
ACTIVATION of the immune system 
is a natural biological response 
that occurs after an animal has 

been exposed to a pathogenic (such as 
bacterial or viral) or non-pathogenic 
(such as an endotoxin) antigen.

First, the presence of an antigen re-
sults in the release of cytokines — such 
as interleukin-1, interleukin-6 and tumor 
necrosis factor — that activate the im-
mune system (Klasing and Korver, 1997). 
These cytokines also alter the animal’s 
metabolic state by depressing feed in-
take as well as partitioning nutrients 
away from tissue deposition and to-
wards immune activity.

Several studies in this area have uti-
lized the chick as a model to evaluate 
the impact of cytokines on immune sys-
tem activation (ISA) and metabolic sta-
tus. The data consistently show that ISA 
induces a depression in feed intake and 
growth rate.

The poultry data would suggest that 
70% of the growth depression response 
from cytokine exposure is a function of 
reduced feed intake and that the remain-
ing 30% results from changes in the ani-
mal’s metabolism (Klasing, 1987).

Researchers were able to demonstrate 
that cytokine injections both depress 
protein synthesis (Jepson et al., 1986) 
and increase protein degradation (Klas-
ing et al., 1987), which, together, would 
result in lower body protein accretion. 
The decrease in protein deposition 
would then suggest that the animal’s di-
etary requirement for amino acids, such 
as lysine, may have changed.

Williams et al. (1997a,b,c) published a 
series of papers about multiple experi-
ments they conducted focused on how 
pigs reacted to different dietary con-
centrations of lysine based on different 
rearing conditions that were designed to 
create different levels of ISA.

The researchers demonstrated that 
the two different rearing systems used 
could differentiate pigs into low immune 
activation (LIA) and high immune acti-
vation (HIA), as determined by the ab-
sence/presence of antibodies for multi-
ple pathogens as well as a separation in 
the ratio of T lymphocytes (CD4+:CD8+).

Similar to the poultry work, the re-
searchers observed a reduction in feed 
intake and bodyweight gain (P < 0.01) 
both from 13 to 60 lb. and 60 to 247 lb. 

ReprintFeedstuffs, March 5, 2018

© 2018 Feedstuffs. Reprinted with permission from Vol. 90, No.03, Date, 2018

Immune system activation effect 
on lysine requirements of pigs

balance studies and observed no differ-
ences in the partial effi ciency of lysine 
utilization in pigs with either LIA or HIA. 
Thus, this signifi es that greater dietary 
lysine for pigs with LIA versus HIA is nec-
essary to meet the increased body pro-
tein accretion and is not due to any dif-
ferences in the effi ciency of utilization.

Overall, these studies would suggest 
that pigs with HIA have 0.15-0.30% lower 
total dietary lysine requirements or 2-5 g 
less daily lysine intake compared to pigs 
with LIA.

Commercial trials
Shelton et al. (2012) conducted anoth-
er series of experiments that focused 
on how ISA could alter the response 
to dietary lysine in a commercial envi-

in pigs with HIA compared to LIA. They 
also demonstrated that pigs with LIA re-
quired a higher dietary lysine concentra-
tion to optimize both bodyweight gain 
and gain:feed compared to pigs with 
HIA. For example, from 13 to 60 lb., pigs 
with LIA responded with improvements 
in gain:feed until the total lysine concen-
tration reached 1.50%, while pigs with 
high HIA responded with improvements 
until 1.20% of dietary lysine (immune 
status x lysine interaction; P < 0.01).

Williams et al. also conducted nitrogen 
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ronment. In these studies, the authors 
utilized a natural exposure to porcine 
circovirus-type (PCV) disease challenge 
to both non-vaccinated and PCV2-vacci-
nated pigs as their method of immune 
activation.

It is also important to note that all 
pigs in these trials had been exposed to 
porcine reproductive and respiratory 
syndrome virus (PRRSv) in a controlled 
fashion by injecting them with serum 
containing PRRSv as part of the farms’ 
standard production protocol roughly 
fi ve to six weeks before the initiation of 
the fi rst two trials.

The authors then titrated four increas-
ing levels of standardized ileal digest-
ible (SID) lysine to metabolizable en-
ergy (ME) in four separate trials (two 
separate bodyweight ranges in both gilt 
and barrow barns). In both of the early-
fi nishing studies, PCV2-vaccinated pigs 
had greater (P < 0.001) average daily 
gain (ADG) and average daily feed intake 
as well as a trend (P < 0.10) for improved 
gain:feed over the non-vaccinated pigs.

Prior to and during both of the early-
fi nishing studies, clinical evidence of 
PCV disease was evident in the non-vac-
cinates. This, combined with the growth 
and feed intake responses, would sug-
gest that a health challenge occurred, 
generating different levels of ISA be-
tween the PCV2 and non-vaccinated 
groups.

No interactive effects were observed 
(P > 0.18) between vaccination status 
and SID lysine:ME in either early-fi nish-
ing study.

Figures 1 and 2 provide a visual of the 
ADG and gain:feed responses in the gilt 
trial, respectively. It can be noticed that, 
based on the trend line of the response, 
the optimal SID lysine:ME in both non-
vaccinates and PCV2-vaccinated pigs 
appears to be approximately 3.00 g/
Mcal, matching the third incremental SID 
lysine:ME treatment.

These two studies suggest that the 
pigs’ optimal level of SID lysine:ME was 
not altered by the increase in immune 
challenge. One of the major symptoms 
associated with PCV disease is muscle 
wasting, so it might seem logical that this 
particular disease would have a stronger 
effect on body protein metabolism and 
decrease the dietary requirement for ly-
sine more than some other disease; how-
ever, that was not an observation from 
this study.

The two late-fi nishing trials also 
showed no interactive effects (P > 0.36) 
between SID lysine:ME and vaccination 
status, although at this point, the au-
thors were no longer seeing a decrease 
in growth or intake between the vacci-
nate groups and observed minimal clini-
cal signs of PCV disease. This would sug-
gest that the latter two trials may have 
been conducted after the non-vaccinat-
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ed pigs had returned to baseline levels 
of immune activity.

So, the logical question is why the pigs 
with lower immune activation responded 
to higher levels of lysine in the Williams 
et al. (1997 a,b,c) trials but not in trials 
by Shelton et al. (2012). The likely expla-
nation is that in the Williams trials, there 
was a large difference in ISA between the 
relative treatment groups compared to 
the other trials.

Pigs’ exposure to PRRSv in the Shelton 
trials would have initiated some immune 
stimulation in vaccinate groups and may 
have narrowed the range in ISA differ-
ences. The severity of a health challenge 
may dictate whether or not a group or 
fl ow of pigs will respond to lysine levels 
for maximum lean gain or if their require-
ment is lowered.

The next issue that needs to be ad-
dressed then would be whether the ra-
tios to lysine for all additional amino 
acids are still valid under various health 
challenges.

The Bottom Line
ISA, while certainly necessary to combat 
health challenges, has a detrimental ef-
fect on growth rate and feed intake and 
reduces the potential for body protein 
accretion in growing pigs. Fortifying the 
diet with additional dietary lysine will 
not combat the feed intake reduction 
associated with a health challenge, be-
cause the animals’ underlying metabo-
lism is the rate-limiting factor, and over-
compensating dietary lysine would only 
unnecessarily increase feed costs.

Depending on the severity of the health 
challenge, research would suggest that 
the lysine requirement as a percentage 
of the diet for grow/fi nish pigs is similar 
to high-health pigs or slightly lower for 

maximizing performance.
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