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Abstract

Histamine intolerance (pseudoallergy) is a poorly investigated type of
food hypersensitivity. The main enzyme responsible for histamine degra-
dation in the extracellular matrix is diamine oxidase (DAO). Disturbances
in the concentration or activity of DAO may lead to the development of
clinical signs of allergy. The aim of the present work was to assess the

DAO concentration,

peripheral blood morphology, lymphocytes

phenotyping (CD3+, CD4+, CD8+, CD19+, NK cells, NKT cells, and
activated T-cells), and natural regulatory Treg (nTregs) cell population
(CD4+, CD25+, CD127low, and FoxP3) in 34 pediatric patients with
histamine-dependent syndromes. Patients were divided into two groups:
classical allergy and pseudoallergy on the basis of IgE concentration. The
investigation was based on the analysis of peripheral blood samples. A
significantly lower serum DAO, both total and specific IgE, concentration
was found in the pseudoallergy group compared with the allergy group.
There were no significant differences in blood morphology or lymphocyte
populations. A similar level of nTreg lymphocytes was also found in both
groups, although it was lower than that present in healthy individuals. The
findings suggest that the serum DAO is responsible for the symptoms of
histamine intolerance. Moreover, a general decrease in nTreg cells in
comparison with healthy individuals may lead to symptom aggravation.
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1 Introduction

Histamine intolerance is a poorly understood
type of food hypersensitivity mimicking an aller-
gic reaction. It is referred to as pseudoallergy. In
both histamine intolerance and allergy, the factor
responsible for the development of symptoms is
histamine (f-imidazolyl-4-ethylamine), acting
on numerous receptors present in various cells.
Histamine-dependent symptoms develop in the
alimentary system (stomachache, diarrhea, nau-
sea, and flatulence), skin (rashes, angioedema,
reddening, and itching), cardiovascular system
(arrhythmias and hypotension), nervous system
(headaches and fainting), and in other organs
(Karpiniska-Gasztot et al. 2014; Millichap and
Yee 2003).

In case of allergy, immunological reaction
triggers a release of histamine into the blood.
The reaction involves the IgE cross-linking on
mast cells or basophiles following an allergen
provocation, leading to a rapid release of hista-
mine from those cells (Maintz et al. 2006). A
trace amount of an allergen is sufficient to
evoke the reaction. In case of histamine intoler-
ance, a non-immunological pathway leads to the
accumulation of histamine in excess of the body
tolerance threshold due to an excessive ingestion
of histamine-rich food with insufficient
mechanisms of its degradation or, to a lesser
extent, due to a number of factors triggering a
release of histamine from cellular reserves
(Table 1) (Smolinska et al. 2014; Czerwionka-
Szaflarska and Zielinska-Duda 2009).

There are only two pathways of histamine
metabolism in humans (San Mauro Martin et al.
2016; Gorski 2007). The principal enzyme
responsible for histamine degradation in the
extracellular space and for preventing its exces-
sive absorption is diamine oxidase (DAO)
(Schwelberger et al. 2013, Maintz et al. 2006).

Disorders of histamine degradation by DAO may
result from the enzyme deficiency or its impaired
function due to the action of pharmaceuticals,
intestinal flora disorders, inflammatory diseases,
and malignancies of the alimentary tract
(Table 2) (Skypala et al. 2015; Maintz and
Novak 2007). Another enzyme capable of
degrading histamine, N-methyltransferase, acts
intracellularly and plays no significant role in
the metabolism of histamine supplied with food.
The role of N-methyltransferase in the diagnostic
and therapeutic procedures involving histamine
intolerance seems negligible, despite its presence
in various cells, including the respiratory epithe-
lial cells.

When histamine-dependent symptoms are
present, the diagnostics focus on confirming the
allergic background of the ailment. The
guidelines have been developed, along with the
interpretation of readily available diagnostic
methods, including the determination of total
IgE and specific IgE and skin-prick tests (Hgst
et al. 2003). New diagnostic tools are also under
development such as the determination of
platelet-activating factor or mastocytic tryptase
level (Vadas 2016; Vitte 2015; Sala-Cunill and
Cardona 2015; Lieberman 2014; Akin et al.
2007). On the other hand, there is striking lack
of a reliable diagnostic tool in case of a suspected
histamine intolerance.

Demarcation between histamine intolerance
and allergy is a challenge. Frequently, patients
presenting histamine-dependent symptoms are
classified as allergic, even though the allergic
background has not been confirmed. This misin-
terpretation is  associated  with  lasting
consequences, particularly in children. The
pseudoallergy is often suspected subsequent to
a long-term observation in patients who exhibit
at least two histamine-dependent symptoms that
improve after a 4-week low-histamine diet or
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Table 1 Food products high in histamine content and histamine releasing

Products high in histamine

Products stimulating histamine release

Alcoholic beverages (red wine, red, beer,
champagne)

Alcoholic beverages (wine, beer)

Fish, including marinated, smoked, tinned

Marinated, salted and smoked fish

Seafood (crabs, oysters, caviar, mussels)

Tinned meat

Red meat and highly processed meat products
(pepperoni, salami), tinned meat, offal

Milk and dairy products

Fermented dairy products

Certain herbs (mint, chamomile, linden, sage, pansy, willow)

Mushrooms

Mushrooms

Cheese (processed, mouldy, hard and semi-hard)

Pickled vegetables

Preserved and pickled vegetables

Certain vegetables (spinach, pepper, lettuce, potato, tomato,
cucumber, peas, radish, courgette, leek, corn, carrot, beetroot)

Certain vegetables (beans, peas, lentils, spinach,
lettuce, tomato, cabbage)

Certain fruits (berries, currants, citrus fruits, kiwi fruit, apple,
plums, cherries, banana, melon, watermelon, pineapple, peach,
grapes, apricot)

Certain fruits (berries, plums, grapes, avocado,
pineapple, citrus fruits)

Preserved and dried fruits (raisins, figs, apricot, plums)

Preserved and dried fruits (raisins)

Carbonated drinks, fruit and vegetable juice

Sweets (chocolate, jam, marzipan, nougat)

Sweets (chocolate, honey, caramel, nougat)

Drinks (coffee, tea, cola)

Vinegar, mayonnaise, ketchup, oils, olive oil

Vinegar, mayonnaise, ketchup

Cereal products, seeds and nuts (soy, peanuts, almonds)

Certain spices (curry)
Cereal products and yeast-based products

Food additives (colorants, preservatives, antioxidants, flavor
enhancers)

Table 2 Factors inhibiting diamine oxidase (DAO) activity

DAO inhibitors

H, receptor antagonists (e.g., cimetidine)

Certain antibiotics (e.g., cefuroxime, clavulanic acid)

Antiarrhythmics (e.g., propafenon)

Antihypertensives (e.g., verapamil)

Analgesics (e.g., morphine, metamizole)

Radiological contrast media

Anesthetics (e.g., thiopental)

Antispasmodics

Motility agents (e.g., metoclopramide)

Diuretics (e.g., amiloride)

Mucolytics and broncholytics (e.g. acetylocysteine, ambroxol, aminophyline)

Other factors that inhibit DAO activity

Intestinal microflora disorders (excessive intake of probiotics, chemotherapy)

Excessive intake of biogenic amines (tyramine, putrescine)

Gastrointestinal tract disorders (inflammatory diseases, neoplastic diseases)

antihistamine medications (Kovacova-
Hanuskova et al. 2015; Weidenhiller et al. 2012).

It is estimated that approximately 1% of the
general population presents symptoms of hista-
mine intolerance caused by DAO deficiency
(Jarisch 2004). However, there are no reliable

publications indicating the ratio of those patients
in the overall group presenting histamine-
dependent symptoms, or frequency of histamine
intolerance and allergies coinciding. There are
also no in-depth reports focusing on the pediatric
population. Therefore, the present study seeks to



define a link between reduced serum DAO level
and histamine intolerance in children. Attention
was drawn to the plausible association of hista-
mine intolerance with changes in peripheral
blood cell counts and in subpopulations of regu-
lator lymphocytes in a hope of identifying a
reliable and rapid method enabling the diagnosis
of histamine-dependent symptoms.

2 Methods

2.1 Patients

The study was approved by the Bioethics Com-
mittee of the Military Institute of Medicine in
Warsaw, Poland (permit no. 141/16). The parents
of qualified children gave written informed con-
sent. Thirty four children with histamine-
dependent symptoms were enrolled into the
study. They were divide into two groups: allergy
group (inclusion criteria: high concentration of
total IgE or specific IgE compared to the
age-matched healthy population) — 26 patients,
aged 7 months to 17 years, and the pseudoallergy
group (inclusion criteria: low concentration of
total IgE or specific IgE compared to the
age-matched healthy population) — 8 patients,
aged 18 month to 11 years. Standard diagnostic
interviews were conducted to assess the
histamine-dependent symptoms and the proba-
bility of allergy. Patients or parents filled out
the questionnaire by ticking yes or no answer.
The results were shown as a percentage of posi-
tive answers.

2.2 Hematological Investigation

The blood, 500 pl taken into EDTA tubes, was
investigated using the hematology systems
(Sysmex XN 1000, Kobe, Japan and Advia
2102i, Siemens Healthcare GmbH, Erlangen,
Germany) to determine the following
parameters: white blood cells (WBC), red blood
cells (RBC), hemoglobin (HGB), hematocrit
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(HCT), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscu-
lar hemoglobin concentration (MCHC), red cell
distribution width (RDW%), red cell distribution
width absolute (RDW-a), platelets (PLT), and
mean platelet volume (MPV).

The determination of WBC phenotype was
performed as described previously (Kalicki
et al. 2013). Briefly, cells in 100 pl of whole
blood were labeled with the appropriate
antibodies in the dark for 20 min (BD Simultest™
— IMK Plus Kit, BD Biosciences, Warsaw,
Poland). Next, erythrocyte lysis was performed
in room temperature for 10 min (FACS Lysing
Solution, BD Biosciences). Afterward, the cells
were washed twice with 2 ml of phosphate buffer
solution (PBS) and fixed in 200 pl of 1% v/v
paraformaldehyde/PBS  solution. Phenotypic
analysis was performed with flow cytometry
(FACS Calibur; BD Biosciences) and analyzed
with CellQuest Pro software (BD Biosciences).
Three thousand counts of lymphocytes finished
the acquisition. Results were expressed as means
+SE%.

The determination of nTreg cell population
and gating restriction were performed as
described previously (Lipinska-Opatka et al.
2017). Briefly, the cells in 100 pl of whole
blood were stained with primary antibodies
CD4-PerCP, CD25-APC, and CDI127-FITC
(extracellular staining; BD Bioscence, Warsaw,
Poland) or with the appropriate isotype control
with the addition of ally CD4-PerCP antibody.
After 20 min, erythrocyte lysis was performed
(FACS Lysing Solution, BD Biosciences)
followed by fixation and permeabilization
(Fixaton/Permeabilization buffer BD
Pharmingen, Warsaw, Poland). The cells were
then stained with FoxP3 PE or isotype IgGl
kappa PE antibody for 45 min in the dark in
room temperature. The cells were acquired in
flow cytometry. Ten thousand counts of CD
4 PerCP positive cells finished the acquisition.
Results were analyzed by CellQuest Pro software
(BD Biosciences) and expressed as means £SE
%.
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23 Biochemical Investigations

Total IgE concentration was determined in the
serum samples using a solid-phase enzyme-
linked immunosorbent assay (Sandwich
ELISA), calibrated with commercially available
IgE standards. DAO content was measured in the
serum samples using an ELISA assay kit for
D-amino acid oxidase (Cloud-Clone Corp,
Katy, TX). Results were expressed as means
+SE IU/ml.

24 Statistical Elaboration

Data distribution was evaluated using the
Shapiro-Wilk test. Differences between the
allergy and psudoallergy groups were evaluated
with Student’s #-test or Mann-Whitney U test as
required. A p-value <0.05 defined the statisti-
cally significant changes. The analyses were
performed with a commercial GraphPad Prism
v5 software package (GraphPad Software, La
Jolla, CA).

3 Results

3.1 Allergy vs. Pseudoallergy

The main criterion for the differentiation of aller-
gic from pseudoallergic children was the serum
concentration of IgE immunoglobulin. The dif-
ference in the total IgE content was outstanding

Fig. 1 Serum total IgE
concentration; data are
means +SE

Total IgE Concentration

(IU/ml)

(Fig. 1), enabling further elaboration of clinical
aspects in clearly demarcated groups of children.

3.2 Symptoms

Generally, there were no significant differences
in the manifestation of specific histamine-
dependent systemic symptoms in the children
with allergy and pseudoallergy. However, there
was a tendency for a lower incidence of skin
symptoms in children with pseudoallergy. We
also observed the appearance of symptoms after
ingestion of food nearly twice as often in chil-
dren with pseudoallergy (Table 3).

3.3 Serum DAO Concentration

In the group of patients with allergy, the mean
serum  DAO concentration amounted to
83.01 £+ 6.73 IU/ml. In the pseudoallergic
group, the mean DAO concentration was signifi-
cantly lower 46.40 £ 7.19 IU/ml (p = 0.0016)
(Fig. 2).

There were no significant differences in the
majority of blood morphological indices in the
children with allergy and pseudoallergy. The
notable exceptions were a significantly greater
absolute and relative levels of eosinophils in
the allergy than pseudoallergy group and
somewhat smaller mean corpuscular volume
and concentration of hemoglobin in the latter
group (Table 4).

2000+

p<0.0001

1500- ,

1000+

5004

Allergy Pseudoallergy
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Table 3 Patient symptoms (% of cases)

Allergy Pseudoallergy

Skin (atopic dermatitis, pruritus, urticaria, erythema) 76.9% 50.0%
Neural system (pain and dizziness, nausea) 7.4% 0%
Digestive system (diarrhea, bloating, vomiting, lips and tongue swelling) 22.2% 25.0%
Respiratory system (runny nose, sneezing, wheezing, dyspnea) 70.4% 75.0%
Circulatory system (arrhythmias, syncope, dizziness) 0% 0%
Seasonality 29.6% 12.5%
Symptoms appearing after food ingestion 22.2% 50.0%
Symptoms appearing after drug use 3.7% 12.5%
Fig.2 Serum DAO 1001 p=0.0016
concentration; data are +
means +SE 6 801

5
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S 401
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S 201
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Allergy Pseudoallergy

In both allergy and pseudo-allergy groups,
there were no significant differences in the per-
centage of the following lymphocyte
subpopulations: B-cells, T-cells, CD4, CD8,
CD4/8 ratio, NK cells, NKT cells, and activated
T-cells (Fig. 3). Nor were there any significant
differences between the percentages of nTregs
(CD4+, CD25+, CD 127low, and FoxP3+).

4 Discussion

Attempts to examine the role of histamine and
reduced serum DAO activity in the diagnostics of
food intolerance have been made in the 1980s
and 1990s. Provocation tests, intestinal biopsy,
and a determination of serum DAO following
heparin injections were the procedures of choice
at that time; which, however, were apt to produce
numerous adverse effects (Wantke et al. 1994;
Wantke et al. 1993; Lessof et al. 1990).

New methods for diagnosing pseudoallergy
are currently sought. Music et al. (2013) have

examined a correlation between serum DAO
activity in patients with suspected histamine
intolerance and the effect of a low-histamine
diet in a group of 316 adults. A similar study
has been conducted by Manzotti et al. (2016) in
14 adults presenting histamine-dependent
symptoms, following the exclusion of the aller-
gic background of observed symptoms and of
factors leading to the enzyme dysfunction. Both
studies confirm the existence of a correlation
between reduced DAO activity and the develop-
ment of histamine intolerance. There are reports
suggesting the applicability of skin-prick tests
with histamine-soaked flakes as a diagnostic
method (Kofler et al. 2011).

Clinical studies on histamine intolerance in
children are scarce or involve small groups of
patients (Hoffmann et al. 2013; Rosell-Camps
et al. 2013; Millichap and Yee 2003). Therefore,
there are no reliable data determining a correla-
tion between DAO concentration and histamine

intolerance symptoms; not to mention the
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Table 4 Blood hematological indices

Allergy Pseudoallergy p-value
WBCH# (x1019/1) 75+£04 83+09 0.778
RBC# (x107M2/1) 4.8 +£0.1 49+£0.1 0.298
HGB (g/dl) 13.0 £ 0.2 127+ 0.2 0.224
HCT% 38.6 £ 0.6 37.9+£0.7 0.755
MCV () 80.2 + 0.6 779 £ 0.8 0.062
MCH (pg) 272+£02 26.0 £0.3 0.004
MCHC (g/dl) 339+£02 33.4+£03 0.009
PLT# (x1079/1) 3134+ 17.1 34377 +£234 0.348
MPV (1) 85+0.3 8.0+ 0.8 0.898
PCT% 0.26 £ 0.02 0.27 £ 0.03 0.439
PDW (fl) 10.7 +1.4 13.1 £1.5 0.316
PDW% 26.6 £5.1 32.8 £8.4 0.741
RDW-SD (fl) 36.3 £0.5 36.4 £1.2 0.965
RDW-CV% 12.7 +0.1 12.9 £0.5 0.584
LUC# (x1073/ul) 0.12 £0.03 0.17 £0.05 0.528
LUC% 1.6 £0.3 2.3 £0.6 0.800
LY# 3.1 £0.2 4.0 £0.9 0.546
LY% 42.6 £1.7 452 £5.1 0.671
NE# (x1073/ul) 32402 3.4 +0.5 0.919
NE% 42.8 £1.8 43.1 £4.9 0.966
MO# (x1073/ul) 0.52 +0.04 0.51 +0.06 0.809
MO% 6.9 £0.4 6.4 +0.7 0.842
EO# (x1073/ul) 0.43 £0.06 0.22 £0.03 0.007
EO% 5.6 £0.7 2.8 £04 0.004
BA# (x1073/pl) 0.04 + 0.0 0.04 + 0.01 0.897
BA% 0.54 + 0.04 0.57 + 0.08 0.968
P-LCR (x1073/pl) 21.0+39 339+ 6.5 0.144

Data are means +SE; p < 0.05 denoting significant changes between the two groups in bold

WBC white blood cells, RBC red blood cell count, HGB hemoglobin, HCT hematocrit, MCV mean corpuscular volume,
MCH mean corpuscular hemoglobin, MCHC mean corpuscular hemoglobin concentration, PLT platelet count, MPV
mean platelet volume, PCT platelet crit, PDW platelet distribution width, PDW% relative platelet distribution width,
RDW-SD% relative red blood cell distribution width, standard deviation, RDW-CV% relative red blood cell distribution
width, coefficient of variation, LUC# large unstained cells — absolute content, LUC% large unstained cells — relative
content, LY#,lymphocytes — absolute content, LY% lymphocytes — relative content, NE# neutrophils — absolute content,
NE% neutrophils — relative content, MON# monocytes — absolute content, MON% monocytes — relative content, EO#
eosinophils —absolute content, EO% eosinophils — relative content, BA# basophils —absolute content, BA% basophils —

relative content, P-LCR ratio of large platelets

influence on the results of patients’ age which
could also factor in the present findings.

The present findings demonstrate that in addi-
tion to the known correlation between the devel-
opment of pseudoallergy symptoms and reduced
DAO activity, a similar correlation exists for the
reduced serum DAO content. The correlation is
present in the pediatric population, which
suggests the use of a serum DAO measurement
as a diagnostic tool in suspected cases of
pseudoallergy in children. Moreover, a signifi-
cantly greater ratio of eosinophils in the

peripheral blood was notable in the group classi-
fied as allergy. A statistically significant differ-
ence in the hemoglobin indices, MCH and
MCHC, could be a result of a small size of the
study group and its low differentiation. Although
a similar level of nTregs (CD4+, CD25+, CD
127low, and FoxP3) was found in both study
groups, it was lower than that present in the
healthy pediatric population (Lipinska-Opatka
et al. 2017). This finding points to the plausibility
of immunological dysfunction in both histamine
intolerance and allergy. Further exploration of a
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Fig. 3 Lymphocytes phenotyping in peripheral blood; data are means & SE
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link between serum DAO and regulatory
lymphocytes is required to determine their
mutual influence on the development of hista-
mine dependent symptoms.

When considering the variability of pediatric
organisms, a small sample size in the present
study could interfere with the interpretation of
results. Therefore, the study is a mere introduc-
tion to further explorations, including the deter-
mination of both serum concentration and
activity of diamine oxidase in various
age-groups.
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