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The more we learn about inflammation, the more it captures a key role in our
understanding of disease mechanisms and general health in both people and livestock.
The immune system (IS) is incredibly complex and highly effective at combating the
universe of pathogens to which we’re continually exposed. When the IS is activated, an
array of specialized cells, proteins, and signaling molecules are rapidly produced and
mobilized to fend off any threat, real or perceived. Providing for such vigilance and
flexibility represents a high metabolic cost. Thus, avoiding excessive IS activation can
free up metabolic resources (energy and nutrients) to be used elsewhere, such as for
growth and reproduction. The practical outcome of this in modern agriculture is that we
can boost animal production by limiting inflammation. In fact, the drastic improvements
in animal performance realized in this era of advanced disease control, sanitation, and
biosecurity has been attributed primarily to minimizing IS activation®.

Many IS activities are concentrated in the gut, which has more than 70% of all the
immune cells in the body?. Gut tissues are only about 5% of body weight, yet they
account for 15-35% of the body’s oxygen consumption and protein synthesis,®* which
represents a tremendous expenditure of metabolic energy. Subtle changes in health
status, especially gut health, can significantly impact production even in the absence of
overt disease. Enteric challenges can decrease weight gain, feed intake, feed efficiency,
survivability, uniformity and the ability to adapt to environmental conditions. Achieving
optimal gut health should be of primary concern for producers striving for high animal
performance.

Inflammation in the gut can be caused by disease, ingestion of inappropriate feedstuffs,
toxins, parasites, and, especially, bacteria and viruses. Microbes can cause both overt
disease and (our focus here) low-level, constitutive gut inflammation. For example,
epithelial cell turnover and secretions are profoundly affected by the gut bacterial
population.” Animals raised in germ-free environments grow much faster than their
conventional counterparts.® For chicks, this growth advantage can be up to 25%." This
effect can be seen even if the only bacteria present are lactobacillus, so-called “good”
bacteria.® With this in mind, it makes sense that reducing the bacterial load should
increase animal growth. This is why growth-promoting antibiotics are in such
widespread use. The growth-promoting effects of antibiotics in the absence of disease
are traced to reducing the energetic costs of constitutive, low-level inflammation
associated with intestinal bacteria.”'*!

Although gut bacteria are often the primary source of inflammation, the best answer may
not lie in wiping out the microbial population with broad spectrum antibiotics. A healthy
population of intestinal microbiota confers resistance to pathogenic strains. Some types
of bacteria even exhibit anti-inflammatory effects on the mucosa.*? They also produce



enzymes that assist in digestion.® The successful, broad marketing of various kinds of
probiotics to improve gut health attest to the importance of maintaining a populated
digestive tract.**

One alternative to using broad spectrum antibiotics to ameliorate gut inflammation and
thus promote maximum animal productivity is to use a targeted approach to clear out
only harmful microbial invaders. Theoretically, the pathogenic load can be reduced
while leaving the beneficial microbes intact. This is essentially the mechanism by which
probiotics work, but these effects are often weak and variable, and a targeted strong-arm
method—namely, drugs—aqgenerally requires a specific diagnosis. For example, egg-
derived antibodies targeted against rotavirus or parvovirus are effective for those viruses,
respectively, but completely inert with regards to other organisms.>*° In the absence of
overt disease it would be extremely difficult to identify which organism—or, far more
likely, group of organisms—is causing the excess inflammation. Many organisms can
not be neatly classified as “pathogenic” or “benign.” Each animal facility, and in fact
each animal, will have a different microbial profile which shifts with age and
environmental conditions. Even if they could be identified, the ability to effectively treat
only pathogenic strains is severely limited. Finally, even if a lead organism could be
identified and a drug designed to selectively destroy it, such a drug’s effectiveness would
surely be short-lived, as resistant strains rapidly develop and other pathogens move in to
replace them. For these reasons, targeting any specific microbe to realize the growth and
performance benefits of decreased gut inflammation is largely ineffective.

Yet there is an alternative approach to tackling the problem of excess gut inflammation.
Instead of targeting transient, exogenous entities in the digestive track, one may design
host-targeted mechanisms. These work on the animal’s own physiology to limit the
metabolic resources “wasted” on excess inflammatory responses so that growth and
production are optimized. Being directed to biochemical targets in the host itself, there is
no need to identify specific pathogens, and resistance does not develop.

There are many generalized anti-inflammatory agents, such as aspirin, for oral use in
humans. For animals, there is currently only one company taking this approach. Aova
Technologies’ BIG™ line of products employs an antibody against a host enzyme,
phospholipase A; (PLA;). PLA; is a key player in the inflammatory response of
vertebrates. This enzyme enables one of the earliest metabolic steps in the inflammatory
cascade. Thus, by targeting the host animal’s PLA,, these products modulate the action of
many key inflammation mediators in the gut, resulting in suppression of excess
inflammation. Importantly, this does not change the immunological status of the animal,
which is still fully able to mount an effective response to acute health challenges.

The BIG™ products have been featured in over 100 commercial and university trials in a
wide range of species, showing significant gains in feed efficiency, growth rate, carcass
yield, general health, and egg production for different animals. The success of these
products confirms the broad applicability of the host-targeted approach. Highlights of
trials results with anti-PLA; in poultry are given here.



Aova Technologies’ BIG BIRD™ (anti-PLA;) had a positive dose response for
production in brown egg laying hens in a commercial setting. At an inclusion rate of 1.25
kg/MT there were statistically significant improvements in egg production (% lay and
total weight of eggs produced) and feed conversion (Figures 1), whereas mortality and
feed intake were unaffected. No other changes in standard management practices were
necessary to achieve these effects.!’
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Figures 1. Production layer results, averaged data per treatment. This 8-week
study had 3360 hens in a randomized complete blocks design within a single
house. ANOVA significance at p<0.005.



Broiler chick trials were conducted at the University of Wisconsin-Madison using
anti-PLA, to examine the host-targeted approach. A compilation of 16, 3-week battery
growth trials averaged 5.8 points improvement in feed efficiency (range -3.2 to 12pts,
Figure 2). The average pen weight in these studies was improved by 5.3% (range -1.2%
to 14.3%, p<0.1)."®
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Figure 2. Compilation of 16 university broiler trial results for feed conversion
(feed consumption/weight gain). Trials generally consisted of 10 pens of 5 birds
each. Significant difference with p<0.05.

BIG BIRD™ was one of several feed supplements trialed on 20,000 Pekin ducks at a
large commercial facility. Although early weight gains at 14 days were not significant by
42 days of age, BIG BIRD™ fed ducklings had improved carcass yield, with the highest
dressing percentage of the treatments considered. Coupled with the low mortality, this
was reported as the most profitable supplement.*®

Managing today’s livestock for maximum productivity requires a multitude of good,
informed decisions across all areas of production, such as facilities, genetics, agricultural
markets, and physiology. Gut inflammation is an important piece of this puzzle. To
realize the full genetic potential of his livestock—and maximum economic return—the
savvy manager will be aware of how gut inflammation develops and impacts production,
and be in command of the tools to best regulate it.



! Cook, M. (1999) “Nutritional Effects on Vaccination” In: Veterinary Vaccines and Diagnostics (Ed.
Schultz R.), Academic Press, 41:53-58.

2 Gaskins, H. (1997). Feed Mix, 5(1):14-16.

® Edelstone, D. and I. Holzman (1981). Amer. J. Physiol. 240:G297-304.

* McNurlan, M. and P. Garlick (1980). Biochem. J. 186:382-383.

® Gaskins, H.R. (2008) Host and intestinal microbiota negotiations in the context of animal growth
efficiency. In: Gut efficiency; the key ingredient in pig and poultry production (Eds. J. Taylor-Picard and
P. Spring). Wageningen Academic Publishers, Wageningen, The Netherlands. p.32.

¢ Lev, M. (1961). J. Appl. Bact. 24 (3): 307-315.

" Forbes, M. and J. Park (1959). J. Nutr. 67 (1): 69.

® Loynachan, A. et al. (2005). Xenotransplantation 12 (2): 149-155.

% Gaskins, H.R. (2008) Host and intestinal microbiota negotiations in the context of animal growth
efficiency. In: Gut efficiency; the key ingredient in pig and poultry production (Eds. J. Taylor-Picard and
P. Spring). Wageningen Academic Publishers, Wageningen, The Netherlands. p.31.

1% Forbes, M. and J. Park (1959) J. Nutr. 67 (1): 69.

" Roura, E. et al., (1995) J. Nutr. 122:2383-2390.

2 Kelly, D. et al., (2004). Nature Immunol. 5(1): 104 - 112.

3 Ewing, W. D. Cole (1994). The Living Gut: an Introduction to Micro-Organisms in Nutrition,
Dungannon, U.K. p. 220.

1 Decuypere, J. (2003). Western Nutrition Conference, Winnipeg, Canada.

15 Sarker, S. et al., (2007). J. Health Popul. Nutr. 25(4):45-468.

16v7an Nguyen, S. et al., (2006). Can. J. Vet. Res. 70(1):62-64.

7 Internal data of Aova Technologies, intended for publication 2009.

'8 personal communications, Professor Mark Cook.

19 Personal communication.



