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Abstract

Background: The gut fermentation syndrome (GFS), also known as the endogenous

alcohol fermentation syndrome or auto brewery syndrome, is a rare and under-

diagnosed medical condition where consumed carbohydrates are converted to

alcohol by the microbiota in the gastrointestinal or urinary tract. The symptoms of

GFS can have severe impact on patients' wellbeing and can have social and legal

consequences. Unfortunately, not much is reported about GFS. The aim of this

systematic review was to assess the evidence for GFS, causal micro‐organisms, di-
agnostics, and possible treatments.

Methods: A protocol was developed prior to initiation of the systematic review

(PROSPERO 207182).

We performed a literature search for clinical studies on 1 September 2020 using

PubMed and Embase. We included all clinical studies, including case reports that

described the GFS.

Results: In total, 17 case reports were included, consisting of 20 patients diagnosed

with GFS. The species that caused the GFS included Klebsiella pneumoniae, Candida

albicans, C. glabrata, Saccharomyces cerevisiae, C. intermedia, C. parapsilosis, and C.

kefyr.

Conclusions: GFS is a rare but underdiagnosed disease in daily practice. The disease

is mostly reported by Saccharomyces and Candida genera, and some cases were

previously treated with antibiotics. Studies in Nonalcoholic Fatty Liver disease

suggest a bacterial origin of endogenous alcohol‐production, which might also be
causal micro‐organisms in GFS. Current treatments for GFS include antibiotics,
antifungal medication, low carbohydrate diet, and probiotics. There might be a

potential role of fecal microbiota transplant in the treatment of GFS.

K E YWORD S

auto‐brewery syndrome, Candida albicans, drunkenness disease, endogenous alochol
fermentation syndrome, gut fermentation syndrome, microbiota, nonalcoholic steatohepatitis,

nonalcoholic fatty liver disease, Saccharomyces cerevisiae

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non‐commercial and no modifications or adaptations are made.

© 2021 The Authors. United European Gastroenterology Journal published by Wiley Periodicals LLC. on behalf of United European Gastroenterology.

332 - United European Gastroenterol J. 2021;9:332–342. wileyonlinelibrary.com/journal/ueg2

https://doi.org/10.1002/ueg2.12062
https://orcid.org/0000-0002-5302-9312
mailto:ahmed.bayoumy@wur.nl
https://orcid.org/0000-0002-5302-9312
http://wileyonlinelibrary.com/journal/ueg2


BACKGROUND

The consumption of alcoholic beverages is as old as human history

and dates back to early civilizations such as ancient Egypt and

ancient China.1 The distillation of alcohol ( لحكلا , al‐Kuhl) can be
attributed to early scientists from the Islamic world.2 Ethanol‐
containing alcoholic beverages are one of the most widely used and

accepted recreational drugs worldwide.3 Excessive consumption of

alcoholic beverages has negative medical and social consequences.

However, some individuals might suffer from these consequences

without consuming any alcohol. These unfortunate individuals suffer

from the so‐called gut fermentation syndrome (GFS), also known as
the endogenous alcohol fermentation syndrome, gut fermentation

syndrome, or auto‐brewery syndrome.4 We suggest to refer this
disease as gut‐fermentation syndrome in future literature. GFS is a
rare and underrecognized medical condition. Consumed carbohy-

drates are metabolized to alcohol by fungi and/or bacteria in the

gastrointestinal tract.5 Fungi are not commonly present in the upper

gastrointestinal tract, but may be present in the colon as part of the

commensal microbiome. There are some fungi that are known that

produces ethanol such as fungi from the Candida and Saccharomyces

genera.6 Recently, also the role of bacteria including Klebsiella and

Escherichia in intestinal alcohol production have become apparent.7,8

Ethanol formation by ethanol‐producing micro‐
organisms

The fermentation process of glucose has several steps before ethanol

can be formed in fungi and bacteria. First, glucose is transporter

into the cell by the hexose transporter, and subsequently phos-

phorylated by hexokinase to glucose‐6‐phosphate. This will be con-
verted to fructose‐6‐phosphate by phosphohexo‐isomerase.
Fructose‐6‐phosphate is phosphorylated by phosphofructokinase‐2

to fructose 1,6‐bisphosphate, which subsequently converted to

glyceraldehyde‐3‐phosphate by aldolase. The latter is converted to
1,3‐biphosphoglycerate by glyceraldehyde‐3‐phosphate dehydroge-
nase. This 1,3‐biphosphoglycerate will be converted to pyruvate in
multiple steps. Pyruvate is converted to acetaldehyde by pyruvate

decarboxylase, which is subsequently converted to the final product

ethanol by alcohol dehydrogenase (see Figure 1).

Data from literature

A study from the United Arab Emirates found that in 1557 partici-

pants of different nationalities, ages, and sexes, the median endog-

enous ethanol level was 0.04 mg/dl (IQR 0.01–0.09 mg/dl).9 One

study found that residents from different nationalities in Saudi Ara-

bia had a mean endogenous blood alcohol level of 0.14 mg/dl (range:

0–1.53 mg/dl).10 This is line with other studies that assessed

endogenous alcohol production.11 Recently, it was reported that high

alcohol‐producing K. pneumoniae (HiAlc Kpn) occurs in a large per-
centage of individuals with nonalcoholic fatty liver disease (NAFLD)

in a Chinese cohort.7 Transfer of HiAlc Kpn into mice resulted in

NAFLD, suggesting increased levels of this bacterial strain might be

one cause of NAFLD in humans.

Therefore, pathological colonization of alcohol‐producing fungi
and bacteria in the gastrointestinal, but also the urinary tract, can

lead to overproduction of endogenous alcohol and may lead to

symptoms of GFS in exceptional cases. Symptoms include decreased

social inhibition, decreased peripheral vision, ataxia, nausea, and

slurred speech, similar to those of excessive alcoholic consumption.

These symptoms can have severe impact on patients' wellbeing and

can have social and legal consequences. Unfortunately, not much is

known about GFS, and its existence is not known to many physicians.

Therefore, the aim of this systematic review was to assess the

evidence for GFS, including diagnostics and treatment options.

F I GUR E 1 Fungal and bacterial fermentation process of the metabolism of glucose to ethanol. ADH, alcohol dehydrogenase; ADP,
adenosine‐diphosphate; ATP, adenosine‐triphosphate; GAPDH, glyceraldehyde‐3‐phosphate dehydrogenase; NAD+, nicotinamide adenine
dinucleotide; P, phosphate; PFK‐2, phosphofructokinase‐2; PHD, pyruvate decarboxylase
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METHODS

Data sources and searches

We systematic searched PubMed and Embase from inception up to

September 2020 for any clinical evidence for GFS. This electronic

search strategy was augmented by a manual examination of refer-

ences cited in articles, recent reviews, editorials, and meta‐analyses.
No restrictions were imposed on the language, study period, or

sample size.

Study selection and outcome definition

Two investigators (AB and CJM) independently screened titles and

abstracts, identified duplicates, reviewed full articles, and determined

their eligibility. Any discrepancies were resolved by reaching a

consensus regarding the inclusion or exclusion of a trial between the

two researchers.

Study eligibility criteria

The population‐intervention‐comparator‐outcomes‐study design

framework was used to identify eligible cases. Details of the criteria

established a priori were as follows.

‐ Population: only human patients, with no restrictions on age or
other demographics.

‐ Intervention and comparator: any intervention that was used for
GFS was included in this study. No comparator was required.

‐ Outcomes: only patients were included that had at least one of the
two following criteria.

a. Unexplained high levels of blood alcohol concentrations or

breath alcohol levels.

b. A positive carbohydrate challenge test (i.e., ethanol level

increased after carbohydrate intake).

We included studies if patients were positive for these criteria

and were diagnosed with GFS. Any outcome of natural course or

therapy must be included in the study.

‐ Study design: all study designs were included. Letters to the editor
were included, if all other criteria for inclusion were satisfied.

Data extraction and quality assessment

The data compiled a standardized form to extract the following study

characteristics: study design, number of patients, age, BMI, previous

antibiotic treatment, symptoms, differential diagnosis, micro‐
organism, and all given treatments. Case reports are known for

increased risk of bias. To assess the quality of the eligible studies, we

chose the framework for appraisal, synthesis, and application of

evidence suggested by Murad et al.12 based on the domains of

selection, ascertainment, causality, and reporting. We have addi-

tionally assessed whether undisclosed alcohol consumption could

have been present. This was based on whether studies reported strict

monitoring of patients during diagnostics. This framework was based

on the Newcastle‐Ottawa Quality Assessment Scale. This study was
reported according to the PRISMA statement.

RESULTS

Search findings

The literature search conducted on 1 September 2020 identified 821

studies. We identified three additional studies through searching of

references. After removal of duplicates, 724 studies remained for

review of titles and abstracts. After review, we selected 22 studies

that described GFS for full‐text review. In total, we included 17 case
reports involving 20 patients. The flowchart of this review can be

found in Figures 2and 3. We excluded five studies. One study was a

review and four studies did not describe GFS properly.

Risk of bias in included studies

A summary of the risk of bias assessment is provided in Table 1. All

studies were case reports. Seven studies13–18 were judged as good,

seven studies19–24 were judged as fair and two studies25,26 were poor

in terms of risk of bias.

Clinical characteristics

The patients described in the included case reports had various initial

symptoms at presentation. These symptoms include: slurred

speech17,19,20,23,26 (n = 5), fruity breath odor18,26,27 (n = 3), walking

difficulties19,23,26,27 (n = 5), episodes of depression5,25 (n = 2), sei-

zures16,26 (n = 2), vomiting19–21,26 (n = 4), intoxicated

feeling5,13,17,18,21,24,25 (n = 7), and disorientation17–19 (n = 3). Two

cases had elevated liver function tests.13,21 Two case reports15,28 came

to light during traffic alcohol tests, of which one was after an acci-

dent.15 Eight cases5,13,20,23,26–28 were initially suspected of GFS as

main working diagnosis. Cordell et al.29 found in a case‐control study
that patients self‐reported a smelly breath odor. The median age of
patients was 44 years old (range: 3–71) and 14 patients were male

(70%). In 11 out of 20 case reports, comorbidities were present in the

patient. The comorbidities included short bowel syndrome13,18,27

(n = 3), type 2 diabetes mellitus14,16,20,22 (n = 4), hypertension

(n = 3)15,24,25, liver cirrhosis14 (n = 1) and Crohn's disease23 (n = 1).
Kruckenberg et al.14 described one patient that suffered from urinary

GFS. This variant of GFS was caused by chronic glycosuria and urinary

tract colonization of C. glabrata and S. cerevisiae. This patient was
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difficult to treat due to persisting glycosuria. Another comorbidity that

has been described is the short‐bowel syndrome. Stagnation of

digested food in the short bowel may cause favorable conditions for

fungi and bacteria to grow.30 Recent studies also found changes

associated with gastric bypass Roux‐en‐Y surgery.31,32 An important
consideration in the diagnosis of the GFS is the possibility of undis-

closed alcohol consumption. In eight case reports,5,14–18,24,27 the

patients were under strict supervision and monitoring, while under

diagnostic evaluation. In nine case reports,7,13,19‐23,25,26 itwasnot clear

whether patients were monitored, thus it is possible that undisclosed

alcohol consumption still occurred.

Micro‐organisms associated with GFS

Eighteen out of 20 case reports described various micro‐organisms
that caused the GFS. The species included K. pneumoniae, C.

albicans, C. glabrata, S. cerevisiae, C. intermedia, C. parapsilosis, and C.

kefyr. One study mentioned they found Pseudomonas bacteria in a

duodenal aspirate.15 Pseudomonas is rarely present in the micro-

biome; however, the coinfection of Pseudomonas and C. genera is

relatively common. P. aeruginosa biofilm formation and phenazine

production is strongly influenced by ethanol production by C.

albicans.33 However, in the case described by Akbaba et al.15 no

fungal organisms were found in the fungal culture. The diagnosis GFS

was made after the carbohydrate challenge test was positive, without

identifying a causal micro‐organism.

Prior antibiotics use at the onset of symptoms

Patients used antibiotics shortly before the onset of symptoms in

seven case reports.5,13,16,17,20,23,24 Spinucci et al.17 described a case

of GFS who had prolonged use amoxicillin‐clavulanic acid 1 g twice
daily. Malik et al.5 described a patient who suffered for years from

memory loss, mental changes, and episodes of depression after using

cephalexin 250 mg orally three times a day for 3 weeks. The patient

remained asymptomatic after he was treated for S. cerevisiae and C.

species. Welch et al.23 described a 71‐year old Crohn's disease patient
who had long‐term use of amoxicillin‐clavulanate 500/125 mg twice
daily and metronidazole 500 mg thrice daily. A 47‐year‐old male was
described by Vandekerckhove et al.13 who was treated with

amoxicillin‐clavulanic acid and moxifloxacin for a respiratory tract
infection and who had a history of Roux‐en‐Y gastric bypass surgery.
Saverimuttu et al.16 described a case of 45‐year old male who

received amoxicillin/clavulanic acid after extensive dental surgery

prior to developing GFS symptoms. Ahmed et al.20 described a 45‐
year old obese, diabetic male patient who received two courses of

F I GUR E 2 Flowchart of this study. In total, 17 studies were included
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TAB L E 1 Summary of studies and risk of bias analysis

Author Design Country Year Setting Risk of bias judgment

Vandekerckhove13 CR Belgium 2020 Hospital Good

Kruckenberg14 CR USA 2020 Hospital Good

Akbaba15 CR Turkey 2020 Hospital Good

Yuan7 CR China 2019 Hospital Poor

Saverimuttu16 CR USA 2019 Hospital Good

Malik5 CR UK 2019 Hospital Good

Akhavan19 CR USA 2019 Hospital Fair

Ahmed20 CR USA 2018 Hospital Fair

Guo21 CR China 2018 Hospital Fair

Mishra22 CR USA 2017 Hospital Fair

Welch23 CR USA 2016 Hospital Fair

Cordell25 CR USA 2015 Hospital Poor

Cordell24 CR USA 2013 Hospital Fair

Jansson‐Nettelbladt27 CR Sweden 2006 Hospital Fair

Spinucci17 CR Italy 2006 Hospital Good

Dahshan18 CR USA 2001 Hospital Good

Kaji26 CR Japan 1984 Hospital Poor

F I GUR E 3 Overview of the gut‐fermentation syndrome. The underlined micro‐organisms were not described in the case reports but are
known in literature for ethanol‐producing capabilities
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antibiotics for deviated nasal septum and dental procedure. Cordell

et al.24 described a 61‐year old male who was treated with antibiotics
after surgery for a broken foot. The subsequent years this patient

developed unexplained episodes of intoxication.

Diagnostic evaluation

The complete evaluation of the GFS includes history taking, physical

examination, laboratory testing, stool sampling with culture, a carbo-

hydrate challenge test, and endoscopy with biopsies for culture. The

evaluation of patients should be composed of complete history taking,

including antibiotic use, alcohol intake, and unexplained episodes of

intoxication. A general physical exam should have followed by a

neurological exam. In the exam, special focus should be given to signs

of liver abnormalities (e.g. liver enlargement, jaundice, spider naevi)

and neurological deficits (e.g. slurred speech and walking difficulties)

matching with alcohol intoxication. Laboratory testing includes com-

plete blood count, electrolytes (sodium, potassium), kidney function

tests (creatinine, blood urea nitrogen), liver function tests (alanine

aminotransferase, alkaline phosphatase, bilirubin), endocrine func-

tions (glucose, thyroid stimulating hormone), and vitamin status

(especially vitamin B1 and B12). A fecal stool test can be used for

fungal or bacterial growth. A carbohydrate challenge of 100–200 g

glucose combined with blood alcohol concentration (BAC) and breath

or plasma alcohol testing at intervals of 0, 4, 8, 16 and 24 h can be

performed to diagnose the GFS. The to measurement should be per-

formed before administering glucose. It is important that the patients

are strictly monitored during the test for any consumption of alcoholic

beverages, which would otherwise severely bias the test.4 An upper

and lower GI‐tract endoscopy can be used to collect gastrointestinal
secretions and biopsies for fungal and bacterial testing. These

fungi and bacteria can then be tested for antifungal and anti-

biotic sensitivity testing. The diagnosis GFS can be made when the

carbohydrate challenge test is positive and a causal micro‐organism
have been cultured, and all other causes of symptoms have been

excluded.

Treatment options

In five case reports, fluconazole 100 mg/day for 3 weeks and/or low‐
carbohydrate diet was sufficient to treat the GFS.16,18,19,23,27

However, in some patients switching to other medications was

necessary because fluconazole was ineffective. These other treat-

ments included nystatin, amphotericin, micafungin, itraconazole,

voriconazole, metronidazole, or combinations thereof. Fluconazole

was used empirically in some cases as treatment for GFS; however, it

would be more ideal to treat patients based on antifungal and

antibiotic sensitivity testing. Furthermore, one study described the

successful treatment of the GFS with fecal microbiota transplant

(FMT) after all other therapies have failed.13 The summary of study

outcomes can be found in Table 2.

DISCUSSION

This is the first systematic review that has been written for the GFS.

In this systematic review, 17 case reports have been described

consisting out of 20 patients. The cases showed that GFS often is

misdiagnosed and that it comes along with somatic and social

suffering. Most patients were suspected for alcohol abuse even

though patients denied using alcohol, which is a typical presentation

for this disease. All patients were either treated with antifungal

therapy and/or low carbohydrate diet. One patient was ultimately

treated with FMT.13 GFS is generally well‐treatable if the syndrome
is recognized by physicians.

Excessive alcohol consumption is known to increase the risk

of developing liver cirrhosis and fatty liver disease.34 Gut dysbiosis

(i.e., disruption of the normal gut microbiota) might also play an

important role in the pathogenesis of liver disease.35 It has been

found by Hafez et al.36 that patients with liver cirrhosis or dia-

betes mellitus have significant higher endogenous ethanol pro-

duction. Patients with diabetes mellitus had a BAC of 4.85 mg/dl,

while patients with liver cirrhosis had a BAC of 3.45 mg/dl. In

patients who had both diabetes mellitus and liver cirrhosis the

mean BAC was 10.88 mg/dl (max 22.3 mg/dl). The healthy adult

males, who served as controls in the study of Hafez et al., had a

BAC of 0.3 mg/dl. Furthermore, Yuan et al.7 found the presence of

high‐alcohol producing K. pneumoniae in patients with NAFLD in a

Chinese cohort. In addition, it has been found that endogenous

ethanol produced by K. pneumoniae induces mitochondrial

dysfunction in NAFLD.37 Moreover, Zhu et al.38 reported higher

abundance of alcohol‐producing Escherichia bacteria in nonalcoholic
steatohepatitis (NASH) patients compared to normal and obese

controls. Alcohol‐metabolizing enzymes were upregulated in livers
of NASH patients, suggesting a potential role of alcohol in the

pathogenesis of NASH.38,39 Therefore, liver cirrhosis in GFS

patients may therefore not be the risk factor, but the consequence

of GFS. Furthermore, diabetes mellitus might cause the urinary

variant of the GFS. Glycosuria causes high levels of glucose in the

urinary tract, which is a suitable environment for alcohol‐
producing species in the urinary tract. Proper diabetes manage-

ment, besides antifungal or antibacterial medication, is therefore

necessary for subgroup of patients. As shown in the case

by Kruckenberg et al.,14 undertreated diabetes leads to difficult‐
to‐treat GFS.

Micro‐organisms

Five case reports5,13,16,17,23 described recent antibiotics use before or

at onset of symptoms. The use of antibiotics might affect the micro-

biome, and would allow for colonization of alcohol‐producing species.
The micro‐organisms that are described in this study were usually
from the Saccharomyces and Candida genera. K. pneumoniae was also

found in gastric and jejunal samples in the case presented by Saver-

imuttu et al.16 However, in their case, K. pneumoniae was still present
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in the microbiome after successful treatment of Candida intermedia

with micafungin. Symptoms did not reoccur after treatment. Other

potential microbial genera that are capable of producing endogenous

ethanol are Escherichia,8 Streptococcus,40 Bacteroides,41 Bifidobacte-

rium,42 and Clostridium.43 Identification of these micro‐organisms in
patients suspected of GFS might perhaps be the causal organisms,

which needs adequate therapy. However, till so far no such cases have

been published.

Limitations

Unfortunately, no case control studies have been performed for GFS.

As GFS is a rare disease that is often misdiagnosed or unrecognized, a

low amount of reports have been published. Case reports are often

considered a weak source of evidence due to the high risk of

potential bias. However, the case reports that have been published

for the GFS did contain a comprehensive amount of valuable data

that shed some light on the diagnosis and management of the GFS. In

eight case reports, the diagnosis GFS was made based on positive

carbohydrate challenge test and/or positive cultures under

controlled monitoring of patients. However, in nine case reports, it

was not clear whether patients were diagnosed under controlled

conditions.

Clinical implications

Physicians should be aware of this rare but unpleasant diagnosis. As

shown in some of the case reports, patients were misdiagnosed as

alcohol abusers. Some even received psychiatric treatment for

detoxification, which was unsuccessful. Physicians should specially be

aware if a patient was previously treated with antibiotics and

presents with symptoms of alcohol intoxication but denies any use.

This also differentiates between GFS patients and individuals who

consumed excessive alcohol. Individuals who consumed too much

alcohol, would not have an increase of the ethanol level after the

carbohydrate challenge test. Fluconazole combined with low‐
carbohydrate diet was effective in five case reports; however, some

patients needed additional antifungal treatment. The decision for

antifungal or antibiotic treatment should be based on the cultured

micro‐organism, preferably based on sensitivity testing. One study
showed that FMT might also be effective for therapy‐resistant GFS.
Recently, Vandekerckhove et al.13 reported the only case that

described treatment with FMT. They showed that FMT can be a

successful treatment for GFS when all other antifungal treatments

have failed. Transplanting a novel microbiome might be interesting

strategy for GFS as the main cause lies in the patients’ microbiome.

Currently, FMT is being reported for various other diseases, and it

may have a good potential to be part of GFS treatment.44 More

research is needed for this rare and underrecognized medical

condition.

Legal implications

In two case reports, the abnormally high blood ethanol levels had

legal consequences for the patient.15,22 Excessive use of alcohol while

driving is legally forbidden worldwide. The legal consequences range

from a financial fine to imprisonment when death occurred during a

car accident. Patients with GFS might cause a car accident or are

found to have high levels of ethanol during routine breath alcohol

screening, without consuming alcohol. Recently, in the Netherlands, a

male patient diagnosed with GFS was acquitted from charges after he

caused an accident while intoxicated by endogenous ethanol without

having consumed alcohol.45 This stresses out the importance of early

recognition of this rare condition. However, there is a critical note as

there is no test to differentiate between endogenous and exogenous

ethanol levels. So, theoretically, high BAC might still be caused by

excessive alcohol consumption in patients with GFS. This is important

to consider in legal cases. Physicians should take patients with un-

explained episodes of intoxication serious, and that might prevent

patients to cause(deadly) car accidents.

CONCLUSION

GFS is a rare, and often a misunderstood and unrecognized condi-

tion that physicians should consider or be aware of. The literature

only consists out of case reports, no high level evidence studies

have been performed regarding prevalence and treatment. The

disease is mostly caused by Saccharomyces and Candida genera, and

some cases were previously treated with antibiotics. In a few case

reports, risk factors such as diabetes mellitus, liver cirrhosis, and

prior intestinal operations have been identified. Diagnosis can be

made by adequate history taking and carbohydrate challenge test.

Current treatments include antifungal medication, low carbohydrate

diet, and probiotics. There might be a future role of FMT in the

treatment of GFS. Low‐grade GFS should be considered and studied
in NASH as well.
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Search query

PubMed

((("Auto‐brewery"[All Fields] AND (((((((("syndrom"[All Fields] OR
"syndromal"[All Fields]) OR "syndromally"[All Fields]) OR "syndro-

me"[MeSH Terms]) OR "syndrome"[All Fields]) OR "syndromes"[All

Fields]) OR "syndrome s"[All Fields]) OR "syndromic"[All Fields]) OR

"syndroms"[All Fields])) OR ("auto"[All Fields] AND (("breweries"[All

Fields] OR "brewery"[All Fields]) OR "brewery s"[All Fields]))) OR

(("gut"[Journal] OR "gut"[All Fields]) AND (((((((((((((((((("ferment"[All

Fields] OR "fermentabilities"[All Fields]) OR "fermentability"[All

Fields]) OR "fermentable"[All Fields]) OR "fermentate"[All Fields])

OR "fermentated"[All Fields]) OR "fermentates"[All Fields]) OR

"fermentation"[MeSH Terms]) OR "fermentation"[All Fields]) OR
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"fermentations"[All Fields]) OR "fermentative"[All Fields]) OR

"fermentatively"[All Fields]) OR "fermentator"[All Fields]) OR

"fermented"[All Fields]) OR "fermenter"[All Fields]) OR "fermenter-

s"[All Fields]) OR "fermenting"[All Fields]) OR "fermention"[All

Fields]) OR "ferments"[All Fields]) AND (((((((("syndrom"[All Fields]

OR "syndromal"[All Fields]) OR "syndromally"[All Fields]) OR

"syndrome"[MeSH Terms]) OR "syndrome"[All Fields]) OR "syndro-

mes"[All Fields]) OR "syndrome s"[All Fields]) OR "syndromic"[All

Fields]) OR "syndroms"[All Fields]))) OR (((((((("endogen"[All Fields]

OR "endogene"[All Fields]) OR "endogeneous"[All Fields]) OR

"endogeneously"[All Fields]) OR "endogenes"[All Fields]) OR "endo-

genic"[All Fields]) OR "endogenous"[All Fields]) OR "endogenous-

ly"[All Fields]) AND (((("ethanol"[MeSH Terms] OR "ethanol"[All

Fields]) OR "ethanols"[All Fields]) OR "ethanol s"[All Fields]) OR

"ethanolic"[All Fields]) AND (((((((("syndrom"[All Fields] OR "syndro-

mal"[All Fields]) OR "syndromally"[All Fields]) OR "syndrome"[MeSH

Terms]) OR "syndrome"[All Fields]) OR "syndromes"[All Fields]) OR

"syndrome s"[All Fields]) OR "syndromic"[All Fields]) OR "syn-

droms"[All Fields]))

Embase

'auto‐brewery syndrome' OR ('auto brewery' AND ('syndrome'/
exp OR syndrome)) OR 'gut fermentation syndrome' OR (('gut'/exp

OR gut) AND ('fermentation'/exp OR fermentation) AND ('syn-

drome'/exp OR syndrome)) OR 0endogenous ethanol fermentation

syndrome' OR (endogenous AND ('ethanol'/exp OR ethanol) AND

('fermentation'/exp OR fermentation) AND ('syndrome'/exp OR

syndrome))
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