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Motivation
Drinking water is an important source of hydration and a vehicle 
of microorganisms[1]. Environmental conditions at the source  and 
water treatment methods[2] shape the microbial load of the drinking 
water microbiome (DWM) (Fig.1). Upon consumption, the DWM 
can interact with the gut microbiome (GM) which is composed of an 
ensemble of microorganisms and their genomic repertoire (bacteria, 
archaea, unicellular eukaryotes, viruses) that influence the human 
host through a range of physiological functions[3]. While DWM has 
been suggested to influence the GM via several ways[4,5] (Fig.1), the 
mechanistic impact of DWM on the GM remains unexplored. The 
advent of in-vitro fermentation models coupled to high throughput 
analysis may reveal how the DWM may be modulating the GM and 
inform on the microbiological quality of water.
 

Technological challenge 
Given the complexity and ethical constraints surrounding in-
vivo models, an in-vitro bioreactor system is a lucrative option to 
study fecal GM at conditions that recapitulate those of the human 
gut. However, there are numerous challenges associated with 
simulating gut-derived microbial metabolic interactions in an in-
vitro fermentation model such as uncultured species with unknown 
functions and retaining native functions in the simulator (Fig.2). In 
parallel, amplicon-sequencing and flow cytometry approaches will 
be used to trace and monitor bacterial members of the DWM[6]. 
Compositional and functional changes in the in-vitro bacterial 
culture will be determined via high throughput techniques and will 
be compared to a baseline model. Other measurable parameters 
reflecting a response in the GM culture will be determined and 
measured such as production of short chain fatty acids[7] .  

Figure 3. The drinking water microbiome (DWM) may interact with the gut microbiome 
(GM) which influences host health. By culturing gut-derived bacterial species under 
conditions that mimic the gut, the impact of DWM on the GM can be simulated. High 
throughput techniques including next generation sequencing can reveal changes over 
time to the composition and function of the gut-derived bacterial culture in the presen-
ce of the drinking water microbiome. 

Research goals
The aim of this project is to evaluate the impact of different drinking 
water sources and treatment methods on the GM in an in-vitro 
fermentation model. By integrating high throughput analyses 
on the composition, gene expression, proteins and metabolites 
produced, a characterization of the synthetic bacterial culture in 
response to the different drinking water samples can be performed 
and a conclusion on the microbiological quality of the latter can be 
made. Understanding how the DWM influences health via the GM 
will further advise on water treatment methods to improve drinking 
water quality.

References
[1] Lugli, G.A., Longhi, G., Mancabelli, L., Alessandri, G., Tarracchini, C., Fontana, F., Turroni, F., Milani, 

C., Van Sinderen, D., and Ventura, M. (2022). Tap water as a natural vehicle for microorganisms 
shaping the human gut microbiome. Environ. Microbiol. 24, 3912–3923. 

[2] Zhang, Y., Oh, S., and Liu, W. (2017). Impact of drinking water treatment and distribution on the 
microbiome continuum: an ecological disturbance’s perspective. Environ. Microbiol. 19, 3163–3174. 

[3] Bäckhed, F., Ley, R.E., Sonnenburg, J.L., Peterson, D.A., and Gordon, J.I. (2005). Host-Bacterial 
Mutualism in the Human Intestine. Science 307, 1915–1920. 

[4] Dias, M.F., Reis, M.P., Acurcio, L.B., Carmo, A.O., Diamantino, C.F., Motta, A.M., Kalapothakis, E., 
Nicoli, J.R., and Nascimento, A.M.A. (2018). Changes in mouse gut bacterial community in response to 
different types of drinking water. Water Res. 132, 79–89. 

[5] Vanhaecke, T., Bretin, O., Poirel, M., and Tap, J. (2022). Drinking Water Source and Intake Are 
Associated with Distinct Gut Microbiota Signatures in US and UK Populations. J. Nutr. 152, 171–182. 

[6] Besmer, M.D., Weissbrodt, D.G., Kratochvil, B.E., Sigrist, J.A., Weyland, M.S., and Hammes, F. (2014). 
The feasibility of automated online flow cytometry for in-situ monitoring of microbial dynamics in 
aquatic ecosystems. Front. Microbiol. 5. 10.3389/fmicb.2014.00265.

[7] Shetty, S.A., Kostopoulos, I., Geerlings, S.Y., Smidt, H., De Vos, W.M., and Belzer, C. (2022). Dynamic 
metabolic interactions and trophic roles of human gut microbes identified using a minimal microbiome 
exhibiting ecological properties. ISME J. 16, 2144–2159. 

Figure 1. Factors shaping the drinking water microbiome (DWM) and how it may im-
pact the gut microbiome.

Figure 2. Challenges associated with studying the impact of drinking water microbio-
mes on the GM in an in-vitro fermentation model. GM: gut microbiome


