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Mini Review
In the last ten years, technological advancement was made in 3D intestinal organoid 

culture [1,2] and successful development of intestinal organoids has been reported in various 
farm animal species including pigs [3-6], cattle [7-10], sheep [11], horse [11,12], and chicken 
[11,13,14]. Intestinal organoids of these species have been used in in vitro investigation of 
epithelium-microbe interactions and modelling of enteropathogenesis of various bacterial, 
viral and parasitic infections [3,9,15,16]. These studies suggested the importance of 3D 
intestinal organoid culture in public health and agricultural management due to its relevance 
and translatability to the public health by shedding lights into disease pathogenesis or 
therapeutic targets. Despite their promising features as powerful tools for basic and applied 
research [1], intestinal organoids hold clear limitations to develop more complex systems 
which better represent dynamic tissue-pathogen interactions occurring in vivo organs. 
Specifically, the enclosed luminal surface within the 3D intestinal organoids makes the 
investigation of host-pathogen or host-xenobiotic interaction limited [17]. Moreover, the 
static nature of the culture system does not mirror the dynamic nature of the intestinal tract 
and is not suitable for a long-term co-culture with host intestinal cells and microbial cells (i.e., 
microbiome or enteric pathogens) to investigate their crosstalk [18].

To overcome these challenges, integration of organoid and organ-on-a-chip system has 
been suggested recently [18-20] and applied in farm animal research [21,22]. Most of the 
microfluidic, gut-on-a-chip technology offer a continuous removal of the waste product of 
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Abstract
Intestinal organoid models derived from farm animals have great potential to contribute to both agriculture 
and human health as a one health initiative, which recognize a cohesive relationship among farm animals, 
humans, and their shared environment. This is because the Three-Dimensional (3D) organoids maintain 
the self-organizing and self-renewing properties as well as the high structural and functional similarities 
to the originating donor tissues [1]. Intestinal organoids from farm animals could play an important role 
in investigations of the pathophysiology of enteropathogens that could lead to chronic wasting disease 
and low agricultural production or zoonotic diseases that poses significant threats to public health 
[2]. Here, we discuss the integration of intestinal organoid culture and gut-on-a-chip systems in farm 
animals to potentially overcome current limitations in in vitro studies in public health and food security 
as one health initiatives. We envision multidisciplinary work integrating intestinal organoid culture and 
microfluidic gut-on-a-chip technology can contribute to improving both human and farm animal health.
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host and bacterial cells and supply continuous nutrients [23]. The 
shear stress applied by the fluid flow works as a dynamic force 
to stimulate the host intestinal cells and stimulate physiologic 
growth [24]. Some of the gut-on-a-chip devices allow application of 
peristaltic like motion to better mimic dynamic environment in the 
gut which minimizes the bacterial overgrowth in the systems [18]. 
Various other cell types (i.e., endothelial cells [25] or immune cells 
[26]) have been integrated into gut-on-a-chip devices to further 
adding the complexity to the model systems. Moreover, some of the 
devices allow modification of oxygen levels allowing the culture 
of anaerobic bacterial cells while maintaining the growth of host 
intestinal epithelial cells to better mimic the oxygen gradient 
present in the gut [27,28]. Further advances in the gut-on-a-chip 
technology and its application with intestinal organoids would 
greatly improve our understanding of fundamental biology and 

pathology, thus enhancing health care management of both farm 
animals and people (Figure 1). Studies on infectious diseases using 
such multidisciplinary technology would not only contribute to 
improving production efficiency of farm animals through decreased 
morbidity and mortality but also minimize economical damage for 
enteric infectious disease management. Viral enteric pathogens 
(e.g., Porcine Epidemic Diarrhea Virus (PEDV) [29], Porcine 
Deltacoronavirus (PDCoV) [5], and Transmissible Gastroenteritis 
Virus (TGEV) [30]) have significant economic impact in the pig 
industry due to high morbidity and mortality in piglets [31] while 
no effective in vitro models exist to study these diseases. Knowledge 
obtained through the multidisciplinary work of intestinal organoids 
and gut-on-a-chip would offer new insights to improve herd health 
management, contributing to the reduction of economic losses as 
well as the increase in agricultural production.

Figure 1: One Health initiatives with the integration of farm animal intestinal organoids and gut-on-a-chip 
technology. Integration of intestinal organoids from various farm animal species and organ-on-a-chip technologies 

enables the creation of a gut environment that is more similar to in vivo by culturing intestinal organoids in the 
upper microchannels, adding microorganisms (microbiome and/or enteric pathogens) to the epithelial surface layer, 
while allowing blood-derived immune cells to flow into the lower microchannels. Mechanistic and novel therapeutic 
investigations of various enteropathogenic and wasting diseases can be performed, which could ultimately lead to 
improve the agricultural production. Investigations of host-pathogen interactions in zoonotic infectious diseases 
can improve public health through better understanding of the pathophysiology and potential discovery of new 

therapeutic strategy for the diseases. Created with BioRender.com.

Another potentially important application of the integration 
of intestinal organoids and gut-on-a-chip models to study various 
types of enteropathogenic pathogens where the current in vitro 
models have limited ability to recapitulate (e.g., Salmonella 
typhimurium [16], Escherichia coli [8], Toxoplasma gondii [16], and 
Giardia duodenalis [32]). Farm animals play a pivotal role in public 
health because they can be reservoirs of various zoonotic diseases 
[33]. Some pathogens can be clinical or subclinical diseases to farm 
animals leading to long-term contamination of the environment 

and infect humans which can lead to severe diseases in susceptible 
individuals leading to epidemics. Since many of these pathogens 
can have host specificity, gut-on-a-chip models derived from farm 
animal intestinal organoids could serve as a good model to study 
host-pathogen interactions and potential protective mechanisms 
of hosts when intestinal organoids of asymptomatic carrier species 
are used [34]. The multidisciplinary work of intestinal organoids 
and gut-on-a-chip would offer a useful alternative to animal 
models, which not only hold ethical challenges but also require 
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many resources in labor and housing facilities [2]. Furthermore, 
enteric infection models using gut-on-a-chip technology could 
serve as useful tools for screening efficacy and adverse events of 
vaccines and antibiotics against various enteric infectious diseases, 
thus ultimately contributing to improve public health.

Conclusion
The establishing intestinal models of farm animals integrating 

3D intestinal organoid culture and gut-on-a-chip systems could 
lead to deeper insights in physiological and pathological conditions 
through one health initiatives. Such tools can be used to provide new 
insights for improving heard health and agricultural productivity 
through improved disease management, leading to sustainable food 
production, or to investigate host-pathogen interactions and host 
defense mechanisms against zoonotic infectious diseases. Moreover, 
this multidisciplinary work can provide critical complexities to 
the experimental designs to support the 3R principles (reduce, 
refine, and replace) [35] and contribute to the health and welfare 
of livestock.

Acknowledgement
This work was supported in part by the Office of the Director, 

National Institutes Of Health (K01OD030515 and R21OD031903 to 
Y.M.A.).

References
1. Sato T, Stange DE, Ferrante M, Vries RGJ, Van JH, et al. (2011) Long-

term expansion of epithelial organoids from human colon, adenoma, 
adenocarcinoma, and barrett’s epithelium. Gastroenterology 141(5): 
1762-1772.

2. Kawasaki M, Goyama T, Tachibana Y, Nagao I, Ambrosini YM (2022) 
Farm and companion animal organoid models in translational research: 
A powerful tool to bridge the gap between mice and humans. Front Med 
Technol 4.

3. Li L, Fu F, Guo S, Wang H, He X, et al. (2019) Porcine intestinal enteroids: 
A new model for studying enteric coronavirus porcine epidemic diarrhea 
virus infection and the host innate response. Journal of Virology 93(5).

4. Koltes DA, Gabler NK (2016) Characterization of porcine intestinal 
enteroid cultures under a lipopolysaccharide challenge. Journal of 
Animal Science 94(3): 335-339.

5. Yin L, Chen J, Li L, Guo S, Xue M, et al. (2020) Aminopeptidase N expression, 
not interferon responses, determines the intestinal segmental tropism 
of porcine deltacoronavirus. Journal of Virology 94(14).

6. Luo H, Zheng J, Chen Y, Wang T, Zhang Z, et al. (2020) Utility evaluation 
of porcine enteroids as PDCoV Infection Model in vitro. Front Microbiol 
11: 821.

7. Hamilton CA, Young R, Jayaraman S, Sehgal A, Paxton E, et al. (2018) 
Development of in vitro enteroids derived from bovine small intestinal 
crypts. Veterinary Research 49: 1-15.

8. Fitzgerald SF, Beckett AE, Palarea-Albaladejo J, McAteer S, Shaaban S, et 
al. (2019) Shiga toxin sub-type 2a increases the efficiency of Escherichia 
coli O157 transmission between animals and restricts epithelial 
regeneration in bovine enteroids. PLoS Pathog 15(10).

9. Alfajaro MM, Kim J, Barbé L, Cho E, Park J, et al. (2019) Dual recognition 
of sialic acid and αgal epitopes by the VP8* domains of the Bovine 
Rotavirus G6P[5] WC3 and of its mono-reassortant G4P[5] rotateq 
vaccine strains. J Virol 93(18).

10. Töpfer E, Pasotti A, Telopoulou A, Italiani P, Boraschi D, et al. (2019) 
Bovine colon organoids: From 3D bioprinting to cryopreserved multi-
well screening platforms. Toxicology in Vitro 61.

11. Powell RH, Behnke MS (2017) WRN conditioned media is sufficient for 
in vitro propagation of intestinal organoids from large farm and small 
companion animals. Biology Open 6(5): 698-705.

12. Stewart AS, Freund JM, Gonzalez LM (2018) Advanced three-dimensional 
culture of equine intestinal epithelial stem cells. Equine Veterinary 
Journal 50(2): 241-248.

13. Pierzchalska M, Panek M, Czyrnek M, Gielicz A, Mickowska B, et al. 
(2017) Probiotic lactobacillus acidophilus bacteria or synthetic TLR2 
agonist boost the growth of chicken embryo intestinal organoids in 
cultures comprising epithelial cells and myofibroblasts. Comparative 
Immunology, Microbiology and Infectious Diseases 53: 7-18.

14. Li J, Li Jr J, Zhang SY, Li RX, Lin X, et al. (2018) Culture and characterization 
of chicken small intestinal crypts. Poultry Science 97(5): 1536-1543.

15. Vermeire B, Gonzalez LM, Jansens RJJ, Cox E, Devriendt B (2021) Porcine 
small intestinal organoids as a model to explore ETEC–host interactions 
in the gut. Vet Res 52: 1-12.

16. Derricott H, Luu L, Fong WY, Hartley CS, Johnston LJ, et al. (2019) 
Developing a 3D intestinal epithelium model for livestock species. Cell 
Tissue Res 375(2): 409-424.

17. Ambrosini YM, Park Y, Jergens AE, Shin W, Min S, et al. (2020) 
Recapitulation of the accessible interface of biopsy-derived canine 
intestinal organoids to study epithelial-luminal interactions. PLoS ONE 
15(4).

18. Kim HJ, Li H, Collins JJ, Ingber DE (2016) Contributions of microbiome 
and mechanical deformation to intestinal bacterial overgrowth and 
inflammation in a human gut-on-a-chip. Proc Natl Acad Sci U S A 113(1): 
E7-E15.

19. Shin W, Ambrosini YM, Shin YC, Wu A, Min S, et al. (2020) Robust 
formation of an epithelial layer of human intestinal organoids in a 
polydimethylsiloxane-based gut-on-a-chip microdevice. Front Med 
Technol 2: 2.

20. Shin YC, Woojung S, Domin K, Alexander W, Ambrosini YM, et al. 
(2020) Three-dimensional regeneration of patient-derived intestinal 
organoid epithelium in a physiodynamic mucosal interface-on-a-chip. 
Micromachines 11(7): 663.

21. Ferraz MAMM, Nagashima JB, Venzac B, Gac SL, Songsasen N (2020) A 
dog oviduct-on-a-chip model of serous tubal intraepithelial carcinoma. 
Sci Rep 10(1): 1575.

22. Ferraz MAMM, Henning HHW, Costa PF, Malda J, Melchels FP, et al. (2017) 
Improved bovine embryo production in an oviduct-on-a-chip system: 
Prevention of poly-spermic fertilization and parthenogenic activation. 
Lab Chip 17(5): 905-916.

23. Kim HJ, Ingber DE (2013) Gut-on-a-chip microenvironment induces 
human intestinal cells to undergo villus differentiation. Int Bio (Cam) 
5(9): 1130-1140.

24. Mammoto T, Mammoto A, Ingber DE (2013) Mechanobiology and 
developmental control. Annual Review of Cell and Developmental 
Biology 29: 27-61.

25. Kasendra M, Tovaglieri A, Sontheimer-Phelps A, Jalili-Firoozinezhad S, 
Bein A, et al. (2018) Development of a primary human Small Intestine-
on-a-Chip using biopsy-derived organoids. Scientific Reports 8(1): 2871.

26. Shin W, Kim HJ (2018) Intestinal barrier dysfunction orchestrates 
the onset of inflammatory host–microbiome cross-talk in a human 
gut inflammation-on-a-chip. PNAS Proc Natl Acad Sci U S A 115(45): 
E10539-E10547.

https://pubmed.ncbi.nlm.nih.gov/21889923/
https://pubmed.ncbi.nlm.nih.gov/21889923/
https://pubmed.ncbi.nlm.nih.gov/21889923/
https://pubmed.ncbi.nlm.nih.gov/21889923/
https://pubmed.ncbi.nlm.nih.gov/35647577/
https://pubmed.ncbi.nlm.nih.gov/35647577/
https://pubmed.ncbi.nlm.nih.gov/35647577/
https://pubmed.ncbi.nlm.nih.gov/35647577/
https://pubmed.ncbi.nlm.nih.gov/30541861/
https://pubmed.ncbi.nlm.nih.gov/30541861/
https://pubmed.ncbi.nlm.nih.gov/30541861/
https://academic.oup.com/jas/article/94/suppl_3/335/4731458
https://academic.oup.com/jas/article/94/suppl_3/335/4731458
https://academic.oup.com/jas/article/94/suppl_3/335/4731458
https://pubmed.ncbi.nlm.nih.gov/32376622/
https://pubmed.ncbi.nlm.nih.gov/32376622/
https://pubmed.ncbi.nlm.nih.gov/32376622/
https://pubmed.ncbi.nlm.nih.gov/32390999/
https://pubmed.ncbi.nlm.nih.gov/32390999/
https://pubmed.ncbi.nlm.nih.gov/32390999/
https://veterinaryresearch.biomedcentral.com/track/pdf/10.1186/s13567-018-0547-5.pdf
https://veterinaryresearch.biomedcentral.com/track/pdf/10.1186/s13567-018-0547-5.pdf
https://veterinaryresearch.biomedcentral.com/track/pdf/10.1186/s13567-018-0547-5.pdf
https://pubmed.ncbi.nlm.nih.gov/31581229/
https://pubmed.ncbi.nlm.nih.gov/31581229/
https://pubmed.ncbi.nlm.nih.gov/31581229/
https://pubmed.ncbi.nlm.nih.gov/31581229/
https://pubmed.ncbi.nlm.nih.gov/31243129/
https://pubmed.ncbi.nlm.nih.gov/31243129/
https://pubmed.ncbi.nlm.nih.gov/31243129/
https://pubmed.ncbi.nlm.nih.gov/31243129/
https://pubmed.ncbi.nlm.nih.gov/31344400/
https://pubmed.ncbi.nlm.nih.gov/31344400/
https://pubmed.ncbi.nlm.nih.gov/31344400/
https://pubmed.ncbi.nlm.nih.gov/28347989/
https://pubmed.ncbi.nlm.nih.gov/28347989/
https://pubmed.ncbi.nlm.nih.gov/28347989/
https://pubmed.ncbi.nlm.nih.gov/28792626/
https://pubmed.ncbi.nlm.nih.gov/28792626/
https://pubmed.ncbi.nlm.nih.gov/28792626/
https://pubmed.ncbi.nlm.nih.gov/28750869/
https://pubmed.ncbi.nlm.nih.gov/28750869/
https://pubmed.ncbi.nlm.nih.gov/28750869/
https://pubmed.ncbi.nlm.nih.gov/28750869/
https://pubmed.ncbi.nlm.nih.gov/28750869/
https://pubmed.ncbi.nlm.nih.gov/29509914/
https://pubmed.ncbi.nlm.nih.gov/29509914/
https://veterinaryresearch.biomedcentral.com/articles/10.1186/s13567-021-00961-7
https://veterinaryresearch.biomedcentral.com/articles/10.1186/s13567-021-00961-7
https://veterinaryresearch.biomedcentral.com/articles/10.1186/s13567-021-00961-7
https://pubmed.ncbi.nlm.nih.gov/30259138/
https://pubmed.ncbi.nlm.nih.gov/30259138/
https://pubmed.ncbi.nlm.nih.gov/30259138/
https://pubmed.ncbi.nlm.nih.gov/32302323/
https://pubmed.ncbi.nlm.nih.gov/32302323/
https://pubmed.ncbi.nlm.nih.gov/32302323/
https://pubmed.ncbi.nlm.nih.gov/32302323/
https://pubmed.ncbi.nlm.nih.gov/26668389/
https://pubmed.ncbi.nlm.nih.gov/26668389/
https://pubmed.ncbi.nlm.nih.gov/26668389/
https://pubmed.ncbi.nlm.nih.gov/26668389/
https://pubmed.ncbi.nlm.nih.gov/33532747/
https://pubmed.ncbi.nlm.nih.gov/33532747/
https://pubmed.ncbi.nlm.nih.gov/33532747/
https://pubmed.ncbi.nlm.nih.gov/33532747/
https://pubmed.ncbi.nlm.nih.gov/32005926/
https://pubmed.ncbi.nlm.nih.gov/32005926/
https://pubmed.ncbi.nlm.nih.gov/32005926/
https://pubmed.ncbi.nlm.nih.gov/28194463/
https://pubmed.ncbi.nlm.nih.gov/28194463/
https://pubmed.ncbi.nlm.nih.gov/28194463/
https://pubmed.ncbi.nlm.nih.gov/28194463/
https://pubmed.ncbi.nlm.nih.gov/23817533/
https://pubmed.ncbi.nlm.nih.gov/23817533/
https://pubmed.ncbi.nlm.nih.gov/23817533/
https://pubmed.ncbi.nlm.nih.gov/24099083/
https://pubmed.ncbi.nlm.nih.gov/24099083/
https://pubmed.ncbi.nlm.nih.gov/24099083/
https://pubmed.ncbi.nlm.nih.gov/29440725/
https://pubmed.ncbi.nlm.nih.gov/29440725/
https://pubmed.ncbi.nlm.nih.gov/29440725/
https://pubmed.ncbi.nlm.nih.gov/30348765/
https://pubmed.ncbi.nlm.nih.gov/30348765/
https://pubmed.ncbi.nlm.nih.gov/30348765/
https://pubmed.ncbi.nlm.nih.gov/30348765/


867

Appro Poult Dairy & Vet Sci    Copyright © Yoko M Ambrosini

APDV.000705. 9(1).2022

27. Shin W, Wu A, Massidda MW, Foster C, Thomas N, et al. (2019) A robust 
longitudinal co-culture of obligate anaerobic gut microbiome with 
human intestinal epithelium in an anoxic-oxic interface-on-a-chip. 
Frontiers in Bioengineering and Biotechnology 7: 13.

28. Dickson I (2019) Anaerobic intestine-on-a-chip system enables complex 
microbiota co-culture. Nat Rev Gastroenterol Hepatol 16(7): 390-390.

29. Li L, Xue M, Fu F, Yin L, Feng L, et al. (2019) IFN-lambda 3 mediates 
antiviral protection against porcine epidemic diarrhea virus by inducing 
a distinct antiviral transcript profile in porcine intestinal epithelia. 
Frontiers in Immunology 10: 1-14.

30. Li Y, Yang N, Chen J, Huang X, Zhang N, et al. (2020) Next-generation 
porcine intestinal organoids: An apical-out organoid model for swine 
enteric virus infection and immune response investigations. Journal of 
Virology 94(21): e01006-20.

31. Liu Q, Wang HY (2021) Porcine enteric coronaviruses: An updated 
overview of the pathogenesis, prevalence, and diagnosis. Vet Res 
Commun 45(2-3): 75-86.

32. Holthaus D, Delgado-Betancourt E, Aebischer T, Seeber F, Klotz C (2021) 
Harmonization of protocols for multi-species organoid platforms to 
study the intestinal biology of toxoplasma gondii and other protozoan 
infections. Front Cell Infect Microbiol 10.

33. Ferens WA, Hovde CJ (2011) Escherichia coli O157:H7: Animal reservoir 
and sources of human infection. Foodborne Pathog Dis 8(4): 465-487.

34. Tovaglieri A, Sontheimer-Phelps A, Geirnaert A, Prantil-Baun R, Camacho 
DM, et al. (2019) Species-specific enhancement of enterohemorrhagic E. 
coli pathogenesis mediated by microbiome metabolites. Microbiome 7: 
1-21.

35. Hubrecht RC, Carter E (2019) The 3Rs and humane experimental 
technique: Implementing change. Animals (Basel) 9(10): 754.

For possible submissions Click below: 

Submit Article

https://pubmed.ncbi.nlm.nih.gov/30792981/
https://pubmed.ncbi.nlm.nih.gov/30792981/
https://pubmed.ncbi.nlm.nih.gov/30792981/
https://pubmed.ncbi.nlm.nih.gov/30792981/
https://pubmed.ncbi.nlm.nih.gov/31127189/
https://pubmed.ncbi.nlm.nih.gov/31127189/
https://www.readcube.com/articles/10.3389/fimmu.2019.02394
https://www.readcube.com/articles/10.3389/fimmu.2019.02394
https://www.readcube.com/articles/10.3389/fimmu.2019.02394
https://www.readcube.com/articles/10.3389/fimmu.2019.02394
https://pubmed.ncbi.nlm.nih.gov/32796075/
https://pubmed.ncbi.nlm.nih.gov/32796075/
https://pubmed.ncbi.nlm.nih.gov/32796075/
https://pubmed.ncbi.nlm.nih.gov/32796075/
https://pubmed.ncbi.nlm.nih.gov/34251560/
https://pubmed.ncbi.nlm.nih.gov/34251560/
https://pubmed.ncbi.nlm.nih.gov/34251560/
https://pubmed.ncbi.nlm.nih.gov/33692963/
https://pubmed.ncbi.nlm.nih.gov/33692963/
https://pubmed.ncbi.nlm.nih.gov/33692963/
https://pubmed.ncbi.nlm.nih.gov/33692963/
https://pubmed.ncbi.nlm.nih.gov/21117940/
https://pubmed.ncbi.nlm.nih.gov/21117940/
https://microbiomejournal.biomedcentral.com/track/pdf/10.1186/s40168-019-0650-5.pdf
https://microbiomejournal.biomedcentral.com/track/pdf/10.1186/s40168-019-0650-5.pdf
https://microbiomejournal.biomedcentral.com/track/pdf/10.1186/s40168-019-0650-5.pdf
https://microbiomejournal.biomedcentral.com/track/pdf/10.1186/s40168-019-0650-5.pdf
https://pubmed.ncbi.nlm.nih.gov/31575048/
https://pubmed.ncbi.nlm.nih.gov/31575048/
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php

