
Advances in Leveraging Gut Microbe-Host 

Interactions for Performance Benefits

Elizabeth Galbraith

AFMA Forum 2016  Sun City, South Africa



What I will cover today:
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ǒ The challenge: meeting increasing global food demands 

ǒ Balancing gut health and efficient production

2. Development of the Avian Gastrointestinal Microbiota
ǒ Evidence of vertical transmission

ǒ Microbiota in the growing bird

3. Impact of Microbiota on Performance
ǒ Gut structure and integrity

ǒ Digestion and nutrient utilization

ǒ Development of host immune function
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Meeting the needs of a growing population
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Importance of the poultry market to South Africa

Sources: SAPA Industry Profile,  2012

More poultry products consumed annually in South Africa than all other animal-
protein sources combined

Poultry industry provides 65.5% of locally produced animal protein consumed on 
a volume (kg) basis 



Rising to meet increased demand

1.68 Kg 1.82 Kg 1.98 Kg
2.19 Kg

Based on Rauw 1998 and Ross recommendations

2.77 Kg

1960 1970 1980 1990

2.5 Kg 2.1 Kg 2.04 Kg 1.92 Kg 1.72 Kg

2011

Globally, average productivity of farm animals is still estimated to be 

30-40% below genetic potential. WHY?

Å 66% increase in broiler body weight at 42 days

Å 32% improvement in feed conversion ratio*

*Amount of feed required for 1Kg weight gain



Why is feeding the world with safe, nutritious 

food still a challenge?

ÅBroad range of issues ïall have a link to gut health

ÅGastrointestinal microbiota play a key role in gut health
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Commercial production conditions can make birds 

more susceptible to clinical & sub-clinical disease 
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2 weeks onwards

ǒNecrotic Enteritis(NE)

ǒFootpad dermatitis 

(Pododermatitis)

ǒCoccidiosis

Post hatch/week one 

ǒMortality

ǒColibacillosis 3 weeks

ǒCampylobacter

ǒDysbacteriosis
4-6 weeks

ǒEnterococcal

spondylitis 

ǒEndemic colibacillosis

ÅAntibiotic Growth Promoters (AGPs) 

are going away.
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The first hours and days immediately after hatch are important in GIT 

development and long term performance. 

Density of 108-1010 cells/g of digesta by day one post-hatch 

The GIT is quickly colonised by environmental 

bacteria.

Colonisation is driven by:

Exposure to microorganisms

Favourable conditions for colonisation 

The microbiota is more easily influenced 

during this period 

Window of opportunity: establishing the microbiota
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The importance of the intestinal microbiota in broiler 

performance

The synergistic relationship between the avian host and resident microbiota has co-evolved to offer benefits 

to both host and microbe

The avian intestinal tract is colonised with hundreds of different bacterial species
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The gut microbiome is not a static entity

Gizzard 

Development
Gut motility



Commensal 

E. coli
Commensal 

E. coli

APEC

APEC

Escherichia coli is present in the normal intestinal microflora of birds.  So why is it 

a big deal in poultry gut health?

Complications associated with avian pathogenic E. coli (APEC) together are considered 

one of the leading causes of economic loss in the poultry industry worldwide

Only some strains with specific virulence attributes, are designated as avian pathogenic 

E. coli (APEC)

APEC

Zanella et al., 2000  and Giovanardi et al., 2005

Avian Pathogenic E. coli (APEC)

APEC-associated conditions: acute 

colisepticaemia, fibrinopurulent

polyserositis, aerosacculitis, pericarditis, 

salpingitis, synovitis, omphalitis, yolk sac 

infection, swollen head syndrome, 

coligranuloma, and cellulitis



APEC has been recovered from birds of all ages

Increasing scientific evidence suggests that vertical transmission is 

a potential route of infection in young birds

APEC isolates from visceral organs of broiler chicks with colibacillosis 

and corresponding breeders have been shown to have similar 

pathotypes and genotypes 

APEC: Growing evidence for vertical transmission

13Giovanardi et al., 2005



Objective: Determine the genetic 
similarity and virulotype of APEC 
isolated from breeders and 
corresponding day-old chicks from 
multiple farms and producers in 
South Africa

Sampled 27 breeders and 90 day-
old chicks (DOC) originating from 
2 South African producers

135 E. coli isolates from breeders

71 E. coli isolates from DOC 

14Lambrecht et al., 2015

Vertical transmission in South African poultry production



Determined genetic similarity of E. 
coli isolates using RAPD (Random 
amplified polymorphic DNA) 
technique

Screened E. coli for 5 virulence 
associated genes (VGs) using 
multiplex PCR

APEC isolate screening methods
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*E. coli isolates containing two or more virulence genes were considered

APEC positive (Skyberg, et.al., 2003).

Virulence Gene Functional Description

iss Increased serum survival

iucC Iron sequestering system

tsh Temperature sensitive hemagglutinin

cvaC Structural gene for colicin V

irp2 Iron transport



Clustering of RAPD profiles for APEC isolates from breeders and day-
old chicks (DOC) sourced from 2 producers
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Genetic similarity of APEC isolates from breeders and chicks

80% 

similarity

Lambrecht et al., 2015



Greater genetic similarity observed between APEC from breeders and chicks 
of the same producer suggesting potential vertical transmission

17

Genetic similarity of APEC isolates from breeders and chicks

80% 

similarityProducer 1 

isolates

Producer 2, 

Farm C 

isolates

Producer 2, 

Farm D 

isolates

Lambrecht et al., 2015



Comparison of virulotypes for genetically similar APEC
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Identical virulotypes: tsh, cvaC, irp2

Lambrecht et al., 2015

80% 

similarity



19

Identical virulotype cvaC, irp2

Comparison of virulotypes for genetically similar APEC

Lambrecht et al., 2015

80% 

similarity


