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Introduction

Histamine intolerance is the disequilibrium 
between accumulated histamine and histamine 
degradation. The latter is mainly dependent on 
diamine oxidase (DAO)1 and to a lesser extent on 
histamine-N-methyltransferase (HNMT).2,3

Histamine is a biogenic amine that is present 
to varying degrees in many foods. The ingestion 
of histamine-rich food4 or alcohol4,5 may pro-
voke heterogeneous symptoms and signs such as 
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Abstract
Introduction: Intolerance to various foods, excluding bona fide coeliac disease and lactose intolerance, represents a 
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the quality of life of patients.
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negative diagnosis for IgE-mediated food hypersensitivity, coeliac disease, conditions related to gastric hypersecretion, 
and systemic nickel hypersensitivity, and who previously underwent a histamine limitation diet with benefits for their 
main symptoms. Serum diamine oxidase levels and the clinical response to diamine oxidase supplementation were 
investigated.
Results: We found that 10 out of 14 patients had serum DAO activity <10 U/mL, which was the threshold suggested as 
a cutoff for probable histamine intolerance. Moreover, 13 out of 14 patients subjectively reported a benefit in at least one 
of the disturbances related to food intolerances following diamine oxidase supplementation. The mean value (± SD) of 
diamine oxidase activity in the cohort of patients with histamine intolerance symptoms was 7.04 ± 6.90 U/mL compared 
to 39.50 ± 18.16 U/mL in 34 healthy controls (P = 0.0031).
Conclusion: In patients with symptoms triggered by histamine-rich food, measuring the serum diamine oxidase activity 
can help identify subjects who can benefit from a histamine limitation diet and/or diamine oxidase supplementation.

Properly designed, controlled studies investigating histamine intolerance that include histamine provocation are 
indispensable for providing insights into the area of food intolerances, which are currently primarily managed with non-
scientific approaches in Italy.

Keywords
diamine oxidase, food intolerance, histamine intolerance, low histamine diet

Date received: 2 June 2015; accepted: 22 October 2015

1�Allergy Outpatients Service, General Hospital, P. le Ospedale n. 1, 
24047 Treviglio, Italy

2�Laboratory of Cellular and Molecular Allergology, San Raffaele 
Scientific Institute, Via Olgettina 58, 20132 Milan, Italy

3�Department of Medicine and Science of Ageing, G. D’Annunzio 
University, Chieti, Italy

Corresponding author:
Samuele Burastero, San Raffaele Scientific Institute, Via Olgettina 58, 
20132 Milan, Italy. 
Email s.burastero@hsr.it

617170 IJI0010.1177/0394632015617170European Journal of InflammationManzotti et al.
research-article2015

Letter to the editor

mailto:s.burastero@hsr.it


106	 International Journal of Immunopathology and Pharmacology 29(1) 

diarrhea, headache,5 rhinoconjunctivitis, asthma, 
hypotension,4,6,7 arrhythmia, urticaria, pruritus, 
and flushing.8

Additionally, several drugs have been suggested 
to induce histamine release or block DAO.9–12

DAO inhibits the trans-epithelial permeation of 
exogenous histamine,13 and impaired DAO activity 
results in increased enteral histamine uptake with 
consequent increased plasma histamine concentra-
tions11,13 and corresponding symptoms.

Acquired histamine intolerance may be transient 
and therefore reversible after the elimination of 
causes (i.e. discontinuing DAO-blocking drugs).

There is a genetic background underlying 
reduced histamine metabolism. Various single 
nucleotide polymorphisms (SNPs) in the DAO 
gene have been identified14 and shown to be asso-
ciated with DAO serum activity15 and with hyper-
sensitivity to non-steroidal anti-inflammatory 
drugs (NSAIDs).16

Due to the multifaceted nature of histamine 
intolerance symptoms, the prevalence of this syn-
drome has long been underestimated and its symp-
toms misinterpreted. It was proposed that 
approximately 1% of the population had histamine 
intolerance and that 80% of affected patients were 
middle-aged.1

A few double-blind, placebo-controlled (DBPC) 
provocation studies using suspected foods have 
been performed to support this diagnosis, but it 
remains elusive.17

Altogether, several confounding factors sur-
round this condition to the detriment of patients. 
While some patients are referred to allergists and 
gastroenterologists, patients are very often directed 
to non-conventional approaches, including non-
scientific diagnostic assays.18

Here, we present our real-life experience in 
allergy outpatient clinics. We included only patients 
that were not affected by common clinical condi-
tions with signs and symptoms that partly over-
lapped those of histamine intolerance in our 
retrospective study. To this end, we excluded 
patients with IgE-mediated food hypersensitivity, 
coeliac disease, systemic nickel allergy syndrome, 
and conditions related to gastric acid hypersecre-
tion. Histamine intolerance was suspected in all 
patients by the allergist, and all patients underwent 
histamine limitation diets with benefits on food 
intolerance. Serum DAO levels and the clinical 
response to DAO supplements were investigated.

We discuss the relevance of histamine intoler-
ance in daily clinical practice and highlight the 
need to increase controlled studies and the aware-
ness of this condition between general practition-
ers and relevant specialists.

Materials and methods

Patient selection

Electronic records of consecutive patients who vis-
ited the allergy outpatient clinics between June 
2014 and February 2015 were retrospectively ana-
lyzed for histamine intolerance.

Written informed consent was obtained from 
each participating subject according to the specific 
requirements of the Ethics Committee for studies 
that require blood sampling. Specifically, the pro-
tocol for the management of the Biological Bank 
for Immunological and Allergological studies were 
applied (Ethics Committee, protocol code BBI-
ALL, 05052005).

In the first level screening, patients with symp-
toms associated with the intake of multiple foods 
not reducible to IgE-mediated sensitization to 
food or inhalant allergens and for which coeliac 
disease was excluded were considered for 
analysis.

To exclude IgE-mediated hypersensitivity reac-
tions, patients with negative results of a prick test 
and/or specific IgE determination to most common 
food allergens were considered. The results from 
the prick test (ALK Abellò, Lainate, Italy) and/or a 
specific IgE (FEIA) (ImmunoCap systems. Phadia-
Thermo Fisher, Uppsale, Sweden) response to 
extracts or to one or more allergen components 
from the following food allergen sources were 
available: milk, egg, fish, shrimp, soy, nuts, and 
dried fruits.

To exclude coeliac disease, serum IgA auto-
antibodies to tissue transglutaminase were meas-
ured.19 Screening for celiac disease was performed 
by measuring total IgA and anti-transglutaminase 
IgA antibodies by ELISA (Eu-tTG® IgA. 
Eurospital. Trieste. Italy). Patients with neoplas-
tic malignancies and autoimmune diseases were 
also excluded.

Subsequently, to eliminate any possible con-
founding factors, patients with the following mor-
bidities (or with symptoms and signs suggestive of 
the following morbidities) were excluded from the 
analysis:
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(1) Chronic urticaria patients;20

(2) Subjects with gastro-esophageal reflux dis-
ease,21 gastric ulcer, or patients who reported 
symptom relief following previous treatment 
with PPIs; and
(3) Patients with a suspected systemic nickel 
allergy,22,23 including subjects who had a posi-
tive patch test for nickel and/or a positive anam-
nesis for contact allergy to metals.

In principle, these conditions may very well 
coexist or be worsened by histamine intolerance. 
However, this criterion was applied to ensure as 
much as possible that only subjects with bona fide 
histamine intolerance were included.

Patients with clinically and/or laboratory 
assessed (lactose hydrogen breath test)24 lactose 
intolerance were included only if they reported that 
the symptoms that brought them to the specialist 
partially or totally persisted after adopting a lactose 
avoidance diet (including hidden lactose sources).

Hypersensitivity to NSAIDs was evaluated as 
part of the conventional allergological anamnesis. 
All patients were evaluated at least twice at a 
1-month interval.

Patients’ characteristics and treatment

Fourteen patients met the inclusion criteria and were 
considered for the analysis. The cohort was formed 
by 13 adults and one child (mean age, 38.6 years; 
age range, 10–67 years), and included 10 women.

Other specialists had previously prescribed a 
low histamine diet to 10 out of 14 patients, with a 
reported benefit on food intolerance. The low his-
tamine diet was re-prescribed or prescribed for the 
first time in 10 patients (non-coincident with the 
above) at our allergy clinics. Serum DAO determi-
nation was performed in all patients. Additionally, 
all of the patients were prescribed DAO supple-
mentation (Daosin, AET-Pharma, Italy, one cap-
sule twice a day, 15 min before lunch and dinner) 
for at least 14 days. Daosin contains DAO isolated 
from pig kidneys. Patients were administered DAO 
supplementation and the histamine limitation diet 
in different regimens (i.e. simultaneously and sys-
tematically or on an “as needed” basis when the 
patient refused the histamine limitation diet).

Five patients had IgE-mediated sensitization to 
pollens and/or house dust mites, which correlated 
with signs and symptoms of rhinitis (with or 

without allergic asthma). In all cases, these signs 
and symptoms were not the reason for the visit of 
these five patients to the allergy clinics. Transient 
oral reactions were reported in three of these five 
patients upon intake of selected fruits that were sug-
gestive of oral allergy symptoms and were not con-
sidered to be causally related to the symptoms 
relevant for the diagnosis of histamine intolerance.

DAO measurement

DAO activity was measured with a radio-extrac-
tion assay using a commercial kit (DAOREA, AET 
Pharma, Italy) according to manufacturer’s instruc-
tions. Briefly, DAO activity was determined by 
quantifying the reaction product. Radio-labeled 
putrescine-dihydrochloride was used as a substrate. 
The resulting Δ1pyrroline containing the radiola-
bel was selectively extracted from the matrix by a 
liquid extraction step. A non-toxic, chlorine-free 
solvent with a high capacity was used for the 
extraction. Finally, scintillation fluid was added to 
the organic phase containing the radiolabelled Δ1-
pyrroline, and radioactivity was determined in a 
beta-counter (PerkinElmer, Waltham, MA, USA).

Histamine intolerance is highly likely in patients 
with DAO activity <3 U/mL, likely in patients with 
DAO activity <10 U/mL, and improbable in 
patients with DAO activity >10 U/mL.1,3

To compare DAO activity in patients with sus-
pected histamine intolerance with the general pop-
ulation, sera from 34 healthy blood donors were 
independently analyzed.

Statistical analysis

Descriptive statistics were used, except for the 
comparison between the distribution of the values 
of serum DAO activity in patients with suspected 
histamine intolerance versus the control, which 
was performed with the Mann–Whitney two-sam-
ple statistic for non-parametric data. All statistical 
analyses were performed with the PRISM statisti-
cal software package (GraphPad Inc., San Diego, 
CA, USA). Statistical tests were two-sided with a 
significance level of 0.05.

Results

We observed that functional bloating25 and abdom-
inal pain were prevalent in the selected cohort, 
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although other typical histamine intolerance symp-
toms were also reported. By carefully collecting 
the 14 patients’ symptoms, the following typical 
histamine-intolerance disturbances were identified 
and grouped as follows: functional bloating (12 
patients); abdominal pain (8 patients); palpitations/
tachycardia (7 patients); diarrhea (6 patients); head-
ache (5 patients); rash and/or pruritis (5 patients); 
flushing (4 patients); rhinorrhea (3 patients); and 
nausea and/or vomiting (2 patients).

Individual prevailing symptoms that could refer 
to histamine intolerance are listed in Table 1.

Six patients also reported previous GI problems 
with the consumption of milk or dairy products 
that could be controlled by lactose avoidance and 
had no apparent correlation with the symptoms ref-
erenced at the time of the visit.

Nine individuals had a history of NSAID hyper-
sensitivity that was not related to the symptoms 
that they reported at the time of the visit.

A low histamine diet was re-prescribed or pre-
scribed for the first time in 10 patients, who sub-
jectively reported a benefit in food intolerance 
symptoms.

Ten out of 14 patients were eligible to formalize 
the diagnosis of histamine intolerance according to 
previously proposed criteria1 (negative results for 
food allergen specific IgE, two typical symptoms 

of histamine intolerance associated with multiple 
foods for longer than 3 months, improvement 
with a histamine-free diet and reduced serum DAO 
levels).

All 14 patients reported that the previous and/
or newly prescribed low histamine diet impaired 
their quality of life (to variable extents depending 
on the patient) and that it could not be maintained 
permanently. In most cases, a culprit food whose 
elimination from the diet was instrumental to rad-
ically prevent relapses of symptoms could not be 
identified.

DAO supplementation was associated with the 
reduction of at least one of the reported symptoms 
in 13 out of 14 patients. In patients where DAO 
supplementation was associated with a low hista-
mine diet, the added value of the dietary supple-
ment was reported compared to the diet alone due 
to the efficacy of DAO supplementation on at least 
one symptom and the favorable impact on the qual-
ity of life compared to the dietetic limitation.

Seven and three patients had DAO activity val-
ues <10 U/mL or <3 U/mL (i.e. the cutoff values 
of serum DAO activity below which the DAO 
deficit was indicated as likely or highly likely, 
respectively).1,3

The remaining four patients had DAO levels 
above 10 U/mL.

Table 1.  Symptoms of histamine intolerance.

ID Age 
(years)

Sex DAO 
(U/mL)

Response to Abd. 
pain

Diarrhea Nausea 
and/or 
vomiting

Bloating Rash 
and/or 
pruritus

Palpitations 
tachycardia

Headache Rhinorrea   Flushing

Prev. 
diet

Pres. 
diet

DAO 
suppl.

1 10 F 4.4 N.D. Y Y Y Y  
2 34 F 7.5 Y N.D. Y Y Y Y Y Y
3 54 F 0.6 Y Y Y Y Y  
4 22 M 8.2 Y Y Y Y Y Y  
5 34 M 0.4 N.D. Y Y Y Y Y Y  
6 67 F 11.3 Y Y Y Y Y Y Y
7 54 F 7.6 Y Y Y Y Y Y  
8 32 F 12.4 Y Y Y Y Y Y  
9 34 F 5.5 Y Y Y Y Y Y  
10 23 M 4.7 N.D. Y Y Y Y Y Y Y
11 45 M 14.2 Y N.D. N Y Y Y Y Y  
12 34 F 9.3 N.D. Y Y Y Y Y Y  
13 45 F 10.5 Y N.D. Y Y Y Y
14 53 F 1.9 Y Y Y Y Y Y Y  

Demographic and clinical characteristics of patients with suspected histamine intolerance.
Abd.: abdominal, N: no, N.D.: not done, Pres.: present, Prev.: previous, Suppl.: supplementation, Y: yes.
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The mean value (± SD) of DAO activity in the 
cohort of patients with histamine intolerance symp-
toms was 7.04 ± 6.90 U/mL compared to 39.50 ± 
18.16 U/mL in the 34 healthy controls (P = 
0.003147).

We used box-and-whisker plots to graphically 
express the data (Figure 1). The DAO activity val-
ues in patients were much closer to 10 (upper quar-
tile: 10.20 U/mL) compared to a panel of 34 healthy 
control individuals (upper quartile: 54.00 U/mL).

Discussion

Histamine intolerance is defined as a condition 
whereby the ingestion of food containing high 
amounts of histamine by subjects with low intesti-
nal histamine inactivation (or inhibition of this 
inactivation by other food constituents or drugs) 
leads to absorption of histamine in amounts suffi-
cient to cause adverse reactions.1,26

Impaired degradation can follow genetic or 
acquired impairment of the enzymatic function of 
DAO or histamine-N-methyltransferase (HNMT).

Here, we investigated the possibility of making 
a formal diagnosis of histamine intolerance in a 
clinical practice setting by retrospectively evaluat-
ing patients who visited our allergy clinics. We 
took advantage of two recently introduced clinical 
tools: the in vitro measurement of serum DAO 

activity and DAO supplementation using capsules 
containing DAO isolated from pig kidneys (Daosin, 
AET Pharma, Italy).

To identify patients whose disturbances had the 
highest possibility of being due to bona fide hista-
mine intolerances, we excluded common condi-
tions that might present with overlapping symptoms 
and signs, including chronic urticaria, gastro-
oesophageal reflux disease, gastric ulcer, or relief 
of symptoms following previous treatment with 
protein pump inhibitors or suspected systemic 
nickel allergy.

By applying this reductionist approach, we iden-
tified 14 patients and found that 10 of them had 
serum DAO activity below the threshold suggested 
as a cutoff for probable histamine intolerance. The 
mean DAO activity of this cohort was significantly 
lower than the activity detected in a group of 
healthy blood donors. Following DAO supplemen-
tation, 13 out of 14 patients subjectively reported a 
benefit on at least one of the disturbances related to 
food intolerances

There are a few limits in this study. First, a sin-
gle DAO determination was performed. This may 
not be sufficient for the diagnosis of histamine 
intolerance due overlaps between different 
patients populations in relation to food intake and 
elimination diets.12,27 Second, the severity of 
symptoms was not assessed by a severity standard, 

Figure 1.  Whisker plot representation of the distribution of serum DAO values in U/mL (on the x axis) in patients with histamine 
intolerance (HI, top panel) and controls (CTRL, bottom panel). The box indicates the lower and upper quartiles and the central line 
represents the median. The points at the ends of the “whiskers” indicate extreme values.
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as recommended by Komericki et al. by lack of 
reproducibility of single symptoms following oral 
provocation with histamine in a randomized, 
DBPC experimental setting.28

Taken together, our results suggest that hista-
mine intolerance should be considered in patients 
visiting allergy clinics. Serum DAO activity meas-
urements and DAO supplementation represent 
important tools to consolidate the diagnosis, reduce 
the level of uncertainty of this condition, and pro-
vide a causal treatment for the patients’ symptoms 
and signs.

Non-conventional testing for food intolerances 
(which had been prescribed for 9 out of 14 patients 
in our cohort before they came to our attention) is a 
challenge for evidence-based allopathic medicine.18 
In this context, the study of histamine intolerance 
and its pathogenesis should allow conventional 
medicine to regain its role, particularly if proper 
care is maintained in establishing a therapeutic alli-
ance and in the collection of the clinical history.29 
Our results should raise interest in histamine intol-
erance and prompt studies with a randomized, pla-
cebo-controlled design to investigate histamine 
challenge and DAO supplementation.
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