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Threshold dose of cow’s milk in sensitization
to casein higher than those of casein and B-lactoglobulin
in children with cow’s milk allergy

Yukiko Otsuka," Hideyuki Morita,' Yuka Kimura,' Rikako Mori,' Kumiko Miyazaki,' Yuko Shimokawa,’
Koji Tatabayashi," Michinori Funato,' Hideo Kaneko"?

Abstract

Background: Recent treatment for food allergies involves the intake of allergy-causing foods at doses lower than the
threshold dose determined by the oral food challenge (OFC). For a more successful treatment, it is necessary to identify
a biomarker to establish safer doses of allergens in foods consumed at home.

Objective: In this study, we aim to investigate whether the pattern of sensitization to cow’s milk (CM) is related to the
threshold dose of CM.

Methods: Fifty patients with sensitization to casein (casein-specific IgE titer > 0.7 UA/ml) and who have undergone the
CM OEFC test from July 2013 to July 2015 were enrolled. They were examined for the presence or absence of sensitiza-
tion to B-lactoglobulin (BLG) (BLG-specific IgE > 0.7 UA/ml). They were divided into two groups, namely, the only-ca-
sein-specific IgE-positive (C) group, and both casein- and BLG-specific IgE-positive (C + B) group.

Results: The C group had 26 patients and the C + B group had 24. Both the CM- and casein-specific IgE titers were
higher in the C + B group than in the C group. The positivity rates determined from OFC test results were 53.8 and
87.5%, and the threshold doses of CM were 88.7 and 31.1 ml in the C and C + B groups, respectively. In patients with
low casein-specific IgE titers (< 10 UA/ml), the C + B group showed a significantly lower threshold dose of CM than
the C group.

Conclusion: Our results suggest that children with CM allergy sensitized to casein alone have a higher threshold dose
than those sensitized to both casein and BLG.
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Introduction

Cow’s milk (CM) allergy (CMA) is commonly encoun-
tered in pediatric practice. The prevalence of CMA is approxi-
mately 2 to 3% of the general population."? Although 70-80%
of affected children outgrow this sensitivity by the age of 3,
the remaining 20-30% do not.>*

CM consists of casein and whey. Casein comprises ap-
proximately 80% of CM protein. Whey makes up 20% of CM
protein, with BLG and a-lactalbumin (ALA) being the most
abundant components.

Several studies have aimed to identify the correlation be-
tween clinical CMA and component-specific IgE antibodies in
children with CMA. Some studies have shown that casein is
a major allergen in CM; however, a report showed that BLG
and casein are major allergens that caused sensitization in
Thai children.® Sensitization to multiple CM allergens is also
involved in the persistence of CMA.® A study in Japan showed
that the predictors of persistent CMA are the history of ana-
phylaxis and high CM- and casein-specific IgE titers.”
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The intake of baked CM in children accelerates the devel-
opment of tolerance to regular CM compared with strict di-
etary avoidance. Casein-specific IgE titer is useful for predict-
ing reactivity to baked CM, although casein- and BLG-specific
IgE titers are related to persistent allergy to regular CM.*° As
recent treatment for food allergy, even for foods that demon-
strate confirmed positive results of an OFC test, patients tend
to be instructed to take in lower amounts of such foods deter-
mined by referring to thresholds and symptoms.'® Therefore,
we investigated whether the threshold dose could be inferred
by casein and BLG sensitization.

Methods

We conducted a retrospective study. Clinical information
was collected from medical charts. We explained the possible
symptoms induced by open OFC to the guardians both orally
and in writing and obtained their written informed consent.
This study was conducted in accordance with the Declaration
of Helsinki and Ethical Guidelines for Clinical Research.

Diagnosis of CMA by OFC test

We define CMA as having a convincing history of acute
reaction after CM protein intake, sensitization to CM aller-
gens (CM-specific IgE > 0.7 UA/ml), or positive results in a
previous CM OFC test. The OFC test was conducted to diag-
nose and confirm CMA and to evaluate the tolerance to CM.

Subjects

Fifty-six patients with IgE-mediated reaction to CM and
who underwent an open OFC test at the Division of Pediatric
Allergy National Hospital Organization, Nagara Medical Cen-
ter from July 2013 to July 2015 were recruited in this study.

Determination of threshold dose and dose of CM intake at
home

In this study, we defined the elicit dose as the threshold
dose and the tolerated dose as the dose of CM intake at home.
The open OFC test of CM was performed in accordance with
the Japanese Guideline for Food Allergy 2017 throughout
the study period." Anaphylaxis was defined in accordance
with National Institute of Allergy and Infectious Disease.!
Raw CM was administered in increasing doses (typically 5-7
doses from 0.1, 0.2, or 0.5, to 1, 2, 5, 25, 50, and 107 ml) ev-
ery 20 min. The maximum challenge dose was 3-200 ml.
The challenge dose in the OFC depends on the dose of CM

that is ingested daily before the OFC test. The threshold dose
was determined as the lowest dose of CM eliciting an objec-
tive allergic reaction.

On the basis of symptoms and the threshold dose in the
OFC test, we determined the appropriate dose of regular CM
intake at home. If the test showed negative results, the pa-
tients need to repeat taking CM at the threshold dose about
twice a week at least over 1 year. Specifically, depending on
their symptoms, patients started consuming CM at home
from about one-fourth to one-tenth of the threshold dose.
When anaphylaxis was induced with a small amount of CM,
we instructed the guardians to immediately stop feeding CM.
We instructed the guardians to administer antihistamines and
oral corticosteroids when adverse reactions occurred and to
see a doctor when moderate or severe symptoms occurred.'
Depending on symptoms induced by the OFC, B2 stimulant
inhalation and adrenaline auto-injectors were also prescribed.
The intake dose of CM was confirmed at the next outpatient
visit, which is the maximum dose at which the patients could
take CM without symptoms at home.

Statistical analysis

The values are presented here as [median interquartile
range (IQR)]. We used the t- and chi-square tests to compare
continuous variables and the Mann-Whitney U test to com-
pare non continuous variables between the groups. Statistical
significance was set at P < 0.05. Statistical analyses were con-
ducted using R-2.6-2. statistical software.

The institutional ethics committee of National Hospital
Organization, Nagara National Hospital, Nagara approved the
study.

Results
Patient characteristics

There were 56 patients sensitized to CM (CM-specific IgE
titer > 0.7 UA/ml), among which 26 were sensitized to casein
only, 24 to both casein and BLG, 4 to BLG only, and 2 to nei-
ther casein nor BLG (Figure 1). The characteristics of all the
patients enrolled in this study are shown in Table 1. Twen-
ty-six were classified into the C group and 24 into the C +
B group. The median ages at the time of the OFC test of the
C and C + B groups were 34.5 and 44.5 months, respectively.
The total-IgE-, CM-, casein- and BLG-specific IgE titers were
significantly higher in the C + B group than in the C group.

OFC of CM
All
N =56

OFC of CM OFC of CM
Casein (-) Casein (-)
Blactgloblin (-) Blactgloblin (+)
N=2 N=4

OFC of CM OFC of CM
Casein (+) Casein (+)
Blactgloblin (-) Blactgloblin (+)
N=26 N=24

Figure 1. Among the 69 patients who underwent the OFC test of CM from July 2013 to July 2015, 56 were sensitized to CM.
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Table 1 . Characteristics of the study subjects.

Number of patients

Age of onset (month)

CM specific IgE (kU,/L) of onset

Age at OFC (month)

Total IgE (kU,/L)

CM specific IgE (kU,/L)

Casein specific IgE (kU, /L)

BLG specific IgE (kU, /L)

Previous history of Immediate reaction to CM
Previous history of anaphylaxis to CM
Bronchial asthma, current

Atopic Dermatitis, current

APJAI

C group C + B group P value
26 24

6.00 (6.00-7.00) 6.00 (5.75-7.25) 0.905
10.9 (2.50-19.0) 38.1 (16.5-68.7) <0.01
34.5 (18.3-70.0) 44.5 (31-67.3) 0.44
256 (129-469) 570 (353-2143) <0.01
3.99 (2.46-5.78) 30.3 (16.0-60.7) <0.01
4.18 (1.86-6.36) 24.3 (7.81-49.4) <0.01
0.17 (0.10-0.38) 3.65 (1.09-6.37) <0.01
17 (65.3%) 19 (79.1%) 0.27

3 (11.5%) 5(20.8%) 0.37

7 (26.9%) 4 (16.7%) 0.38

10 (38.5%) 13 (54.2%) 0.26

C group: sensitized to casein only
C + B group: sensitized to both casein and BLG

Values are reported as median with 25% to 75% interquartile ranges provided in parentheses or n (%).
P-values were determined using Mann-Whitney or chi-square tests, as appropricate.

OFC test results

The positivity rates determined by the OFC test in the C
and the C + B groups were 54.9% (14/26) and 82.8% (21/24),
respectively. Skin, respiratory, and gastrointestinal symptoms
appeared during the OFC test in 26 patients (n = 10, C group;
n = 16, C + B group), 18 patients (n = 9, C group; n =9, C +
B group), and 7 patients (n = 3, C group; n = 4, C + B group),
respectively. Skin symptoms were the most common presen-
tations. When only skin symptoms were induced, we treated
them with antihistamine. Some patients had two or more-
symptoms, however those symptoms were mild, for example,

P<0.01
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The positive rate by OFC (%)

C group C + B group P
The threshold dose 88.7 ml 31.1 ml 0.113
Median (range) (0.3 ml-200 ml) (3.6 ml-200 ml) :
The dose of CM intake at 88.0 ml 5.0 ml 0.066

home Median (range) (0 ml-200 ml) (0 ml1-200 ml)

Figure 2. Positivity rate determined by OFC test of CM,
threshold dose and dose of CM intake at home in C and C

+ B groups.
P-values were determined using the chi-square test, as appropriate.

intermittent cough and mild abdominal pain. No patients
with two or more symptoms had respiratory compromise (eg,
dyspnea, wheeze-bronchospasm, stridor, reduced PEF, hypox-
emia) nor persistent gastrointestinal symptoms (eg, crampy
abdominal pain, vomiting).

The median doses of CM at which the threshold dose was
reached in the CM OFC test were 88.7 ml in the C group and
31.1 ml in the C + B group. The median doses of CM intake
at home were 88.1 ml in the C group and 5.0 ml in the C + B
group (Figure 2, Table 2).

Table 2. Reactions and required treatments in patients with
positive results after an OFC

C group C+Bgroup  Pvalue

reactions 14 21

Skin 10 (71.4%) 16 (76.2%) 1

Gastrointestinal 3(21.4%) 4(19.0%) 1

Respiratory 9 (64.3%) 9 (42.9%) 0.56

Shock 0 (0%) 0 (0%) 1
Treatments

&“;hissf’(‘)‘:‘fv§) 10(714%) 15 (71.4%) 1

(2 stimulant inhalation 8(57.1%) 5(23.8%) 0.21

Steroid (i.v) 5(35.7%) 5(23.8%) 0.72

Adrenaline 0 (0%) 0 (%) 1

Allergic reactions provoked by the cow’s milk provocation test (C group : n =
32,C+Bgroup:n=29)

p.o., per os; i.m.}, intramuscular; i.v.5, intravenous

Values are reported as n (%).

P-values were determined using chi-square tests, as appropriate.
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Figure 3. Threshold doses of CM (casein-specific IgE < 10
UA/ml) in C and C + B groups. The threshold dose of CM
in the C-group was 88.8 ml (8.0-200 ml) and that in the C
+ B group was 18.0 ml (3.6-93.8 ml) [median (range)].

P-values were determined using the Mann-Whitney U test.

C+Bgroup

Casein-specific IgE titer (UA/ml) and threshold dose of CM

We compared the threshold dose of CM against the ca-
sein-specific IgE titer between the C and the C + B groups.
There was no correlation between the casein-specific IgE titer
and the threshold dose in the C and B + C groups (r = 0.21
p =0.32in C group, and r = -0.28 p = 0.17 in C + B group);
however, for the patients with low casein-specific IgE titers (<
10 UA/ml), the C group showed significantly higher thresh-
old doses of CM intake than in the C + B group (Figure 3).
BLG-specific IgE titer was not correlated with the threshold
dose of CM in the C + B group (r = 0.36 p = 0.08), and the
proportions of casein and BLG were also not correlated (r =
0.12 p = 0.91).

Discussion

Among the patients with low casein-specific IgE titers (<
10 UA/ml), those in the C + B group showed a significantly
lower threshold dose of CM than those in the C group. This
main finding suggests that children with CMA sensitized to
casein alone have a higher threshold dose than those sensi-
tized to both casein and BLG. Moreover; among the patients
with low casein-specific IgE titers (< 10 UA/ml), those in the
C group showed significantly higher threshold doses of CM
intake than those in the C + B group.

Regarding the pattern of sensitization to CM components,
it has been reported that high titers of IgE to ALA, BLG and
casein predict less successful CM oral immunotherapy,® sug-
gesting that the distribution of multiple CM components
could predict the outcome of CMA.

In southern China, ALA and BLG were the main allergen-
ic components detected in CM-specific IgE-sensitized chil-
dren with respiratory allergic diseases.? It was reported that
the positivity rate for casein was higher than those for ALA
and BLG in children with CMA in northern China;" there-
fore, in different regions, the pattern of CM protein sensitiza-
tion differs. Previous studies have suggested that IgE titers to
casein and BLG could be used as markers of reactive CMA,’
which is in agreement with our present study.

Canonica et al. suggested that combining different serolog-
ical markers improves predictions of the clinical response to
immunotherapy."* We also noted that a combination of high
titers of IgE to casein and BLG could be used as markers of
low threshold doses of CM intake. This would help in the
general treatment of CMA that is not immunotherapy.

Minimal avoidance is a management strategy for current
food allergies. Depending on the symptoms and the threshold
dose determined by the OFC test, we often determined the
dose of intake at home to promote regular intake.’

Depending on their symptoms, we recommend that pa-
tients continue consuming CM at home from about one-
fourth to one-tenth of the threshold dose determined by the
OFC test. One limitation of this study is that there was a
range of the starting doses of intake at home. Severe symp-
toms induced with very small amounts of CM indicated the
complete withdrawal of CM from the diet. We consider incor-
porating a new scoring system (Anaphylaxis SCoring Aichi:
ASCA) for a quantitative evaluation of the anaphylactic reac-
tion that is observed in the OFC test.”” There were also some
other limitations of this study. One was that we do not have
long-term follow-up data. However, we followed up the intake
of CM twice a week at home in all of the patients at least over
1 year. The other was that we tested for two allergens, testing
not a panel of CM allergens such as Bos D 1-10. Our investi-
gation using a panel of CM allergens is underway.

The higher the threshold dose of CM, the higher the dose
of CM intake at home, which is considered to correlate with
effective desensitization to CMA. Some patients in the C + B
group with high casein-specific IgE titers can take in CM at a
certain dose. It is considered that such patients may have high
titers of specific IgE to some other allergens, so their ratios of
casein-specific IgE titers to total IgE titers may be low. How-
ever, we were unable to investigate sensitization to other an-
tigens because of the small number of patients in this study.

Finally, we conclude that children sensitized to casein
alone have a higher threshold dose than those sensitized to
both casein and BLG.

Acknowledgement

We thank all the pediatricians, nutritionists, and nurses
at Nagara National Hospital who assisted with the patient re-
cruitment and data collection.

References

1. Boyce JA, Assaad A, Burks AW, Jones SM, Sampson HA, Wood RA, et
al.Guidelines for the Diagnosis and Management of Food Allergy in the
United States: report of the NIAID-sponsored expert panel. J Allergy Clin
Immunol. 2010;126(suppl):S1-58.

2. Sicherer S H. Epidemiology of food allergy. J Allergy Clin Immunol.
2011;127:594-602.

3. Wood RA, Sicherer SH, Vickery BP, Jones SM, Liu AH, Fleischer MD, et
al. The natural history of milk allergy in an observational cohort. ] Allergy
Clin Immunol. 2013;131:805-12.

4. Host A, Halken S, Jacobsen HP, Christensen AE, Herskind AM, PlesnerK.
Clinical course of cow’s milk protein allergy/intolerance and atopic disease
in childhood. Pediatr Allergy Immunol. 2002;13 Suppl 15:23-8.

5. Jessadapakorn W, Sangsupawanich P, Wootipoom N, Suddeaugrai O,
Yuenyongviwat A. Component-resolves diagnostics in Thai children with
cow’s milk and egg allergy. Asian Pac J Allergy Immunol. 2017;35:179-85.




Sensitized to casein and f-lactoglobulin / =N
APJAI

10.

Kuitunen M, Englund H, Remes S, Moverare R, Pelkonen A, Borres
MPMM. High IgE levels to a-lactalbumin, B-lactoglobulin and casein
predict less successful cow’s milk oral immunotherapy. Allergy. 2015;70:
955-62.

Koike Y, Sato S, Yanagida N, Asaumi T, Ogura K, Ohtani K, et al. Predictors
of persistent milk allergy in children: A retrospective cohort study. Int Arch
Allergy Immunol. 2018;175:177-80.

Kim JS, Nowak-Wegrzyn A, Sicherer SH, Noone S, Moshier EL, Sampson
HA. Dietary baked milk accelerates the resolution of cow’s milk allergy in
children. J Allergy Clin Immunol. 2011;128:125-31.e2.

Caubet JC, Nowak-wegrzyn A, Moshier EL, Godbold J, Wang J, Sampson
HA. Utility of casein-specific IgE levels in predicting reactivity to baked
milk. J Allergy Clin Immunol. 2013;131(1):222-4.e1-4.

Ebisawa M, Ito K, Fujisawa T. Committee for Japanese Pediatric Guideline
for Food Allergy, The Japanese Society of Pediatric Allergy and Clinical
Immunology. The Japanese Society of Allergology Japanese guidelines for
food allergy 2017. Allergol Int. 2017;66:248-64.

11.

12.

13.

14.

15.

Sampson HA, Munoz-Furlong A, Campbell RL, Adkinson NF Jr, Bock SA,
Branum A, et al. Second symposium on the definition and management
of anaphylaxis:summary report—Second National Institute of Allergy and
Infectious Disease/Food Allergy and Anaphylaxis Network symposium. J
Allergy Clin Immunol. 2006;117:391-7.

Huang H, Luo W, Wei N, Liang X, Zheng P, Hu H, et al. Distribution
characteristics of cow’s milk-sIgE components in children with respiratory
allergic diseases in southern China. BMC Pediatr. 2020; 20:88.

Li J, Zhang J, Qiong C, She T, Bian Y, Lin S, et al. Component resolved
diagnostic study of cow’s milk allergy in infants and young children in
northen China. Int Inmunopharmacol. 2018;61:126-31.

GW Canonica, C. Bachert, P. Hellings, D. Ryan, E. Valovirta, M. Wickman
et al. Allergen Immunotherapy (AIT): a prototype of Precision Medicine.
World Allergy Organ J. 2015; 8(1): 31.

Sugiura S, Matsui T, Nakagawa T, Sasaki K, Nakata ], Kando N, et al.
Development of a prediction model of severe reaction in boiled egg
challenges. Allergol Int. 2016: 65(3):293-9.




