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Independent predictive factors for the persistence and tolerance of cow’s
milk allergy

Erdem Topal, MD', Mehmet Halil Celiksoy, MD?, Mustafa Arga, MD?, Mustafa Sinan Kaynak?,
Yiicel Duman®, Semih Demirtas, MD', Cem Alatag, MD', Hayrettin Tonbul, MD*,
Zeynep Haziroglu Okmen, MD? and Huri Maral Dalkilig, MD3

Background: Cow’s milk protein allergy (CMPA) is usually
transient, with most children tolerating ingested cow’s milk
by 3 years of age. This study aimed to determine factors
that promote or hindering the development of tolerance to
CMPA.

Methods: A logistic regression model was used to deter-
mine independent risk factors associated with tolerance
and persistence of CMPA.

Result: A total of 178 children diagnosed with CMPA
were included in the study. The patients’ median age was
32 months (minimum-maximum, 14 to 144 months), and
their median follow-up period was 30 months (minimum-
maximum, 12 to 54 months). In the follow-up, CMPA per-
sisted in 62 (34.8%) patients. The patients were divided into
2 groups according to patient’s age. Group | was <3 years
old and group Il was >3 years old. The factors indepen-
dently associated with the persistence of CMPA for group
| were as follows: comorbid food allergies (p = 0.021), the
presence of an immunoglobulin E (IgE)-mediated reaction
(p = 0.001), and respiratory system symptoms (ie, tachyp-

nea) (p = 0.036). The presence of gastrointestinal-related
discomfort (p = 0.001) was an independent risk factor as-
sociated with the development of tolerance. The presence
of comorbid food allergies (p = 0.03) was the only indepen-
dent predictive factor for CMPA persistence for group II.

Conclusion: The prognosis in cases of CMPA, a food
allergy, is good, with tolerance developing over time.
The presence of IgE-mediated CMPA, respiratory-related
symptoms (ie, tachypnea), and the presence of comorbid
food allergies have negative effects on tolerance. © 2018
ARS-AAOA, LLC.
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Introduction

Cow’s milk protein allergy (CMPA) is common in infants.
The incidence of CMPA during the first year of life is

"Faculty of Medicine, Department of Pediatric Allergy and Immunology,
Inonu University, Malatya, Turkey; °Department of Pediatric Allergy and
Immunology, GOP Taksim Education and Research Hospital, Istanbul,
Turkey; 3Faculty of Medicine, Department of Pediatric Allergy and
Immunology, Medeniyet University, Istanbul, Turkey; *Faculty of
Pharmacy, Inonu University, Malatya, Turkey; ®Faculty of Medicine,
Department of Microbiology, Inonu University, Malatya, Turkey
Correspondence to: Erdem Topal, MD, Faculty of Medicine, Department of

Pediatric Allergy and Asthma, Turgut Ozal Medical Center, Inonu University,
44280, Malatya, Turkey; e-mail: erdemtopal44@gmail.com

Potential conflict of interest: None provided.
10.1002/alr.22227
View this article online at wileyonlinelibrary.com.

Received: 11 July 2018; Revised: 25 September 2018; Accepted:
26 September 2018

DOI: 10.1002/alr.22227

View this article online at wileyonlinelibrary.com.

estimated to be 2% to 7.5%.!73 It is the most common
food allergy in children younger than 3 years®3; the preva-
lence of CMPA decreases to less than 1% in children
6 years and older.® Therefore, CMPA is transient and car-
ries a good prognosis. Symptom severity after cow’s milk
ingestion,” a large wheal response to skin-prick tests and
a high specific-immunoglobulin E (IgE) antibody titer to
bovine proteins,®’ are prognostic factors in CMPA. How-
ever, the clinical parameters that contribute to the duration
of CMPA and in what order of magnitude remain unclear
in pediatrics.

A number of studies have reported that children with
non-IgE-mediated reactions to cow’s milk recovered earlier
than those with IgE-mediated reactions.®!%!! One study
found that CMPA, in conjunction with other food allergies
and asthma, was associated with persistence.!? The factors
that promote the development of tolerance remain unclear.

The aims of the current study were to determine the fac-
tors promoting or hindering the development of tolerance
to CMPA.
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Patients and methods

Study design
Patients diagnosed with CMPA who were admitted to the
Pediatric Allergy and Immunology Department at 3 teach-
ing and research hospitals (Inonu University Faculty of
Medicine, Medeniyet University Faculty of Medicine, and
the GOP Taksim Education and Research Hospital) from
June 2013 to September 2017 were included in the study.
The diagnosis of CMPA was based on the resolution of
symptoms upon cow’s milk elimination from the children’s
diet (or the mothers’ diets in cases of breastfed children),
followed by the return of symptoms on oral challenge with
cow’s milk or cow’s milk formula, depending on the age
of the child. Tolerance was based on a negative open oral
cow’s milk challenge, followed by regular ingestion of age-
appropriate quantities of cow’s milk at home, without any
symptoms. A diagnosis of IgE-mediated CMPA was consid-
ered in children who developed allergic symptoms within
2 hours of exposure to cow’s milk in an oral food chal-
lenge and showed evidence of sensitization to cow’s milk
as detected by skin-prick test and serum-specific IgE for
cow’s milk. Non-IgE-mediated CMPA was considered in
children in whom typical symptoms developed more than
8 hours after exposure to cow’s milk. The children were fol-
lowed up twice a year until the development of tolerance
to CMPA.

All the patients had complete medical records, and these
were analyzed to collect demographic and clinical data.
The data included age, sex, duration of follow-up, breast
feeding at least for 6 months, monthly family income, pets
in the home, exposure to cigarettes, a history of co-atopic
diseases (atopic eczema, recurrent wheeze, or drug aller-
gies), comorbid food allergies, a history of familial atopic
diseases and food allergies, sensitization to food allergens
other than cow’s milk, type of reaction, clinical manifes-
tations of CMPA, and laboratory findings. Tachypnea and
hypotension were evaluated according to the patient’s age.
A respiratory rate higher than the upper limit according to
the patient’s age was defined as tachypnea.

The research protocol was approved by the ethics com-
mittee of Inonu University Faculty of Medicine. All the par-
ticipants® parents or guardians provided written informed
consent.

Data analysis
Statistical analyses were performed using SPSS software
(ver. 15; SPSS Inc., Chicago, IL). Categorical variables were
compared using a chi-square test, and quantitative variables
were compared using the Mann-Whitney U-test. A 2-sided
p value < 0.05 was considered to indicate statistical signif-
icance. A logistic regression model was constructed. In the
model, a multivariate analysis was used, including statis-
tically significant variables from the univariate analyses to

identify factors affecting persistence and tolerance after a
diagnosis of CMPA.

Results

Demographics

A total of 178 children diagnosed with CMPA were in-
cluded in the study. Ninety-eight (55.1%) of the patients
were males. Their median age was 32 months (minimum-
maximum, 14 to 144 months), and the median follow-
up period was 30 months (minimum-maximum, 12 to
54 months). In the follow-up, CMPA persisted in 62
(34.8%) patients. Forty-six (25.8%) of the 178 patients had
been diagnosed first 6 months of life. One-hundred (56.2%)
of the patients had comorbid atopic diseases (recurrent
wheezing, 36%; atopic eczema, 33.1%; drug allergies,
2.8%), and 52 (29.2%) had comorbid food allergies other
than CMPA (eggs, 82.6%; nuts, 3.8%; legumes, 5.7%;
other, 7.6%). In terms of familial diseases, 69 (38.7%)
of the children’s parents had a diagnosis of atopic disease,
whereas 8 (4.5%) parents had been diagnosed with a food
allergy. One-hundred and thirty-eight (77.5%) of the pa-
tients had been breastfed. Eighteen (10.1%) of the patients
had a pet at home, and 65 (36.5%) of the patients had
cigarette smoke exposure.

In 114 (64%) cases, the reactions were IgE-mediated.
In terms of the patients’ clinical symptoms, 128 (71.9%)
had cutaneous symptoms (urticaria, 51.1%; pruritus,
33.7%; angioedema, 11.8%), 90 (50.6%) had gastroin-
testinal system symptoms (vomiting, 21.3%; diarrhea-
proctocolitis, 37.6%; discomfort, 20.8%; constipation,
2.8%), 33 (18.5%) had respiratory system symptoms
(cough, 11.2%; tachypnea, 11.8%; wheezing, 8.4%; stri-
dor, 2.8%; rhinitis, 2.8 %), 15 (8.4%) had anaphylaxis, and
4 (2.2%) had hypotension.

Predictive factors for persistence and tolerance of
cow'’s milk allergy
The patients were divided into 2 groups according to pa-
tient’s age. Group I was <3 years old and group II was
>3 years old. In the univariate analyses, the following fac-
tors were related to persistence for group I: age at onset
of symptoms > 6 months (p = 0.03), the presence of co-
morbid food allergies (p = 0.04), an IgE-mediated reaction
(p = 0.001), the presence of cutaneous-related symptoms
(p =0.009), urticaria (p = 0.03), the presence of respiratory
system symptoms (p = 0.04), the presence of tachypnea
(p = 0.02), and initial serum food-specific IgE level >S5
IU/L (p = 0.01). The presence of a non-IgE-mediated reac-
tion (p < 0.001), the presence of gastrointestinal symptoms
(p = 0.001), diarrhea-proctocolitis (p < 0.001), and dis-
comfort (p = 0.004) were risk factors associated with tol-
erance. The factors that related to persistence for the both
group were summarized in Tables 1 and 2. The following
factors were independently associated with persistence ac-
cording to the logistic regression model for group I: the
existence of comorbid food allergies (p = 0.021), the pres-
ence of an IgE- mediated reaction (p = 0.001), and the
presence of respiratory system symptoms (i.e., tachypnea)
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Factors for persistence and tolerance of CMPA

TABLE 1. Comparison of demographics between tolerance group and persistence group by univariate analysis”

Group | (children <3 years old) Group Il (children >3 years old)
Tolerance group Persistence Tolerance group Persistence
(n = 68) group (n = 44) (n = 48) group (n = 18)

Demographics n (%) n (%) p n (%) n (%) p
Gender, male 34 (50) 25 (56.8) 0.60 29 (60.4) 10 (55.6) 0.93
Age of onset of symptoms >6 months 43 (63.2) 36 (81.8) 0.03 35(72.9) 18 (100) 0.01
Follow-up duration (months), median 18 (12-42) 18 (18-42) 0.16 42 (18-54) 42 (18-54) 0.35

(minimum-maximum)
Other co-atopic diseases 35(51.9) 23(52.3) 1.00 34 (70.8) 8 (44.4) 0.09
Family atopy history 27 (39.7) 10 (43.2) 0.86 25 (52.1) 7(38.9) 0.49
Family food allergy history 4(5.9) 1(2.3) 0.64 3.2 - NC
Comorbid food allergies 12 (17.6) 15(34.1) 0.04 15(31.2) 10 (55.6) 0.07
Sensitization to other foods 23(33.8) 23 (52.3) 0.08 23 (47.9) 11 (61.1) 0.49
Breast feeding > 6 months 49 (73.1) 33 (75) 0.82 41 (85.4) 15(83.3) 1.00
Monthly income < $1000 39(59.1) 32(72.7) 0.20 29 (60.4) 11 (61.1) 0.49
Pet in home 7(10.3) 5(11.4) 1.00 4(8.3) 2(11.1) 0.66
Exposure to cigarettes 27 (39.7) 16 (36.4) 0.87 18 (37.5) 4(22.2) 0.37
Clinical symptoms within 2 hours of exposure 37 (54.4) 32 (72.7) 0.05 33(68.8) 17 (94.4) 0.05
Type of reaction

IgE-mediated 36 (52.9) 37 (84.1) 0.001 29 (60.4) 12 (66.7) 0.85

Non-IgE-mediated 33 (48.5) 7(15.9) 0.001 16 (33.3) 2(11.1) 0.13

Mix 13(19.1) 14 (31.8) 0.19 7 (14.6) 4(22.2) 0.47

“Bold values are significant at p < 0.05.
IgE = immunoglobulin E; NC = Non-calculated.

(p = 0.036). The presence of gastrointestinal-related dis-
comfort (p = 0.001) were independent risk factors associ-
ated with tolerance (Table 3). The presence of comorbid
food allergies (odds ratio [OR], 3.611; 95% confidence
interval [CI], 1.088 to 11.984; p = 0.03) was the only inde-
pendent predictive factor for CMPA persistence for group
IT in the logistic regression model. Also, it was determined
that no independent predictive factor related with tolerance
in group II.

There was no statistically significant association be-
tween tolerance and sex, co-atopic diseases, breast feed-
ing, monthly family income, pets in the house, exposure
to cigarette smoke, sensitization to other foods, pruritus,
angioedema, flushing, atopic eczema exacerbation, vom-
iting, constipation, coughs, stridor, wheezing, rhinitis, a
reaction within the first 2 hours of exposure, total IgE
level, and eosinophilia for both groups (p > 0.05) (Tables 1
and 2).

Discussion

There are limited numbers of studies on factors that predict
the development of tolerance and persistence for CMPA.

The current study showed that IgE-mediated reactions to
cow’s milk, the presence of respiratory-related symptoms
(ie, tachypnea), and the presence of comorbid food al-
lergies were independent factors for CMPA persistence
for children <3 years old. The presence of gastrointesti-
nal system-related discomfort was an independent pre-
dictor of tolerance development. The presence of comor-
bid food allergies was the only independent predictive
factor for CMPA persistence for the children >3 years
old.

Previous studies demonstrated that IgE-mediated reac-
tions to CMPA and a high level of serum specific IgE for
cow’s milk were associated with persistence.'>~'* In parallel
with these studies, the presence of an IgE-mediated reaction
in our study increased the probability of CMPA persistence
5.6 times for the children <3 years old. Shek et al.'® re-
ported that individuals with a high level of serum-specific
IgE developed tolerance at an older age and that patients
whose IgE level decreased rapidly in the follow-up period
developed tolerance at a younger age. In the present study,
level of specific IgE for cow’s milk higher than 5 TU/L in a
1-way analysis was associated with CMPA persistence in
the follow up.
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TABLE 2. Comparison of clinical symptoms between tolerance group and persistence group by univariate analysis

Group | (children <3 years old) Group Il (children >3 years old)
Tolerance group Persistence Tolerance group Persistence
(n = 68) group (n = 44) (n = 48) group (n = 18)
Clinical symptoms n (%) n (%) p n (%) n (%) p
Cutaneous 42 (61.8) 38 (86.4) 0.009 34 (70.8) 14 (77.8) 0.80
Urticaria 25 (36.8) 26 (59.1) 0.03 28 (58.3) 12 (66.7) 0.73
Pruritus 20 (29.4) 14 (31.8) 0.952 16 (33.3) 10 (55.6) 0.173
Angioedema 7(10.3) 3(6.8) 0.737 7 (14.6) 4(222) 0.474
Flashing 5(7.4) 3(6.8) 1.00 6 (12.5) 2(11.1) 1.00
Atopic eczema exacerbation 13 (19.1) 14 (31.8) 0.191 7 (14.6) 4(222) 0.474
Gastrointestinal 44 (64.7) 14 (31.8) 0.001 25(52.1) 7(38.9) 0.49
Vomiting 15 (22.1) 3(6.8) 0.06 15 (31.2) 5(27.8) 1.00
Diarrhea-proctocolitis 37 (54.4) 9(20.5) 0.001 18 (37.5) 3(16.7) 0.18
Discomfort 19 (27.9) 2 (4.5) 0.004 14 (29.2) 2(11.2) 0.19
Constipation 3(4.4) 1(2.3) 1.00 1(2.1) - NC
Respiratory 5(7.4) 10 (22.7) 0.04 11 (22.9) 7(38.9) 0.22
Cough 2(29) 6 (13.6) 0.05 7(14.6) 5(27.8) 0.28
Tachypnea 3(4.4) 8(18.2) 0.02 5(27.8) 5 (50) 0.12
Stridor - 2(4.5) NC 1(2.1) 2(11.1) 0.17
Wheezing 4(5.9) 4(9.1) 0.71 5(10.4) 2(11.1) 1.00
Rhinitis 1(1.5) 1(2.3) 1.00 2(4.2) 1(5.6) 1.00
Anaphylaxis 1(1.5) 4(9.1) 0.07 5(10.4) 5(27.8) 0.12
Hypotension - - NC 1(2.1) 3(16.7) 0.05
Laboratory
Total IgE, median (minimum-maximum) 19.4 (2.2-1199) 37 (1.1-1096) 0.10 58.3 (1-2090) 39 (4.6-816) 0.516
Initial food-specific IgE level >5 IU/L 7(10.3) 13(29.5) 0.01 11(22.9) 8 (44.4) 0.15
Eosinophil >%4 35 (51.5) 21 (47.7) 0.84 29 (60.4) 12 (66.7) 0.85

*

IgE = immunoglobulin E; NC = Non-calculated.

Bold values are significant at p < 0.05.

TABLE 3. Logistic regression: potential predictors affecting the persistence and tolerance for cow’s milk protein allergy for

the group | (children <3 years old)"

Variables Beta Odds ratio 95% Cl p
Potential predictors of persistence
Comorbid food allergies 1.173 3.231 1.192-8.759 0.021
IgE-mediated reaction 1.737 5.681 2.045-15.783 0.001
Respiratory system symptom (tachypnea) 1.322 3.751 1.093-12.871 0.036
Potential predictors of tolerance
Gastrointestinal-related discomfort 1.535 4.642 1.936-11.126 0.001

“Variables in the logistic regression model for persistence: age at onset of symptoms >6é months, other food allergies, IgE-mediated reaction, clinical symptoms within
2 hours of exposure, cutaneous symptoms, urticaria, respiratory symptoms, tachypnea, and an initial serum specific-IgE level for cow’s milk >5 IU/L. Variables in the
logistic regression model for tolerance: Gastrointestinal symptoms, diarrhea-proctocolitis, gastrointestinal-related discomfort, and non-IgE-mediated reactions.

Cl = confidence interval; IgE = immunoglobulin E.
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Factors for persistence and tolerance of CMPA

In a univariate analysis, Santos et al.'> reported that an
allergic reaction to CMPA that included dyspnea was asso-
ciated with persistence, whereas they detected no statisti-
cally significant association between these parameters in a
logistic regression analysis. On the contrary, in our study,
the presence of respiratory system symptoms (ie, tachypnea)
was statistically significantly associated with an increased
risk of persistence in both the univariate analysis and lo-
gistic regression analysis for the children <3 years old. The
fact that dyspnea and tachypnea, which develop in the res-
piratory tract, are easily realized in the examination de-
creases the risk of missing a diagnosis of CMPA, and IgE-
mediated respiratory system symptoms can be explained
with this result.

Previous studies showed that a non-IgE-mediated re-
action to CMPA led to the development of earlier
tolerance.” '3 In the same studies, patients with proctocol-
itis were more likely to develop tolerance. In the present
study, the existence of gastrointestinal-related discomfort,
which is a non-IgE-mediated reaction, increased the de-
velopment of tolerance 4.6 times. Therefore, the literature
and the findings of the present study show that the ex-
istence of non-IgE-mediated reactions, such as gastroin-
testinal system symptoms, to CMPA appear to be asso-
ciated with the development of tolerance at a younger
age.

Santos et al.'? reported that the presence of other comor-
bid food allergies increased the risk of persistence. In par-
allel with this study, comorbid food allergies in our study
increased the risk of persistence. Thus, based on the liter-
ature and the findings of the current study, the presence
of multiple food allergies appears to increase the risk of
persistence.

The present study has a few limitations that could influ-
ence the results of the study. First, as this was a retrospec-
tive study, patients who had missing file reports were not
included in the study. Second, the majority of patients with
CMPA-related proctocolitis are referred to gastroenterol-
ogy clinics. Thus, most patients in the present study had
IgE-mediated reactions to CMPA. Third, the follow-up pe-
riods of the patients were short.

Conclusion

Tolerance to CMPA, a food allergy, can develop over time.
Thus, CMPA has a good prognosis. However, CMPA due
to an IgE-mediated allergy, the presence of respiratory sys-
tem symptoms (ie, tachypnea), or the presence of a comor-
bid food allergy have negative effects on tolerance devel-
opment. In contrast, CMPA due to a non-IgE-mediated
allergy or CMPA that is associated with gastrointestinal
discomfort have positive effects on the development of
tolerance. @
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