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Presenter
Presentation Notes
When I think about cattle, or about microbes, I don’t think about them in isolation. I think about them as a microbial community that is part of the animal host they inhabit.


Host-associated microbiome
Microbioma asociado al huésped
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Most of the time when you hear about host-associated microbiomes these days, it’s related to human health, and you see artwork representations of the glorious association of microbes to humans.

https://www.flickr.com/photos/tsevis/11645535103/in/photostream/
https://www.foodbusinessnews.net/articles/11241-the-human-microbiome-holds-great-promise-for-innovation
http://microbeminded.com/wp-content/uploads/2018/01/microbiome_sm.jpg

The research is less glamorous
than it sounds in the news
La investigacion es menos

glamorosa de lo que parece en
las noticias
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But anyone who researches the host microbiome knows that it’s messier and less glamorous than what you hear in the news.


Why do we care about microbes?
;Por quée nos importan los microbios:
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But why in the animal industry do we care about microbes? We have it figured out. We feed the cow, we eat the cow. Done, right?


\

Early microbial exposure improves rumen

growth and development
La exposicion microbiana temprana mejora el

crecimiento y desarrollo del rumen

Figure 1. Development of bovine stomach compartments from birth to maturity.

First Week Three to Four Months Maturity
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In fact, exposure to diverse microbiota early in life is critical to proper development of the rumen and papillae, as well as priming the developing immune system.


The rumen is an interesting place
El rumen es un lugar interesante
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Those four stomach chambers create four unique ecosystems, and the rumen in particular is a very attractive place for microbes to live. 

The rumen is home to a variety of microorganisms, including bacteria, ciliated protozoa, and fungi, but also methanogenic archaea, and viruses.

The microbial cell biomass is incredibly high, it gets very crowded. In that microbial community, you have competition, cross-feeding, and a lot of change in the community as they strive to find their niche.



Gl microbiota is dynamic by body site
La microbiota Gl es dinamico segun el sitio
cuerpo
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In fact, gut microbiota is dynamic by body site. This figure depicts bacterial genera in the digestive tract of calves, and from left to right the X axis lists the stomach chambers and portions of the intestines from proximal to distal. From top to bottom the 4 panels are showing days 1, 3, 7, and 21 of life. But you’ll notice on that X axis that each stomach chamber and each segment of the intestines hosts a different bacterial community.  This is very important if we are thinking about improving feed efficiency or health, because we need to understand the community in the body location we are trying to affect.


Gl microbiota is dynamic by day
La microbiota Gl es dinamica de
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The bacterial community in the gut is also very dynamic by day, even between days 1 and 3 of life the GI tract is changing.  If we are thinking about feed or probiotics, what might work on day 1 might not work on day 21 because the community has matured.


Gl microbiota is dynamic near epithelia
La microbiota Gl es dinamica cerca de los
epitelio

Lumen Mucosa
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And finally, the bacterial community that we see in digesta in the lumen of the GI tract, shown as the panels on the left, is not the same as the bacterial community that we find in the mucosal layer of the GI tract.  These mucosal layer communities are adjacent to host epithelial cells and appear to interact with the host more directly.  You’ll also notice that the mucosal populations appear more stable over time, indicating that there might be less variability between individuals in which those microbes can live in the mucosal layer and interact with health. 


Feces does not show the whole picture
Las heces no muestran la imagen completa
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And finally, it is important to note that the bacterial community found in feces was different than what was found in the GI tract, even in the colon.  So when designing an experiment or feed additive, it is important to understand the host-associated microbiome in the body location that you are trying to target, instead of just measuring the community in feces.


Where is the Gl microbiota
sourced from?

;:De donde proviene la
microbiota GI?
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Ok so we know we need microbes in the rumen, where are these microbes coming from?


\

Where is the Gl microbiota sourced from?
;:De donde proviene la microbiota GI?
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Are they sourced from the environment? Or solely from interacting with the mother?  This is important because rearing strategies and farm environments might affect the amount and type of microbes that a calf is exposed to, and this may alter the microbiome they develop as an adult.


Colostrum contains lots of bacteria
El calostro contiene muchas bacterias

Much of this is Prevotella, which is found
all mammalian gut

Gran parte de esto es Prevotella, que se
encuentra en todas los intestinales de
mamiferos
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Well, one known microbial source is colostrum.  Of all mammalian species so far tested, bacteria have been found in the colostrum and milk of all of them.  The bacteria in the colostrum of dairy cattle are shown here at the phylum level, and those purple sections are the phylum Bacteroidetes.  Of that phylum, the genus Prevotella makes up a great deal.  Prevotella species can digest proteins, simple carbohydrates, and some can digest fiber.  Prevotella has so far been found in all mammalian GI tract. 


\

Bacteria from the colostrum found along calf Gl tract
Bacterias del calostro encontradas a lo largo del'tracto
gastromtestmal de la pantorrllla
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Importantly, many of the bacteria in the GI tract of a calf is initially sourced from colostrum, seen here in yellow. Others are sourced from the dam’s vagina as calves are exposed during parturition, others from non-maternal sources shown in grey, indicating other sources of microbes found in the neonatal calf.



Where is the Gl microbiota sourced from?

;De donde proviene la microbiota GI?

Would any microbes
do?

;Harian algun
microbio?

Is it more effective if
a probiotic species is
indigenous or not?

;Es mas efectivo si
una especie
probiotica es indigena
0 no?
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An important question is now raised, do the microbes in the calf GI tract need to come from the mother, or would any microbial source work?  

This is an important question because we are still trying to understand probiotics and when they do and do not work.  Is a probiotic more effective because it is indigenous to the cow and it grows well there or because it is not and it is able to outcompete other microbes?


Where is the Gl microbiota sourced from?
;:De donde proviene la microbiota GI?
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Another important question that comes up in wanting to know where gut microbes comes from is whether they are important for health, or just for digestion, maybe they are just passing through, or maybe they are interacting with the microbial community but not the host directly.  

This is important if we are thinking about restoring health and knowing which microbes we need to put back into an ill animal


\

As diet changes, so does rumen diversity
A medida que cambia la dieta, tambien lo hace
la diversidad ruminal
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We also know that diet is important in determining the gut microbiome.  This is just an example from one of my studies using lambs from two weeks to six months old.  In that time they were weaned and went through several diet changes, and you can see in each of the 4 panels that each diet was associated with different bacterial families, while some families like Prevotellaceae in light blue at the bottom were present regardless.


Diet can drive microbial imbalance and system

dysbiosis

La dieta puede conducir al desequilibrio
microbiano y la disbiosis sistémica
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But, sometimes diet can also drive microbial imbalance and cause systemic health problems, and a good example of this is acidosis.  Acidosis creates a very acidic rumen environment, and it can kill many of the sensitive fibrolytic species found there, including bacteria, protozoa, and fungi, which are shown in the graph.  So not only are you losing the species which are helping digest the diet, but you are left with a very different community


Bacterial probiotics stabilized rumen pH in lamb
Los probioticos bacterianos estabilizaron el pH

del rumen en corderos
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On the other hand, you can use microbes to rescue the animal from microbial dysbiosis, and especially in helping neutralize the pH.  In that same lamb study, I gave a mix of 5 bacteria to lambs over two months, and in the experimental or probiotic group, the rumen pH was much closer to neutral in the first two months of life.


\

Saccharomyces cerevisiae yeast probiotic rescues
cow from sub-acute ruminal acidosis

La levadura Saccharomyces cerevisiae probiotico
rescata a las vacas de la acidosis ruminal subaguda

Increases bacterial and
protozoal (shown) diversity

Aumenta la diversidad
bacteriana y protozoaria
(mostrada)

Recovers some fibrolytic
species

Recupera algunas especies
fibroliticas
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A more common approach is to use yeast to treat or prevent acidosis, specifically species of Saccharomyces.  It is well known that yeast treatment can improve bacterial diversity and neutralize the pH, but in this study, we looked at what happened to fungal and protozoal populations, which are shown.  Just like in bacteria, yeast treatment helped recover protozoal diversity, including some fibrolytic species.


Is it more effective if a probiotic species is indigenous or not!
;Es mas efectivo si una especie probiotica es indigena 0 no?
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But, one of the big questions in probiotics and especially in using yeast, is whether that microbe is native to the gut or not.  It can be challenging to locate rare species in the rumen, and it’s not known if Saccharomyces is native to the gut because it’s commonly found in many foods.  So we don’t know if it works because it belongs there are we are replacing it, or whether it is better at surviving acidosis and we are replacing something that died out.


Feed efficiency associated with Gl bacterial
communities

Eficiencia alimentaria asociada con comunidades
bacterianas gastrointestinales
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In addition to health, we are also interested in using microbes for feed efficiency.  Animal genetics has a lot to do with feed efficiency, but it turns out microbes are also responsible.  When comparing bacteria in the GI tract of low or high efficiency sheep, we found that there was higher bacterial diversity in the rumen and duodenum, but lower bacterial diversity in the jejunum and ileum.  Thinking back to the difference bacterial communities by body site, we need to remember that if we want to target specific body locations for therapeutics we need to understand the community at that site.


Moose probiotics
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If we are talking about feed efficiency, a great example is the moose.  They eat woody browse which is very high in lignin and cellulose, and yet they grow extremely large.  So we think their gut microbiome is really tough and really good at breaking down complex fibers.  To test this, we isolated bacteria from the rumen of moose, and selected a few to make into a probiotic, and we gave it to lambs to see if we could improve growth.


Bacterial probiotic lambs weighted same, cost

less to produce

Los corderos probioticos bacterianos pesanilo

mismo, cuestan menos producir
Probiotic Control
Total feed cost $1,564.63 $1,592.17
Group market weight 257.25 kg 256.95 kg
(6 mo)
Cost to produce SUSD [$6.08 / kg lamb |$6.19 / kg lamb
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The probiotic group didn’t weigh more than the controls, but when we calculated the production costs, not counting the cost to produce the probiotic, our probiotic lambs were cheaper to produce because they ate less of the expensive milk replacer and starter feed and much more hay than the control group.


Can we use microbes to
manage temperature stress?
;Podemos usar microbios para
controlar el estres por
temperatura?
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So I want to talk about just one more thing that we can use microbes for, and that’s managing temperature stress


Heat stress negatively impacts livestock
El estrés por calor afecta negativamente
al ganado
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We know that heat stress negatively affects animal health, and globally it significantly reduces milk production.


\

Heat stress in utero alters gene expression in
calves

El estrés por calor en el utero altera la
expresion genica en terneros
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Heat stress can change gene expression in an animal, and if that animal is pregnant, it can affect gene expression in the offspring as well.  This study was done in dairy calves, and they found about 1500 sites in the cow genome that had altered gene expression if they had been heat stressed while in utero.  Importantly, some of the genes altered had to do with the innate immune function, and if you change the immune system, you can also change how the body interacts with microbes.
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Heat stress (HS) alters gut microbiome and derived
metabolites

El estrés por calor (HS) altera el microbioma intestinal
y los metabolitos derivados

» Repercussions for
feed efficiency

» Repercusiones
para la eficiencia
alimenticia
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So you can find an altered gut microbiome in animals that are stressed, from heat or otherwise.  You then also change the metabolic profile of the gut community, and the alterations to microbial-derived metabolites can have repercussions for feed efficiency.


Heat stress in cattle causes ‘leaky gut’
El estrés por calor en el ganado causa
"intestino permeable”

Gt carciorionng 1 st 5

Claudin, wikipedia

Maternal intestine .
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Gut lumen
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Dendritic
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The other problem is that stress can cause “leaky gut”, or a reducing in the barrier function of epithelial cells.  And this can allow microbes in the gut to pass through the intestinal wall and access body tissues where they cause trouble.


Can we use microbes to manage heat stress?
;Podemos usar microbios para controlar el
estres por calor?

» Bacterial probiotics Parameter
reduce heat stress in H H+P,
laying hens Egg production 80.70 +0.038 83.92 +0.03%
L rate, %
» Los prqb‘Ot‘COS Average daily feed | 88.10 +6.258 93.64 + 8.5662
bacterianos reducen el intake, g
estrés por calor en Average egg 52.18 + 2.628b 53.90 + 1.0782
gallinas ponedoras weight, g
Feed-egg ratio, % |2.09+0.17 2.05+0.23
Broken egg ratio, % | 0.40 0.21
Mortality, % 2.30 1.00
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But perhaps we can use microbes to manage the symptoms of stress. In chickens, work is being done using bacterial probiotics to reduce heat stress symptoms in laying hens.  I am not sure if something similar is also being done in cattle.


Can we use microbes to manage cold stress?
;Podemos usar microbios para controlar el
estres por frio?

>
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Plant secondary compounds
increases rumen temperature

Los compuestos secundarios de la
planta aumentan la temperatura del
rumen

Certain microbes specialized in
detoxification

Ciertos microbios especializados en

desintoxicacion =\

Sundset Lab, Tro
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And if you are from a cold climate, like me, you are also concerned with cold stress, and microbes can help us there, too.  When animals ingest plant secondary compounds, which may be toxic, it causes an increase in body temperature.  There are microbes found in the gut of certain animals that eat toxic plants all the time, like woodrats or reindeer, and these microbes are able to detoxify the plant compounds.  Perhaps we can develop probiotics to allow cattle to ingest lower quality forage like juniper without causing harm, in order to increase their body temperature in the winter.


Feed the microbes, feed the cow
Alimenta a los microbios, alimenta a
vaca
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So I’ve talked about a lot of different things to think about in terms of host-associated microbiomes, but the take-home message here is that when you feed the microbes, you feed the cow, 


Feed the microbes, feed the cow
Alimenta a los microbios, alimenta a
la vaca
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And maybe we can improve animal health and production by thinking of it as raising microbial livestock.
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