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Background

Poultry Science 2019
WATTPoultry.com 2009

• 11‐18% variation in body weight in mixed‐sex flocks, 8‐10% variation in male flocks
• Uniformity + Animal Welfare > Profitability
• What drives the observed variation:
‐ Genetic variation
‐ Parent breeder age and conditions: incubation, hatcher, and transportation
‐ Management practices, e.g., insufficient feeder space or unattended health
problems
‐ Microbiome – there is a known correlation between microbiome and productivity
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The AKP (Anna Karenina Principle)

”All happy families are alike; each unhappy
family is unhappy in its own way”
Tolstoy 1877

Nat Microbiol 2, 17121 (2017). https://doi.org/10.1038/nmicrobiol.2017.121
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Figure 1 from Zaneveld et al

“All healthy microbiomes are similar, each dysbiotic microbiome is
dysbiotic in its own way”
a. Traditional hypothetical understanding
of dysbiosis (deterministic changes). Rarely
true.

b. Scenario in which a severe stressor
induce deterministic changes with the
same end result in ‐diversity within each
group, but a moderate stressor induces
stochastic changes
c. Scenario in which a stressor alters the
microbiome in unpredictable ways
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“All healthy microbiomes are similar, each dysbiotic microbiome is
dysbiotic in its own way”
“What’s amazing is how obvious these Anna Karenina
Principle effects are — if you’re looking for them —
and how easy they are to miss if you’re searching for a
more conventional pattern,” said Zaneveld.
“When researchers have reported them, they’ve often
assumed that they are a unique quirk of the
microbiology of their disease of interest, rather than a
more general phenomenon.”
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Methods
• 211 male chicks, from same hatcher, same age of source hens, reared in the same pen
with extra feeders
• At day 37, all birds were weighed and the 25 lightest and 25 heaviest birds were selected
• From cecal samples, deep shotgun sequencing using a combination of Oxford Nanopore
Technologies and Illumina (generating long + short reads)

Pen size 13.2 m2
6

Results – Body Weight
• Body weights ranged from 1,538 g to 3,126 g (3.39 lb to 6.89 lb)
• The group of big birds was more uniform than the group of small birds
Big
25
2,891
20
100
9,915
362
2,764
3,126
3.46%

Other
161
2,388
16
202
40,790
791
1,970
2,761
8.46%

3,200
3,000
2,800
2,600
grams

Number
Mean
Standard Error
Standard Deviation
Sample Variance
Range
Minimum
Maximum
CV

Small
25
1,808
24
122
14,801
424
1,538
1,962
6.75%

Body Weight at 37 days

2,400
2,200
2,000
1,800
1,600
1,400
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Results – Microbiome
Yes, there is a difference
Increased alpha diversity
in Big birds (p<0.05)

Complete separation in
Redundancy Analysis (RDA)
constrained to body weight
factor
~10% of variation in
microbiome attributed to
variation in size

Partial separation in
Principal Coordinates
Analysis (PCoA)
Not constrained to a
specific factor
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Lower bird‐to‐bird
variation in the group of
Big birds compared to
Small birds (p<0.001)

“All healthy microbiomes are similar, each dysbiotic microbiome is
dysbiotic in its own way”
a. Traditional hypothetical understanding
of dysbiosis (deterministic changes). Rarely
true.

b. Scenario in which a severe stressor
induce deterministic changes with the
same end result in ‐diversity within each
group, but a moderate stressor induces
stochastic changes
c. Scenario in which a stressor alters the
microbiome in unpredictable ways
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Results – Microbiome
What are the differences, then?

5 species were
more abundant
in Small Birds

31 species were
more abundant
in Big Birds

5 species were
more abundant
in Small Birds
31 species were
more abundant
in Big Birds
…the table continues in the article
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Results – Microbiome
What are the differences, then?
Taxa which were highest in Big Birds
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Species

(of SCFA‐producers
such as
Faecalibacterium)

Relative abundance %

Butyricicoccus sp.
Bifidobacterium gallinarum

Genera

Relative abundance %

Relative abundance %

Relative abundance %

Genera

Relative abundance %

Relative abundance %

Relative abundance %

Families

Taxa which were highest in Small Birds

Species
Akkermansia muciniphila
E. coli

Conclusion
The data has strengthened our understanding of what ”the good broiler microbiome” is
Big birds display all the known hallmarks of a good microbiome
• High α‐diversity: solid marker of gut health, linked to productivity in chickens
• High microbiome uniformity (or low inter‐individual variation): marker of eubiosis in a population (also called the Anna Karenina principle)
• High abundance of SCFA‐producers: more anti‐inflammatory species
• Low abundance of proinflammatory species: less pathogens

EUBIOSIS

UNIFORMITY

PC2

DIVERSITY

PC1

Within the samples
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Between the samples

COMPOSITION

Discussion
Small birds ‐ why did it happen?
• Not due to pen
• Not due to breeder age
• Not due to foot pad lesions (no difference between Big and Small Birds)
• Feeder space? Was accounted for, but cannot be fully ruled out
• Genetics (some heterozygosity and polymorphisms)
• Events happening before arrival as day‐old chicks:
‐ In ovary seeding by hen
‐ Trans‐shell during egg handling and disinfection
‐ Oral intake in hatcher
‐ Oral intake during transportation
• Events happening after arrival – e.g., which microbe do you meet first in the pen?
‐ Leading to a self‐reinforcing cascade that starts a vicious circle
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Discussion

Reduced
absorption
of nutrients

Small birds ‐ why did it happen?

By chance, a
slightly poorer
microbiome

Reduced
Intake

Social stress

Inability to
compete

Picking at
the litter

Impaired
growth
Dysbiosis
(deleterious
changes in
microbiome)
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Increased
intake of
pathogens

The Chicken‐Egg Problem
How do we know if the microbiome led to higher weight or if the weight led to a better microbiome?
• We looked at one, relatively late time point and not over time
• We did not do fecal transplantation into germ‐free chicks to see if
phenotype could be transferred with the microbiome
• Much of the literature points to the microbiome as causing weight
gain and not the other way around
• This has been demonstrated extensively in rodent models
• Data from chickens also points to the causal role of the microbiome in
the performance phenotype:

15

Thank you
FOLLOW CHR. HANSEN

DISCLAIMER
The information contained herein is presented in good faith and is, to the best of our knowledge and belief, true and reliable. It is offered solely for your consideration, testing and evaluation, and it is subject to
change without prior and further notice unless otherwise required by law or agreed upon in writing. There is no warranty being extended as to its accuracy, completeness, correctness, non‐infringement,
merchantability or fitness for a particular purpose. To the best of our knowledge and belief, the product(s) mentioned herein do(es) not infringe the intellectual property rights of any third party. The product(s)
may be covered by pending or issued patents, registered or unregistered trademarks or similar intellectual property rights. All rights reserved.

16

