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• The gut microbiota and the immune system
• The mission
• In ovo strategies to obtain an optimal start
• The hatching window and access to feed
• Creating microbial diversity in early life
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Overview



The gut microbiota and the 
immune system
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No contact with adult hen post-hatch

• Nutrients and maternal antibodies are deposited in the egg before incubation
• A maternal core microbiota might not be completely transferred to hatching 

chicks



FEMS Microbiology Letters, 2015, Vol. 362, No. 15

Microbiota in ileum and cecum on D7 and 35



Hens act as an important source for certain genera
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Kubasova et al., 2019, PLoS One



Temporal dynamics of the microbiome

• Community richness increases rapidly over time, stabilizing at day 14
• Variation also increases over time

Liao et al., 2020 Poultry Science 99:5883–5895 Boyner et al., 2023 British Poultry Sicence



Passive immunity

• IgY: the mammalian IgG homolog
• During embryonic development, 

transported from Yolk to blood
• Maternal IgA is transported from 

albumen to chick’s intestine 
before hatch, swallowed by 
embryo

• B cell population in the GALT 
starts at 4d posthatch, continues 
to increase during first 2 weeks

Boyner et al., 2023, Br Poult Sci



• Day 56

The need of living gut bacteria to synthetize Ig’s
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Volf et al., 2017, Vet Res



The mission
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Targeting a health gut

Created with BioRender.comBased on https://doi.org/10.1038/s41392-022-00974-4



Decrease in antimicrobials, increase in alternative strategies



Different strategies to obtain an optimal start

Siwek et al., 2018 BMC Vet Res



Alternative strategies: pre- and probiotics
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In ovo strategies to obtain 
an optimal start
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Preventive strategy: in ovo vaccination



In ovo vaccination against Newcastle disease
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• Despite low antibody response, in ovo vaccination protects against NDV

Fan et al., 2020, Poult Sci



In ovo technology

• Injection on embryonic day (ED)12:
• In ovo stimulation
• In air cell
• Delivery of pre- and synbiotics
• Stimulate native egg microbiota

• Injection on ED17-18 (at transfer):
• In ovo feeding
• In amnion or embryo
• May reduce hatchability

Siwek et al., 2018 BMC Vet Res; Abd El-Azeem et al., 2023 WPSJ



Effects of in ovo sodium butyrate administration in chickens

Phenotype of 
chickens

To examine the effect of in ovo sodium butyrate (SB) injection on growth 
performance, intestinal development and gut microbiota of chickens with 

different hatch weight (HW)

Low hatch-
weight (LHW) 

weight

high hatch-
weight (LHW) 

weight

4 x 2 factorial design



Results
*

HW: P<0.001
SB: P=NS
Interaction: P= NS 

HW: P= NS
SB: P=0.009
Interaction: P= 0.045

• HW had a positive effect on
subsequent growth performance
and gut-related parameters.

• LHW chicks relatively benefited
more from 0.3% SB, showing
improvements in growth and a
more favorable gut microbiota
characteristics.

Alpha diversity Differential abundance analysis at genus level



In ovo feeding

• Various nutrients have shown positive effects on growth and immune system 
development:

• Vitamins, amino acids, glucose, prebiotics

• In ovo inulin:
• Increased villus height at hatch
• Increased mucin production
• Proliferation of T cells

• In ovo XOS and MOS
• Increased VH/CD at hatch
• Higher cecal SCFA (acetate and/or butyrate) on d28
• MOS4: higher OTUs and more differentially abundant taxa on d 28

Jha et al., Front Vet Sci, 2019; Singh et al., 2022 J. Anim. Sci. Biotechnol.



In ovo feeding (ED 18) of bioluminscent bacteria
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Castañeda et al., 2019; Poult. Sci.



• 6 probiotics were tested in ovo to evaluate hatchability
• When? ED 17.5 in ovo injection and dietary supplementation
• Decreased proportion of Salmonella enteritidis possibly by competitive 

exclusion

Injection of probiotic Enterococcus faecium
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De Oliveira et al., 2014, Poult Sci



The hatching window and 
access to feed
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The hatching window per sex
• 48h hatching window
• Females hatch earlier than males

Wang et al., 2014 Animal



Factors explaining hatching window

• T3 stimulates hatching
• Early hatchers have less energy left

Wang et al., 2014 Animal



Growth in early-post hatch phase

• Late hatchers win the early post-hatch race when fed
• No difference when they were all feed deprived

Wang et al., 2014 Animal



Impact of delayed feeding on immune system

• spleen

Shinde et al., 2015 J. Nutr. Food Sci.



Delayed feeding: affects chick’s response to an immune 
challenge
• DF-F: Strongest sickness response and poorest performance

Simon et al., 2015, Poultry Science



Feed restriction during hatching practices

• Decreased intestinal villus height and area
• Impaired intestinal barrier function
• Impact on gut microbiota

• Increasing Lactobacillus
• Decreasing Turicibacteraceae and Enterobacteriaceae

Metzler-Zebeli et al., 2019 mSystems



Immediate access to feed

One2Born systemHatch brood system, Hatchtech



Immediate access to feed

NestBorn system, BelgabroedX-Treck system, Vencomatic



Immediately access to feed

• Beneficial for growth during first weeks
• Improved litter quality less footpad dermatitis

Da Silva et al., 2021 Poult Sci
De Jong et al., 2020 Poult Sci
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Early fed chicks have a higher body weight

Souza da Silva et al., 2021, Poultry Science



Hatch in hatchery vs. Hatch on-farm

Akram et al., 2024; Animal Microbiome

Body weight



Hatch in hatchery vs. Hatch on-farm

Akram et al., 2024; Animal Microbiome

• HOF system shows short-term growth benefits, mainly in the first week.
• Hatching system affects early gut microbiota, but differences reduce by slaughter age.
• Early feeding via HOF increases expression of immune-related genes in chickens.
• A good start and a better immune system in chicks are both potential benefits for production efficiency.

Caecal microbiota

Ileal gene expression



Creating microbial 
diversity in early life
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• Promotes resistance against Salmonella enteritidis

Chickens receiving cecal microbiota from hens of different 
age
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Varmuzova et al., 2016, Front. Microbiol.

cecum liver

Day 4 post-infection



Maternal microbiota: passive colonization with feces from 
hens
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Zenner et al., 2021, mSystems



Early life probiotic administration
• Inoculation of day-old chicks with ileal spores

• Modulation of innate immunity (TLR, JAK-STAT pathway)
• Modulation of acquired immunity (T/B cell receptors TH17 

differentiation)
• Increased bactericidal effect on Salmonella on d7-14
• Improved gut integrity
• improved gut health

Redweik et al., 2020 Front Vet Sci



In conclusion

• Early life events:
• Gut and immune system maturation
• Microbiota colonization
• No help of the mother hen

• Promissing new technologies under development
• Pre- and post hatch help
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Nutrition and Animal-Microbiota Ecosystems Lab
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Competitive exclusion product, evaluating the antibody 
response after vaccination (Boyner’s PhD)

Boyner et al., 2023 British Poultry Science



Souza da Silva et al., 2021, Poultry Science



Feed conversion ratio



Feed conversion ratio



Hatching time and delayed feeding

Wang et al., 2014 Animal



Eggshell temperature of eggs in different hatching systems

Molenaar et al., 2023 Poultry Science



Development of immune system in the gut

• Expression of antimicrobial peptides (AMPs) and Toll-like receptors 
during embryonic development

• MUC-2 expression is stimulated by colonization in the gut

• IL-8 IL-17 increased gene expression first week post-hatch 
maturation

Rodrigues, 2022, chapter 11 in Gut microbiota, immunity and health in production animals

Cross-talk between microbiota and immune cells
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