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Abstract

Background: Previous studies have reported that up to 75 % of milk allergic subjects tolerate heated milk products.
However, the food used for heated milk challenge is often prepared in a non-standardized manner by the parents at
home, which may prove inconvenient and even sometimes raise concerns with regards to test validity. Instant skim
milk powder is made by a food process that involves heating skim milk to up to 250 °C (390 °F) for up to 30 min which
ought to be sufficient to denature thermo-labile proteins.

Objective: To appraise the use of instant skim milk for the purpose of heated milk food challenge.
Methods: We reviewed all oral food challenges to instant skim milk powder performed at Sainte-Justine University

from 17 to 28 %.

mented to practice.

Hospital Center in Montreal, Canada between November 2008 and January 2013 (cumulative dose of 4 g proteins).

Results: During the study period, 39 children underwent an open food challenge to instant skim milk powder.
Thirty patients (76.9 %) passed the challenge without clinical reaction, of which 26 successfully introduced heated
milk products at home. The remaining four children reported intermittent mild reactions to specific forms of heated
milk goods while they tolerated others. Subjects’ clinical and paraclinical characteristics were comparable to previous
cohorts evaluating baked milk challenge, which reported similar rates of heated milk positive challenges, ranging

Conclusion: Challenge with instant skim milk powder could be a safe, convenient and easily standardizable alterna-
tive to home baked food for heated milk challenge. Further controlled studies are needed before this can be imple-
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Background

Cow’s milk protein allergy is the most common food
allergy among children, affecting 1-3 % [1, 2] of young
children and causing up to 13 % of fatal food induced
anaphylaxis [3]. It is caused by IgE antibodies directed
against a wide variety of different sequential or confor-
mational epitopes on different milk proteins [4]. Since
food heating can affect protein conformation and modify
conformational epitopes, it can drastically reduce reac-
tivity in those subjects with antibodies directed mainly
against such conformational epitopes [5]. This explains
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why a majority of milk allergic children will tolerate
heated milk in baked products [1, 2, 6, 7].

Identifying children that can tolerate heated milk prod-
ucts is extremely important given current management
of food allergy relies on strict avoidance of food allergens.
Because it is present in so many processed foods, cow’s
milk protein allergy is associated with a major burden for
patients and families [8]. Its negative impact on quality of
life [9] and the burden of cow’s milk diet exclusion [10]
have been well documented. Identification of heated milk
tolerance can lead to a relaxation of the diet, making it
easier to follow. In addition, the regular introduction of
heated milk into the diet could accelerate the develop-
ment of fresh milk tolerance [1]. Evaluation of tolerance
to heated milk is thus an extremely important part of the
management of milk allergic children [11].
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Heated milk challenge is usually performed with muf-
fins or cupcakes [1, 6, 12] made with nonfat milk pow-
der baked at 350 °F for 30 min, containing up to 2.6 g of
milk protein. Other reported alternatives have included
walffles and well-cooked cheese on a pizza baked at 425 °F
for at least 13 min [1] (made with 4.6 g of milk protein),
rice pudding baked at 325 °F for 90 min (containing
7.7 g of milk protein) [13] and a variation of the tradi-
tional approach with muffins baked at 180 °C (360 °F) for
20 min (containing 0.5 g of milk protein) [14].

In our center, we have used a different heated milk
challenge technique consisting of a glass of reconstituted
milk from instant skim milk powder. We postulate that
the performance of our challenge technique, which is
user-friendly as it is easy and rapid to prepare and allows
verifying the exact intake of milk protein, is comparable
to other techniques previously published.

Methods

Charts of all patients who underwent oral food chal-
lenges to instant skim milk powder at Sainte-Justine Uni-
versity Hospital Center in Montreal from November 2008
through January 2013 were reviewed. To be included in
the analysis, the patients needed a prior history of aller-
gic reaction to milk and detectable milk proteins IgE as
determined by a positive skin prick test (SPT) (3 mm
greater than control) and/or serum milk-specific IgE lev-
els >0.35 kU/L (ImmunoCAP, Phadia, Upsala, Sweden)
or >0.1 kU/L (Immulite, Siemens Healthcare Diagnostics,
Tarrytown, NY). No upper limit for specific IgE levels
and SPT values was set for study exclusion.

Patients who had already tolerated heated milk prod-
ucts introduced at home were excluded. The study was
approved by our institutional ethics committee.

SPTs were performed according to previously pub-
lished methods [1] using commercial extracts (Omega
Laboratories LTD, Montreal, Canada) for milk,
a-lactalbumin and casein. We also performed SPTs with
fresh cow’s milk and instant skim milk powder described
below. Control tests for SPTs were performed with his-
tamine (positive control) and a normal saline (negative
control). Wheal diameters were measured after 15 min.
A positive SPT was defined as a wheal larger than 3 mm
than the negative control.

After obtaining consent from parents, open food
challenges to heated milk were performed using a glass
of milk reconstituted from instant skim milk powder
(Compliment Instant Skim Milk Powder, Sobeys, Missis-
sauga, Ontario © or Carnation Instant Skim Milk Pow-
der, Smuckers Foods of Canada Corp, Markham, Ontario
©). The challenge consisted in a step-wise ingestion of
progressive amounts (0.5, 5, 30 and 85 mL) up to a total
of 120 mL (approximately four ounces) of powder milk
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mixed with water, which is equivalent to 4 g of milk pro-
tein. In children who did not want to drink the powder
milk preparation, it was mixed with chocolate. Written
consent was provided before the procedure.

Children were observed in the allergy clinic during the
challenge and at least 1 h after the last dose of powder
milk. The challenge was stopped if symptoms occurred
and the child was re-examined by the physician and
treated accordingly. Anaphylaxis was defined according
to World Allergy Organization criteria [15]. Our institu-
tion’s protocol was to introduce heated milk products at
home if the patient tolerated the challenge.

Parents were advised to introduce regularly in the diet
baked cow’s milk goods that were well cooked in the oven
such as cakes, muffins and brownies. Patients were also
allowed to consume recipes with powder milk (milk-
shakes, sauces, cakes, etc.) but fresh cow’s milk has to be
strictly avoided in the diet.

We conducted a literature review on Medline using the
following keywords: baked milk challenge, powder milk
challenge, heated milk challenge, baked milk tolerance,
and heated milk tolerance. The Wilcoxon rank-sum test
was used to compare continuous baseline characteristics
between heated milk tolerant and reactive patients. The
two-sample x? test was used to compare categorical data.

Results

Forty-four children underwent a challenge to instant
skim milk powder during the study period. Two patients
were excluded because they did not complete the chal-
lenge because of food aversion even though no objec-
tive allergic reaction occurred. Two patients were further
excluded because SPT to extracts and fresh cow’s milk
were negative. Lastly, one patient was excluded from the
diet tolerance analysis because his parents chose not to
introduce heated milk products at home despite recom-
mendation because of fear of having an adverse reaction.
As a result, a total of 39 milk allergic patients (median
age 9 years, range 2—17) having undergone instant skim
milk powder were included into the analysis. Of these, 30
(76.9 %) passed the initial OFC. Characteristics of heated
milk tolerant and heated milk allergic are compared in
Table 1.

Briefly, there were 6 (66.7 %) males in the heated milk
reactive group compared to 17 (56.7 %) in the heated milk
tolerant group. The prevalence of collateral atopic mani-
festations (asthma, atopic dermatitis, allergic rhinocon-
junctivitis and other food allergies) did not differ between
the two groups. When comparing initial cow’s milk reac-
tion, children reactive to heated milk were more likely
to report a history of gastrointestinal tract symptoms to
milk than heated-milk tolerant (p < 0.04). There was no
significant difference noted for other systems. Only one
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Table 1 Study participants characteristics
Outcomes of the oral challenge Heated milk reactive Heated milk tolerant p value
No of patients (%) 9(23.0) 30(76.9)
Reaction threshold (mg protein), median [range] 1.25[0.0036-4] NA
Age, median (years) [range] 9 [5-15] 92-17] 75
Sex, no (%)
Male 6 (66) 17 (57) .59
Median specific IgE levels (kU,/L) [range]
Cow's milk 3.41[0.89 to >100] 0.74 [<0.10-3.53] .004
Casein 01[0.51-80.8] 0.29 [<0.10-3.65] .006
B-Lactoglobuline [O 55-1.59] 1[0.18-1.44] 16
a-Lactalbumine 3.83[0.55-44. 6} 0.66 [<0.10-1.97] .01
Total IgE 611[58-1882] 206 [32-2470] 75
Median SPT wheal (mm) [range]
Fresh cow’'s milk 7.5 [4-16] 7.5[4-13] 42
Powder milk 11.5[8-13.5] 7.25[0-13]" 55
Cow's milk extract 5[3-10.5] 410-125]" 32
Casein 6[3-11] 41[3-9.5] 96
a-Lactalbumin 5.5[0-8.5] 35 [0-14]" 79
Index reaction to milk involving
Skin 6 (66 %) 14 (47 %) 29
Airway 1(11 %) 7 (23 %) 43
Gl tract 8 (89 %) 20 (66 %) 04
Hypotension 1011 %) 0 .07
Systemic anaphylaxis 2(22 %) 9 (30 %) 65
Other atopic conditions, no (%)
Asthma 3(33) 16 (53) 29
ARC 4(44) 10 (33) .70
Atopic dermatitis 6 (67) 22 (73) 70
Other food allergies 8(89) 28 (93) 66

ARC allergic rhinoconjunctivitis, SPT Skin Prick Test

* Three negative SPTs for powder milk, milk extract and lactaloumin were observed in three separate patients

child had a history of hypotension to cow’s milk, which
was found to be heated milk reactive (p = 0.07).

Interestingly, no difference was found in SPT results
(cow’s milk extract, casein extract, a-lactalbumin extract,
powder milk, fresh cow’s milk) between those who
passed and those who failed instant powder milk chal-
lenge. However, cow’s milk specific IgE levels were signif-
icantly higher in patients who failed baked milk challenge
(p < 0.004). Casein and a-lactalbumin specific IgE levels
were also significantly higher in heated milk reactive chil-
dren (p < 0.006 and p < 0.01, respectively).

Most reactions to instant skim milk powder challenge
were found to be mild and responded well to anti-hista-
minic drugs. The median reaction threshold was 1.25 g of
milk protein, ranging from 0.0036 to 4 g. More than half
of heated milk reactive children (55.6 %) had oral and/or
oropharyngeal pruritus. Four (44.4 %) subjects presented

gastrointestinal symptoms. Only one patient (patient 7)
had immediate generalized hives and recurrent vomiting
that required the injection of intramuscular epinephrine.
This patient recovered shortly after a single dose of epi-
nephrine and was discharged home few hours later. No
patient had cardiovascular or respiratory symptoms dur-
ing the challenge. Heated milk reactions are detailed in
Table 2.

We conducted a phone follow-up among subjects
that had passed instant powder milk challenge to evalu-
ate whether baked milk products had been introduced
and tolerated at home. We were able to contact 24 of 30
heated milk tolerant patients (80 %). The remaining 6
subjects who could not be reached by phone all had had
a clinic follow-up visit after the challenge in which physi-
cian notes attested that they were eating various types of
heated milk products without any allergic reaction.
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The majority (86.7 %) of baked milk tolerant children
was frequently eating various types of heated milk prod-
ucts such as brownies, cakes, muffins, and manufactured
baked mozzarella cheese without any clinical reaction.
Four patients reported intermittent and mild reactions
to specific forms of heated milk products that responded
well to antihistamines but tolerated other forms (Table 3).
Curiously, we did not identify an association between
the milk protein’s cooking degree and the symptoms
reported by those four patients. For example, patient
number 2* tolerated baked cheese but did not tolerate
brownies that were cooked longer in the oven. Briefly,
two children reported mild gastrointestinal symptoms:
one had abdominal pain and regurgitation that resolved
spontaneously and one had vomiting that responded to
oral antihistamine treatment. The remaining two patients
had symptoms that could not be objectified; one reported
throat pain that resolved with antihistamines and the
other expressed anxiety and experienced tongue pruritus
that resolved completely without any medication. There
was no systemic anaphylaxis with baked milk introduc-
tion and no subject required epinephrine injection at
home.

Discussion

Recent advances in food allergies have shown the impor-
tance of evaluating the tolerance to heat-denatured milk
proteins as part of the management of cow’s milk pro-
tein allergic children in order to relax the avoidance
diet but also to change the natural history of cow’s milk
protein allergy [16]. To our knowledge, this is the first
study to report the use of instant skim milk powder as
a tool for heated milk challenge to this effect. Our expe-
rience has shown this approach to be safe, efficient and
user-friendly.

In heated milk reactive patients, challenge reactions
were mostly mild, except for one child who required
epinephrine administration. In patients who tolerated
the heated milk challenge, there was no serious reaction
upon reintroduced at home. The dose of milk protein
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reached with this protocol (4 g) thus appears to allow a
safe reintroduction of heated milk products at home.
Four subjects (13 %) reported partial tolerance of baked
milk products at home. The basis for these reactions
remains unclear as the patients would report reactions to
foods with lower milk amounts having undergone longer
heating times. It is possible that changes in baseline reac-
tion threshold (from infection, exercise, pollen season,
menses) could explain reaction variability, independent
of heated milk dose.

After performing a Medline search of the keywords
mentioned in the “Methods”, we found 68 articles (date:
December 2014). Of these, six studies presented detailed
original results of heated milk oral food challenges and
are described in Table 4.

Using this instant powder milk challenge approach,
we obtained a rate of 23.1 % of positive challenge,
which is comparable to other heated milk challenge
techniques used in other studies with similar popula-
tions, which have been summarized in Table 4 [1, 6,
14, 17]. The Nowak-Wegrzyn group [6], which used
muffins and waffles containing heated milk, reported
an identical positive challenge rate of 23 %. Bartni-
kas and colleagues [12], which used heated milk chal-
lenges to muffins or cupcakes had a positive challenge
rate of 17 %. In their report, Ford and colleagues [13]
identified 28 % of heated milk reactive children using a
series of heated milk challenges including muffin, pizza
and rice pudding. Finally, a recent study by Mehr and
colleagues [14] showed that 27 % children reacted to
heated milk in the form of a baked muffin containing
0.5 g of milk protein.

Given the study’s retrospective design, we cannot
exclude that some subjects that were found to be heated
milk tolerant may have also been fresh milk tolerant, hav-
ing already outgrown their milk allergy at time of chal-
lenge. To overcome this limit, a second prospective study
would be warranted where powder milk tolerant children
would undergo fresh cow’s milk challenges to prove that
they are still milk allergic.

Table 3 Children partially tolerant to heated milk after home reintroduction

Patient Age (years) Type of heated
milk tolerated

Type of heated milk
not tolerated

Symptoms during reintroduction Treatment
of heated milk

Baked cheese (all sorts)
Mozzarella cheese, pudding, pow-

Abdominal pain, regurgitation None

Throat pain Antihistaminic

der milk contained in sauce and

1% 12 Muffins, cakes, brownies, ice cream
2% 9 Brownies, chips, crackers, cakes
milkshake
3* 17 Baked cheese (pizza)
etc)
4% 15 Bread containing powder milk

etc)

Powder milk ingredients (brownies

Powder milk ingredients (brownies

Tongue pruritus anxiety None

Vomiting Antihistaminic




Page 6 of 9

39

Cherkaoui et al. Allergy Asthma Clin Immunol (2015) 11

UaIp|IyD URIS[0)- WH UYlm paledwiod
YUIM UBIP|IyD 9ARDeal WH Ul Jaybiy
Apuesyiubis alam sonel $56|/36] oy
-ads ulingo|bo1oe|-q pue dydads-ulased
pue ‘UlNqo|601e|-q IO 3|1 5,MO0D O}

36 2y159ds Yum pasedudod sanjea sl 0L-1)
-d1paud aAnebau pue aasod 1saybiy 0'g 2An
a1 pey 36/ dyidads-uased ‘syuaned -oe3al \H GZZ =N [P0l [1] pue
1URIS|0) WH YuMm pasedwiod syusned (OLL-0%)  [#] Se aules euad Aljiq
aAlDeaI NH Ul 1aybiy Apuedyiubis G'/aue 16113871 = N 4O Hoyod
2J9M UIINQO|B01.|-g PUB UISED |1 -19]01 WH pUOD3s e pue [{7] Woly [£1]
5,M02 01 361 JO S|an3| auy pajensuowsp  (0/9-G0)  (S0E-C0) (505-80) (%60  (%819) Uoyod /6 =Nuaipiy2dibisje el
ua1p|Iyd DIBI3]|E 3|1 JO SHOLOD OM3 By 44 €7 6Ll (€70 N N 8¢ €8 [] se awes aAndadsold puosag |1 JO SLI0Y0D OM 19gNeD
(1000 > d)
1URJS|01 }|IW P31BSYUN SUI09] O}
dnoub uosiedwod ay1 uey A2 240w
2I9M |1 payeq Aleiaip paresodiodul (19bu0|
OYM 3soy3 pue (1000 > d) uaip|iyd oAl Joujw €1 1oy
-Deal \WH Yim paieduod 1uela|ol Y| 4Gz 18 payeq)
pa1e2ayun SWO023q 0 A|3MI| DIOW 3I9M u304d yjiw Jo
WH O3 1UeIa|0} Aj[eiiul uaip|iyD ApoLis 6 o'y buluieluod
S[IW PIOAR (9% 8/) Aliofew 3y sealaym ezzid 9s99>
‘9593D payeq pue \H 91e43|0) (% €1) € puy “(ulw Qg Joy (09 = N) s122[gns
Sl pa1esyun 9119(01 (% 6) ¢ (€C = U) 4 0G¢€ 18 paxeq) 91O 0] Paydiew
dnoib anoeal WH 3y buowy “yjiw urs101d YW Jo dnoib uosuedwod  [[]
paleayun 31eJ3j0) MOU (9% 09) 6€ ‘WH (% 1°92) 6 ¢'| paureiuod (€£1-17) 68=NI[r] e
03 JUeIR[0} Ajjeniul ua1p|iyd 69 buowy VN VN VN VN VN VN €¢ (%vL)S9 ugnw yse3 aARdadsoud 99  seawes s1d3[qns 3|q1b13 Wi
001 = N A11Ainoeal |ed
-1Ul|> 10} aNnjeA paidipaid
4O 95 G6 UeY) 191eID
urr04d s95u0dsal | 4S 10 S|oAd|
WD Jo b9z |e1oL 361 dy1ads-y|1w Jo Allua
sdnoub Jayio (Ulw € 10} 4 005 Apnis 10J3q syiuow 9
ueyl sjoA9| 36| dyidads-ulased pue 1€ J9XeW a|yem UIUIIM ¥|1U 03 UO1Dead
Sy1oads-y|iw Jaybiy pue sjeaym | 4s e U] pay00d) o1bi3)je ue Jo Aloisiy e
196 ApURDYIUBIS PRY USIP|IYD 9AIIDRSI urRi0d N|Iw 6 €| pey pue ‘36| oypads
WH [Iw pa1eayun pue pajeay yioq Buiuleluod ayyem |1 WNJSS 9|qe1da1ap
pa1eJ3|0) 6 PUB ‘|\H O3 Pa12eal €7 A|Uo pue (USAO Ue Ul 10 sasuodsal | 4S dAl} 7]
IWH AjanIsusixs pa1eiajol g9 :s3busjieyd  (10L-120) (101-690) (1'6£-0) uIW O€ 10} 4 0S€ (€/1-17)  -1sod yum'sieah 1z-G0 e ie
IWH 0013pUN Oym uaIp|iyd 001 Buouwy Syl (L01-0)#'1 9Ll T 1956 61-S0L (€0 €T (/L) /L e pRq) Uy 2ARdedsOld St pabe s123fqns 3|qibl3 emoN
dAIdRAI  ueld|0)
EYYib1-EY] jueid|0) aAndeds jueId|0) H (96ues) WH
WH (ebues) WH (3bues) WH ‘(96ues) WH ‘(26ueu) uejpaw  (abue)
ueipaw uelipaw uelpaw uelpaw ‘(ww) (ww) (saeak)
(17n) 361s (17" n) (17¥n) ‘(1/%Nd)  uelpsw  uelpaw  3AndE3)  JURID|O} abe
sbuipuy urely uese) 36|s ugase) 3BIsAIN 3BISAIN - “LASINN- “LdS I WH WH D40 WHJo adAy ubisaq uelpay uonejndoq Apms

abuajjeyd yjiw pajeay uo saipnis jo Arewwns § sjqeL



Page 7 of 9

39

Cherkaoui et al. Allergy Asthma Clin Immunol (2015) 11

9Jes pue A|puslij-Iasn
s 1y abuajjeyd WH Jo anbiuyoay mau
© $31BJ1SUOWSP pue sa1pnis paysiignd
Ajsnoinaid 01 pasedulod |\H 01 9bua|
-|eyd 2AnIsod JO 31ed Je|IUIS B SMOYS
Apnis siy] "So1siia1deleyd uaipjiyd
9|gesedwod sa1esIsUOWSP ApN1s INO
‘9BuU3|[eYD H UO S31PNIS JSY10 0}
uosiedwod u| (10" > d) ulwngeioe|-n
pue (900" > d) uased ‘(00" > d) 3|
S,MO0D 01 S|aA3| 36 dy1dads Jaybiy pey
UaIp|iyd aAnoeal |INH JCEm_Oy WH 2loM
oym 35041 03 pasedwo) ‘9buajeyd
1w sapmod ay3 passed (9 6'9/) O€

(8°08-150) o€
S9'L —-S€0>) 8€0

sixe|Aydeue |\D Jo K1oisiy

e yum asoyl pue ‘sdnoib pooy €< 01
suooeal [ed1Uld patelpaw 36 ‘Adeayy
Ja1usnald Buinbal ewyise ‘ewyise

(0oL< (86

—-68°0) 617 —S£0>) 980

Ol-¥) 5L (€El-v) 2L

% L'€D) 6

(Jw oz L Ajerew

-Ixoidde) ujar01d

|1 5,M0 JO B 1

JO [P10} B 0} U3

-eAINba sem 1eyy

(% 692)  Jopmod Ml wiys
0€  1uRISUI JO SSeD v/

-dadsonsay (0/1-0%) 6

6€=N
"36] 2y1oads-3j1ul WNIas
pa1eAd|a Jo/pue (1dS)
1591 21d upjs aAnsod e
Aq paulwiaiep se 36|s
ula104d ¥|IW 3|grIDAIP
puE |Iu 01 UOIIDe3)
d1bi3) e jo A101s1y Joud
B e aAeY pjnoys syusned  Apnis
sul‘pspnpuisgol syl

2I9M |\D Pa3eq 01 AUAIIDBSI [BDIUID (ui=10ud
JO SI01DIPRId “Ul[PURIPE Je|NdSNUIEIIUI A[IW S,MOD JO €/
pailinbai pue sixejAydeue padojersp b g0 bujuieuod) -61) €/
(% 1) ¥ 'si010831 JO "9BUS| [Py S Ul 0z 104 3, 081 SnI1deal WH 0L=NWD
03 paideal (% £7) Ua1P|IYd 61 I21p 18 paxeq ‘ugynui (8-50) 0136]s 4o uondeal |ds [r1]
11341 03Ul D payeq paresodiodul A|ing (001-S2) (% 6T/)  dYlioy pasn sem pauol} Gplue UM AND Ol UOIDeI [BD  [eld
-S$9D0NS pue D40 dYd passed (% €/) LS VYN N N VN 58 (0L-04)8 W L/06l S odpalplepuelsy  -USWION  -J30) NH  -IUl> BUIDUIAUOD SNOIARL]  JYSIN
SE=NPA9
36|S WINJISS pa1ena|d
10 3nsal | 4S aAnisod e
Aq paulwia1ap se ‘36|s
WOy 1e 2Insodxa ul2104d |1 3|qPIDAIRP
M[Iu payeq bulobuo 01 suondeas ale) (ur=r04d 1w pue 3sibi3)je ue Aq

Jo Aujigissod e s a1ay ] sabuajieyd 3w 40 697 Jo [e103) pI0D3J [eDIPAU DY3 U
paX%eq JO SaWO2IN0 BundIpaid Ul [9A3] (ulw o€ JoJ 4 0S¢ PRUSWND0P (Pateayun [c1l
36|S UBY1 3|qelj2. S10W 3G ABW [BRYM 1e payeq) uiioid 1O payeq Jayld) Yl 0} ‘e1d
1dS u1m01d A i paseq pa1esajol (S'1¢ (€0l o1e (907 3|1 Jo axed-dnd B suoinoeal 216J9)|e Joud jJo sey

A|IW'S,MOD 01 2IBDI3|[B UBIP|IYD SO —GE'0>) L0l —SE0>) SOl —SE0>) 6€T ~S€0>) €6'L  (0Z-4)SL (02-0)0L (% £1)9 (% €8) 6T Jlougnw yoe3  -dadsonay (gl-1'€) 1'g  Aloisiy e pey siusned |y -luleg
(Uwi 06 EL=N
11 91eJ3|0) OYM 350Y) Buowe 10§ 4 GZ€ 18 pavjeq |IW 01 uonoeal d1bia| e
UBY1 |\H 01 10831 Oym ABJI3|[E ¥|IL YIIM uR104d yjiw Jo Ue Jo A101SIY B pUE S[9A3)|
syuaned buowe Js1ealb Apuedyiubis 6 /'/) Buippnd 36] oydads-y|1u wnias

||B 218 J212WIRIP [BRYM | 4S ¥|I pue ‘Al 201 (Ul €1 1583 9|ge12313pP JO I 0}

-AlDeRI Iydoseq dypads-y|iw ‘[aAd] 36 1010} 4 571 18 asuodsai | 4 aAnisod
JY1Dads-y|I pUB -UISSeD S191P 419yl Ul payeq uieloid e pey pue sieak 0| pue [€1]
INH JO SULIO} SWOS 91e18|0) 01 9|ge 3l (6'6¥—9€°0) (9€7-90) 2L  Miw o by)ezzd O11-07%) yjosebeayiusemiaq R3S
ABaa|je 1w yum syusiied jo Auofew sy SLel VN 144 YN YN YN (%80) L€ S6 (] seswes ugyny aA1d3dsoid 9L aiam s139fqns 9|qiby3  pioq

9AI1DEDI  JURIS|O)
Vi BL-TT] jue.id|o} dA11DOED 1uesdjol WH (sbues) WH
WH (36ues) WH (bues) WH ‘(9bues) WH ‘(buel) uelpaw  (abue)
uelpaw uelpaw uelpaw uelpaw ‘(wiw) (wiw) (s1e9Kk)
(1/%n) 3615 (17" ) (1Y) ‘(1/%n%)  uelpaw  uelpaw  3A;dEAI  URIS|O} abe
sbuipuy ureyy uase) 36is utased 361N 3BISAIN LSO “LdS I WH WH D40 WH jo adA} ubisaq uelpsiy uonejndod Apmg

panunuod ¢ ajqeL



Cherkaoui et al. Allergy Asthma Clin Immunol (2015) 11:39

This said, the reported reaction rate is a reflection of
real-life clinical approach in which heated milk is nor-
mally introduced at home before attempting fresh milk
challenge. The concordance with previous reports further
supports the idea that clinicians should expect heated
milk challenge reaction rates to be between 17 and 28 %
in this population.

It is possible that patients who reacted to powder milk
could have been baked goods tolerant. A follow up study
is warranted where all powder milk reactive children are
challenged to baked milk goods within a week.

Despite heating powder milk may not be completely
equivalent to baked foods. Another hypothesized mecha-
nism that reduce the allergenicity in baked foods is the
formation of disulfide bonds that may modify IgE bind-
ing and thus allergen presentation to the immune system.
For example, beta-lactoglobulin protein when heated will
bind to other food proteins of the matrix and this will
reduce its allergenic potential [18]. For example for egg,
it has been suggested that ovomucoid is polymerized by
heating and forms complexes with gluten that leads to
markedly insoluble ovomucoid [19].

Heated milk reactive children had higher median
specific IgE levels to cow’s milk protein, casein,
a-lactalbumin and B-lactoglobulin. This was also consist-
ent with findings from previous studies [6, 17]. Specifi-
cally, Nowak and colleagues [6] have shown that patients
with milk-specific IgE > 35 kU, /L had about 85 % chance
of reacting during heated milk challenge and a decision
point of 5 kU, /L demonstrated approximately 90 % rate
of heated milk challenge tolerance. Another study [17]
demonstrated that a casein-specific IgE cutoff of 0.94
kU,/L had a negative predictive value of 96 % but a low
specificity of 32 % to determine a negative decision point.

Use of reconstituted instant powder milk for challenge
offers practical advantages over baked food. The main
method for drying milk in the dairy industry is spray
drying, which involves heating to up to 200 °C (390 °F)
for up to 30 min, thus meeting generally accepted crite-
ria for “heated milk” [20-22]. For the parents, it elimi-
nates the worry of properly baking the challenge product
at home, which can be stressful, as evidenced by parents
who prepare multiple cakes “to make sure they get it
right”. This preparation requires fresh milk manipulation
at home and could be associated with a potential con-
tamination of the environment and accidental contact
with this allergen. Preparation with instant milk pow-
der is quick and easy. As powder milk is easily stored,
challenges can be performed immediately when clinical
criteria are met instead of having to schedule another
appointment for parents to bake the cake. For the cli-
nician, there is the advantage of knowing precisely the
amount of milk that is being administered to the patient
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whilst it is much more approximate in baked goods. Par-
ent’s errors at home can lead to low amounts of milk
in challenge product which could in turn lead to false
reassurance after passed challenge. Even when the par-
ent’s calculations are correct, it often remains difficult
to precisely ascertain the exact amount of milk that was
ingested.

Beyond its practical aspects for heated milk challenge,
this study raises the issue that instant powder milk may
not be equivalent to fresh milk from an antigenic point of
view. This notion could be relevant in other settings such
as oral immunotherapy. While successful use of powder
milk has been reported, to the best of our knowledge it
has never been directly compared to fresh milk in that
context [23, 24].

Conclusion

We have shown that heated milk challenge using a glass
of milk prepared with instant milk powder could be a
safe, efficient and convenient method for patients, fami-
lies and physicians to test for heated milk tolerance com-
pared to the standard which could be considered as a tool
in both research and clinical settings. Further controlled
studies are needed before this can be implemented to
practice.
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