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KEYWORDS Abstract
Children; Background: The non-IgE-mediated food allergy (non-IgE-FA) is less prevalent than IgE-
Food Allergy; mediated food allergy, and their relationship with functional constipation (FC) needs to be
Functional clarified.

Constipation; Methods: A total of 305 infants and children with constipation treated in the Department of
ISE; Pediatric Gastroenterology, Children’s Hospital of Nanjing Medical University, from July 2020
Infant; to December 2021 were included in this study. Four cases with organic lesions were excluded.
Non-IgE Among 301 diagnosed with FC, according to ROME IV criteria, 81 cases with allergy-related

indicators were further evaluated for food allergy by food-specific IgG antibody test, allergen-
specific IgE antibody detection, skin prick test, and food avoidance and reintroduction.
Results: A total of 45 cases with FC were diagnosed with food allergy, and the incidence rate
was 15%. Among the 45 patients, 35 cases (77.8%) had FC with non-IgE-FA. The main clinical
symptoms or signs included anal fissure, abdominal pain, and pain during defecation. The most
prevalent allergic foods were cow’s milk, eggs, fish, and shrimp. Ten (22.2%) cases reported FC
with mixed food allergy, including both non-IgE-mediated and IgE-mediated food allergy. This
study focused on non-IgE-mediated food allergy-related FC.

Conclusion: Our results showed that the incidence of food allergy in infants and children with
FC was 15%, which was mainly mediated by non-IgE-FA. The main clinical symptoms or signs in
these cases included anal fissure, abdominal pain, and pain during defecation, and the main
allergens included milk, eggs, fish, and shrimp.
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Introduction

Functional constipation (FC) is one of the most frequent
pediatric chronic diseases with a global prevalence ranging
from 0.7 to 29.6%.! It is caused by neither an underlying sys-
temic cause nor an anatomical defect. In Asia, the rate of
prevalence of FC is estimated to be between 0.5 and 29.6%.?
Food allergy has become one of the most common
chronic noncommunicable diseases among infants and chil-
dren worldwide. Food allergy occurs mainly due to the
intake of certain foods that cause immunoglobulin E (IgE),
non-IgE-mediated, and mixed mediated (both IgE and non-
IgE) immune responses, which results in gastrointestinal
symptoms, including vomiting, reflux, feeding difficulties,
food refusal, abdominal pain, abdominal distension, consti-
pation, gastrointestinal bleeding, growth, and development
disorders.>* The manifestations of IgE-mediated hypersensi-
tivity reaction to food range from ordinary urticaria to
life-threatening anaphylaxis. The absence of immunological
and clinical tolerance to food allergens results in food aller-
gies. The diagnosis of IgE-mediated food allergies is based
on the combined use of a detailed medical history, research
for the specific IgE via testing in-vivo (skin prick test [SPT])
and in-vitro (specific IgE), the elimination diet, and oral food
challenge (OFC). The non-IgE-mediated food allergy (non-
IgE-FA) can be diagnosed by observing the clinical symptoms
and using the food-specific IgG antibody test. On the other
hand, for IgE-mediated food allergy, the onset of symptoms
is delayed and they may have a chronic presentation, mak-
ing their association with the allergen less evident. In most
cases, non-IgE-FA is diagnosed based on compatible symp-
toms and the demonstration of disappearance and reappear-
ance of symptoms once the suspected food has been
eliminated and reintroduced, respectively. Food allergies,
particularly to cow’s milk, can cause constipation. A food
history is required the diagnosis, and if the kid is still being
nursed, the mother is included in the study. Breast milk, for-
mula milk, and dairy-based foods contain cow’s milk protein
(CMP) may be factors that could suggest intolerance to CMP.3
This study aims to explore the relationship between
food allergy and FC, and further investigates the role and
significance of non-IgE-FA in infants and children with FC.

Materials and Methods
Patients

The guardians of all selected children signed the informed
consent form and voluntarily participated in the examina-
tion from July 2020 to December 2021. A total of 305
infants and children hospitalized in the Department of
Pediatrics Gastroenterology, Children’s Hospital of Nanjing
Medical University participated in the study. The patients
were aged between 6 months and 16 years. This study was
approved by the ethics committee of Children’s Hospital of
Nanjing Medical University (Approval No. 202110107-2).

Medical history collection

A medical history focusing on food allergy and constipation
was obtained from all participants. General information,

such as age of onset; gender; duration of illness; frequency
and firmness of stools; clinical manifestations including
bloody stools, fecal incontinence, rash, abdominal pain,
painful bowel movements, loss of appetite, bad breath,
bloating, malnutrition; and signs including perianal skin
growths, anal fissures, abdominal fecal mass were included
in the medical history. The gastrointestinal tract symptoms
of the infants and children and their history of allergic dis-
eases, including asthma, atopic dermatitis, allergic rhinitis,
allergic conjunctivitis, and allergic enteritis and personal
and family history of allergy were inquired. Clinical and
laboratory indicators were collected a day before the
treatment started and were communicated with the par-
ents. Stressful life events, neurodevelopmental delays or
problems, and a search for a positive family history of gas-
trointestinal diseases were all considered for the study.
The Bristol Stool Scale was preferred as the standardized
method to describe stool consistency. Evaluation of growth
parameters, abdominal examination, inspection of the
perianal region, and evaluation of the lumbosacral region
were included in the physical examination for children with
constipation.®

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) Subjects should
be aged between 6 months and 16 years; (2) Children
with FC were included according to the Rome IV criteria;
(3) Suggestive history of food allergy.

The criteria for exclusion were as follows: (1) Subjects
aged greater than 16 years or less than 6 months;
(2) Presence of organic constipation due to conditions such
as sigmoid colon hypertrophy and Hirschsprung’s disease;
(3) Presence of metabolic disorders such as hypothyroidism
and intellectual disability; (4) Surgical history involving the
digestive system; (5) Presence of IgE-mediated food allergy-
related constipation or mixed-type food allergy-related
constipation.

Assessment of constipation severity

The severity of constipation (frequency of defecation, stool
hardness, pain) was assessed based on the Bristol Fecal
Traits Scale.

Detection of non-IgE-mediated food allergy

The IgG-specific allergy screening ELISA kit (Haooubo
Biomedical Co., Ltd. Suzhou, Jiangsu, China) was used to
detect non-IgE-FA. The reactive plate was coated with pro-
teins extracted from 14 foods. A small amount of blood
(from the finger) or serum was collected from the patient,
diluted, and was added to the reaction plate. The IgG anti-
body present in the blood was captured on the reaction
plate. After this, the binding and chromogenic solutions
were added, which resulted in one or more blue spots dis-
played on the reaction plate. The distribution map was
referred to find the foods corresponding to the blue spots.
The blue spots indicated a positive reaction, while no color
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indicated a negative result. A color ring rather than a spot
displayed a negative result. Reaction points 1-14 corre-
spond to different foods. The food distribution map was
referred for specific reaction points. The last two reaction
holes were negative (-) and positive (+) quality controls,
which helped ensure the correct testing process and
results. Colorless negative quality control holes and blue
spots at the positive quality control holes corresponded to
correct test results. The test items included corn, rice,
milk, egg, wheat, soybean, tomato, beef, chicken, pork,
crab, shrimp, cod, and mushrooms.

Detection of IgE-mediated food allergy

Allergen-specific IgE antibody detection: We used the
“Inhalation and food allergen-specific IgE antibody detec-
tion Kit (Aumont Blot)” from Aumont, Germany and the
EUROBlotMaster Il Western Blot for membrane strip detec-
tion. Nineteen different inhalation and food allergens were
coated in parallel on the test strips. In the first step, buffer-
pretreated strips were incubated with patient samples. If
the sample is positive, IgE class-specific antibodies bind to
the corresponding allergen. To detect the bound antibody,
an enzyme-labeled monoclonal antihuman IgE antibody
(enzyme conjugate) was added in the second incubation
step, followed by the addition of an enzyme substrate,
resulting in a colored reaction. Test items included eggs,
milk, peanuts, soybean, beef, mutton, sea food combina-
tion (cod/lobster/scallop), shrimps, and crabs.

Skin prick test (SPT): SPT was performed with disposable
stainless steel pricking needle and allergen skin pricking solu-
tion manufactured at the diagnostic reagent factory of the
Peking Union Medical College Hospital. Test items included
milk, soybean, shrimp, crab, beef, peanuts, and egg.

Avoidance and reintroduction of food

According to the above screening process for food-specific
IgG antibody and specific IgE antibody and SPT test, the
infants and children who were screened for food allergy
had to go through 8 weeks of food avoidance to observe
whether the clinical symptoms of constipation improved,
and then food was reintroduced food to observe whether
the symptoms of constipation reappeared.

Statistics and analysis of data

SPSS 22.0 Software was used for statistical analysis. Data
were expressed as mean + standard deviation. The enu-
meration data were subjected to x test and measurement
data were subjected to t test. A P value < 0.05 was consid-
ered statistically significant.

Results
Food allergen detection procedure

A total of 305 infants and children were diagnosed with
constipation, of which 4 patients were excluded because of

organic constipation (3 cases of congenital colon and 1 case
of sigmoid colon). The remaining 301 cases were diagnosed
with FC according to the Rome IV diagnostic criteria, of
which 81 cases presented with allergy-related indicators
including 49 cases with skin lesions such as eczema and
atopic dermatitis, 21 cases with allergic diseases outside
the gastrointestinal tract, 39 cases with elevated absolute
and 43 cases with relative numbers of eosinophils in
peripheral blood, and 79 cases reported a personal history
and 24 with a family history of allergy. Excluding the num-
ber of repeated cases, a total of 81 infants and children
with suspected food allergy were screened for food aller-
gens, including food-specific 1gG antibody and specific IgE
antibody (Tables 1 and 2). The results showed that 59
infants and children were positive for IgG antibody, and 33
cases were positive for IgE antibody. Among them, 44 cases
were positive for IgG antibody and negative for IgE anti-
body, in those 1 was positive after SPT test; 19 cases were
negative for IgG antibody and positive for IgE antibody; and
14 cases were positive for both IgG and IgE antibodies. A
total of three cases were negative for both IgG and IgE
antibodies, of which one case was positive and two were
negative after the SPT test. Changes in symptoms were
observed in 79 cases after food avoidance and reintroduc-
tion on screening for food-specific 1gG antibody and spe-
cific IgE antibody and SPT test. 34 cases were eliminated
after 8 weeks of avoidance and the reintroduction of food.
Finally, 45 cases were diagnosed with food allergy. Among
the 45 cases, 35 infants and children were diagnosed with
non-IgE-mediated food allergic constipation. There were no
cases related to IgE-mediated food allergic constipation,
and 10 cases had mixed food allergic constipation. The flow
chart is shown in Figure 1.

The characteristics of all patients with or without food
allergy are summarized in Table 1. A total of 301 infants
and children aged between 6 months and 16 years, with
FC, were enrolled in this study, of which 45 cases reported
with food allergy and 256 cases reported no food allergy.
Males composed 49% of the cases of FC with food allergy,
(22/45), while females composed 51% (23/45). Of these
cases, 26.6% (12/45) had a family history of allergy, while
66.6% (30/45) had a personal allergy history. The main clin-
ical manifestations or signs were anal fissure (64.4%, 29/45),
abdominal pain (62%, 28/45), pain during defecation (46.7%,
21/45), anorexia (38%, 17/45), bloody stools (35.5%, 16/45),
abdominal distention (35.5%, 16/45), halitosis (15.6%, 7/45),
erythema (13.3%, 6/45), malnutrition (6.7%, 3/45), abdomi-
nal fecal mass (7%, 3/45), fecal incontinence (2%, 1/45),
and perihepatic skin neoplasm (0%, 0/45).

Of the 256 FC cases without food allergy, 46.9% were
males (120/256) and 53.1% were females (136/256). 4.7%
(12/256) of these cases had a family allergy history, while
27% (69/256) had a personal allergy history. The clinical
manifestations or signs were similar to that of those with
food allergy, and the rates were as follows: anal fissure
(61.3%, 157/256), abdominal pain (59.3%, 152/256), pain
during defecation (46.8%, 120/56), anorexia (44%, 112/256),
bloody stool (41%, 104/256), abdominal distention (41%,
104/256), halitosis (21%, 53/256), fecal incontinence (4%,
11/256), erythra (5%, 12/256), malnutrition (3.5%, 9/256),
perihepatic skin neoplasm (3%, 7/256), and abdominal fecal
mass (3%, 1/256).
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Table 1 Comparison of clinical data and allergens between non-IgE and mixed food allergy.

Non-IgE food allergy  Mixed food allergy Total P
Patients (n) 35 10 45
Age, n(%)
<6 months 4(11.4) 0(0) 4(9)
6 months - 6 years 27(77.1) 9(90) 36(80) 0.517
6-16 years 4(11.4) 1(10) 5(11)
Gender, n(%)
Male 15(43) 5(50) 20(44.4) 0.688
Female 20(57) 5(50) 25(55.5) ’
Family history of allergy, n(%)
Yes 13(37) 2(20) 15(33.3) 0.310
No 22(63) 8(80) 30(66.6) ’
Personal history of allergy, n (%)
Yes 31(88.5) 8(80) 39(87)
No 4(11.4) 2(20) 6(13) 0.482
Course of disease (month), n (%)
<1 year 18(51) 8(80) 26(58)
1-5 years 16(46) 2(20) 18(40) 0.263
>5 years 1(3) 0(0) 1(2)
Bristol score, n(%)
1-3 23(66) 7(70) 30(67)
4-7 12(34) 3(30) 15(33) 0-800
Frequency in defecation (per week), n(%)
1-6 30(86) 10(100) 40(89) 0.205
7-14 5(14) 0(0) 5(11) ’
Symptoms
Bloody stool, n(%) 15(42.8) 5(50) 20(44.4)
Yes 20(57.1) 5(50) 25(55.5) 0.688
No ’
Fecal incontinence, n(%)
Yes 0(0) 1(10) 1(2)
No 35(100) 9(90) 44(98) L
Erythra, n(%)
Yes 4(11.4) 1(10) 5(11) 0.899
No 31(88.5) 9(90) 4089(0) ’
Anorexia, n(%)
Yes 16(46) 3(30) 19(42) 0.375
No 19(54) 7(70) 26(58) ’
Perihepatic skin neoplam, n(%)
Yes 1(3) 2(20) 3(7) 0.055
No 34(97) 8(80) 42(93) ’
Malnutrition, n(%)
Yes 2(5.7) 0(0) 2(4.4) 0.439
No 33(94.2) 10(100) 43(95.5) ’
Abdominal distention, n(%)
Yes 12(34.2) 6(60) 18(40) E
No 23(65.7) 4(40) 27(60) ’
Halitosis
Yes 1(3) 1(10) 2(4.4) 0.334
No 34(97) 9(90) 43(95.5) ’
Abdominal pain, n(%)
Yes 20(57) 6(60) 26(58) 0.872
No 15(43) 4(40) 19(42) :
Pain in defecation, n(%)
Yes 19(54) 4(40) 23(51) 0.425
No 16(46) 6(60) 22(49) :
Anal fissure, n(%)
Yes 25(71.4) 8(80) 33(73)
0.589

No 10(28.5) 2(20) 12(27)
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Table 1 Continued.

Non-IgE food allergy  Mixed food allergy Total P

Abdominal fecal mass, n(%)

Yes 0(0) 2(20) 2(4.44) 0.007

No 35(100) 8(80) 43(95.5) ’
Food antigens
Cow’s milk, n(%)

Yes 19(54) 7(70) 26(58) 0.375

No 16(46) 3(30) 19(42) ’
Egg, n(%)

Yes 15(43) 4(40) 19(42) 0.872

No 20(57) 6(60) 26(58) ’
Fish and shrimp, n(%)

Yes 5(14) 0(0) 5(11) 0.205

No 30(86) 10(100) 40(89) ’
Wheat, n(%)

Yes 0(0) 1(10) 1(2.2)

No 35(100) 9(90) 44(97.7) 0.058
Scallop

Yes 0(0) 3(30) 3(7) 0.001

No 35(100) 7(70) 42(93) ’
Crab

Yes 0(0) 2(20) 3(7)

No 35(100) 8(80) 42(97) 0.007
Corn

Yes 2(6) 1(10) 3(7)

No 33(94) 9(90) 42(97) o
Peanut

Yes 2(6) 2(20) 4(9) 0.162

No 33(94) 8(80) 41(91) ’
Beef

Yes 309) 5(50) 8(18)

No 32(91) 5(50) 37(82) UHLLE
Mutton

Yes 1(3) 4(40) 5(11) 0.001

No 34(97) 6(60) 40(89) ’

Table 2 Comparison of eosinophil count and IgE level in peripheral blood between non-IgE and mixed food allergy.

Non-IgE food allergy Mixed food allergy Total P
Number of cases 35 10 45
ISE > 50 IU/L, n(%)
Yes 4(11) 1(10) 5(11) 0.899
No 31(89) 9(90) 45(89)
Eos > 5 x 10°/L, n(%)
Yes 14(40) 3(30) 17(38) 0.565
No 21(60) 7(70) 28(62)
Eos > 5%, n(%)
Yes 15(43) 3(30) 18(40) 0.464
No 20(57) 7(70) 27(60)

Food allergy tests were conducted after the diagnosis
of FC. A total of 45 infants and children were diagnosed
with food allergy, which included 35 cases of non-IgE-FA,
0 cases of IgE-mediated food allergy, and 10 cases of mixed
food allergy. Of the 35 cases of non-IgE-FA, 43% were males

(15/35) and 57% were females (20/35). Of these cases, 37%
(13/35) had a family history of allergy and 88.5% (31/35)
had a personal allergy history. The main clinical manifes-
tations or signs included anal fissure (71.4%, 25/35), abdom-
inal pain (57%, 20/35), pain during defecation (54%, 19/35),
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Figure 1

anorexia (46%, 16/35), bloody stools (42.8%,15/35), abdomi-
nal distention (34.2%, 12/35), erythra (11.4%, 4/35), malnu-
trition (5.7%, 2/35), halitosis (3%, 1/35), perihepatic skin
neoplasm (3%, 1/35), abdominal fecal mass (0%, 0/35), and
fecal incontinence (0%, 0/35). Major food allergens included

(-) (n=44) (+) (n=19) antibody (-) (n=1) (+) (n=14) antibody (-) (n=1) antibody (-) (n=2)
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Flow chart of food allergy detection in all infants and children with constipation.

cow’s milk (54%, 19/35), egg (43%, 15/35), fish
and shrimp (14%, 5/35), beef (9%, 3/35), corn (6%, 2/35),
and mutton (3%, 1/35). Of the 10 infants and children diag-
nosed of FC with mixed food allergy, 50% were males (5/10)
and the remaining 50% were females (5/10). Out of them,
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20% (2/10) had a family allergy history and 80% (8/10) had a
personal allergy history. The main clinical manifestations
or signs included anal fissure (80%, 8/10), abdominal pain
(60%, 6/10), abdominal distention (60%, 6/10), bloody stool
(50%, 5/10), pain during defecation (40%, 4/10), anorexia
(30%, 3/10), erythra (10%,1/10), halitosis (10%, 1/10), peri-
hepatic skin neoplasm (20%, 2/10), abdominal fecal mass
(20%, 2/10), fecal incontinence (10%, 1/10) and malnutri-
tion (0%, 0/10). Major food allergens included cow’s milk
(70%, 7/10), beef (50%, 5/10), egg (40%, 4/10), mutton

(40%, 4/10), scallop (30%, 3/12), peanut (20%, 2/10), scrab
(20%, 2/10), corn (10%, 1/10), wheat (10%,1/10), and fish
and shrimp (0%, 0/10) (Table 2).

The characteristics of the eosinophil count and IgE-level
determination of FC with different types of food allergy,
including non-Igk-mediated and mixed food allergies, are
summarized in Table 3. There were no significant differences
in the elevated IgE level (>50 IU/L) and the elevated abso-
lute (> 5 x 10%/L) and relative (>5%) number of eosinophils in
peripheral blood between both groups (P > 0.05).

Table 3 Comparison of clinical data with or without food allergy.

Characteristics FC with food allergy  FC without food allergy Total P
Patients (n) 45 256 301
Age n(%)

<6 months 4(9) 12(4.7) 16(5.3)

6 months -6 years 32(71) 198(77.3) 230(76.4) 0.460

6-16 years 9(20) 46(18) 55(18.2)
Gender, n(%)

Male 22(49) 120(46.9) 142(47.1) 0.803

Female 23(51) 136(53.1) 159(52.9) ’
Family history of allergy, n(%)

Yes 12(26.6) 12(4.7) 24(8)

No 33(73.3) 244(95.3) 277(92) 0.000
Personal history of allergy, n(%)

Yes 30(66.6) 69(27) 99(32.8)

No 15(33.3) 187(73) 202(67.2) 0.000
Course of disease (month), n(%)

<1 year 29(64.4) 115(45) 144(47.8)

1-5 years 15(33.3) 129(50) 144(47.8) 0.052

>5 years 1(2.2) 12(5) 13(7.3)
Bristol score, n(%)

1-3 29(64.5) 196(77) 225(74.8) 0.084

4-7 16(35.5) 60(23) 76(25.2) ’
Frequency in defecation (per week), n(%)

1-6 38(84.5) 241(94) 279(92.7) 0.021

7-14 7(15.5) 15(6) 22(7.3) ’
Symptom or signs
Bloody stool, n(%)

Yes 16(35.5) 104(41) 120(40)

No 29(64.5) 152(59) 181(60) 0.522
Fecal incontinence, n(%)

Yes 1(2) 11(4) 12(4) 0.512

No 44(98) 245(96) 289(96) ’
Erythra, n(%)

Yes 6(13.3) 12(5) 18(6) 0.024

No 39(86.6) 244(95) 283(96) ’
Anorexia, n(%)

Yes 17(38) 112(44) 129(43) 0.455

No 28(62) 144(56) 172(57) ’
Perihepatic skin neoplam, n(%)

Yes 0(0) 7(3) 7(2.3) 0.262

No 45(100) 249(97) 294(97.7) ’
Malnutrition, n(%)

Yes 3(6.7) 9(3.5) 12(4)

No 42(93.3) 247(96.4) 289(96) 0.319
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Table 3 Continued.

Characteristics FC with food allergy  FC without food allergy  Total P
Abdominal distention, n(%)

Yes 16(35.5) 104(41) 120(40) 0.522

No 29(64.4) 152(59) 181(60) ’
Halitosis

Yes 7(15.6) 53(21) 60(20) 0.425

No 38(84.4) 203(79) 241(80) ’
Pain in defecation, n(%)

Yes 21(46.7) 120(46.8) 141(46.8) 0.979

No 24(53.3) 136(53.1) 160(53.2) :
Abdominal pain, n(%)

Yes 28(62) 152(59.3) 180(59.8) 0.719

No 17(38) 104(40.6) 121(40.2) ’
Anal fissure, n(%)

Yes 29(64.4) 157(61.3) 186(61.7) 0.692

No 16(35.5) 99(38.6) 115(38.2) :
Abdominal fecal mass, n(%)

Yes 3(7) 3(1) 6(2) 0.194

No 42(93) 253(99) 295(98) ’

Discussions use of a detailed medical history, in-vivo and in-vitro

Constipation is one of the most prevalent childhood ill-
nesses which not only affects the gastrointestinal function
but may also have a great impact on the physical and men-
tal development and quality of life of children.”® More than
95% of the reported cases are for FC. In this study, a total
of 301 (99%) infants and children were diagnosed with FC
according to the Rome IV diagnostic criteria after 4 patients
were excluded because of organic constipation (3 cases of
congenital colon and 1 case of sigmoid colon). Studies show
that the prevalence of FC in children ranges from 0.5% to
32.2% worldwide, with a pooled prevalence of 9.5% (95% ClI
7.5-12.1).° Among the 301 FC cases in this study, 230 (76.4%)
were aged between 0.5 and 6 years which was consistent
with the data reported in a survey conducted previously
that 7% of infants and children has FC, with it being more
common in ages from 1 to 4 years in China."® The main risk
factors of FC were genetic susceptibility, insufficient
dietary fiber intake, insufficient drinking of water, and lack
of exercise. Additionally, studies have reported that FC is
also associated with food allergy, including allergy toward
milk." However, its underlying causes and mechanisms are
still unclear.

Food allergy affects 10% of children globally, and a
survey organized by the World Allergy Organization indi-
cated that the prevalence of food allergy among preschool
children is 7% in Asia.'>" Food allergy can be described as
an abnormal or strong immune response caused by food
proteins. Food allergy is a group of diseases with symptoms
involving the skin, and respiratory, digestive, and cardio-
vascular systems, and is mediated by IgE or non-IgE, or
both. IgE-mediated immediate food allergy usually presents
symptoms within 2 h after food exposure, which can be
detected by serum-specific IgE test or SPT."*" The diagno-
sis of IgE-mediated food allergies is based on the combined

research of specific IgE, the elimination diet, and the
double-blind placebo-controlled food challenge.'® Non-IgE-
mediated gastrointestinal food allergies account for an
unknown proportion of food allergies and include food
protein-induced enterocolitis syndrome (FPIES), food
protein-induced allergic  proctocolitis (FPIAP), and
food protein-induced enteropathy (FPE).> Patch testing
andallergen-specific serum IgG antibodies have been shown
to be useful in diagnosis of non-IgE-FAs."”” Among the 301
infants and children with FC in this study, 81 cases pre-
sented with allergy-related indicators, including 49 cases
with skin lesions such as eczema and atopic dermatitis, 21
cases with allergic diseases outside the gastrointestinal
tract, 39 cases with an elevated absolute, and 43 cases
with relative numbers of eosinophils in peripheral blood.
79 and 24 cases reported with personal and family history
of allergy, respectively. Excluding the number of repeated
cases, a total of 81 infants and children with suspected
food allergy were screened for food allergens including
food-specific 1gG antibody and specific IgE antibody.
Finally, 44 infants and children with FC, with a positive I1gG
antibody and negative IgE antibody were suspected with
non-IgE-FA; 20 cases of FC with a positive IgE antibody or
SPT and negative IgG antibody were suspected with IgE-
mediated food allergy; 15 cases of FC with positive IgG and
IgE antibodies or SPT were suspected with mixed-mediated
food allergy.

Serum-specific IgE testing and SPT has provided addi-
tional diagnostic value. However, OFC is considered the
gold standard for IgE-mediated food allergy.” Additionally,
studies on IgG and IgG isotypes measured in samples of
children with suspected food allergies showed positive
results for IgG or IgG4 in certain foods." Although increased
levels of IgG and 1gG4 may reflect the body’s long-term
exposure to the food ingredients, the diagnostic value of
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IgG and IgG4 tests for food allergies needs to be further
determined.” Therefore, in order to determine whether
the above infants and children screened by food-specific
IgG antibody, specific IgE antibody, or SPT were diagnosed
with food allergy, further verification is needed to observe
whether the symptoms of constipation subsided after food
avoidance and constipation reappeared after reintroduc-
tion of food.

OFC is considered the gold standard for the diagnosis of
IgE and non-IgE-mediated food allergies. Most children with
non-IgE-FAs do not need day-care hospitalization, because
they are not at risk of anaphylaxis. According to the recom-
mendation of the Food Adverse Reaction Committee of the
American Society of Allergy, Asthma and Immunology, if
the patient’s skin test is negative, the serum food-specific
IgE level cannot be detected, and there are no convincing
immediate food allergy symptoms (e.g., only limited to
behavioral changes or symptoms of delayed/chronic gastro-
intestinal symptoms), suspected allergic foods can be intro-
duced gradually at home (OFC).%° Patients with suspected
FPIES are exceptional because they are at risk of dehydration
and require inpatient medical supervision from OFC.% In this
study, a total of 79 infants and children were finally sus-
pected with food allergy after the screening procedure of
food-specific IgG antibody, specific IgE antibody, or SPT.
Further, we investigated the changes of constipation symp-
toms after food avoidance and reintroduction. The results
showed that there were 38 infants and children in the sus-
pected non-IgE-FA group, 3 cases in the suspected IgE food
allergy group, and 12 cases in the suspected mixed food
allergy group, whose symptoms of constipation improved
after food avoidance for 8 weeks. After reintroduction of sus-
pected allergenic foods, symptoms of constipation recurred
in 35 cases of suspected non-IgE-FA and 10 cases of mixed
food allergy, while no symptoms were reported in cases of
suspected IgE-mediated food allergy. Finally, 35, 0, and 10
infants and children with FC were diagnosed with non-IgE,
IgE, and mixed food allergy, respectively, in this study.

In a Spanish study, symptoms of constipation were
resolved in 35 of the 69 children (51%) on a cow’s milk-free
diet, and 27 children (39%) developed constipation after
the reintroduction of cow’s milk, which suggested that
there exists a clear association between cow’s milk con-
sumption and constipation in more than one-third of the
children.? lacono et al. reported that perianal lesions and
anal fissures in 44 of the 65 children (68%) were resolved
after replacing cow’s milk with soy milk.? In another study,
cow’s milk allergy (CMA) was regarded as the most fre-
quent cause of constipation in 99 out of 136 children
(72.8%) during the first 3 years of life, and the improve-
ment of constipation symptoms after introduction of the
elimination diet was observed in all children with food
allergy.? In this study, 45 of the 301 infants and children
(15%) with FC were finally diagnosed with food allergy,
including non-IgE-mediated and mixed food allergies. The
prevalence of anal fissures was noticed in 64.4% cases of FC
with food allergy. Abdominal pain and pain during defeca-
tion were as high as 62 and 46.7%, respectively, which were
some of the main clinical symptoms in infants and children
with food allergic constipation. In addition, cow’s milk was
found to be the main allergen (in 58% of the cases)

followed by eggs and beef, with a prevalence of 42 and
18%, respectively, in this study.

Constipation caused by CMA could be due to increased
resting anal sphincter pressure and aberrant anal canal
relaxation due to the presence of allergic rectal mucosa
inflammation (defined by increased eosinophil and mast
cell infiltration upon rectal biopsy).?* After a CMP elimina-
tion diet, both the inflammatory reaction and the motility
issues vanish. Visceral allodynia, which is defined by an
aberrant perception of physiological stimuli such
as intestinal distention and peristalsis, has also been
implicated as a source of abdominal and defecation pain in
CMA-associated constipation.? The pathophysiology of the
link between CMA and constipation, on the other hand, is
still being contested.?¢? In this study, cow’s milk, eggs,
fish, and shrimp were the main food allergens in non-
IgE-mediated food allergic constipation, and cow’s milk was
the leading cause of mixed food allergic FC. Food allergies,
particularly to cow’s milk, can cause constipation. A food
history was required, and if the kid was still being nursed,
the mother was included in the study. Breast milk, for-
mula, and dairy-containing foods include CMP.5 Non-IgE-FAs
generally manifest several hours, if not days, after expo-
sure. Non-IgE gastrointestinal symptoms are usually long-
term and arise from frequent exposure to the food
allergen. According to the EuroPrevall investigation, the
prevalence of challenge-proven non-IgE-FAs to CMP was
minimal, at roughly 1%. The cumulative incidence of all
allergens in the UK birth cohort of this study was 2.4%
(cow’s milk 1.7%).2%2 However, questions have been raised
concerning selection bias in the EuroPrevall study, as par-
ticipation in that study is contingent on the level of knowl-
edge of gastrointestinal food allergy clinical indications.3°
The true prevalence of non-IgE-FA is likely to be higher, as
it is frequently misdiagnosed or unrecognized because
these symptoms commonly occur during early infancy and
in breastfed infants. FPIES, EoE, FPIAP, FPE, and food pro-
tein-induced dysmotility disorders (GORD and constipation)
are just a few of the diseases that fall under the term of
“non-IgE-mediated gastrointestinal food allergies.” Non-
IgE-mediated gastrointestinal illness is difficult to diagnose
clinically. Although each disease has its own set of symptoms
and indications, they might overlap and differ in severity.
It is also not uncommon for many organ systems to be
affected. SPT and serum IgE measurement have been used
to diagnose non-IgE-FAs in a small number of studies.?"3
The importance of taking an allergy-focused history and
using it to guide the elimination diet has been consistently
highlighted in consensus documents guiding clinical prac-
tice. If there is a stop or reduction in symptoms, the aller-
gen must be reintroduced or OFC must be supervised to
confirm the proper diagnosis and necessity for continuous
exclusion. A diagnostic elimination diet for non-IgE-FA
might last anywhere from 8 weeks, depending on the crite-
ria. Chebar Lozinsky et al. discovered that majority of the
children with non-IgE-mediated allergies improved their
symptoms after 4 weeks; however, the data was based pri-
marily on non-breastfed children.?* Cow’s milk is the most
widely known causative food for non-IgE-mediated allergies
with gastrointestinal symptoms. Lactoglobulin (levels vary
from 0.9 to 150 g/L) is the only easily detectable dietary
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CMP in human breast milk.>* Because beta-lactoglobulin is
not found in human breast milk, its presence suggests that
the lactoglobulin came from the mother’s consumption of
milk of cows, goats or sheeps. Other allergens, such as soy,
wheat, and eggs, can cause non-IgE-FAs through breast
milk and should be explored during the history taking and
diagnostic workup.3® By combining current randomized con-
trolled studies, we hope to conduct a comprehensive
review and meta-analysis to assess the relationship between
FC and non-IgE-FA in infants and children.

In conclusion, the results of this study showed that the
incidence of food allergy in infants and children with FC is
15%, which is mainly mediated by non-IgE-FA. Anal fissure,
abdominal pain, pain during defecation are the main clini-
cal symptoms or signs of non-IgE-FA constipation. In addi-
tion to milk and eggs, fish and shrimp are also the main
allergens responsible for non-IgE-FA constipation.
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