged with
cephalexin for prophylaxis and treatment, Benadryl (Pfizer
Consumer Healthcare, Morris Plains, NJ), hydrocortisone
cream 2.5%, and Westcort 0.25% cream (Bristol-Myers
Squibb) to the face.

After change from Similac with iron to an amino acid-
based formula (Neocate; SHS North America, Gaithersburg,
MD), his rash improved markedly within 10 days, and he
showed steady improvement in growth with an average
weight gain of 30 g/d for the subsequent 2 months. This
clinical improvement was accompanied by a decrease in both
IgE level to 2,747 U/mL and circulating eosinophil count to
2,100/mm3. At 3 months of age, econazole nitrate 1% cream
was added as empiric treatment. His skin remained clear of
rash (Fig 2) until he was introduced to yogurt and other table
foods. When exposed to yogurt, eggs, chicken, turkey,
shrimp, fish, peanut, or beef, however, his skin lesions flared.
Avoidance of these foods led to improvement of the skin
lesions, which supports the clinical significance of his food
alergies as an etiology of his skin lesions. Repeat skin prick

Figure 2. Skin lesions improved during treatment with oral antibiotics in
combination with Neocate formula in this child with hyper-IgE syndrome
and cow’s milk alergy.

testing was performed at 13 and 23 months and revealed
positive responses to al of these foods (Table 1). Avoidance
of chicken, because of flaring of his skin lesions, from the
age of 13 months for the following 10 months, led to a
negative skin prick test result at 23 months. During the few
months that he ate yogurt several times aweek, his skin lesions
worsened. Subsequent avoidance of yogurt led to improvement
of hisskin lesions. Specific IgE level to cow’ smilk measured by
Immuno CAP RAST was grester than 100 KU/L, class V1. Tota
serum IgE level at the time was 12,150 kU/L. Atopy patch tests
were also performed to support the diagnosis of cow’s milk
alergy. Within 48 hours of application of atopy patch tests,
papules (+, weak positive reaction) were seen at the sites with
milk in saline and milk in petroleum. As shown in Figure 3,
pruritic, erythematous skin lesions with excoriations of his chin
developed within 48 hours of cow’s milk challenge.

At 15 months, nail hyperkeratosis was noted, although skin
test results for potassium hydroxide were negative (Fig 4). An
attempt at discontinuing prophylactic antibiotics resulted in 3
cold abscesses on his scalp, as well as multiple pustular lesions
at the hairline and shoulders within 2 weeks. The lesions re-
solved once cephalexin was resumed. He hasremained clinicaly
well while taking cephalexin, with the exception of 1 episode of
barky cough associated with fever. Chest films reveded aright
upper lobe infiltrate, which responded to a 1-week course of
ceftriaxone,

Family history is significant for paternal asthma and aller-
gic rhinitis. His father had multiple alergies to pollen, mold,
and dust, as well as shrimp and crab allergy as a young man.
Environmental history was unremarkable.

DISCUSSION

We report a case of cow’s milk allergy associated with
hyper-IgE syndrome and the benefit of treatment for cow’s
milk allergy. Treatment with an amino acid-based elemental
formula, in conjunction with antistaphylococcal therapy, re-

Figure 3. Development of pruritic, erythematous skin lesions with exco-
riations within 48 hours of double-blind, placebo-controlled milk challenge.
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Figure 4. Toenails with hyperkeratosis in this patient with hyper-IgE
syndrome. The results were negative for potassium hydroxide. The findings
worsened after the child started walking.

sulted in dramatic improvement of recalcitrant eosinophilic
folliculitis and life-threatening FTT. Since delayed growth
may be seen in both hyper-IgE syndrome and cow’s milk
allergy,*= the need to address both diseases in this patient was
essential. The diagnosis of cow’s milk allergy in this patient
is supported by his dramatic clinical improvement on elemen-
tal formula, flare of dermatitis when exposed to yogurt, and
positive epicutaneous skin prick test result, CAP RAST to
cow’s milk (>100 kU/L, score VI), and double-blind, place-
bo-controlled milk challenge. The diagnosis of hyper-IgE
syndrome in this patient is supported by the early onset of the
papular characteristic rash, extreme fluctuation of IgE and
circulating eosinophil count, cold abscesses while not using
antistaphylococcal therapy, finger and toe nail hyperkerato-
sis, and recurrent pneumonia.

Hyper-1gE syndrome is characterized by elevated serum
IgE levels, recurrent staphylococcal infections, and dermati-
tis. Hyper-IgE syndromeis seen in both males and females. In
a series of 9 patients described by Leung and Geha,* all had
the first manifestations of disease, either as dermatitis or
infections, by 6 weeks of age. All patients had papular skin
lesions of the face and extensor surfaces. Serious infections
occurred more commonly after 6 months of age, most fre-
quently due to Staphylococcus aureus. Other studies have
described deep-seated infections, including recurrent bacte-
rial arthritis or osteomyelitis.>45> Abscesses of the lungs, often
leading to pneumatoceles, or the skin, particularly the scap,
face, or neck, are common. Over haf of the patients had recur-
rent nail, mucosal, or skin infections with Candida. Other fea-
tures described in patients with hyper-IgE syndrome consist of
coarse fecia festures, including a prominent forehead, broad
nasa bridge, facia asymmetry, growth retardation, osteoporosis
often associated with fractures, scoliosis, hyperextensible joints,
conjunctivitis and corned ulcerations, and retained primary
teeth.24-8 An autosomal dominant form of hyper-IgE syndrome
has been localized to chromosome 4g21.°

In addition to the elevated IgE and recurrent infections,
chronic dermatitis is characteristic of hyper-IgE syndrome.
Differentiating the skin lesions in atopic dermatitis from the
chronic dermatitis in hyper-IgE is important, since many
patients may be mistakenly diagnosed as having atopic der-
matitis. Both atopic dermatitis and the dermatitis associated
with hyper-IgE may be associated with extremely elevated

levels of IgE.! The differences between patients with hyper-
IgE syndrome and those with atopic dermatitis are well
described by Leung and Geha! In patients with atopic der-
matitis, flexura skin lesions are common, as is history of
allergic conditions. Superficial Saureus infections occur, and
onset of disease occurs after 2 months of age. In contrast,
patients with hyper-IgE syndrome rarely have alergic con-
ditions, frequently have serious, deep infections with S au-
reus, commonly have infection with other microbes, includ-
ing Candida, Gram-negative organisms, Haemophilus
influenzae, and Streptococcus pneumoniae, and usually have
onset by 6 to 8 weeks of age. Patients with hyper-IgE syn-
drome and food allergy do not have atopic dermatitis; instead,
the chronic dermatitis associated with hyper-IgE syndromeis
worsened by consumption of foods to which they are allergic.

Detailed descriptions of the nature of the food allergy and
the effect of treatment for the food allergy in patients with
hyper-IgE syndrome have not been reported. Since this pa-
tient’s skin lesions began at 3 weeks of age and were treated
with intermittent antibiotics with subsequent diagnosis by 10
weeks of age, this may have helped to prevent the develop-
ment of serious deep-seated infections. Skin biopsy may be
needed for definitive diagnosis to distinguish between atopic
dermatitis and hyper-IgE syndrome. By skin biopsy, patients
with hyper-IgE also may be evaluated with eosinophilic pus-
tular folliculitis, as seen in our patient.5°

Food alergy manifestsitself in different forms. Allergy to
cow’s milk can present through gastrointestinal, respiratory,
or cutaneous symptoms. Often, it exacerbates atopic derma-
titis. Severity of atopic dermatitis has been described using
the Scoring of Atopic Dermatitis index, which takes into
account the degree of erythema, edema, 00zing, excoriations,
lichenification, and dryness.** Using the Scoring of Atopic
Dermatitis index, at the time of diagnosis, our patient had a
score of 64.4 (scale of 0 to 103), which is greater than the
extent of involvement, intensity, and degree of pruritus asso-
ciated with atopic dermatitis in 80% of 88 patients described
in the study. In this patient with hyper-IgE syndrome, food
alergy led to worsening dermatitis.

The diagnosis of food allergy can be made in different
ways. The gold standard for the diagnosis of food allergy is
careful history taking, screening by epicutaneous allergy test-
ing, and/or CAP RAST, followed by a double-blind, placebo-
controlled food challenge.'? The threshold CAP RAST to
cow's milk protein for predicting clinical reactivity, with
greater than 95% certainty, has been reported at 32 kU/L, a
fraction of the specific IgE to cow’s milk in this case (>100
kU/L).2? Although patients with hyper-IgE syndrome may
have elevated IgE to specific food allergens due to their
increased total IgE, the positive skin test resultsin our patient
correlated with clinical symptoms and supported the diagno-
sis. The results of a double-blind, placebo-controlled chal-
lenge al'so confirmed cow’s milk alergy in our patient.** Our
patient also frequently ate yogurt that subsequently led to
flare-up of dermatitis. This clinical reaction to yogurt was
supported by a positive epicutaneous prick test result (Table
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1). Avoidance of yogurt led to improvement of his skin
lesions. In patients with atopic dermatitis and food allergy,
the use of atopy patch tests with skin prick tests has been
useful in the early diagnosis of cow’s milk allergy. Atopy
patch tests were positive in 89% of patients with atopic
dermatitis and delayed onset reactions to cow’s milk.*> To
further support the diagnosis of cow’s milk allergy in this
patient, atopy patch test was performed, and the result was
positive. This supports the possibility that our patient with
hyper-IgE syndrome may also have a T-cell-mediated reac-
tion to cow’s milk. Since amino acid formulas have been
evaluated for safety in patients with cow’s milk alergy and
found to promote growth, Neocate was the formula of choice
for this patient.316-18

Immune studies in patients with hyper-IgE syndrome are
variable. Eosinophilia is common both in serum and in tis-
sues.*?® Polymorphonuclear chemotaxis, initially believed to
explain recurrent infections in patients, may be abnormal in
some patients, although most patients have normal chemo-
taxis.2519 Levels of serum immunoglobulins A, G, and M are
usualy normal, as are complement levels and mitogen re-
sponses.® Serum IgE can range from 210 to 90,000 1U/mL .2
Another explanation for recurrent deep-seated infections is
likely due to poor antibody production to a surface polysac-
charide antigen, teichoic acid, on S aureus.® Studies have
shown that responses to Candida and diphtheria toxoid are
frequently low.2619 Antibody responses to capsular polysac-
charide H influenzae, both preimmunization and postimmu-
nization, were significantly lower in patients with hyper-IgE,
as compared with both normal controls and patients with
atopic dermatitis.!® Most patients had 1gG subclass 2 defi-
ciency. The patients also had poor responses to tetanus tox-
oid. Another study? investigated the antibody response to
bacteriophage X174 revealing abnormal secondary antibody
responses. This defective antibody production to polysaccha-
ride, protein, and viral DNA may explain some of the diffi-
culties patients have with recurrent infections.

Treatment of hyper-IgE begins with prophylactic antibiot-
ics.! If abscesses develop, incision and drainage are often
needed. In extreme cases, more aggressive options should be
considered. A study? using intravenous immunoglobulinin 1
patient with hyper-1gE revealed intravenous immunoglobulin
did not significantly decrease IgE levels or change RAST.
Plasmapheresis has been tried, with temporary relief, in a
patient whose vision was threatened due to corneal ulcer-
ations despite aggressive in-hospital treatment over 4
months.* Early diagnosis is most important to minimize po-
tential sequelae from serious deep-seated infections.? Derma-
titis can be treated with topical steroids. Antihistamines are
useful for the treatment of pruritus. Alternative treatment
modalities have been investigated. Since IgE production oc-
curs via communication between receptors and ligands lo-
cated on activated T cells and B-lymphocytes, aswell asfrom
cytokines such as interleukin 4 (IL-4) or 1L-13, which can
cause immunoglobulin switching from IgM to IgE, these are
potential targets for therapy.?? Interferon -y has used in some

patients as alternative therapy in hyper-IgE syndrome.?
However, studies investigating the effect of cytokines or
antibodies to cytokines on IgE production have been contro-
versial. Inastudy by Verceli et a, % no differencein production
of I1L-4 by patients with hyper-IgE, as compared with contrals,
was seen. Antibodies to I1L-4 and IL-6 did not decrease IgE
production by peripheral blood mononuclear cells. These find-
ings were challenged by alater study by Garraud et a.?* In this
study, IL-6 dightly increased 1gG4 production, whereas no
increase was seen when IL-4 or 1L-13 was given. IL-12 and
interferon -y each significantly reduced IgE production. Anti-
IL-4 and anti-1L-3 antibodies were shown to significantly de-
crease production of IgE and 1gG4. Antibodies to L4 receptor,
as well as IL-8, anti-IL-6, and anti-tumor necrosis factor o
antibodies, inhibited IgE and 1gG4 production completely.?* The
current report suggests that food alergy may be one of the
triggering factors for the overproduction of IgE in some patients
with hyper-IgE syndrome.

CONCLUSION

The phenotypes of hyper-IgE syndrome are diverse. New
therapeutic modalities are being investigated for the treatment
of hyper-IgE. Thisis the first report of a patient with hyper-
IgE syndrome and cow’s milk protein alergy in whom
Neocate formula, in combination with traditional prophylac-
tic antistaphylococcal antibiotics, was effective in treating
FTT. We recommend the consideration of food alergy in
patients with hyper-IgE syndrome who partially respond to
traditional therapy.

REFERENCES

1. Leung DY, Geha RS. Clinical and immunologic aspects of the
hyperimmunoglobulin E syndrome. Hematol Oncol Clin North
Am. 1988;2:81-100.

2. Buckley RH. The hyper-Ig syndrome. Clin Rev Allergy Im-
munol. 2001;20:139-154.

3. Kelly KJ, Lazenby AJ, Rowe PC, Yardley JH, Perman JA,
Sampson HA. Eosinophilic esophagitis attributed to gastro-
esophageal reflux: improvement with an amino acid-based for-
mula. Gastroenterology. 1995;109:1503-1512.

4. Grimbacher B, Holland SM, Gallin Jl, et a. Hyper-IgE syn-
drome with recurrent infections-an autosomal dominant multi-
system disorder. N Engl J Med. 1999;340:692—702.

5. Buckley RH, Becker WG. Abnormalities in the regulation of
human IgE synthesis. Immunol Rev. 1978;41:288-314.

6. Chamlin SL, McCalmont TH, Cunningham BB, et al. Cutane-
ous manifestations of hyper-IgE syndrome in infants and chil-
dren. J Pediatr. 2002;141:572-575.

7. Hinrichs R, Fricke O, Tutuncu R, Hunzelmann N, Krieg T,
Scharffetter-Kochanel K. A patient with hyper-IgE syndrome: a
multisystem disorder. J Am Acad Dermatol. 2002;47(Suppl):
S268-S269.

8. Buckley RH, Wray BB, Belmaker EZ. Extreme hyperimmuno-
globulinemia E and undue susceptibility to infection. Pediat-
rics. 1972;49:59—70.

9. Grimbacher B, Schaffer AA, Holland SM, et al. Genetic linkage
of hyper-IgE syndrome to chromosome 4. Am J Hum Genet.
1999;65:735-744.

VOLUME 92, APRIL, 2004

473



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Shirafuji Y, Matsuura H, Sato A, Kanzeki H, Katayama H,
Arata J. Hyperimmunoglobulin E syndrome: asign of THL/TH2
imbalance? Eur J Dermatol. 1999;9:129-131.

Consensus Report of the European Task on Atopic Dermatitis.
Severity scoring of atopic dermatitis: the SCORAD index. Der-
matology. 1993;186:23-31.

Sampson HA. Utility of food-specific IgE concentrations in
predicting symptomatic food allergy. J Allergy Clin Immunol.
2001;107:891-896.

Sampson HA, Ho DG. Relationship between food-specific IgE
concentrations and the risk of positive food challenges in chil-
dren and adolescents. J Allergy Clin Immunol. 1997;100:
444-451.

Bock SA, Sampson HA, Atkins FM, et a. Double-blind, pla-
cebo-controlled food challenge (DBPCFC) as an office
procedure: amanual. J Allergy Clin Immunol. 1988;82:986—97.
Isolauri E, Turjanmaa K. Combined skin prick and patch testing
enhances identification of food allergy in infants with atopic
dermatitis. J Allergy Clin Immunol. 1996;97:9-15.

Sampson HA, James JM, Bernhisel-Broadbent J. Safety of an
amino acid-derived infant formula in children allergic to cow
milk. Pediatrics. 1992;90:463-465.

De Boissieu D, Dupont C. Allergy to extensively hydrolyzed
cow’s milk proteins in infants. safety and duration of amino
acid-based formula. J Pediatr. 2002;141:271-273.

Isolauri E, Sutas 'Y, Makinen-Kiljunen S, Oja SS, Isosomppi R,
Turjanmaa K. Efficacy and safety of hydrolyzed cow milk and
amino acid-derived formulas in infants with cow milk alergy.
J Pediatr. 1995;127:550-557.

Leung DY, Ambrosino DM, Arbeit RD, Neweton JL, Geha RS.

20.

21.

22.

23.

24.

Impaired antibody responses in the hyperimmunoglobulin E
syndrome. J Allergy Clin Immunol. 1988;81:1082—-1087.
Sheerin KA, Buckley RH. Antibody responses to protein, poly-
saccharide, and bacteriophage X174 antigens in the hyperim-
munoglobulinemia E syndrome. J Allergy Clin Immunol. 1991,
87:803-811.

Wakim M, Alazard M, YaiimaA, Speights D, Saxon A, Stiehm
ER. High dose intravenous immunoglobulin in atopic dermatitis
and hyper-IgE syndrome. Ann Allergy Asthma Immunol. 1998;
81:153-158.

Vercelli D, Jabara HH, Cunningham-Rundles C, et a. Regula-
tion of immunoglobulin (Ig)E synthesis in the hyper-IgE syn-
drome. J Clin Invest. 1990;85:1666—1671.

King CL, Gdlin J, Maech HL, Abramson SL, Nutman TB.
Regulation of immunoglobulin production in hyperimmuno-
globulin E recurrent-infection syndrome by interferon . Proc
Natl Acad Sci USA. 1989;86:10085-10089.

Garraud O, Mallis SN, Holland SM, et a. Regulation of immu-
noglobulin production in hyper-1gE (Job’s) syndrome. J Allergy
Clin Immunol. 1999;103:333-340.

Requests for reprints should be addressed to:
D. Betty Lew, MD

c/o Children’s Foundation Research Center
Le Bonheur Children’s Medical Center

50 North Dunlap

Room 401, WPT

Memphis, TN 38103

E-mail: dblews@pol.net

474

ANNALS OF ALLERGY, ASTHMA, & IMMUNOLOGY



