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Background.  A complication of cesarean section delivery is its interference with 
the normal intestinal colonization of the infant, affecting the development of immune 
system in early life—a process that has been associated with long-term morbidity, such 
as allergy and diabetes. We evaluated, in CS-delivered infants, whether the normal 
intestinal microbiome and its early life development could be restored by immediate 
postnatal transfer of maternal fecal microbiota to the newborn.

Methods. Seventeen healthy mothers with planned elective CS were recruited and 
screened thoroughly for infections, after which 7 mothers were included in the study. 
A fecal sample was processed according to a transplantation protocol and an aliquot 
(3–7 mg) was orally administered in breast-milk to the newborn during the first feed-
ing. The infants were followed and fecal samples were gathered during the first 12 
weeks of age and subsequently at the age of 8–18 months.

Results.  The bacterial communities in the fecal samples of the mothers and their 
offspring were analyzed by sequencing of 16S rRNA amplicons from isolated fecal 
DNA and compared with that of 11 nontreated CS-delivered infants and 34 vaginally 
delivered infants. The fecal microbiota at 3 and 12 weeks was similar between treated 
CS and vaginally delivered infants, in contrast to that of the untreated CS-delivered 
infants both in overall composition (P = 0.001, Figure) and development of early-life 
signature bacteria, i.e., bacteroides and bifidobacteria and clostridia (P < 0.0001).

Conclusion.  The seeding of maternal fecal microbes to the newborn intestine can 
be safely and successfully mimicked in elective CS by transferring a small amount of 
maternal fecal microbiome orally to the newborn infant. In these infants, this process 
results in a microbial development that is highly similar to that of the vaginally born 
infants, and provides support for the hypothesis that microbial colonization in early life 
results from a maternal fecal transfer.
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Background.  Steroid refractory acute graft- vs. -host-disease (GVHD) after hem-
atopoietic cell transplantation (HCT) is highly morbid with limited treatment options. 
Murine studies show protection from GVHD with butyrate exposure but direct ex-
posure of stem/progenitor cells to butyrate inhibits colonic stem cell proliferation.

Methods. Stool samples were collected weekly in a cohort of HCT recipients (n = 
210) undergoing allogeneic transplant, and underwent 16S rRNA sequencing to deter-
mine the number and relative abundance of butyrogens. Dissociated primary human 
colonoid cell aggregates (200,000 per well) were plated onto collagen IV-coated tran-
swells (0.4 µm pore size, 0.33 cm2, PET) in stem cell medium for 24 hours. From 24 
hours onwards, the basal-lateral chamber was switched to differentiation medium; the 
apical chamber was Hanks Buffered Salt Solution (HBSS), HBSS with 10 mM butyrate 
sodium salt early (24 hours onwards) or late (72hours onwards). Trans-epithelial elec-
trical resistance was measured daily.

Results.  Retrospective chart review identified 27 recipients who developed acute 
GVHD of the gut, stratified to be either steroid refractory GVHD (failed to respond to 
2 mg/kg of methylprednisolone) or responsive. The presence of butyrogens in the gut 
microbiome after the onset of severe acute GHVD of the gut associated with increased 

risk of steroid refractory GVHD (Figure 1; P < 0.05). Direct exposure of human colonic 
stem/progenitor cells to butyrate inhibits the development of trans-epithelial electrical 
resistance; exposure after differentiation had no inhibition of barrier formation (Figure 
2; P < 0.05 by T-test).

Conclusion.  Butyrogens may help prevent the development of acute GVHD of 
the gut, but once severe GVHD has developed may inhibit recovery due to the loss 
of crypt architecture exposing colonic stem cells to microbe-produced butyrate with 
impaired differentiation and cell replacement.
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