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Histamine



What is histamine?
• Discovery1: 

• in 1932 discovered to play a 
major role in allergies

• in 1940s first antihistamines 
• Histamine is a biogenic 

amine1:
• Amine: chemical compound 

that originates from an 
amino acid

• Other amines: dopamine, 
noradrenaline, tyramine

• Presence:
• In nature ubiquitously 

present2

• Many functions in humans2,3: 
it is a neuro-immuno-
endocrine system mediator
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Biosynthesis

• Through decarboxylation from histidine (+ vit B6) -> histamine

• Short synthetic pathway in plants and animals: histamine is quickly available
• Histidine is found in almost all foods

The contents of this document are property of Microbiome Center and are classified as confidential. Neither the document, nor parts thereof may 
be published, reproduced, copied, made public, or distributed without explicit written permission of Microbiome Center. This content shall not be 

considered medical advice and is provided for information purpose only. The content is exclusively intended for health care professionals.
5

1. Comas-Basté, O. et al.Biomolecules.10,.1181.(2020)



Sources of histamine

1) Food
2) Gut bacteria
3) Endogenous production:

• Mast cells and other immune 
cells release histamine

• Certain nerve cells
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Histamine intolerance

• Initially, illness due to excessive 
histamine was termed 
histamine intoxication
• Spoiled foods, especially fish

• Histamine loads leading to 
symptoms vary substantially: 
response of individual plays 
large role, changing the 
definition to histamine 
intolerance
• Important role in response for 

DAO
• HI also considered a disorder 

due to reduced histamine-
degrading capacity or lack of 
DAO
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Histamine intolerance
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• Originally, the diagnosis 
“histamine intolerance” thus 
focused on1: 
• Dietary histamine 
• Capacity to handle dietary 

histamine intake

• Typically, treatment for histamine 
intolerance consisted of1:
• Limit food intake of histamine
• supplement DAO



Histamine diet
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• Various low-histamine diets 
are being used

• A review found 10 diets 
described in scientific 
literature

• Interestingly, the overlap 
between these 10 diets was 
very small, with only 4 food 
items occurring in all 10 diets



Histamine diet
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• The researchers also analyzed the 
actual histamine content in these 
foods, as bought in Spain1.

• The vast majority of the excluded 
food items (68%) did not have high 
levels of histamine.

• High levels of other biogenic amines 
were found too:
• Especially tyramine (dry-fermented 

products, cheese, fermented soy).
• Also putrescine and cadaverine
• May compete for the available DAO.

• NB: some food are said to trigger 
release of endogenous histamine, but 
no evidence of this effect is found



Histamine intolerance - lack of reproducibility
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The term “histamine intolerance” is inaccurate
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• Diet is not the only histamine 
source. Insufficient DAO cannot 
explain all symptoms

• Intolerance to a body‘s own 
substance essential for survival, 
would be incompatible with life. 
• Ever heard of adrenaline or 

testosterone intolerance?
• Fructose, lactose, gluten 

intolerance refer to substances 
foreign to the body

• The classical term histamine 
intolerance is a misnomer and an 
oversimplification



Factors playing a role
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The overall response to histamine is 
determined by:
• Histamine exposure

• Dietary histamine load
• Bacterial production of histamine
• Release of histamine by mast cells
• Release of histamine by nerve cells

• Histamine action:
• Expression of the four histamine 

receptor types (with different effects)
• Blocking of specific receptor types

• Histamine breakdown:
• Release of and breakdown by DAO
• Breakdown by HNMT



Typically, pathogenic bacteria are considered

• Histamine-producing bacteria can 
convert histidine into histamine, e.g.:
1) Serratia spp.
2) Morganella spp.
3) Klebsiella spp.
4) Citrobacter spp.

• Example: study found high levels of 
Klebsiella aerogenes in IBS patients 
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But … various commensals can produce histamine

151. Mou, Z. et al. BMC Genomics 22,  695 
(2021)
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Almost 100 
species out of 
32,000 found to 
have histidine 
decarboxylase 
gene
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Even if bacteria can produce histamine, that doesn’t mean they will



pH is an important factor

171. Hall,  A. E. et al. Microb Cell Fact 18, 212 (2019)
2. Wang, Y. et al.  Front Bioeng Biotechnol 9, 612285 (2021)
3. Khutoryanskiy, V.  V. Nature Mater 14,  963–964 (2015)
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L. reuteri 6475 can produce histamine, but the amount depends heavily on the 
environment pH1

Conversion of amino acids is a protective mechanism for bacteria in acid environment2



Nutrient availability has large impact

181. Allison, C. et al. Applied and Environmental 
Microbiology 55, 2894–2898 (1989)
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Beneficial species (e.g. Lactos) inhibit biogenic 
amine-producing pathogens

191. Özogul, F. et al. Critical Reviews in Food Science and 
Nutrition 58, 1660–1670 (2018)
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Questions



Factors playing a role
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The overall response to histamine is 
determined by:
• Histamine exposure

• Dietary histamine load
• Bacterial production of histamine
• Release of histamine by mast cells
• Release of histamine by nerve cells

• Histamine action:
• Expression of the four histamine 

receptor types (with different effects)
• Blocking of specific receptor types

• Histamine breakdown:
• Release of and breakdown by DAO
• Breakdown by HNMT



Antihistamines’ long history of use in allergic diseases
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Role of histamine in allergic responses
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• The immunologic basis of allergic diseases 
has two phases1:

• Sensitization phase: sensitization and 
development of memory T and B cell 
responses and IgE production 

• Effector phase: new encounter with allergen 
causes cross-linking of IgE-FcεRI complexes 
on sensitized basophils and mast cells →
activated and release anaphylactogenic 
mediators responsible for the immediate 
hypersensitivity reaction.



Probiotics beneficial in allergies

Meta-analyses show benefits of probiotics in:
• Prevention and treatment of atopic dermatitis in children1

• Treatment of atopic dermatitis in adults on short and long term2

• Treatment of cow-milk allergy in children3

• Prevention of atopy and food hypersensitivity in children4

• Etc.
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Specific probiotics lower histamine expression

251. Dev, S. et al. Journal of Pharmacological Sciences 107,  
159–166 (2008)
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TDI: toluene 2,4-diisocyanate
(used for sensitization and 
provocation of allergy)



Link between allergies and SIBO

• Small intestinal bacterial overgrowth (SIBO) has a 
direct effect on the microbial interaction with the 
immune system.

• Microbiome Center suspects mechanistic link between 
SIBO and allergies:

• Both SIBO and allergies show low levels immunogenic 
bacteria in fecal analyses.

• Patients with SIBO more often have allergies.
• Indeed, a small study found a high level of comorbidity1.

• One cause of SIBO is failure of the forward barrier: the 
acidic stomach. 

• Less acidic stomach environment prevents adequate 
denaturing of folded proteins, associated with increased 
risk of food allergies2,3.

• PPI use in children is associated with increased 
prevalence of asthma4,5 or food allergies5.
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Link between allergies and SIBO
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• The backward barrier may fail due to 
constipation leading to SIBO1.

• Interestingly, food allergies, such as 
cows’ milk allergy, are associated with 
constipation2,3.

• Chicken or the egg:
1. Does allergy lead to constipation?
2. Does constipation lead to (SIBO 

leading to) allergy?
• Option 2 more likely: 

• Even non GI allergies such as atopic 
dermatitis4, asthma5 and allergic 
rhinitis6 are associated with 
constipation.



Link between allergies and SIBO

• From doctors in the Microbiome 
Center network we often hear 
comorbidity between food 
intolerances/allergies and SIBO.

• Indeed, associations are found:
• Lactose intolerance1.
• Celiac disease2,3 (figure).

• There is some evidence that 
suggest that celiac disease 
patients who do not respond to 
gluten-free diet more often have 
SIBO4.
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1. In patients with allergies, be aware of SIBO and vice versa.
2. The MC knowledge network helps to rapidly gain new insights



Case Histamin
Patient: 39-year-old male

Symptoms:
• Chronic abdominal issues since childhood
• Constantly swollen nasal mucosa, leading to restricted airflow
• Obstructive sleep apnea (OSAS)
• Chronic fatigue and reduced vitality
• Overweight (BMI 31)
• Increased muscle tension, especially in the neck (leading to 

headaches)
• Occasional itching on the back
• Moderate mental health issues, concentration problems, easily 

overstimulated
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Case Histamin

Breath Test Results:
Hydrogen SIBO
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Case Histamin

Microbiome results:
• Leaky gut
• Poor fat digestion
• Elevated inflammatory markers
• Unmeasurable high histamine
• Increased antigliadin antibodies
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Case Histamin

Treatment:
• Dietary Adjustments:

• Remove gluten and sugars, increase protein intake
• 2-week Elemental Diet, followed by:
• Interventions:

• MyOwnBlend
• Metadigest Lipid (enzymes)
• 2-Prepare, borage oil, and A-mulsion (for gut healing)
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Case Histamin

Results:
• Hydrogen SIBO resolved
• Histamine fully normalized
• Most symptoms (nasal mucosa 

issues, fatigue, headaches, and 
abdominal pain) largely 
disappeared

• Lost over 10 kg
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Questions



Factors playing a role
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The overall response to histamine is 
determined by:
• Histamine exposure

• Dietary histamine load
• Bacterial production of histamine
• Release of histamine by mast cells
• Release of histamine by nerve cells

• Histamine action:
• Expression of the four histamine 

receptor types (with different effects)
• Blocking of specific receptor types

• Histamine breakdown:
• Release of and breakdown by DAO
• Breakdown by HNMT



Histamine is not only pro-inflammatory
Effects are regulated by receptor expression

• H1R:  classical immediate hypersensitivity 
responses: 
• smooth muscle cell contraction
• increased vascular endothelial cell 

permeability
• synthesis of platelet activating factor
• release of von Willebrand factor and nitric 

oxide. 
• H2R: antagonizes H1R effects:

• relaxation of smooth muscle cells
• anti-inflammatory

38
1. Barcik, W. et al. Current Opinion in Immunology 48, 

108–113 (2017)
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Histamine is not only pro-inflammatory
Effects are regulated by receptor expression

39
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Increased H1R and H2R expression in IBS pts

401. Sander, L. E. et al. Gut 55, 498–504 (2006)
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Probiotic histamine can lower inflammation

• Mouse model of colitis
• L. reuteri 6475 induces histidine decarboxylase expression
• L. reuteri 6475 lower inflammation (Wallace score), but mutants do not
• Histidine must be present in diet for the effect
• Effect due to binding to H2R
• Also involved: compounds suppressing H1R pathway

411. Gao, C. et al. mBio 6,  10.1128/mbio.01358-15 (2015)
2. Ganesh, B.  P. et al. Mucosal Immunology 11, 380–393 (2018)
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Questions



Factors playing a role
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The overall response to histamine is 
determined by:
• Histamine exposure

• Dietary histamine load
• Bacterial production of histamine
• Release of histamine by mast cells
• Release of histamine by nerve cells

• Histamine action:
• Expression of the four histamine 

receptor types (with different effects)
• Blocking of specific receptor types

• Histamine breakdown:
• Release of and breakdown by DAO
• Breakdown by HNMT



Two degradation pathways1,2: 
• Diamine oxidase (DAO) → excreted (extracellular); gut, placenta, kidney, thymus, seminal plasma
• histamine-N-methyltransferase (HNMT) → intracellular; brain, liver, spleen, respiratory, etc. 

44
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Histamine breakdown



• DAO needs copper, Vit B6, Vit C, zinc, manganese
• HNMT requires: methionine, magnesium, manganese, iron, coenzyme Q10, vit

B2, vit B6, vit B12, folate, vit B3

• Without these substances, sufficient histamine degradation cannot take place.

• Many patients have a deficiency of at least 2 cofactors
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Histamine breakdown



Drugs that block DAO:
• N-Acetylcysteine (cough expectorant)
• Amitryptiline (antidepressant)
• ASS (aspirine)
• Metamizole (analgesic and antipyretic)
• Diazepam (benzodiazepine)
• Prilocaine (local anaesthetics)

Other:
• Alcohol
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Drugs that block HNMT:
• Chloroquin (antimalarial-drug)
• Tacrine (Alzheimer‘s disease)
• Diphenhydramin (H1-blocker)

Histamine breakdown
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DAO and histamine intolerance diagnosis



• Classic diagnosis:
• Diamine oxidase normal value: >10 unit/ml (U/ml)
• Histamine intolerance : <10 U/ml

(10-15 U/ml: consider clinical signs)

• But:
• Detection of high histamine levels in the gut, blood or urine do not always correlate 

with low DAO activity
• Patients with low DAO activity do not always automatically have symptoms of 

histamine intolerance

• Determination of DAO activity alone is not sufficient
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Diagnosis of histamine intolerance: solution is sought 
in the wrong place

• ….and:
• High histamine levels in stool/blood can have multiple causes
• Especially inflammation of gut epithelium is problematic

• Inflammation is accompanied by endogenous histamine release
• Leads to less DAO release, which in turn leads to food intolerances (e.g. lactose intolerance)
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The longer intestinal mucosa is inflamed, the less DAO can be
produced. As a result, more histamine enters the bloodstream.

A lowDAO level is almost always the result of chronic intestinal
inflammationandnot theprimaryproblem.



Diagnostic pathway

• 1st: Perform a microbiome test to rule out gut dysbiosis
• Optionally: screen for histamine in the stool

• 2nd: Test for histamine in heparin blood, histamine in 2nd morning urine or
24-hour collection urine, methylhistamine in 2nd morning urine or 24-hour
collection urine.

• If one of these is conspicuous, an extended diagnosis could follow: DAO,
HNMT

Determining the DAO as the first parameter often leads in the wrong direction
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Questions



Histamine and probiotics: is it about histamine-
producing capability?

• Many brands advertise with 
probiotics for histamine 
intolerance

• Often only about absence of 
histamine-producing capability 

• But should we focus on that?
1. Various commensals can 

produce histamine
2. Histamine can have anti-

inflammatory effects
3. Even if bacteria can produce 

histamine, that doesn’t mean 
they will

4. Microbes can induce or 
suppress endogenous 
histamine release
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So it is complex, how to treat then?

Step 1: Treat the gut ecology as a whole via personalized 
microbiome treatment
• Solves leaky gut
• Reduces inflammation
• Lowers expression of HDC/histamine production of 

pathogens/commensals
• Modulates expression of histamine 1 and 2 receptors
• Removes causes like SIBO
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It’s impossible to know source of histamine (food, bacteria, mast cells), or to know source
of complaints (H1R vs H2R, impaired DAO, excessive histamine). How to treat then?

1. Sánchez-Pérez, S. et al.Nutrients.13,.1395.(2021)



So it is complex, how to treat then?
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It’s impossible to know source of histamine (food, bacteria, mast cells), or to know source
of complaints (H1R vs H2R, impaired DAO, excessive histamine). How to treat then?

(Optional step 3: if very severe)
• Temporarily avoid top 7 histamine-containing 

foods (study1):
1. Sauerkraut
2. Eggplant
3. Spinach
4. Fermented soy
5. Cured cheese
6. Dry fermented sausages
7. Fish derivates

• Temporarily avoid DAO scavengers:
• Alcohol, aspirin, NAC
• Specific prescription drugs

• Temporarily suppletion of DAO

1. Sánchez-Pérez, S. et al.Nutrients.13,.1395.(2021)

Step 2: take diet into account
• Use unprocessed whole foods:

• Vegetables, fresh fish, meat, fruit, nuts, seeds, 
herbs, water, tea, coffee

• Optimize the gut environment by making it less 
proteolytic:

• Sufficient fibers, carbs, and fats
• Promote lactate, acetate, butyrate, and other 

(fatty) acid production by stimulating lactobacilli, 
SCFA generators

• Temporarily avoid foods that trigger symptoms 
(e.g. lactose, fructose, gluten, etc.)

• Limit eating moments (e.g. intermittent fasting)
• Sufficient DAO cofactors (copper, B6, C, etc.)



The microbiome is an ecology: balance is key
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1. Shaw, L.P., et al, 2019. ISME J 13, 1845–1856

• From an ecology perspective, it is about 
balance points. 

• This can be illustrated with a ball in a 
stability landscape1.

• Disturbances of the microbiome can be 
considered forces that push the ball from 
its balance point.

• A healthy ecosystem has ‘resilience’: 
resistance against change.

• In a disturbed microbiome, the goal is to 
modulate it back into a desired stable 
state.

• This is done by treating disturbing 
factors such as pathogens, 
inflammation, permeability, etc.



The microbiome is an ecology: balance is key

L. reuteri: anti-inflammatory because histamine-production
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Total effect: balance between H1R and H2R



In an ecosystem, reductionistic cause-effect does not apply

1. Melander, R. J. et al.MedChemComm.9,.12.(2017)

Classic view on narrow-spectrum antibiotics:
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In an ecosystem, reductionistic cause-effect does not apply

The ecological reality:

1. Willing, B. P. et al.Nat Rev Microbiol.9,.233–243.(2011) 58



In an ecosystem, everything happens at the same time

Yeast

Allergies

E. faecium + 
B. subtilis

Barrier
Butyrate 

generator
2’fucosyllactose

S. Boulardii 
CNCM-I-1079

L. acidophilus 
La02

Barrier 
function

InflammationPathogens

Respiratory 
tract 

infections

Butyrate 
production
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Case 2 Histamine
Patient: 46-year-old female
Symptoms:
• Mood Swings (since approx. age 16)

• Diagnosed with depression / bipolar disorder.
• Gastrointestinal Issues & Food Allergies (since approx. age 8)

• Symptoms: bloating, gas, fluctuating stools, abdominal pain.
• Reactions to gluten, egg yolk, and tomatoes.

• Mastocytosis with Anaphylactic Attacks (since approx. age 8)
• Triggers: food, stress, physical exertion (high intensity), hormonal 

changes (menstruation).
• Uses Epi-pen approximately once a month and has had multiple ER 

visits due to mastocytosis anaphylaxis.
• Chronic stress, tension, fatigue, low energy
• Dizziness, weakness, light-headedness, tachycardia
• Mastocytosis skin spots
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1. . Hrubisko, M. et al.Nutrients.13,.2228.(2021)



Case 2 Histamin

• Microbiome results April’24:
• Dysbiosis
• Low Akkermansia Levels
• High Fat Content
• Elevated Zonulin
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Case 2 Histamine

Treatment:
MyOwnBlend

Results:
• Reduced abdominal pain
• Better, firmer stool
• Fewer mastocytosis attacks (no use of epi-pen since 

starting MOB - 6 months)
• Reduced allergic reactions to foods such as gluten
• Increased energy
• Better sleep
• Less muscle & joint pain
• Fewer mastocytosis skin spots
• Less dizziness and weakness
• Weight gain (as if nutrients are being better absorbed)
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Case 2 Histamine

• Second microbiome analysis 
November’24:
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Take-home messages

• Histamine has important physiological roles! You 
cannot live without it.

• Histamine sensitivity has multiple potential causes
• In many cases low levels of the histamine-degrading 

enzyme DAO is the consequence rather than cause of 
inflammation rather

• Whether or not probiotic bacteria can produce 
histamine is of minor importance.

• In microbiome treatments it is all about balance.
• It is impossible for a doctor to know whether 

histamine sensitivity is cause of consequence, is 
endogenous or external.

• In case there are gut problems: start treating the 
microbiome. 
• Optimize diet for gut health, take into acount

histamine content for severe cases.
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Webinar calendar
Intervisions/Arbeitskreisen
• February 12th: Arbeitskreis 2: discuss cases
• February 13th: Starter meeting (NL)
• February 18th: Arbeitskreis 1: starters (DE)
• March 19th: Arbeitskreis 2: discuss cases (DE)
• April 1st: Arbeitskreis 2: discuss cases (DE)
• April 3rd: Intervision: discuss cases (NL)
• April 8th: Starter meeting (NL)
• April 10th: Arbeitskreis 1: starters (DE)
• May 19th: Starter meeting (NL)
• May 21st: Arbeitskreis 2: discuss cases (DE)
• June 3rd: Arbeitskreis 1: starters (DE)
• June 5th: Intervision: discuss cases (NL)
• June 26th: Arbeitskreis 2: discuss cases (DE)
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Thematic webinars:
• March 17th: Autism (EN)
• April 1st: Autism (DE)
• April 14th: Microbiome as ecosystem (NL)
• April 17th: Microbiome as ecosystem (DE)
• May 13th: Allergies (DE)
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