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To the Editor: While gastrointestinal (GI) symptoms may stem from small intestinal bacterial overgrowth (SIBO), our recent work has shown
a significant association between GI symptoms, such as bloating and abdominal pain, and small intestine (SI) microbial composition, rather
than SIBO per se (1). Specific models to study the biological effects of SI microbes are lacking; thus, we sought to establish such a model.
The current approach of colonizing germ-free (GF) mice with human fecal samples may not recapitulate the human small intestinal
microbiome. Therefore, we colonized GF mice with human SI aspirates, fecal samples, or SI aspirates followed by fecal samples from the
same individual (Figure 1A). SI microbiota β-diversity (Figure 1B) and α-diversity (Figure 1C) of GF mice colonized with human SI aspirates
most closely resembled the diversity of human SI microbiota, compared with GF mice colonized with human feces or SI aspirate followed
by feces. The engraftment percentages ranged from 46.4% to 70.0%, and the most abundant genus from the human SI donor sample was
detected in every corresponding mouse SI (Supplemental Table 1; supplemental material available online with this article;
https://doi.org/10.1172/JCI190638DS1). These findings establish a murine model of humanized SI microbiota and underscore the
importance of employing site-specific input samples to investigate the impact of microbiota. To determine whether human SI microbes
specifically contribute to abdominal […]

Research Letter Gastroenterology Microbiology

Find the latest version:

https://jci.me/190638/pdf

http://www.jci.org
http://www.jci.org/135/24?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI190638
http://www.jci.org/tags/127?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
http://www.jci.org/tags/21?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
http://www.jci.org/tags/29?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/190638/pdf
https://jci.me/190638/pdf?utm_content=qrcode


The Journal of Clinical Investigation      R E S E A R C H  L E T T E R

1J Clin Invest. 2025;135(24):e190638  https://doi.org/10.1172/JCI190638

To the Editor: While gastrointestinal (GI) symptoms may stem 
from small intestinal bacterial overgrowth (SIBO), our recent work 
has shown a significant association between GI symptoms, such 
as bloating and abdominal pain, and small intestine (SI) microbial 
composition, rather than SIBO per se (1). Specific models to study 
the biological effects of  SI microbes are lacking; thus, we sought to 
establish such a model. The current approach of  colonizing germ-
free (GF) mice with human fecal samples may not recapitulate the 
human small intestinal microbiome. Therefore, we colonized GF 
mice with human SI aspirates, fecal samples, or SI aspirates fol-
lowed by fecal samples from the same individual (Figure 1A). SI 
microbiota β-diversity (Figure 1B) and α-diversity (Figure 1C) of  
GF mice colonized with human SI aspirates most closely resem-
bled the diversity of  human SI microbiota, compared with GF 
mice colonized with human feces or SI aspirate followed by feces. 
The engraftment percentages ranged from 46.4% to 70.0%, and the 
most abundant genus from the human SI donor sample was detect-
ed in every corresponding mouse SI (Supplemental Table 1; sup-
plemental material available online with this article; https://doi.
org/10.1172/JCI190638DS1). These findings establish a murine 
model of  humanized SI microbiota and underscore the impor-
tance of  employing site-specific input samples to investigate the 
impact of  microbiota.

To determine whether human SI microbes specifically contrib-
ute to abdominal pain, we colonized GF mice with SI aspirates 
either from 3 healthy individuals (HC mice) or 3 patients with 
abdominal pain as the predominant symptom (AP mice) (donor 
characteristics are outlined in Supplemental Table 2) and mea-
sured visceromotor responses (VMRs) to colorectal distention 
(CRD), whole-gut transit, and intestinal permeability (Figure 1D). 
No differences were observed in whole-gut transit time or intes-
tinal permeability (Supplemental Figure 1, A and B). AP mice 
had significantly higher VMRs to CRD compared with those of  
HC mice (Figure 1E, Supplemental Figure 2A, and Supplemental 
Table 3), indicating visceral hypersensitivity. These findings high-
light that SI microbiome transplantation induces a donor-specific 
phenotype in recipient mice, reflecting the clinical presentation of  
patients with abdominal pain.

Enterochromaffin (EC) cells, which make up the largest pop-
ulation of  enteroendocrine cells, are polymodal stimulus detectors 
known to transduce noxious stimuli from the colonic lumen to 
nearby nerve endings via the release of  serotonin (5-HT) to induce 
visceral hypersensitivity (2). To test if  EC cells similarly act as sig-
nal transducers in the SI, we measured whether SI aspirates from 
AP and HC mice triggered Ca2+ responses in QGP-1 cells (EC cell 
model) and SI organoids made from NeuroD1-cre;GCaMP5-tdTo-
mato mice (3, 4). We found that SI aspirates from AP mice evoked 
significantly higher Ca2+ responses in QGP-1 cells and SI organoids 
when compared with HC mice (Figure 1, F and G; Supplemental 

Figure 2, B and C; and Supplemental Table 3). As some microbial 
products can diffuse or be transported across the epithelium, we 
also tested the ability of  SI aspirates to directly activate neurons 
from the thoracic (T8–T11) dorsal root ganglia (DRG) (5). Interest-
ingly, SI aspirates from AP mice activated significantly more DRG 
neurons and triggered higher Ca2+ responses in these neurons when 
compared with HC mice (Figure 1, H and I; Supplemental Figure 
2A; and Supplemental Table 3). Altogether, these findings suggest 
that SI contents from AP mice may engage pain pathways indirect-
ly by activating EC cells or directly by activating DRG neurons (2).

To identify specific microbes associated with visceral hypersen-
sitivity in AP mice, we analyzed the SI microbiota of  a patient with 
abdominal pain, 2 healthy individuals acting as controls, and their 
corresponding mouse SI aspirates. Blautia_ASV27 and Enterobac-
teriaceae_ASV5 were significantly enriched in AP mice and were 
detected solely in the patient with abdominal pain. Interestingly, 
Enterobacteriaceae_ASV5 exhibited a positive correlation with the 
VMR at 30 mmHg (adjusted R2 = 0.49, P = 0.01, linear regression). 
To determine whether the Enterobacteriaceae family is more broadly 
associated with abdominal pain or bloating, we reanalyzed previ-
ously published small intestinal microbiome sequencing data (1) 
from 98 study participants and found that the relative abundance 
of  Enterobacteriaceae was higher in patients with abdominal pain 
or bloating compared with healthy individuals acting as controls 
(Figure 1J). To further determine whether specific strains within 
the Enterobacteriaceae family might be driving visceral pain sensa-
tion, we cultured one AP SI sample on Enterobacteriaceae-selective 
media and obtained multiple colonies, all of  which were found to 
be the same strain of  Enterobacter hormaechei through MALDI and 
Genome Taxonomy Database Toolkit analysis of  the assembled 
genome (Supplemental Table 4) (6).

We repeated our earlier experiments with culture superna-
tants from the isolated E. hormaechei strain. As controls, we used 
the Gram-positive Streptococcus oralis ATCC9811, which closely 
matched the most abundant amplicon sequence variant (ASV) in 
the HC mice, and a clinical strain of  the Gram-negative Proteo-
bacterium Aggregatibacter aphrophilus (previously called Haemophilus 
aphrophilus), which broadly shares the lipopolysaccharide architec-
ture with Enterobacter but is not a member of  the Enterobacteriaceae.  
E. hormaechei supernatants elicited significantly higher Ca2+ respons-
es in QGP-1 cells and activated significantly more and elicited higher 
Ca2+ responses in DRG neurons when compared with supernatants 
from S. oralis and A. aphrophilus (Figure 1, K–M, and Supplemental 
Table 5). Additionally, GF mice colonized with E. hormaechei exhib-
ited significantly higher VMRs to CRD compared with GF mice 
and GF mice colonized with S. oralis or A. aphrophilus, phenocopy-
ing the responses from entire SI aspirates (Figure 1N).

Our findings underscore the previously unrecognized signifi-
cance of  specific human SI communities in inducing GI symp-
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opens new avenues of  research into the SI sensory apparatus and its 
communication with the brain.

For detailed methods, information regarding sex as a biological 
variable, statistics, study approval, data availability, acknowledg-
ments, and author contributions, see the supplemental materials.

toms. Although further validation in larger studies is warranted, 
our results suggest that specific members of  Enterobacteriaceae with-
in SI microbiome are likely important players in generation of  GI 
symptoms. Additionally, this work advances our understanding of  
how microbial products interact with the SI sensory function and 

Figure 1. Distinct small intestinal microbes underlie visceral hypersensitivity. (A) Experimental design to determine which human sample type best reca-
pitulates the SI microbiome in GF mice (n = 3 donor samples, n = 3–4 mice/donor/sample site). (B) Principal coordinate analysis ordination of Bray-Curtis 
β-diversity (n as in A; Supplemental Table 1). (C) Shannon diversity and observed ASVs (n as in A). (D) Experimental design to delineate in vitro and in vivo 
effects of mouse SI aspirates or SI species. (E) VMRs to CRD in AP mice (n = 4–12 mice/donor, 3 donors) and HC mice (n = 6–7 mice/donor, 3 donors). (F and 
G) Ca2+ response elicited by mouse SI aspirates in QGP-1 cells (Cal 520) and SI organoids (GCaMP) (1–3 SI aspirates/group tested, details in Supplemental 
Table 3). (H and I) Amplitude of the Ca2+ response and number of neurons activated by mouse SI aspirates in T8–T11 DRG neurons (DRGs from 3–5 mice/
aspirate, Supplemental Table 3). (J) Relative abundance of Enterobacteriaceae in the SI aspirate of patients with symptoms of abdominal pain and  
bloating. (K) Ca2+ response evoked by A. aphrophilus, S. oralis, and E. hormaechei supernatants in QGP-1 cells (n = 4–5 plates/supernatant, Supplemental 
Table 5). (L and M) Ca2+ response and number of activated T8–T11 DRG neurons by bacterial supernatants (n = 3–5 mice/species, Supplemental Table 5).  
(N) VMRs to CRD in GF mice and GF mice colonized with listed species (n = 7–24 mice/group). The following statistical tests were used: ANOVA with Tukey’s 
HSD (C); mixed-effect model corrected for donor (E–I); Wilcoxon’s rank-sum test with continuity correction (J); 1-way ANOVA (K–M); and repeated measures 
2-way ANOVA (N). Data are represented as median with 1.5 × IQR (box plots) or mean ± SEM. ****P < 0.0001, ***P < 0.001, **P < 0.01, *P < 0.05.
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