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The gut microbiome: 
a highly diverse ecosystem

100 trillion inhabitants

1,000-2,000 species

Unique composition
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Ecosystems of this time
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Functions of our microbiome
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Microbial perturbations
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Diabetes (T1 & T2)

& Infections

Atopy & Al lergies

Thaiss, 2016 

Anxiety
Depression

Dysbiosis affects different organs & diseases

Source: Thaiss 2016Department of Medical Microbiology – Maastricht UMC+

Traveler’s diarrhea &

Irritable Bowel 
Syndrome
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Traveler’s diarrhea

Steffen R. et al. JAMA. 2015;313(1):71-80.

Incidence: 10-40%

Risk factors:
- Adventure travel, VFR

- Younger age

- Lack of caution in food selection

- PPI use

- Certain genetic factors
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M1 M3 M6 M12T0 T1

Arcilla M, et al. Lancet Infect Dis 2016
Arcilla M, et al. Lancet Infect Dis 2017

Carriage Of Multidrug Bacteria After Travel (COMBAT) study

Aim - acquisition of multidrug resistant Enterobacteriaceae

N = 2,001

Incidence TD: ~ 36%

Jarne van Hattem Maris Arcilla

*ESBL-E: extended-spectrum β-lactamase producing Enterobacteriaceae
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Traveler’s diarrhea

• ETEC virulence genes most strongly associated with TD

• Diarrhoeagenic microorganisms and virulence genes also 
frequently identified in asymptomatic travellers
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The importance of an asymptomatic control group

Lääveri T, et al. Clin Microbiol Infect. 2016 Jun;22(6):535-41.

Colonization resistance of the microbiome?
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Colonization resistance – competitive exclusion

Source: Prescott's Microbiology, 11th Edition by Joanne Willey and Kathleen Sandman and Dorothy Wood (9781260211887)
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The role of the microbiome in TD

Diarrhea disturbs the microbiome

• Retrospective study – 111 returning travellers from Central Americ/India to US

• Diarrhea samples: ETEC, NoV, NoV + ec, NPI

• Diarrhea-free travelers included as healthy controls

Source: Youmans BP, et al.Gut Microbes. 2015;6(2):110-9.

?
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International travel, diarrhea and the gut microbiome

Boulchandani M, et al. Nature Communications | ( 2022) 13:7485
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Large shifts in microbiome in first month upon arrival 

associated with diarrhea within 1 months

International travel, diarrhea and the gut microbiome

Overall shift in microbiome during travel does not predict who will get diarrhea

Boulchandani M, et al. Nature Communications | ( 2022) 13:7485
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Does the microbiome protect against ETEC-induced diarrhea?

Pop M, et al. BMC Genomics. 2016 Jun 8;17:440.

Study description

• 30 healthy adults challenged with ETEC (105-106 

CFU)

• Fecal samples collected at prior to challenge (day -1, 

0) and repeatedly after infection

• All subjects treated with ciprofloxacin at day 5 (3 

days, 500 mg twice daily) or earlier when 

symptomatic

• Microbiota analysis for 5 subjects developing diarrhea 

and 7 asymptomatic subjects
diarrhea Cipro Diarrhea + Cipro

Subjects who developed diarrhea Subjects remaining asymptomatic
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The pre-infection microbiota – a predictor of disease onset?

Pop M, et al. BMC Genomics. 2016 Jun 8;17:440.
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Traveler’s diarrhea, the microbiome and post-infectious IBS

Source: Lupu V.V., et. Al. WJG 2023;29(21):3241-3256



Irritable Bowel Syndrome (IBS) 

Frequent gastrointestinal disorder

  5-15% of global population

  More common among women

  Onset mostly before the age of 50

Symptoms

• Abdominal pain: cramping, discomfort

• Altered bowel habits: diarrhea, constipation, mixed

• Bloating, gas production

• Tiredness

• Functional disorder: absence organic disease or biochemical abnormalities



Pathophysiology of IBS

Source: Carco C, et al. (2020) Front. Cell. Infect. Microbiol. 10:468. doi: 10.3389/fcimb.2020.00468

Pathophysiology

• Gut-Brain axis

• Intestinal motility

• Low-grade inflammation

• Altered microbiome

• Increased permeability

Triggering factors

• Diet

• Stress 

• Hormones

• Other diseases: bacterial infections, 

gastro-enteritis.



Postinfectious IBS

Bacterial pathogens causing 
gastroenteritis

…which may subsequently 
trigger PI-IBS

Leading tot microbial 
dysbiosis……

1:4 10%
of IBS patients report onset 

of symptoms after an 
episode of gastroenteritis

1 in every 10 individuals 
suffering from gastroenteritis 
will subsequently develop PI-

IBS

Source: Lupu V.V., et. Al. WJG 2023;29(21):3241-3256
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Traveler’s diarrhea and post-infectious IBS

Traveler’s diarrhea: 35.5%

New onset PI-IBS: 65/539, 12.0% of travelers with TD
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The microbiome and post-infectious IBS

Microbiota analysis in feces of 57 subjects:
- diagnosed PI-IBS after symptomatic C. jejuni infection

- with persisting symptoms after symptomatic C. jejuni infection

- without persisting symptoms after symptomatic C. jejuni infection 

- with IBS-D

- healthy controls 

Jalanka-Tuovinen J, et al. Gut 2014;63:1737–1745. 

Microbial profile separated:
• HC from (PI-)IBS patients

• Patients with/without persistent bowel   

dysfunction (PD) following infection

• gradual change in microbiota from 

healthy to PI-IBS
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The microbiome and post-infectious IBS

Rangel I, et al Aliment Pharmacol Ther. 2015 Nov;42(10):1211-21.

Microbiota analysis (HIT-Chip) in feces and mucosal biopsies:
- 13 PI-IBS patients (enteropathogens not determined) 

- 19 IBS patients

- 16 Healthy controls
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Travel impacts microbial community structure
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Nested case-control study on PI-IBS
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Jiyang Chan
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Is PI-IBS a result of delayed clearence of enteropathogens?
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Reduced microbial diversity prior to PI-IBS onset
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Differential abundant taxa in PI-IBS cases

Before travel After travel

David Barnett
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Can we target the microbiome to boost colonization resistance and

prevent  or treat traveler’s diarrhea? 
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Do probiotics help with travelers diarrhea?

Authors' conclusions 

Probiotics probably make little or no difference to the number of 
people who have diarrhoea lasting 48 hours or longer, and we are 
uncertain whether probiotics reduce the duration of diarrhoea. This 

analysis is based on large trials with low risk of bias. 
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Do probiotics help with travelers diarrhea?



Dit is de titel van deze presentatie | Naam Auteur | 20 juni 2009 36

Take home messages

• TD – significantly disturbs the microbiota composition

• Mechanistic studies strongly support role of microbiome in GI infections, but 
fewer data for diarrheagenic E. coli as compared other bacterial pathogens (e.g., C. 
difficile, Salmonella)

• Limited and weak quality human studies on role microbiome in protecting against TD

• Probiotic trials on TD prevention are heterogenous and effects at most limited

• Microbiome perturbations in PI-IBS – yet no consistent microbial signature

• Studies on microbiome in PI-IBS mostly contain heterogenous patients groups 
(e.g., various pathogens) and are cross-sectional

• First evidence for role microbiome in new-onset PI-IBS
     

Time for next-generation probiotics and personalized interventions?
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Upon travel returnWeek prior to travel Travel

The EXPLORE-Rs study

Aim – understanding microbiome dynamics during travel

N = 12
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Other evidence for the role of the microbiome in ETEC infection?

Zhang et al, GUT MICROBES 2022, VOL. 14, NO. 1, e2055943 

• Mouse models for ETEC infection require pre-treatment with antibiotics to disrupt 

the microbiome to facilitate infection
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Traveler’s diarrhea

Journal of Travel Medicine, 2017, Vol. 24, Suppl 1
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