
Incubation and early 
feeding affect poultry 
disease resilience 

Anyone involved in poultry 
incubation will not deny that 
optimal incubation conditions 

are essential to produce good quality 
chicks. Subsequently, good quality 
chicks that are managed correctly 
will likely show low first week 
mortality. But what about later life? 
Do incubation conditions also affect 
the remaining life of poultry?  
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Early life: a window of 
opportunity 

Experiences during the very early life 
of animals can have long-lasting 
effects. The early life of animals is 
generally recognised as a vulnerable 
phase, because some physiological 
regulatory systems are still immature. 
For example, poultry are not fully 
homeothermic yet at hatch, and their 
adaptive immune system becomes 
functional only during the first weeks 
of life. 

Maturation of physiological 
regulatory systems is not a fixed 
process as experiences during early 
life can affect these processes and 
permanently shape an animal’s 
phenotype, for example, through 
DNA methylations.  

Therefore, early life can be regarded 
as a window of opportunity to 
support animal performance and 
health in the long term. 

However, suboptimal conditions 
during early life can negatively affect 
later life. It has been shown in many 
animal species that suboptimal 
perinatal conditions, particularly 
stress and under-nutrition, can impair 
later life reproductive capacity, 
decrease survival, and increases 
asymmetry and metabolic disorders. 
Remarkably, in poultry, the effects of 
perinatal conditions on health during 
later life are largely unknown. 

Jan Wijnen, researcher at 
HatchTech, investigated this at 
Wageningen University, the 
Netherlands, and his results were 
published in a doctoral dissertation 

entitled ‘Route to resilience: Long 
term effects of incubation 
temperature and early feeding in 
broilers’. The current article provides 
a brief overview of their main 
findings. 

Suboptimal early life 
conditions 

Literature suggests that two perinatal 
conditions in standard commercial 
poultry production may be 
suboptimal, namely 1) a constant 
incubation temperature and 2) 
delayed access to feed and water 
after hatch. 

Concerning incubation 

temperature, it is generally believed 
that eggs should be incubated at a 
constant eggshell temperature (EST) 
of 100°F. However, studies from Dr 
Nangsuay and Dr Maatjens found 
indications that both a 2˚F higher EST 
during mid incubation as well as a 2˚F 
lower EST during late incubation 
would perhaps enhance embryo 
development and chick quality at 
hatch.  

Concerning post hatch feeding 
strategy, it is common practice to 
give chicks first access to feed and 
water at placement in the farm 
house. Chicks are often between 9-72 
hours old at this point, depending on 
hatch moment within the hatch 
window and transport durations. In 

the past 10 years, there has been a 
growing interest in so called ‘early 
feeding’; a method in which chicks 
have direct access to feed and water 
at hatch through providing it in the 
hatcher basket (HatchCare) or 
through on-farm hatching. 

Previous studies have shown that 
early compared to delayed fed 
poultry showed higher growth 
performance until slaughter age, 
lower survival, and altered immune 
response, but whether or not post-
hatch feeding strategy affects disease 
resilience was barely studied yet. 

Necrotic enteritis and 
colibacillosis  

Two infectious diseases that 
commonly occur in poultry 
production were induced to study if 
the alternative incubation 
temperature patterns and/or early vs 
delayed feeding affect poultry 
disease resilience. Incubation 
temperature patterns that were 
tested were either higher EST of 102°F 
during mid incubation or lower EST 
of 98°F during late incubation or a 
combination between both 
compared to constant 100°F. In one 
experiment, necrotic enteritis was 
induced at four weeks of age by a 
single oral inoculation of Eimeria spp. 
and repeated C. perfringens. 

In another experiment, respiratory 
colibacillosis was induced at day 
eight post hatch by a single 
intratracheal inoculation of avian 
pathogenic E. coli (O78:K80). 

In both experiments, Ross 308 eggs 
were incubated at alternative EST 
patterns and the hatch window was 
regularly monitored so that chicks 
from the delayed fed treatment 
groups could be withheld from feed 
and water for 48 hour after 
emergence from the eggshell, based 
on their individual biological age. 

Chicks were grown straight run in 
32-36 floor pens until slaughter age. 
Disease response was studied by 
daily observations of mortality and 
growth performance as well as 
evaluation of incidence and severity 
of local and systemic organ lesions, 
oocyst shedding (OPG), and bacterial 
contamination numbers. 
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Fig. 2. Effect of early feeding compared to 48h delayed feeding on growth 
performance during colibacillosis (*=P<0.05).
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Fig. 1. Effect of a lower (98°F EST) or standard (100°F EST) incubation 
temperature during late incubation on ADG during necrotic enteritis at 
four weeks of age (* =P<0.05; #=P<0.10).
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Long term effects 

Results showed that both incubation 
temperature pattern as well as post 
hatch feeding strategy clearly 
affected broiler disease resilience. 
Contradictory to the hypotheses, all 
alternative EST patterns negatively 
affected disease resilience compared 
to a constant EST of 100˚F. 

This was mainly expressed by 
impaired growth performance and 
survival probability. For instance, 
broilers incubated at an EST of 98˚F 
during late incubation compared to a 
constant EST of 100˚F had 
significantly worse average daily gain 
during necrotic enteritis (Fig. 1). 

Also, broilers incubated at an EST 
of 102˚F during mid incubation 
compared to a constant EST of 100˚F 
had 4% lower chance to survive 
colibacillosis. As an alternative, early 
fed broilers showed enhanced 
disease resilience compared to 48 
hour delayed fed broilers. This was 
expressed by a 7% higher number of 
broilers that underwent colibacillosis 
without showing any disease 
symptoms, a 6% lower incidence of 
lesions in air sacs, enhanced growth 
performance (Fig. 2; Δ in BW at day 35 
= approximately 200g), and a 
tendency for lower mortality 
(Δ=6.6%) during necrotic enteritis. 

EST and early feeding 
interact  

Early feeding did not always 
guarantee a better disease resilience. 
For some disease responses, 
specifically systemic colibacillosis 
infection, the effect of post hatch 
feeding strategy was dependant on 
incubation temperature. At control 
EST (constant 100˚F), no effect of 
feeding strategy was found in 
systemic colibacillosis, but at higher 
EST (102˚F E7-E14), delayed fed 
broilers had approximately 11% lower 
incidence of E. coli in blood and 
incidence of systemic lesions than 

early fed conspecifics. This shows 
that if eggs are incubated at an 
optimal 100˚F eggshell temperature 
throughout incubation, early feeding 
enhances broiler disease resilience 
compared to delayed feeding, 
whereas at suboptimal EST the effect 
may be opposite. Possibly, 
suboptimal incubation temperature 
impairs intestinal development and 
subsequently chicks cannot properly 
digest early feed intake at hatch, but 
further research is needed to explain 
the relationship between incubation 
temperature and early feeding.  

Temperature preference 

The success of early feeding also 
depends on good management of 
optimal ambient temperature. It has 
been shown that early fed chicks 
produce almost double the amount 
of heat at pull moment (Fig. 3a). The 
current research investigated 
whether this also affects the 
preferred ambient house 
temperature and found that early fed 
chicks prefer a 4˚F lower ambient 
temperature up to at least 12 days 
post hatch (Fig. 3b). 

On the one hand this brings a 

higher risk of overheating early fed 
chicks compared to delayed fed 
chicks, for instance during chick 
storage at the hatchery or during 
transportation if conditions 
standardised for delayed fed chicks 
are not adjusted for early fed chicks. 

On the other hand, early fed chicks 
show higher thermogenesis and are 
therefore more tolerant to cold 
exposure. Additionally, heating costs 
will be lower as ambient house 
temperature at placement should be 
lowered for early fed chicks.  

These findings do indicate that 
post hatch feeding strategy affects 
temperature preference during grow 
out and this should be taken into 
account during future studies. In the 
current experiments this effect was 
excluded by providing heating lamps 
in all pens such that chicks could 
choose their own preferred ambient 
temperature (Fig. 3c).  

Stress 

Unfortunately, the exact biological 
mechanism explaining how 
incubation temperature and post 
hatch feeding strategy affected 
disease resilience during grow out 

was not found. It has been suggested 
that uptake of residual yolk is 
enhanced by early feeding through 
increased peristaltic movements and 
digestive enzymes activity. Some 
studies showed that early feeding 
does indeed result in lower weight of 
the residual yolk. However, 
inconsistency is found amongst 
studies and the current study also 
found no difference in residual yolk 
weight between feeding treatment 
groups.  

Possibly, neonatal stress played 
some role. Delayed access to feed 
and water may cause stress and stress 
is known to affect the immune 
system. It was found in the current 
study that delayed fed chicks had 
more than twice the level of 
corticosterone in their blood at 48 
hour after hatch (= end of 
withholding period) compared to 
early fed broilers (Fig. 4). 

Once fed, corticosterone levels in 
blood reached similar levels 
relatively quickly. This is a minor 
indication that delayed feeding may 
cause stress.  

Other studies on this topic are 
limited and further research is 
proposed to draw conclusions on 
whether or not delayed feeding is 
stressful to a neonatal chick. These 
studies would conclude whether this 
stress should be regarded as distress 
and has any negative impact on 
welfare or performance in the longer 
term. 

Conclusion 

Incubation temperature as well as 
post hatch feeding strategy can 
affect poultry resilience to infectious 
disease at later ages. Both a constant 
EST of 100˚F throughout incubation 
as well as early feeding seem to 
support the potential of a healthy 
chicken. However, each of these two 
factors should not be regarded 
separately as some kind of holy grail 
as their impact can also be negative if 
other early life conditions are 
suboptimal.                                         n
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Fig. 3. The effect of early and 48 hour delayed feeding on heat production within the hatcher (A Reijrink et al., 2017). Preferred ambient temperature 
during grow out of broilers (B) was tested in a temperature gradient box (C).
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Fig. 4. Effect of early feeding or 48 hour delayed feeding on 
corticosterone level in blood of broiler chicks. (Image via BioRender).
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