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Restrictive diets for the treatment of different gastrointestinal disorders are
reported to change the composition of intestinal microbiota. Recently, it
has been proposed that individuals with histamine intolerance suffer from
intestinal dysbiosis, having an overabundance of histamine-secreting bacteria,
but how it is still unknown this state is affected by the usual dietary treatment
of histamine intolerance [i.e., low-histamine diet and the supplementation
with diamine oxidase (DAO) enzymel]. Thus, a preliminary study was carried out
aiming to evaluate the potential changes on the composition of the intestinal
microbiota in a group of five women diagnosed with histamine intolerance
undergoing 9 months of the dietary treatment of histamine intolerance. After
sequencing bacterial 16S rRNA genes (V3-V4 region) and analyzing the data
using the EzBioCloud Database, we observed a reduction in certain histamine-
secreting bacteria, including the genera Proteus and Raoultella and the specie
Proteus mirabilis. Moreover, it was also observed an increase in Roseburia spp.,
a bacterial group frequently related to gut health. These changes could help to
explain the clinical improvement experienced by histamine intolerant women
underwent a dietary treatment.

histamine intolerance, intestinal microbiota, gut dysbiosis, low-histamine diet, DAO
supplementation, histamine-secreting bacteria
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Introduction

Dietary habits are among the external factors that exert
the most influence on the composition of the intestinal
microbiota (1-3). To date, several studies have evaluated the
impact of different macro and micronutrients on intestinal
microbial patterns (4-6). It has been demonstrated that a high
consumption of animal proteins, saturated fat, sugar, and salt
could weaken the intestinal barrier due to a higher growth of
certain pathogenic bacteria (1). On the contrary, a diet rich
in complex polysaccharides and plant protein could be related
to an increase of certain health-related bacteria capable of
stimulating the production of short-chain fatty acids (SCFA) in
the intestines (1).

Several disorders affecting the gastrointestinal tract, such
as food intolerances, irritable bowel syndrome (IBS) or celiac
disease, can be managed by following highly restrictive diets
(7-11). However, over time, these diets can have a negative
impact on the composition of the intestinal microbiota,
although this is a more complex relationship (11-15). In
a recent study by Lenhart et al. IBS patients following
low-FODMAP (Fermentable Oligosaccharides, Disaccharides,
Monosaccharides, and Polyols), gluten-free or dairy-free diets
showed significant differences in bacterial beta diversity and a
reduction in the abundance of Bifidobacterium, Lactobacillus,
and Prevotella genera (13). Similarly, De Palma et al. reported
a reduction in the genera Bifidobacterium and Lactobacillus
in healthy individuals following a gluten-free diet (14). These
unwanted effects could be explained by the exclusion of
FODMAPs and lactose, described as dietary carbohydrates with
prebiotic actions, and gluten-containing foods such as wheat or
barley, which are a source of prebiotic fructans (15-17).

Histamine intolerance is a food-related disorder caused
by impaired histamine degradation at the intestinal level due
to a deficiency in the enzyme diamine oxidase (DAO) (10).
Affected individuals suffer a wide range of gastrointestinal and
extraintestinal symptoms, such as bloating, diarrhea, abdominal
pain, postprandial fullness, constipation, flatulences, headache,
tachycardia, hypotonia, pruritus, eczema, urticaria, rhinitis, and
nasal congestion. These manifestations usually appear after
the consumption of foods containing histamine and/or other
biogenic amines (18). In the last decade, new evidence regarding
the aetiopathogenesis of histamine intolerance has been
published (19-23). Several single nucleotide polymorphisms
encoding a DAO enzyme with reduced histamine degradation
capacity have been described as potential genetic causes of
histamine intolerance (19, 23). Moreover, impaired DAO
activity can also be temporary and reversible, being secondary
to certain gastrointestinal disorders or as a side effect of some
widely used pharmacological drugs (20). More recently, two
studies have suggested that dysbiosis of the intestinal microbiota
may play a role in this condition (24, 25). In 2018, Schink
et al. demonstrated that patients with symptoms of histamine
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intolerance have an imbalance of the gut microbiota and an
impaired intestinal barrier, which could lead to a deficiency
in DAO catabolic activity (24). According to these authors,
intestinal dysbiosis may contribute to mucosal inflammation
and, in turn, favor the development of a leaky gut with the
subsequent potential reduction of DAO enzymatic activity.
Intestinal inflammation affecting mucosal integrity have been
identified as a cause of low DAO activity by other previous works
(26-28). In addition, it may be hypothesized that intestinal
dysbiosis could be related to histamine intolerance by a possible
higher presence of histaminogenic bacteria that could favor
the accumulation of histamine at intestinal level, as well as,
by a lower presence of bacteria with histaminolytic activity.
In fact, the study performed by Mou et al. identified a total
of 117 species from the human gut microbiome with the
ability to form histamine (29). Moreover, Sanchez-Pérez et al.
recently reported a higher proportion of histamine-secreting
bacteria (e.g., Staphylococcus, Proteus, Clostridium perfringens,
and Enterococcus faecalis) in patients with histamine intolerance
in comparison with a healthy control group. These authors
also reported alterations in gut bacterial diversity in histamine
intolerant individuals (25). It would be important to consider
that an intestinal dysbiosis could not be, by itself, the only
cause of histamine intolerance but would probably aggravate
the symptoms derived from other primary causes of a DAO
deficiency (genetic or pathological). In fact, a dysbiosis could
help explain the varying severity of symptoms frequently
reported in individuals with histamine intolerance (30).

The usual dietary management of histamine intolerance
is the follow-up of a low-histamine diet. These diets are
based on the exclusion of histamine-containing foods (10, 31).
As this amine in foods is mainly formed by the bacterial
decarboxylation of the precursor aminoacid histidine, the
foods susceptible to contain high histamine levels are those
fermented or microbiologically altered (by the action of
the fermentative bacteria or spoilage bacteria, respectively)
(32, 33). Thus, dry-fermented sausages, cured cheese, and
other fermented products, together with preserved and semi-
preserved fish derivatives, can easily accumulate high histamine
levels. Moreover, certain other foods, such as citrus fruits,
strawberry, banana and nuts, that do not contain histamine
but may contain other biogenic amines (e.g., putrescine and/or
cadaverine) are also frequently excluded within low-histamine
diets (31). The presence of these other amines can exert an
inhibitory effect on the degradation of histamine by DAO
enzyme due to the competition for this degradation system
(18). Finally, the dietary treatment of histamine intolerance also
considers the supplementation with exogenous DAO enzyme to
enhance the intestinal degradation of histamine (10, 31).

There is still a lack of information about what happens to the
gut microbiota when histamine intolerant patients are treated
with a restrictive low-histamine diet and DAO supplementation.
Therefore, a first preliminary study was carried out with the
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aim to evaluate potential changes on the composition of the
intestinal microbiota in a group of five women undergoing the
dietary treatment of histamine intolerance.

Materials and methods

Study design

A previous study was conducted in histamine intolerant
patients and healthy individuals to characterize and compare
the intestinal microbiota composition (25). The current pilot
study was carried out with a subgroup of five women from
the histamine intolerant group who presented at least three
symptoms associated with histamine intolerance. The inclusion
criteria were as follows: age between 18 and 65 years; diagnosis
of histamine intolerance based on two or more symptoms and
negative results for food allergen-specific IgE. The exclusion
criteria were pregnancy, lactation, having started a low-
histamine diet, and having taken antibiotics and/or probiotics
the month before the study. Considering that the female
sex seems prevalently affected by histamine intolerance (34),
five women were included in the present pilot study. These
women were patients from a nutrition and dietetic center
specialized in the dietary management of histamine intolerance
(DAO Deficiency Clinical Institute, Barcelona, Spain), where
the follow-up of the dietary treatment, as well as the evolution
of the symptomatology, were monitored. Table 1 displays
the baseline characteristics of each patient (age, serum DAO
activity, and symptoms). All women showed deficiency in serum
DAO activity. The reported clinical manifestations were mainly
gastrointestinal (i.e., bloating, heart burn, flatulence, diarrhea,
and abdominal pain), followed by headache and dermatological
complaints, such as pruritus and eczema. One patient also
reported insomnia, muscular pain, and articular pain.

The current study aimed to evaluate the microbiota
composition of these patients along 9-month of this dietary

TABLE 1 Baseline characteristics of each patient with
histamine intolerance.

Patient  Age DAO activity Clinical symptoms
(years) (U/mL)

1 65 9.55 Headache, abdominal bloating,
and heart burn.

2 31 6.50 Diarrhea, flatulences, and
abdominal bloating.

3 44 9.80 Headache, diarrhea, abdominal
bloating, articular pain, muscular
pain, and insomnia

4 27 7.70 Diarrhea, abdominal pain,
flatulences, and abdominal
bloating.

5 56 9.15 Headache, eczema, and pruritus.
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treatment (low-histamine diet and DAO supplementation).
Figure 1 summarizes the study protocol, in which a total of
four stool samples of each patient were collected: at baseline
(before starting the dietary treatment) and at 2, 6, and 9 months
of the study. Moreover, Figure 1 also details the phases of
the dietary treatment prescribed by the nutrition and dietetic
center specialized in the dietary management of histamine
inolerance. The first phase was the shortest but also the most
restrictive, involving the exclusion of all foods with histamine,
and/or other biogenic amines. In the second phase, some
excluded foods, mainly those without or with low histamine
levels but containing other biogenic amines, were gradually
reintroduced. Finally, in the last phase, the rest of excluded foods
were progressively reintegrated as much as possible according
to interindividual tolerance to histamine content in order to
achieve a properly long-term balanced diet. During all phases,
DAO supplements formulated with porcine kidney protein
extract were administered 20 min prior to each main meal
(Figure 1).

Plasma DAO activity was also analyzed using a Radio
Extraction Assay (REA) according to the manufacturer’s
instructions (Sciotec Diagnostic Technologies, Tulln, Austria).
Values below 10 U/mL (Histamine Degrading Units) are
considered as DAO deficient.

All participants were given detailed information about
the aim and procedure of the study and gave their written
informed consent prior to study inclusion. The study was
approved by the Bioethics Committee of the University of
Barcelona (IRB00003099).

Determinations in stool samples

The composition of the gut microbiota was determined by
isolation of the bacterial DNA from stool samples (QIAamp
Power Fecal Pro DNA kit, QIAGEN, Germantown, MD,
USA) and subsequent sequencing of the V3-V4 region
of 16S rRNA (Illumina MiSeq platform) at the Genomic
and Bioinformatic Service of the Autonomous University
of Barcelona. Bioinformatics analysis of the microbiota
composition was performed with the EzBiocloud Database
(ChunLab, Inc., Seoul, Korea). For the 16S rRNA amplicons,
baseline sequence data were previously deposited in the
NCBI database by the Bioproject PRJNA811749 (25). The
sequence data related to months 2, 6, and 9 of the dietary
treatment were deposited in the NCBI database by the
Bioproject PRINA842201.

Statistical analysis

Differences in the microbiota composition during the 9-
month study were analyzed by the Kruskal-Wallis test for
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non-parametric data. Alpha diversity was measured using the
Shannon index and Simpson’s index, and beta diversity was
calculated by Bray-Curtis dissimilarity analysis and visualized
using principal coordinates analysis (PCoA). p-values of
P < 0.05 were considered statistically significant.

Results and discussion

The follow-up of the improvement of the symptoms derived
from the dietary treatment of each patient was carried out
by the nutritionist of the dietetic center specialized in the

10.3389/fnut.2022.1018463

dietary management of histamine intolerance. According to this
information, all patients experienced a general improvement
in the baseline symptoms. Gastrointestinal manifestations (i.e.,
bloating, diarrhea, flatulences, abdominal pain, and heart burn)
were those that mainly disappeared during the dietary treatment
most of them already from the second month. Headache
improved in two out of the three patients that reported this
symptom. Despite these improvements, any patient achieved a
total remission of clinical manifestations.

Regarding the composition of the intestinal microbiota,
a gut dysbiosis was evidenced in all the recruited women

when compared with the results obtained for a group of

Restrictive phase

Reintroduction phase

Long-term diet

Low-histamine diet: Exclusion of foods with
histamine and/or other biogenic amines
For example: preserved and semi-preserved
fish, dry-fermented sausages, soy-fermented
products, cured cheeses, fermented
beverages, spinach, eggplant, tomato, citrus
fruits, banana, kiwi, pineapple, strawberry,
soybeans and nuts. Fish and meat with
guaranteed freshness were allowed.

+

DAO supplementation: 3 times/day

2 months

t

Baseline

T

+

Low-histamine diet: Gradual reintroduction of foods
without or with low levels of histamine but containing other
biogenic amines
For example: citrus fruits, banana, kiwi, pineapple, strawberry,
soybeans and nuts.

Foods were reintroduced weekly depending on the tolerance
of each patient to the histamine content.

DAO supplementation: 3 times/day

Low-histamine diet: The foods reintroduction
was maintained until reaching a normalization
of the diet (to ensure a balanced diet).
Foods were reintroduced weekly depending
on the tolerance of each patient to the
histamine content.

+

DAO supplementation: 3 times/day

6 months

T

9 months

T

FIGURE 1

Collection of stool samples

The different phases of the dietary treatment and stool sample collection during the 9-month study.
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6 months

2 months

2

Baseline 9 months

FIGURE 3

Venn diagrams of specific and shared Operational Taxonomic
Units (OTUs) detected at the family level at baseline, 2, 6, and
9 months of the study.

healthy individuals used as a control group in the previous
study performed by Sanchez-Pérez et al. (25). The observed
statistically differences in the relative abundance of bacterial
families, genera, and species are shown in Supplementary
Table 1. In comparison with the control group, histamine
intolerant patients showed a significantly higher relative
abundance of some bacteria related with histamine-forming
capacity (Morganellaceae, Pseudomonadaceae, Staphylococcus,
Proteus, Proteus mirabillis, and Clostridium perfringens), as
well as a reduction in the relative abundance of the genus
Faecalibacterium, associated to a healthy gut (Supplementary
Table 1).

Figure 2 shows the mean relative abundance of bacteria at
phylum and family levels in the histamine intolerant patients

10.3389/fnut.2022.1018463

at baseline and during the dietary treatment (low-histamine
diet and DAO supplementation). A similar phylum pattern was
observed for all patients at all sampling points, Firmicutes and
Bacteroides having the highest relative abundance (Figure 2).
Overall, no statistically significant differences were found in
phyla during the dietary management (p > 0.05). The high
relative abundance of the phylum Proteobacteria observed at
baseline is accounted for by the abnormal abundance of these
bacteria in one specific patient (24%) in comparison with
the other patients (1-2.5%). It is worth highlighting that this
patient (patient 3) also had the highest number of symptoms
(Table 1). An overgrowth of Proteobacteria has been observed
in patients with different intestinal disorders, such as Crohn’s
disease, ulcerative colitis, IBS and colorectal cancer, and has
been postulated as a hallmark of dysbiosis (35-39). A marked
reduction (90%) in the relative abundance of Proteobacteria was
observed in this patient after 2 months of dietary treatment,
when the values were similar to those of the other histamine
intolerant patients. Changes in the abundance of Proteobacteria
have been previously related to dietary habits (40). Levine et al.
also reported a reduced relative abundance of this phylum in
pediatric patients with Crohn’s disease after they followed a
restrictive diet (i.e., excluding foods containing wheat, dairy,
animal fats, and additives) and received enteral nutrition (41).
Regarding bacterial families, the distribution pattern
in the histamine intolerant patients showed few variations
during the dietary treatment (Figure 2). Nevertheless,
statistically significant changes were observed in the relative
abundance of 21 bacterial families, all of them with relative
abundances below 1%. These bacterial families are listed
in Supplementary Table 2. Moreover, a reduction on the
total number of families was found, decreasing from a
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Relative abundance (%) of Proteus, Proteus mirabilis, and Raoultella observed in histamine intolerant patients during the dietary management.
Mean values are represented with an x. p < 0.05 indicates statically significant differences.

total of 79 bacterial families at baseline to 58 at 9 months, mainly belonging to the family Enterobacteriaceae and to the
some of them related to non-desirable effects (Figure 3 genera Staphylococcus and Proteus, was reported in histamine
and Supplementary Table 2). For example, the family intolerant individuals in contrast with the healthy control
Morganellaceae was considerably reduced in all patients group (25). Thus, an excessive accumulation of bacterial-derived
at the second month of the study and absent at 6 months histamine at the intestinal level could account for the onset of
(Figure 4). Morganellaceae includes bacterial species with symptoms associated with histamine intolerance. In the present
a high histamine-formation capacity, such as Morganella study, statistically significant changes were observed in the
morganii (29, 42-44). Pseudomonadaceae also showed a marked relative abundance of 44 genera and 64 species during the 9-
reduction in the relative abundance, especially after 6 months month dietary treatment (Supplementary Tables 3, 4). Among
of dietary management (Figure 4). High levels of pseudomonas them, it is worth highlighting the significant reduction observed
bacteria have been associated with cases of inflammatory bowel in the relative abundance of bacteria with recognized histamine-
disease, also being a bacterial family with several strains related secreting ability (29, 42-44, 51, 52). For example, the relative
with histamine production (45-50). abundance of the genus Proteus and the species Proteus mirabilis

In the previous study performed by Sanchez-Pérez et al. a was dramatically reduced at the second month of the study,
greater relative abundance of several histaminogenic bacteria, being absent in all patients after the sixth month (Figure 5). For
Frontiers in Nutrition 06
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Roseburia spp.
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Relative abundance (%) of Roseburia spp. found in histamine
intolerant patients during the dietary treatment. Mean values are
represented with an x. p < 0.05 indicates statically significant
differences.

the genus Raoultella, this reduction was statistically significant at
6 and 9 months. In fact, Mou et al. identified some species of the
genus Raoultella with a putative histamine-secreting capacity
within the human gut microbiome (29).

On the other hand, a significant increase in the relative
abundance of Roseburia spp. was observed throughout the
dietary treatment (Figure 6). In addition to the reduction
of histamine-secreting bacteria, it can be speculated that the
decline in number of symptoms reported by the five histamine
intolerant women could be partially explained by the increase
in Roseburia spp. Beneficial properties have been attributed to
Roseburia species due to its capacity to produce SCFA, which
are involved in the maintenance of intestinal homeostasis and
the inhibition of a proinflammatory status (53-55). A high
abundance of SCFA-producers, among them Roseburia, has
been found in individuals on diets in which animal-derived
products are replaced with plant-based foods (56-58). Low-
histamine diets tend to be richer in plant-derived products, as
they aim to reduce the consumption of meat and fish derivatives
and cured and raw milk cheeses.

Finally, regarding bacterial diversity, no changes were
observed for any patient during the dietary treatment in terms of
alpha diversity (evaluated by the Shannon and Simpson indices)
(p > 0.05). In the case of beta diversity (assessed by Bray-
Curtis dissimilarity), no significant changes were observed in
interindividual differences in the distribution patterns of genera
and species along the dietary treatment. In the previous work
performed by Sdnchez-Pérez et al. statistical differences were
observed in the beta diversity between intolerant individuals
and the healthy group, this latter showing more homogenous
microbial patterns among them (25). In the current study,
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after 9 months on a low-histamine diet associated with DAO
supplementation, 3 out of 5 histamine intolerant patients
showed a pattern of microbial species that clustered closely with
that previously reported for healthy individuals (25).

These preliminary results prompt further studies to assess
the positive effect of the dietary treatment on the gut microbiota
composition in histamine intolerant patients, with a larger
sample set and involving healthy individuals undergoing the
same dietary treatment. The lack of male representation, of data
on daily food consumption, as well as regarding the changes in
symptom intensity, should also be addressed in future works.

Despite the limitations of the study, preliminary results
suggest that the usual dietary treatment of histamine intolerance
may influence the composition of intestinal microbiota in
histamine intolerant women. According to our results, a
reduction in the relative abundance of histamine-secreting
bacteria such as Pseudomonadaceae, Proteus, Proteus mirabilis,
and Raoultella was observed during the dietary treatment.
These results would support the hypothesis that a reduction in
histamine-secreting bacteria could diminish the accumulation
and absorption of histamine at intestinal level and, subsequently,
avoid the onset of symptoms. Likewise, it was observed an
increase in Roseburia spp., bacteria related to an improvement
of the inflammation of intestinal mucosa. According to our
knowledge, this is the first time that a follow-up study
has been performed to assess the influence of the dietary
treatment of histamine intolerance on intestinal microbiota
composition. The majority of the available studies that evaluate
the efficacy of a low-histamine diet on the symptoms of this
intolerance considered intervention periods of up to 3 months
while in this study, despite the low number of patients, 9-
months of treatment were considered. Further studies with a
higher number of patients are needed to better understand
the relationship between the dietary treatment of histamine
intolerance and changes in intestinal microbiota composition.
In addition, considering the existence of certain technological
bacterial strains with DAO activity it would be interesting to
explore the use of DAO-positive probiotic bacteria for the
preventive treatment of histamine intolerance (59).
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