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Topic: NUTRITION - The gut microbiome 
 
Objectives and Study: 
Human milk oligosaccharides (HMOs) as prebiotics shape the gut commensal microbiota and 
enrich beneficial metabolites for infants through being initially degraded by Bifidobacterium 
in particular. To better understand the variation of metabolic performance and microbiota 
shifts during in vitro HMO fermentation with infant gut microbiota, more studies are 
expected to focus on HMOs with diverse chemical structures and specific individual infant 
fecal inocula. 
 
Methods: 
Different HMO types including fucosylated neutral HMOs (2'-FL, 3-FL), sialylated HMOs (3'-
SL, 6'-SL), and non-fucosylated neutral HMOs (LNT, LNnT) were fermented in vitro by 
Bifidobacterium longum-dominant fecal microbiota from infant individuals, with FOS and 
GOS as positive controls. Gas, SCFAs, lactate and succinate were detected at 4 h, 8 h, 12 h 
and 24 h of the fermentation course. 16S rRNA full-length sequencing was adopted to 
evaluate the shifts of gut microbiome. 
 
Results: 
Consequently, HMOs fermented by Bifidobacterium longum-dominant infant gut microbiota 
produced appreciable acetate and small amounts of lactate, with little succinate and almost 
no propionate or butyrate produced. All six tested HMOs showed the same levels of gas and 
acetate production despite the different molecular structures. Sialylated HMOs produced 
significantly less lactate than neutral HMOs. FOS fermentation showed the highest gas 
production and the lowest acetate and lactate production compared with the HMO and GOS 
groups, and metabolite profiles of GOS fermentation were highly similar to those of neutral 
HMOs (2'-FL, 3-FL, LNT and LNnT). Further investigation of gut microbiota by full-length 16S 
rRNA gene sequencing suggested that the fermentation of HMOs, GOS and FOS regulated 
infant gut microbial compositions. Remarkable growth of Klebsiella pneumoniae was 
observed exclusively in FOS fermentation, while HMOs could maintain the dominance or 
increase the relative abundance of Bifidobacterium longum.  
 
Conclusions: 
This study offers new insights into the utilization of HMOs by in vitro fermentation 
inoculated with specific Bifidobacterium longum-dominant infant gut microbiota, and is 
hopeful to optimize infant individualized nutrition strategies. 
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Topic: NUTRITION – Breastmilk and infant health 
 
Objectives and Study: 
Human breast milk is one of the sources for infant gut microbiota. Bacterial composition in 
human breastmilk was influenced by lactation time. This study aimed to find the 
discrimination of bacteria at genus level, and particularly, Bifidobacterium and Lactobacillus 
communities at species level among colostrum (day 2-7), transition 1 (day 8), transition 2 
(day 14) and mature milk (day 30).  
 
Methods: 
18 individuals were recruited and 60 milk samples were collected. 16S rRNA, Bifidobacterium 
GroEL gene sequence and Lactobacillus GroEL sequence were used to evaluate the influence 
of lactation time on bacterial conmunity at genus level and Bifidobacterium and 
Lactobacillus at species level. HMOs analyzed by HPLC-MS. 
 
Results: 
The results showed the alpha diversity of colostrum and transition 1 was lower than that in 
transition 2 and mature milk. PCoA analysis showed bacterial composition in colostrum and 
transition 1 differed from transition 2 and mature milk. At genus level, lower relative 
abundance of Blautia was in colostrum and transition 1 compared with mature milk and 
lower abundance of Ruminococcus, Dorea and Escherichia-Shigella were in transition 1 
compared to mature milk. Interestingly, Dorea was also lower in transition 1 than that in 
transition 2. For Bifidobacterium community at species level, B. ruminantium was the 
predominant among all the four stages, followed by B.breve and B. longum subsp. infantis 
among which B. bifidium was lower in transition 1 whereas B. pseudocatenulatum and B. 
pseudolongum was higher in transition 1. Concentration of Lacto-N-neotetraose showed 
negative correlation with B. kashiwanohense and positive correlation with B. longum subsp. 
infantis and B. longum subsp. longum. For Lactobacillus community at species level, L. 
mucosae and L. ruminis were the two dominant species, among which L. mucosae was higher 
in mature milk compared with other three stages and L. ruminis was higher in colostrum 
compared with transition 2 and mature milk.  
 
Conclusions: 
This study indicated bacterial composition in colostrum was more similar with transition 1, 
whereas bacterial community in transition 2 was similar with that mature milk and this 
phenomenon was also presented in Bifidobacterium and Lactobacillus at species level which 
suggested bacterial composition in HBM showed stage specific even within a short period. 
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Topic: GASTROENTEROLOGY-COVID-19 
 
Objectives and Study:  
Previously we discovered that human milk and whey protein form human milk effectively 
and potently prevent the infection of SARS-CoV-2 like pangolin coronavirus and 
pseudotyped SARS-CoV-2 wild type. In this study, we aimed to determine the exact 
ingredient that contributed to the antiviral effect of milk and explore the mechanism of it. 
 
Methods:  
We used SARS-CoV-2 like pangolin coronavirus GX_P2V, transcription and replication-
competent SARS-CoV-2 virus-like-particles (trVLP) and VSV pseudotyped to evaluate the in 
vitro inhibition effect of bovine lactoferrin. Western blot assay was performed to visualize 
and further confirm the antiviral effect of lactoferrin. ELISA assay, surface plasmon 
resonance (SPR) were performed to investigate the binding affinity of lactoferrin to SARS-
CoV-2 spike protein RBD and ACE2. For in vivo assay, the hamster model was employed to 
detect the efficacy of lactoferrin by the intraperitoneal administration. The viral load of 
lung and trachea were quantified by RT-qPCR and the tissue pathology of lung were 
examined by H&E staining. 
 
Results:  
Lactoferrin was found to effectively inhibit GX_P2V and SARS-CoV-2 trVLP in vitro with the 
EC50 of 5.223 μM and 0.70 μM, respectively. Additionally, luciferase assay revealed tha 
lactoferrin inhibited the infectivity of SARS-CoV-2 pseudotyped variants. Viral attachment 
assay indicated that lactoferrin intervened the attachment of GX_P2V to Vero E6 cells. 
ELISA and SPR assay further confirmed that lactoferrin blocked the binding between 
human ACE2 and SARS-CoV-2 spike protein RBD by competing with RBD. Kinetic analysis 
of lactoferrin binding to SARS-CoV-2 spike protein by SPR assay found that lactoferrin bind 
to spike protein with equilibrium dissociation constants of 14.9 nM. The hamsters treated 
with 0.2 mg/kg lactoferrin post-virus-challenge for 4 days achieved reduction of viral load 
in both lung and trachea tissues by 1.61-log10 and 0.65-log10. Compared with the lungs 
from hamsters challenged with 107 pfu/mL GX_P2V, which showed thicken alveolar wall 
and vascular congestion, the hamsters with lactoferrin administration exhibited milder 
alveolar wall thickening and vascular congestion. 
 
Conclusions:  
We provided an evidence that lactoferrin, a kind of bioactive protein abundant in mammal 
breast milk, effectively prevent the SARS-CoV-2 infection in vitro and in vivo by combining 
SARS-CoV-2 spike protein RBD, which may be a promising candidate for the administration 
of COVID-19.  
  



   

Clodagh Walsh1,2,3, Jonathan A. Lane2, Douwe van Sinderenc and Rita M. Hickey1* 
 

1 Teagasc Food Research Centre, Moorepark, Fermoy, P61C996, Co. Cork, Ireland 
2 H&H Group, H&H Research, Global Research and Technology Centre, Cork P61 C996, Ireland 
3 APC Microbiome Ireland and School of Microbiology, National University of Ireland, Cork, Ireland 

 
 
Objectives and Study:  
The ability of probiotic strains to adhere to the intestinal epithelium can play a key role in 
influencing the composition of the gut microbiota. Bifidobacteria are associated with a host 
of health benefits and are one of the most widely used probiotics for humans. Enhanced 
bifidobacterial adhesion may prolong gut transit time and increase host-microbe and/or 
microbe-microbe interactions, thereby enabling greater health benefits to the host. The 
objective of this study was to determine an ability of human milk oligosaccharides (HMO) to 
enhance bifidobacterial intestinal adhesion. 
 
Methods: 
In this study, the colonisation-promoting effects of HMO on four commercial infant-
associated Bifidobacterium strains (two B. infantis, B. breve and B. bifidum) were assessed. 
HT-29 and Caco-2 cell lines were used as in vitro intestinal models of bacterial colonization. 
Genomic mining and proteomic analysis were subsequently performed to understand the 
mechanisms underlying bifidobacterial adherence to intestinal cells. 
 
Results:  
Short-term exposure of four commercial infant-associated Bifidobacterium strains to HMO 
derived from mature breastmilk substantially increased the adherence (up to 47 %) of these 
probiotic strains to the intestinal cells. Interestingly, when strains were incubated with HMO 
as a four-strain co-culture, the number of viable bacteria adhering to intestinal cells 
increased by > 100%. Bacterial proteomic analysis revealed that the increased adherence 
resulting from exposure to the HMO was associated with an increased abundance of 
chaperone proteins, transcription factors, adhesion-related proteins and glycosyl 
hydrolases.  
 
Conclusions:  
This study suggests that HMO may prime infant gut-associated Bifidobacterium for 
colonisation to intestinal epithelial cells. HMO priming may involve switching on 
colonization pathways thereby conferring a competitive advantage to bifidobacterial 
strains in the intestinal environment. This study further increases our understanding of the 
role HMO play in host microbe interactions. It is plausible that HMO-containing probiotic 
products will be used in the future as a tool to increase the residence time of probiotic 
bacteria in the gut.  
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Objectives and study: 
During the early stage of life the gastrointestinal system of infants is not sufficiently 
mature. Healthy gastrointestinal maturation and development are associated with 
exposure to human breast milk, however, when breast milk feeding is not possible, infant 
milk formulations (IMFs) are used to fulfil the nutritional and developmental needs of the 
infant. Thus, it is essential that IMFs resemble, and ideally match, functional properties and 
digestibility of human breast milk. In this study, we produced IMFs that differed only in the 
process history of the whey protein ingredients, and determined their digestibility, nutrient 
absorption, intestinal health, immunomodulation and satiety properties as compared to 
mature human milk. The objective of this study was to determine potential developmental 
and functional benefits of minimally processed whey protein for infants.   
 
Methods:  
In this study standard (ST-IMF) and test (T-IMF) IMFs were produced under controlled 
conditions with identical ingredient formulation that differed only on the source of whey 
protein. ST-IMF was produced with conventionally produced sweet whey protein 
concentrate while T-IMF was produced with membrane produced whey protein 
concentrate. Digestibility of these IMFs and human breast milk (HBM) was evaluated with 
simulated static infant gastrointestinal digestion methodology. Size exclusion high 
performance liquid chromatography (HPLC), degree of protein hydrolysis assays, amino acid 
and free fatty acid analyses were then used to study bioaccessibility of nutrients after 
gastric and intestinal phases. Bioavailability of nutrients and intestinal health outcomes 
were studied with an intestinal barrier model, based on the co-culture of human colorectal 
adenocarcinoma epithelial Caco-2 and mucus-secreting goblet HT-29MTX cell lines. 
Secretion of biomarkers from human monocytic-derived macrophages THP-1 and 
enteroendocrine STC-1 cells was quantified to study immunomodulation and satiety 
properties of IMFs as compared to the HBM.  
 
Results:  
Protein was determined to be more native in the T-IMF as compared to the ST-IMF prior to 
digestion, as proven by HPLC and a degree of protein hydrolysis assay. At the end of 
intestinal digestion, the release of free amino acids from T-IMF was significantly higher as 
compared to ST-IMF and HBM, suggesting potentially improved nutritional properties. 
Satiety hormone release and intestinal barrier function after 4 hours treatment with T-IMF 
and ST-IMF were similar to that of HBM. Several inflammatory biomarkers were significantly 
reduced with T-IMF, ST-IMF and HBM in THP-1 cells compared to digestion control (P<0.05).  
 
Conclusion:  
Overall, this data demonstrated improved protein digestibility of T-IMF compared to ST-
IMF, resulting in increased amino acid bioavailability similar to that of HBM. Moreover, T-
IMF preserved functionality similar to HBM, while potentially offering higher nutritional 
value compared to ST-IMF.  
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