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Q
(inaudible)?  Tell us whether you treat mycoplasma pneumonia or whether treat clinical symptoms.  What are the outcomes of those that you anticipate in the treatment?

Dr. Brad Thacker: Okay, the, first of all, okay, the question is do I treat, use drugs for treating Mycoplasma and then how do I evaluate the outcome and we, Carrie and I talked about this before so, I’m prepared.  No, I don’t.  I don’t treat Mycoplasma pneumonia specifically, I treat respiratory disease recognizing that Mycoplasma is an important part of that and when I say treat that is not necessarily treating as clinical signs are apparent and we try to develop strategies that prevent clinical disease and with regard to clinical disease to me there is, if we talk about treating for reducing mortality.  I assume that that can only be a short term tolerable situation because otherwise I’m going to be out of business if I have high mortality and so then once we get beyond that and if we don’t then we’re out of business so we have to get beyond that then we’re, most herds we’re going to base that off of treatments, needs for individual animal treatments, I’m not, I’m not saying this in order of importance but probably growth rate would be the main one both average and percentage of call pigs and things like that.  Feed conversion obviously is an important economic parameter but it’s, it’s a difficult one to, to measure in a meaningful way in a lot of our, a lot of our farms so we tend to look at that more as a long terms sort of goal.  So, I you know, that’s kind of the way I guess, I’d answer that question.  Is that sufficient, Carrie?  I think that’s kind of what we talked about.

Dr. Punderson: Dr. Pijoan did you have a question?

Dr. Carlos Pijoan: It was actually more of an observation based on this interesting stuff.  I think (inaudible) when you think Mycoplasma you have to start thinking on it of, in the same way, do you hear me well?  (noise)  You have to think about it a little bit in the same manner that we think about things like Haemophilus parasuis and Strep suis in the sense that it seems to be present in a lot of animals which don’t have disease and so the, the illustration here which a little bit in contrast to what we have always believed, that the Mycoplasma essentially equals disease.  I think that and we’ll discuss a little bit later there’s there’s the epidemiology over this whole thing a certain number of things have to happen or a certain percent in population needs to be effected before you actually get over disease.  So, you get a lot of mouths talking like PCR you get a lot of PCR signals and you can actually demonstrate that the organism is there, in animals that have essentially no lesions.  And so that, that’s an important thing to start thinking, when we are thinking about this trial situation and measuring for Mycoplasma and what not.

Dr. Brad Thacker: I think that, that the dilemma I have comparing like Mycoplasma with like Strep and H. parasuis is that to me Mycoplasma is a, resides in the tissue that it causes disease in the carrier state.  Okay?  And for a fairly long period of time.  Diseases like H. parasuis and Strep suis tend to be harbored in the upper respiratory tract where they really don’t cause disease and there’s some really I think in many situations some very significant environmental triggers that enable those diseases to, to take hold whereas Mycoplasma, I think, is less sensitive to the environment.  It’s going to be there and certainly it affected by the environment but it’s more of a graded sort of response whereas Strep suis and H. parasuis..Strep. suis is recognized as an overt disease right?  And, and it’s not necessarily a graded kind of response and I think so, that’s where Mycoplasma is better host adapted because of it’s ability to live in the host and kind of have it’s own way by itself.

Dr. Pijoan: (inaudible) 

Dr. Punderson: Okay.  I’d like to thank this morning’s speakers.  We’d like to start back at one thirty with our afternoon session.  We’ll have lunch on your own.  There is a restaurant upstairs and we have a list of local restaurant within walking distance at the back of the room.  Thank you very much.

Afternoon, March 6:

Dr. Comyn: Good afternoon to everybody, before we get started I just wanted just to, a couple of comments and questions that came up and I just wanted to, just to answer some people’s questions.  One of the audience members asked me you know, sort of where is, what is the Division of Therapeutic Drugs for Food Animals and how does that fit in? And I wish I had an overhead of the org chart and I appreciate that suggestion because I, now I wish I’d put one in there.  Basically, as many of you know our Center for Veterinary Medicine is one of the centers within the Food and Drug Administration and we are all in the office of New Animal Drug Evaluation which is one of the offices within the center.  We are the smallest but the mightiest, no just kidding.  The smallest and most overworked, no, but we are one of the offices within the Center for Veterinary Medicine.  We are the Office of New Animal Drug Evaluation and everybody that you see here, all of us are peers, we are veterinary reviews.  Some of practiced for many years, some of us our researchers, some of us still practice on the weekends and so we have a real broad background and what we review is therapeutic drugs for food animals.  So, we, we work across all species including minor species.  There is a completely different division for companion animal and equine species.  We all interact a lot because we learn a lot from each other.  You know, we have pharmacologists and bovine practitioners so anyway we all, we’re very happy you’re here and if you, for a very good work (inaudible) of FDA if you’re interested WWW.FDA.GOV and certainly, I’d be glad to e-mail or print off information that you all might want.  Okay?  Thanks.  With that I’ll turn it over to Cindy and Nabil.

Dr. Cindy Burnsteel: 

Hello, I’m Dr. Cindy Burnsteel.  I’m in charge of the breakout session and I just wanted to remind people there’s a sign up sheet and if you are going to be here tomorrow afternoon we would really appreciate it if you would sign up for one of the breakout sessions.  This will help us get an idea of how many people are going to be here and how we’ll actually run those sessions.  Again, that’s out on the registration tables so during a break if you could out there, that’d be great.  Thank you.

Dr. Nabil Anis:

Welcome back to the second session.  I am Nabil Anis.  I’m am working for the Center of Veterinary Medicine.  I’m a reviewer in the Division of Therapeutic Drugs for Food Animals.  This is a myco, this is a Mycoplasma workshop not a woman’s basketball convention so if you’re in the wrong group this is your chance to flee out of here.  We have this session, four speakers and at the end we have a question and answer session and if times allow we can take some questions after each speaker, if not then we’ll leave it to the end where we have our questions and answers session.  Our first speaker is Dr. Chris Minion.  Dr Chris Minion got his BS from the University of Memphis and obtained his PHD from the University of Alabama at Birmingham.  He did his postdoc at the University of Tennessee, Center for Health Science and he has been with Iowa State University for the past 15 years.  The title of his talk is Genomic Sequencing of  Mycoplasma hyopneumoniae, Virulence Factors, and Vaccines.  I leave the microphone for him.

Dr. Chris Minion:

Well, I’m certainly glad to be here this afternoon, starting off this session and if I use some words or terminology that you don’t understand raise your hand and stop me.  I’m a bacterial geneticist by training, I’m not a clinician and so the experience this morning was very enlightening for me.  I’ve had a lot of discussions with Brad and Eileen Thacker about the disease and Dr. Ross as well, Dick Ross, over the years but it’s really come home to me, some of the problems in the field and how extensive the problem really is with mycoplasmal hyopneumoniae.  And sitting in the audience this morning and listen to all these talks you know, I’m pretty naive at, at these kinds of things and I’ve never been in a pig barn.  I’ve smelled pig barns but never actually been in one but I’ve worked with mycoplasmas for over 20 years with Mycoplasma hyopneumoniae for about 10 years I guess.  Being naive, one thought struck me and it’s the same thought I had years ago when I was a graduate student at Birmingham and talking to my mentor about mycoplasma disease and that is all of the things that we’re doing to try to control -mycoplasma disease, they’re all wrong.  We’ve been vaccinating for decades, years and years.  They don’t work, vaccines don’t work.  Over 95% of the herds have mycoplasma hyopneumoniae, whatever it is we’re doing.  We changed management practices, we built new facilities, we computerized facilities, we, we’re doing all of these things, they’re all wrong, or the mycoplasma is smarter then we are and I tend to think that maybe the latter is the case.  Now, Mycoplasma hyopneumoniae are like all mycoplasmas are very simple bacteria.  They’re simple in the sense that they have small genomes.  They’re about a mega base, that’s a million base pairs.  It’s very small in relationship to other bacteria and especially -eukaryotic organisms, billions of base pairs in the human genome, okay?  And yet, you know, they’re perfect pathogens and why are they perfect?  Because they get in the host, they stay in the host, they cause a chronic disease and we can’t get rid of them no matter what we do, we can’t get rid of them.  So, they’re perfect pathogens.  Okay, next slide.

I want to throw up some acknowledgements before I get started because I may run out of time.  I want to be sure that you understand that sequencing a genome is a major undertaking by a lot of people.  If was with the help of Dick Ross and his encouragement and, and the support of the College of Veterinary Medicine over the past several years, all of this that you’ll see today would not be possible.  The sequencing was done at the University of Washington, the high through put sequencing center there.  Lee Hood is the PI of that facility.  Greg Mahairas was the Director of the facility, he was my first graduate student.  So, I was able to get him to help me in this project.  Steve Swartzell and Jim -Wallace are bioinformaticists and those are people that work with computers that do all of these magical things with the stuff that comes off of the machines and we end up with the sequence, okay?  I don’t know what they do, but they, they do these wonderful things.  Elliot Lefkowitz at the University of Alabama Birmingham, is, is really the person that has taken the raw sequence and made some sense of it.  Again, he’s a computer person, a bioinformaticist, and he set up a website that we use on a daily basis to study the genome and the genes and all of these things and without his help we would still be at square one in a sense.  Tina VanDyk, Barbara Cleary, Melissa Livekamp are all research associates in my laboratory at one time or another and they’ve all had important parts to play in this whole process.  Steve Djordjevic is a collaborator in Australia who is working from the protein side trying to understand the organism and disease and I’m working from the genetic side.  So, together maybe we’ll pull a picture together, give us a better idea if how this organism causes disease.  Next slide.

Okay, this is the question I’m interested in.  This morning we were talking about the host and the effect the organism has on the host and a lot of it was, we looked at pig lungs and all these things.  Well, that’s all very interesting but I’m more interested in what does the bug do?  What does the mycoplasma do?  And how specifically does it cause disease?  Now, I’m not an immunologist but there is a, very clearly there is an important part of the disease that is, has to do with the immune system of the host and that’s true in almost every mycoplasmal disease, okay?  And how do the mycoplasma alter the immune response to the point where it’s detrimental to hosts, we don’t know and it’s going to take collaborations of a number of people to understand that phenomenon, okay?  And this is where Eileen and Brad Thacker come into play.  They’re, they’re that part of the key to the puzzle I think.  They’re going to be very important to solving this disease problem in the future because they have the immunological side and the understanding and with my genetics maybe we can come to some solutions.  Well, in order to cause disease we all know that bacteria have to colonize.  How does Mycoplasma hyopneumoniae colonize the pig and we’ve learned a lot over the past few years and you’ll see some slides and I’ll show you some things that we’ve learned.  We’ve come a long way but there are a lot of questions still out there.  We don’t have all the answers yet but we’re getting closer.  I’m really interested in knowing what genes are expressed.  We identified 766 different open, what we call open reading frames.  These are potential genes we don’t know if they are actually turned into proteins or not and, and we don’t know if they are all expressed and if they’re all expressed at one time or at different times in a disease process, we don’t know that.  So, I’m very interested in trying to understand you know, how these things are expressed and turned into the proteins and the products that cause disease.  I’m interested from a, what do the products do for the pathogen, why do they even have a gene?  What does it help them do?  And what do the products do to the host?  So, okay so there’s lots of questions that we’re involved in.  Next slide, please.

Function of genomics is a buzz word you are going to hear a lot about.  Systems Biology is another buzz word.  What do these things mean?  Well, in a, simply stated functional genomics is trying to define the function of every gene in the genome of an organism.  What does that product do?  How does it interact with other proteins and systems biology is asking the question, well how do these products interact with the rest of the host, the different tissues, you know and so on, and even in the, in the communities in which the host finds itself.  Okay?  And function of genomics seeks to establish relationship to pathogenesis if you are talking about pathogens, from that we can identify virulence factors and if we know how the organism cause disease and what components are involved in that disease process we can start thinking about new therapeutics.  I think the day when we can expect to have success from developing bacterins against mycoplasmal disease is long gone.  You know, they provide some protection against disease.  They help the producer get the pigs to market but if you were listening in that audience this morning, the epidemiology is telling us it’s not working.  It just does not work.  Vaccines that have a single component, a subunit, they’re not going to work, not against mycoplasmas.  You know, I’ve had too many, there’s just too much experience to tell us.  It’s going to have to be a multi-component vaccine if it’s going to be effective and there might be other things that we might have to do in order to get these things to work right because mycoplasmas unlike a lot of other bacterial pathogens can change the architecture of their surface antigenic mosaic, and what that means is they can change their spots.  And a host response to class one mycoplasma eliminates that, class two grows up out of that population and it, and it mounted immune response against the, the class two, class three grows up.  It keeps changing, it’s evolving.  It’s not really evolving, it’s turning genes, different genes on and off.  Okay?  So, we may have to develop vaccines that we treat systematically, one vaccine against one class, another vaccine six months later against another class, I don’t know, maybe we have to think about it like antibiotic therapies and some of these antibiotic resistant organisms, hit them with three or four or use different drugs successfully, successively.  Okay, next slide.

Okay.  Now, I need to bore you some with facts, okay?  Things that we’ve learned about the genome.  Mycoplasma hyopneumoniae in comparison to the other mycoplasmas, these are all micoplasmas, is about the same genome size and that’s about, you know somewhat less then a million base payers. Hyopneumoniae has about 900,000 base payers.  Pulmonis is a little bit larger.  Uro, Urealyticum is a little bit smaller and the smallest known organ, free living organism is genitalium and it has 580,000 base payers.  You know, what does that say?  Well, it says that these organisms are able to grow with very few genes.  So, they’re able to survive in environments that we would find very difficult to survive in, yet they have very, very few genes.  GC content, what does this mean?  Well, most bacteria in a range of 50%, 55% there are some bacteria that are very GC rich, that means that they have lots of guanine and cytosine in their DNA and they’re up into the 65 to 70% range.  Mycoplasmas a very AT rich, okay and for our purposes today it doesn’t mean a whole lot but for my purposes as a bacterial geneticist it means a whole lot because as you get to this AT richness it creates all kinds of problems for me when I try to express these genes in, in another host.  They just don’t express very well.  And that’s a whole other story we can talk about that some other time.  Coding density, what does that mean?  Well, what this is telling us is that genes are very tightly packed together.  It’s not unusual for bacteria, very unusual for eukaryotes.  You hear the idea that human has got all this junk DNA well, we define it as junk because we don’t understand what it does, I assure you there’s a function we just don’t know what it is.  But micoplasmas and most bacteria they are very tightly packed together with you know, the control units that turn these genes on and off you know are very tightly packed together between the gene sequences and so you know, that’s it gives us an idea anyway of the kind of regulatory systems we can expect to see.  Next slide.

Okay, okay.  I’ve already mentioned 766 open reading frames, potential genes of those about half of them we have some functional identification that is they have some homology with another gene of known function that we’ve sequenced, we’ve put into a database and so we have a pretty good idea of what those genes do but the other half, they’re unique.  They have no homology, they called hypothetical genes.  We don’t have a function for those.  We have no idea what those genes do and of those 50% only 17% of those we have any database match at all.  You know, we may have a match with these, with these 64 with another organism but they don’t know what it does in that organism either, okay?  And the rest of them are totally unique to mycoplasma hyopneumoniae, they’re not like Mycoplasma pulmonis, they not like Mycoplasma hyopneumoniae, they’re not like anything else we’ve ever seen.  They are totally unique.  Gives us something to think about in terms of pathogenesis.  Next slide, please.

We can put the ones that we know something about into assignments.  What do these things do you know?  Are they involved in amino acid biosynthesis?  Are they in making the cell envelope, remember mycoplasmas have no cell wall, only membrane.  Involved in replication, transcription, translation.  Next slide, please.  And this gives you some idea of the kinds of things this organism is involved in, okay?  In term of transport and binding proteins, that’s the largest category that we can identify.  It’s not surprising because mycoplasmas have to acquire their amino acids from their environment to make their proteins, they have no enzymes involved in amino acid biosynthesis.  So, they have to get those from the environment. They have to get their purines andpyrimidines.  Whatever they make their DNA out of and their RNA they have to get from their environment.  They have to get all of the membrane components that they make their membrane out of from their environment.  They can’t make any of these things and so they have some very unusual processes going on that we don’t see in other kinds of pathogens at all and we know nothing about these, these kinds of processes and I think that these processes involved in acquiring these components are critical virulence factors of the organism.  Okay?  Because they are doing things to the host that it’s never seen before.  Next slide.

Okay.  Now these, ribosomal transfer RNAs.  These are all structural, what we call structural RNAs or structural operons and genes and they make up the ribosome and the transfer RNAs used in translation and I guess the take home message is there’s some groups of them, the 16S and 5S RNAs or there is a gap of about 150 kilobases between them, that was known before, this is not something that I found out but the interesting thing here is we’ve only got about 31 tRNA genes in the whole genome and there should be 62 but we only have half of those.  So, the organism has someway of translating codons for which it has no tRNA charged tRNA.  We don’t know how that happens, that’s a problem for molecular biologists.  Next slide, please.

A lot, it does a lot of unusual things, these mycoplasmas, glycolysis is the energy driving pathway in an organism.  This is where it gets it’s energy from glycolysis.  So, we have all the enzymes for that.  Next slide.

These are purine and pyrimidine metabolism.  It can’t build the purines and pyrimidines for it’s nucleic acids but it can interconvert them.  They can, we con transport them across the membrane here and then we can convert them to other derivatives and the blue stars indicate enzymes that we have identified in the genome but there are some notable exceptions for instance how do you get to a diphosphate, nucleotide diphospate to a triphosphate?  We have no idea but we have to get there in order to build RNA and DNA.  We don’t have any clue what enzyme is involved in that.  Next slide.

Membrane transport, I’ve already mentioned the big class of proteins involved in membrane transport.  We have classical ones, we can, carbohydrates can be transported obviously.  Iron and haemin can be transported, we have transporters identified for that.  Phosphates, spermidine, oligonuc, oligopeptides transporters involved in cations, and so on we can find those, those are central for life.  What’s really interesting is this class of transporters we call MGLA, this is methylgalacopermease.  We have a number of those in the genome and we have no clues as to what they do.  Is this something that the organism needs for growth?  We don’t know.  You know, maybe if we figure out if it’s essential, we don’t know why there’s so many copies.  You know, it must be important if there are a lot of copies.  You’ve got a minimal genome you’re trying to, you’re reducing the number of genes you know, but you’re leaving this whole class of proteins out here with lots of copies.  We have no clue as to what these are doing.  Next slide, please.

Chaperones, okay what are chaperones?  Well, these are, this is like the butler, you know, that helps the King and Queen get ready for the ball, helps them get dressed and so on.  The chaperones are helping proteins get into the right confirmation, you know?  So they can function.  And there are very few chaperones known in mycoplasmas and these DNAK, DNAJ, GRPE, and trigger factors, I’m don’t have to tell you what each one of them does, we don’t have that kind of time but interestingly there’s no GroEL-GroES and these are found in all other bacteria.  They’re often missing in mycoplasmas and DNAK is an interesting molecule because it’s one of the most abundant proteins made in the organism.  It’s a chaperone.  And that’s true for a lot of bacteria.  Secretion, how in the world you know, does it get stuff outside the cell?  We don’t know but we’ve only got three components SecA, SecY and ClpB that we’ve been able to identify in any kind of secretion aparatus and yet proteins are secreted all the time, you know the major component of the membrane are proteins, they have to get outside the cell some way.  We have no idea how this works in the mycoplasma.  Next slide.

And talking about membrane components lipoproteins are a major component of the outside of mycoplasmas and these are the major antigenic components and these are the proteins and other mycoplasma species that turn on and off and so they, they’re changing the antigenic structure of the outer surface all of the time.  Okay?  Now in hyopneumoniae, hyopneumoniae is so hard to grow that we really haven’t been able to study the lipoproteins very well at all because they don’t form good colonies and a lot of these studies have started by looking at colony lifts and monocolonals and looking at colonies that have turned these some genes on and some off.  Okay?  And we can’t so that with hyopneumoniae so we don’t know very much about the lipoproteins but we’ve identified about 50 putative genes that code for lipoproteins and we are very interested in knowing which one of these are expressed and so on, if there in other strains of mycoplasma hyopneumoniae in some.  There are a lot of studies here that need to be done.  Next, next slide.

Okay, we know it colonizes.  I’m going to tell you a little bit, a little story.  How much time do I have?  Won’t take very long.  Oh, I’ve got another five, ten minutes before you go to sleep, okay.  Okay so how does it attach?  We know it attaches to the cilia of the epithelium, okay only to the cilia.  Thank you for the picture Dr. Ross, I’ve shown this picture all over the world.  Everybody loves his pictures, actually a beautiful, beautiful micrograph.  Okay, you can see the mycoplasma just attach that cilia it’s just gorgeous, it attaches only to ciliated epithelium, only to the cilium of that epithelia cell.  Okay, doesn’t attach to the cell itself, you can find it in the lower reaches of the lung where there are no ciliated epithelium but they are not attached to cells.  They are not cell associated, hyopneumoniae doesn’t do that and as soon as it attaches it, it induces release of intracellular calcium within that cell.  There’ll going to be a paper published shortly in I and I describing that, okay?  That comes out of Walter Sue’s lab Iowa State University.  We don’t know how that release is induced, what mycoplasma components cause that release yet but undoubtedly that is a key component to this problem of ciliastasis and cell death with these epithelial cells, okay?  All right, so what's happening right here at this interface is a key to the disease.  Next slide.

Okay, using the monoclonal that was developed in Dr. Ross's lab several years ago we were able to fish the gene for the sequence of the adhesion out of the genbank, out of the gene library, okay?  And I'm just going to, very quickly go through the slide and tell you just a little bit about this gene sequence, okay, and where it's located in the genome.  Okay, the gene that codes for the adhesion involved in the attachment to the cilia is a, is a gene that codes for a protein of 126 kilodaltons in the strain that we work with.  There's variability in other strains, some are a little bit smaller then 126, ours was 126 kilodaltons.  There's a major cleavage event at this point that releases the endterminal peptide of about 22, 23 kilodaltons.  We call this, we term this the mature protein but in reality we now know that's not the mature protein, okay?  This protein is further processed and the smaller components, okay by proteolytic enzymes on the surface of the cell, all right?  And the business part of the end of the molecule is this carboxyterminus, so this part of the protein right here.  There are two repeat regions found in this region on the protein.  The first region which we call R1, is involved in binding to the cilia.  We define the binding site very exquisitely we've shown it's a repeat region, how many repeats we have to have to form the binding activity and so on and so on, okay?  The antibodies that used to block the adherence all bind to that region and this is one antibody called F2G5, there's another one called F1B6 and there's several others that they had developed, that Dr. Ross’s lab developed and they all bind to the same region eventually the same monoclonal.  We've produced antiserum against a peptide found in this region of the protein just downstream of the first cleavage site because we're interested in trying to determine where this part of the molecule goes and then another antiserum against a peptide found in this part of the molecule. Okay?  And so we're going to use those.  I'm going to show you some pictures we're going to use those and try to follow out and try to determine where these parts of these molecules go.  If you do immunoblots with these molecules, what you'll see is this, this multi banding pattern of F2G5 recognized on this repeat sequence and that's due to the proteolytic cleavage of these, of this molecule at different sites.  And they are not complete cleavages to all the molecules and so they're partial cleavage products is what you are seeing here.  Now, this antiserum right here, that's supposed to be a delta, not a question.  I don't know how-- okay, windows machines, I'm a Mac person by the way.

(voice)Eileen Thacker

Just leave it alone.

Okay, all right, this antiserum recognizes two proteins, this part of the molecule and this subpart, this cleavage.  There's a cleavage event down here and it's recognizing this part right here.  This antiserum on our strain doesn't recognize them, a peptide.  It's pretty small, it may run off the gel or not bind to the membrane, we don't know but in other strains there's about a 32 kilodalton protein recognized which means that this major cleavage site is found in different places and different strains.  So, there's a variability there.  Next, next slide.

Immuno gold, immunoelectronmicroscopy, all you need to know here is follow the black dots.  This is where the proteins are located.  For the, for this part of the molecule they are just off the surface of the membrane of the mycoplasma, you can see that and if you're close enough to the screen sometimes you can see some fuzzy stuff kind of attached to the gold particles.  We don't know what that is but I think I know what that is now.  That's a host protein, that's holding this part of the molecule to the mycoplasma surface and why is it holding it there?  So it can bind to the cilia.  Well, why would the host want to do it?  Well, the host proteins don't want to do that but this R2, this second repeat region is binding to that host protein and holding it to the surface.  Okay?  So, it's mycoplasmas, they don't have all the gene repertoire that they need to cause disease so they use something from the host to cause disease.  Next slide.

This part of the molecule right here is not found cell associated, it's found out in this extra cellular matrix and the virulent strains all make this matrix and sometime you can see it kind of extruding away from the cell.  I'm not even quite sure what this is.  It's fairly rare but I thought this was an interesting micrograph anyway to show but it's all found out here, mostly in this extra cellular matrix.  We always thought this was something from the media.  It may be part of the host proteins from the serum but they are also mycoplasma proteins out here.  Next slide.

This part of the molecule, remember a major cleavage event so this is totally cleaved off is really the more interesting part of the whole molecule.  Why?  Because it's always aggregated and we know why it's aggregated because of the motif that it's right at this, can't hold this thing steady enough here, right there there's a motif that allows it to self associate and it's found inside the cell, it's found outside the cell and I can show you electron micrographs, I didn't bring one with me, if you look it infected tissue, ciliated tissue it's found inside those cells as well.  So, is this part of the molecule being transported across into the eukaryotic cell, could very well be.  There are some motifs in this part of the molecule that tends to think that we may be on the right track in trying to understand some of the disease mechanisms.  Next slide.

Okay.  The next gene down, this, the cilium is in a two gene operon the next gene is P102 and it's also found in this extracellular matrix and it is expressed, okay?  Next slide.

We have to move on very quickly.  Now, this slide is telling me that there are, what we call paralogs, duplicated copies of the cilium adhesion and the P102 gene other places in the genome.  They're not perfect copies because they've evolved, they've changed their sequence a bit and they fuse with some other genes.  So, they can have completely different functions.  This is where they are located, this is the original operon, the functional operon, this is the one where the P97 resides and the others are copies.  Next slide.

And they're all found in two gene operons, every single one of them, not always associated with each other sometimes there's another gene associated with it and all of these marks here, is that red, it's supposed to be red, is telling us that all of these genes are expressed.  We know these are expressed in the laboratory during growth in the laboratory.  So, interesting to find out what these things do, they all have some function.  Next slide.

And this is just a comparison of, of the different homologues, what we call homologues or paralogues, this is the original gene and these are the copies and so you can see how they vary.  The white areas are deletions, they've lost some bases.  These are insertions and these are fusions with completely unknown or different sequences whatsoever and the same thing with P102 and so there's, there's all this variability here in these sequences.  Next slide.

Okay.  Therapeutic targets and this is really kind of what I'm kind of supposed to talk about I guess from all of this stuff here.  So, can we use lipoproteins as vaccine components?  I think we will probably have to but using them alone may not work because we've had them in our bacterins for decades so that hasn't worked, okay?  Membrane transporters, well, they have some very unusual ones.  We need to think about that in terms of developing therapeutics against these transporters.  How do they function?  And can we develop mycoplasma specific inhibitors of these transporters.  Enhance related proteins, well we've only got the tip of the iceberg now, there are other proteins involved.  We don't know how they're involved but we're, we're coming to a better understanding and we might be able to target those for vaccine development and therapeutic development.  Again, these paralogs of P97 and P102 maybe important to the disease process.  They are there for a reason.  We don't know why they are copied but they are there and then there is some unique membrane activities also because the organism has to get it's amino acids so it, it you know, it just can't put a sign out that says I will buy amino acids because it has nothing to pay with.  You know, so it has to degrade proteins and then transport the peptides or the amino acids into the cell.  The same way will nucleic acids, there are nucleases on the surface of these organisms, maybe we can target those for therapeutics and that may be a much better target then a more general antibiotic or something like that.  Okay, next slide.  I think I'm done.  Yes.  Any questions?

Applause

female

(inaudible) did, Chris.

Dr. Nabil Anis: 

Our next speaker is Dr. Eileen Thacker from Iowa State University.  She obtained her DVM degree from the University of Minnesota and her PHD in pathology from Michigan State University.  She worked in the field of chicken immunology at the USDA facility for two years and she joined the Iowa State University and she's been working there for the past eight years.  Her topic of her talk today is interaction between mycoplasmal hyopneumoniae and other pathogens.

Dr. Eileen Thacker: 

Well, in a lot of ways, what I'm going to talk about has already been covered by Brad and Monty earlier today but somebody told me once, when I said well, geez everybody's heard everything.  They said, Ah you have to hear it ten times.  However, I am going to bring it from a little more hopefully unique stand point about the interaction between these micoplasma our favorite host here and other pathogens.  Okay.  So, we've talked about PRDC and we know now that PRDC is, is you know, this thing.  It's not a disease it's a complex and that's what it comes down to.  So, we've, I think we've pretty well established that through Kent and Monty and Brad and everything else.  So, this is what we started doing work on at Iowa State and when I came, when I came to Iowa State and Dr. Ross was the Dean and he asked me to help out with his lab and like you said I've been doing chickens and I was doing, I was more interested in viruses and cell-mediated immunity and stuff like that and then I was told, well mycoplasma's no longer going to be a problem to the swine industry because you guys have your medicated early weaning and, and it's just not going to be a big thing but about this time PRDC was really starting to come up and Pat Halbur at Iowa State was doing a lot of work with PRRSV and he said you know, Eileen we do a lot of work and we isolate a lot of things and the top three that we always isolate is PRRSV, mycoplasma and swine influenza.  So, let's start seeing what's gong on.  So, of course having gone to vet school we always have this classic idea that viruses, immunologically suppress the immune system and make the bacteria work.  So this was kind of the premise we starting thinking about.  Now, we've gone through this over and over again about Enzootic Pneumonia versus PRDC, mycoplasmal pneumonia like Kent says we're probably some of the few people that ever see it although there are some high health status herds now that mycoplasma pneumonia is there and I'm also seeing some interesting herd profiles that are starting to come up where the people think they've eradicated the organism and this comes to some of the things like that Chris Minion was talking about, how clever this organism is, they think they've eradicated it but they have a 5% serological positive rate so they immediately say we're having false positives.  Well, what we're finding is when we do a PCR on those pigs they are positive for mycoplasma.  Now this is going to bring up the whole new question as far as mycoplasma and disease.  Are those pigs immunologically naïve, if you take those pigs and put them into a herd, are they going to cause mycoplasma to break in a negative herd?  This is a whole new question but we've got some pigs for a study that we've recently done that were like that and they were, they were serologically they were pretty negative but we were able to, by a PCR, now that we can do PCR we can find the fewer organisms that we were never able to find before which again brings us back to the, the questions about micoplasma.  So this micoplasma pneumonia is something that the industry does have to deal with now.  Of course classically in most of our herds we've got Enzootic Pneumonia which is our classic Mycoplasmal pneumonia.  Next slide.

And this is a picture that I got from Brad showing a pneumonia that's and these are similar to what Kent showed, of showing the Mycoplasma and Pasteurella and what you'll see with these is when pasturella is there and this is not, this is something that as far as the relationship between these bacteria has not been very well investigated, is it purely because they both clump the cilia, I don’t think so.  So, there's a lot of interactions going on here between these two because Pasteurella alone doesn't cause disease and it makes micoplasma much worse.  When we do research on micoplasma we try, we don't get pigs with Pasteurella, that’s the bottom line.  If I do, then that project isn't really a mycoplasma study.  So then we have PRDC you know, and like we said that's pretty much Enzootic Pneumonia plus these viruses and again PCV2, I mean it keeps the question marks keep arising.  Next slide.

So, I think when you look at this and you know, I was in France and they say well we don't have PRDC.  That's what they said to me.  We don't have PRDC.  I said oh wow, that's great.  Well, in talking to them they have pneumonia in there finishing pigs, they have PRRSV, they have mycoplasma, they have everything we do so PRDC is purely a term.  So, it's not something you should equate to micoplasma.  It's not something you should equate to PRRSV.  But which one is the biggest problem?  And which of the interactions is the biggest problem.  Well, that is going to vary from farm to farm and obviously we can't discuss everything within the few minutes we have here.  Next slide.

So, we've already gone over the, the clinical signs with mycoplasma.  Next to nothing as a matter of fact, if you came into most of our rooms, in respects to that I liked what Kent said, in the morning you'll hear them cough, I was helping, we were doing a trial and I was going in and doing the counting coughs that sometimes we do.  I went in in the morning and I heard 93 pigs cough, I went in the next day in the afternoon and I heard 4, same pigs, that, that coughed.  For the most part you would go in with my mycoplasma only pigs and you wouldn't know there was any disease.  Next slide.

Like we've talked about, it's very slow to colonize and multiply.  I think some of the field isolates are even slower.  I'm going to talk a little bit more, more tomorrow then today about the strain that we use to do out pathogenesis studies.  It's a pathogenic strain but it's an old strain and I think it's somewhat lab adapted compared to many of the field isolates we have and I think this key in the slow growth comes to what we're seeing serologically in these herds.  When we give them lots of organisms straight into the lung it still takes two weeks to see lesions, to see disease.  Serum antibodies and it depends on the test and it depends on the pigs but typically take anywhere, very, there's talk that the doctor will sometimes pick them up as early as two weeks.  I think it really varies from pig to pig and so on and so forth but it can be two to ten weeks before and sometimes, I think some pigs never produce serum antibodies.  Kent talked about the time for resolution and the question that I have is, is the organism ever really eliminated from the pig?  We don't--

(End of side A)

--it doesn't invade the lung tissues.  So, we've talked about how it causes disease.  We've talked about how it effects the mucociliary apparatus which of course one of the important interaction between mycoplasma and other diseases of course is that it also allows opportunist bacteria and things like that to colonize better, last better and so on and so forth.  But that doesn't explain a lot of what we see with Mycoplasma.  A lot of it comes down to modulation of the immune system and Monty, I'll have to say one thing that I disagreed with your talk, you talked about PRRSV being immunosuppressive.  I think we have to look at these pathogens as not being truly immuno suppressive but immuno-modulatory because what it does is it just changes parts of the immune system rather then truly suppressing the immune system and that makes them that much harder to deal with and understand.  So, we do know Dr. Ross (inaudible) in his laboratory showed that with macrophages from pigs that were infected with mycoplasma and APP the macrophages didn't work as well.  Again, when macrophages aren't working very well

and to remind you guys, macrophages are important for not only eat, chewing up and phagocytizing the bacteria but they're very important at presenting things to the immune system.  If they're not working, the immune system is not going to be as effective and on top of it those macrophages are also very important at producing cytokines, sort of what Monty was talking about that is going to be directing the immune system towards either a more effective pathway or less effective pathway.  We know that for some reason mycoplasma stimulates lymphocytes and when we're talking about this stimulation those lymphocytes that Kent showed you that were all clustered around the airways, they are not there responding to the Mycoplasma, as a matter of fact when you put those lymphocytes from those lungs in with mycoplasmas, they don't care.  They're not there specifically but by doing that you further change the immune of the ability of the respiratory tract to get rid of the bacteria so, here we've got an, and I know there's a talk about immunology and micoplasma but this is what micoplasma and this is the key to the interaction with the other pathogens.  Okay, this is Mycoplasma alone and honest to God, we wouldn't be here if the swine industry only had to deal with Mycoplasma alone because it really would not, it probably would not be cost effective to deal with it.  It's just not that big a deal.  And here we show those lymphocytes.  Now, these lymphocytes, their mononuclear cells, so we get it out of macrophages, we get lymphocytes and interestingly most of them are B cells but they're not really producing antibodies to the micoplasma so they’re here.  So, at this point you have all these lymphocytes, they are all excited.  It's sort of like people that are getting all dressed up with no where to go and they can get into trouble that way.  And we know, and Dr. Minion talked about it and other people have, how well mycoplasmas are able to evade the immune system.  They change their surface, they change their proteins, they don't have a cell wall.  They're very good at what they do.  They're the perfect pathogen.  Next slide.

Now, this must be an alfa.  I love these, the projectors that change the, the symbols.  You never know, sometimes they come out as telephones.  That's always an interesting one.  We also know that Mycoplasma induces inflammation but it doesn't induce inflammation to the degree that APP does.  I mean in it's own best interest if it induces too much inflammation it’s going to cause problems so we have shown that it produces the pro-inflammatory cytokines that are important for inducing inflammation and directing the immune system.  Next slide please.

So, if we look at the production of something like TNF( what we look at is the production of pro-inflammatory cytokines are purely a function of level.  Some is what we need.  We need some inflammation.  Some inflammation is good then you get more white cells in there, you get other cells in there.  They recognize there's a problem and they respond.  As we get more of these cytokines in there the inflammation increases, you get the clinical disease, you get fever with brain, you'll get acute phase protein production.  You get systemic effects and of course with high concentration it will actually end in death and septic shock.  So, obviously Mycoplasma really doesn't do this.  It really even doesn't do that.  It causes some local inflammation and it also is busy directing the immune system to a direction that it won't destroy the Mycoplasma.  Now, we kind of got started with this, about the time we got this grant from the National Pork Producers, another group had come out with a study from Purdue and they had given PRRSV first followed by Mycoplasma because here again we were thinking, going into this thinking that the virus was going to make the bacteria worse.  Next slide, please.

So, if we talk a little bit about PRRSV and I don't have to say much because Monty talked about it the most.  Next slide, please.

Don't forget it's constantly changing and there's really no such thing as, the main thing is that there's no such thing as strains of, of PRRSV.  I'm talking about that because I need to address the, the particular isolate that we use.  Next one.

Of course in the field you can get severe to no clinical disease.  With the strain that we currently use, or isolate we currently use we do get good respiratory disease.  The nice thing about the isolate that we use, we keep it low passage, it's very uniform in inducing respiratory disease.  We get that in about 10 days, we get fever, we get respiratory disease, no cough and the pneumonia is typically resolved in about three weeks so here's a lung of one of our pigs infected with just PRRSV and I have to bring this in as introduction as to what we're going to be talking about and when we look at the cull infection.  Go ahead.

Now we also know from what, what Monty was talking about that PRRSV is also very good about invading the immune system.  It lasts.  There's not a very good infective immuno response, they remain viremia, viremic in the face of antibodies.  Obviously we don't get life long protection from PRRSV and we are doing quite a bit of work looking at the alteration like Monte is, looking at the immune response that is induced by PRRSV.  So, here we've got a virus that affects the immune system.  That's the important thing to remember here.  Next slide.

So, when we did this and Bill VanAustine had just come out with his paper we thought well maybe it matter when the pigs were infected with PRRSV well maybe it mattered whether they got mycoplasma first so we gave it PRRSV first, mycoplasma first currently and then we looked three days after to look for a cue, ten days because that's when we typically see our PRRSV pneumonia and 28 days later because that's when we see mycoplasmal pneumonia.  And our, this study was, did confirm what Bill VanAustine had seen with his study.  He had given the pigs PRRSV and he had not seen an increase in the mycoplasma pneumonia following PRRSV.  So, wait a minute so the virus even though it is an immunomodulatory virus we did not see an increase in the bacterial pneumonia.  We did not see an increase in myoplasmal pneumonia.  Go ahead.  

What blew us away because this was completely unexpected and this is old news and we've been looking into it for a long time is this our group that got PRRSV alone and you see by 28 days we typically have less then one percent pneumonia, the pneumonia is pretty much resolved and look at how much pneumonia we have left at 28 days.  Now, if you go back, could you go back one slide?  This group turned out to be very interesting because in contrast to the other one, when we're looking at percent pneumonia here, we're looking at three percent pneumonia.  This is actually not even a very good challenge even in our hands because myoplasma is not always very cooperative in causing pneumonia in the pigs so we didn't even have very much myoplasmal pneumonia in those pigs and yet we still got the potentiation.  So, what was amazing out of this and this started to bring attention back to myoplasma is that pigs that were effected with both myoplasma and PRRSV had significantly increased clinical disease, significantly increased observable macroscopic PRRSV pneumonia as well as microscopic.  We see an acute myoplasma in pigs that are infected with PRRSV, next slide.

And this shows the pictures of the dual infected pigs at 28 days and we have since done this trial probably what, six times at least Brad?  It's very reproducible we see it every time, it's very consistent.  Next slide.

We didn't see an increase in the myoplasma.  Sometimes we'll see a little bit more but we do see a lot variability in our micoplasma pneumonia so it's really hard to say that sometimes you'll see a little bit harder levels with the PRRSV but the important thing here was, the pigs didn't have to have a lot of mycoplasma pneumonia in order to see this.  In other words the organism just had to be there in order to potentiate the PRRSV pneumonia and we were able to confirm that all of those pigs were infected with the organism.  Next slide.

So, why is this so important?  Why has this become such a cornerstone for PRDC?  Well, you've got a pathogenesis of two organisms that are really very complimentary to each other but very bad for the host pigs.  They, the Mycoplasma affects macrophages that the PRRSV can infect.  They both induce inflammation.  They both modulate the immune system.  They both changed the immune system.  The production we have shown that, while they do misdirect the immune system we have never had a pig die of either of our trials here, of micoplasma and PRRSV.  We've never had a single pig die of that and we do show that the viruses eventually cleared.  So, while these two worked together to make the respiratory system susceptible to this, it's, it's one of the reasons that PRDC is such a common thing and these two are probably important cornerstones.  Next slide.

So, like I said they're both invading the immune system, modulating the immune system and they are both chronic.  So, they're both important that way.  Next slide.

Okay, so at that point we thought we'll maybe Mycoplasma makes all (inaudible) worse, maybe micoplasma is the root of all evil in respiratory disease of pigs.  Next slide.

They both effect epithelia cells. Mycoplasma tends to create a chronic pneumonia and like Kent says, typically SIV is much more acute and the pig is very able to clear the virus very quickly, typically by seven days, the virus you can really not find it even when we give them a lot of virus.  So, again we did our, our studies but this time we gave them Mycoplasma first, then we gave them flu and then we necropsy them to see what, what happened.  Okay.

Here we cannot differentiate unlike PRRSV pneumonia which we can differentiate by looking at, we can tell Mycoplasma pneumonia from PRRSV pneumonia.  You cannot differentiate SIV induced pneumonia from mycoplasmal pneumonia so this is just the total pneumonia.  We can't tell what's flue, what's mycoplasma.  So, the pink is the mycoplasmas you see it's going up over time.  The flu alone is the green and you can see by 21 days we have very low percentage of pneumonia and it reduces pretty quickly.  The light blue is the combined and although they're making the pneumonia last a little bit more severely longer really we did not see the same potentiation that we saw with the PRRSV.  Next slide.

And this shows a picture of a lung that was infected with both, next slide.

Here's mycoplasma.  Here's SIV alone.  So, you can see that experimentally they're very close.  We try to keep SIV out of our mycoplasma studies too.  Next slide.

So, some (inaudible) although like Brad said earlier, if you don't remember, these pigs he said they coughed like what he hears in the field, because our experimental pigs don't cough like what you hear in the field.  They cough a little bit but it maybe lasted a little bit longer but it was mere additive in nature because you had two pathogens.  It wasn't the severe potentiation that we see with PRRSV.  So, unlike PRRSV, mycoplasma isn't going to make everything a lot worse.  Now if you probably put PRRSV, I mean you can keep adding the pathogens into here but the point is that while they both infect epithelia cells which maybe very important when you are looking at other bacteria because it, they are both going to do a double whammy on the epithelium.  You understand that we culture every single pig that we necropsy here and we know that we don't have any other respiratory pathogens in there.  But the diff, there is a very different pathogenesis then what we see with PRRSV so what we have to be sure that we understand is, is that each of these organisms as they start to interact within the, within the respiratory tract, they are going to be different.  Circovirus, this is another one that I mean, we really don't know what the role of mycoplasma is.  We don't know what the role of vaccination is.  The mechanism is unknown but since the immune system is involved and now they're talking about pneumonia with circle virus.  I mean circovirus has more potential to cause problems with mycoplasma then SIV but I think there's still a lot of questions here with PCV2 as far as involvement with other organisms including mycoplasma but I felt I should mention it since it is such an area of interest right now.  So, I didn't really talk about all of the different pathogens.  I mean the list is, I mean we could go all day but the bottom line is, is that I think when we look at a lot of the respiratory disease and we look at what Kent and those guys in the diagnostic lab get out of pigs, it comes down to what Monty was saying, what Brad was saying, PRRSV and mycoplasma together are probably very important in the, in the as a problem with PRDC.  The pigs that I study don't typically have any other pathogens and we are working to start to understand the pathogenesis and we're working with people like Dr. Minion, Chris Minion and people, virologists to start looking at understanding the pathogenesis because we know that PRRSV diminishes the efficacy of mycoplasma vaccines.  We know that the interaction between these two are very tightly intertwined in the respiratory immune system and they both very much are screwing around with the immune system of the pig especially in the respiratory tract.  So, I think that this just goes to show the importance of these two pathogens.  Next slide.  

PCV2, I have no idea.  In (inaudible) it's considered the number one pathogen.  So, I don’t know.  Here it's not, as you can tell from the NAHMS study in 2000 but even that's now been over a year ago so, so who knows what's going to happen with PCV2.  There's a lot of other pathogens that always have to be thought about.  When Brad did his 21 pigs he had a lot of other pathogens, Pasteurella multocida, Bordetella bronchioseptica, put those in with Mycoplasma and you do get Enzootic Pneumonia versus just mycoplasmal pneumonia and that's where diagnostics become very important in understanding what's there and what's not.  And hopefully as we start to understand the pathogenesis I know that probably a lot of what Chris talked about is not easily understood by us that are not doing molecular genetics as a routine thing, even when I work with Chris, most of the time I just don't tell him that most of it's flying over my head and I just kind of go okay, okay.  I hope if he keeps telling me over and over again, eventually I'll understand what he's doing but that's the way we have to go in the future as we look at vaccines, antibiotics for control to keep the pneumonia down and determining when to do vaccinations and antibiotics.  And are there any questions?  You are all asleep from eating all that food.

(male voice)

I have a question.

Okay

Q
If the Mycoplasma is working outside of the (inaudible)?

Dr. Eileen Thacker: Is that going to be covered in the latter part, when you talk about the immunity induced to Mycoplasma?  Okay, the question is, is okay, you've got a pathogen that's out in the airways.  You almost have to look at Mycoplasma as being outside the body it really is, because it's not in the tissues it's in airways but it’s not that,  you can look the airways as being almost an external surface so how, what is an immune response going to do?  Well, we have shown that antibodies do form in the bronchoalveolar lavage fluid over time.  Just like they do with the serum antibody levels.  I think that the way vaccines work is what Chris alluded to, vaccines for Mycoplasma do nothing to diminish the colonization of the organism at this point, maybe reduce it just a little bit.  Primarily they reduce the clinical disease.  How do they do that?  I have no idea since we don't know how micoplasma causes that clinical disease but it's probably through the formation because we have found that vaccinate pigs and you get both IgG and IgA in the respiratory tract but the correlation is still pretty flimsy there and so it's, it's not well established.  It probably comes down to that immune system really does not ever completely clear the organism, that's why I personally as an immunologist that works with bug, working with Chris thinks that in a lot of animals it persists very happily and once you get over however it's causing disease some of those mechanisms that Chris talked about for gathering amino acids and cholesterols perhaps in transporting all, whatever it's transporting out perhaps that's what the body reacts to at some point.  Once that immunity is developed to whatever that factor is or factors probably we no longer have the problem and it doesn't cause the disease.  Now, as far as the role in PRRSV though becomes much more complicated because we shoed some pigs in that first study had like less then one percent pneumonia so we know we don't have to have a lot of the disease associated with Mycoplasma, the organism just had to be there.  So, there's a lot of questions and we really don't understand the immune response to Mycoplasma and we don't know how it causes disease.  We don't know completely what we have to effect, effectively protected against it.  We don't have those capabilities at this time.  Jim, did you have a question? 

Dr. Jim Bradford: I know that you've run the PRRSV lung infection model many times, how often have you run the influenza model?

Dr. Eileen Thacker: How often?

Dr. Jim Bradford: Yeah, have you repeated that (inaudible)?

Dr. Eileen Thacker: No.  Well, we did the vaccine study that we inadvertently got micoplasma in it.  Because you know what?  It's easier nowadays to find Mycoplasma negative pigs then it is to find flu negative pigs, yeah.  And because we have no real good way at this point to eliminate the micoplasma from the micoplasma infected herds and that was with early weaning and we tried to give them antibiotics and stuff and we still had some micoplasma present which we were able to find by PCR which Dr. Pijoan is going to talk about a little bit.  You know, but we just did it the once so far.

Dr. Jim Bradford: Okay, I was wondering--

Dr. Eileen Thacker: And then that was just with a variant H1, N1, that was before H3 and 2 had even reared it's ugly head.  Yeah, Monty?

Dr. Monte McCaw: (inaudible) treatment for disease there and you and I talked in bits and pieces more of where the pigs started from, use of antibiotics as those pigs are weaned and then trying for, or setting up a big barn for (inaudible) immune response in that group of pigs and therefore hopefully a better response out of the finishers, I mean that's associated diseases.  Can you speak to, Dr. Thacker do you think that is truly, it's certainly some that's thought about by certain veterinarians (inaudible) while we get a change to develop immunity in the population of the most (inaudible) pigs that you put in there, don't have a susceptible population because by that time the vaccine (inaudible)?

Dr. Eileen Thacker: I think that would be the principle use of antibiotic but did everybody get the question?  To shorten it and get me if I got the question wrong you know, that the use of antibiotics prior to infection hoping to keep the load of organisms down long enough for vaccine to work, is that kind of what you, the gist of what you were saying was?

Dr. Monte McCaw: Yes, hold the spread to a few animals so that you have fewer, instead of going into finishing were you were coming into the phase where they're developing immune responses, then (inaudible) from being susceptible (inaudible).

Dr. Eileen Thacker: I that that, as a mycoplasma, a person that works with mycoplasma I think most of the people that work with it will agree ultimately disease control, the best mechanism we have at this point for disease control of mycoplasma remains vaccination.  I mean long term. We're not, we can't, I mean it’s going to become more and more difficult to get antibiotics at the best of times much less throughout the life of the pig to control micoplasma and we do get an immune response that does significantly reduce clinical disease and will help a pig go to market.  One of the problems that we've had and you had talked about it, Brad talked about, Kent talked about it is what we're seeing is often times we're getting frustrated because it seems like some of our therapeutic agents aren't working very well.  One of the things that we saw and I didn't talk about, this study was the vaccine study where we, that we gave pigs micoplasma vaccine and then we added PRRSV in there and we found that the PRRSV whether it was the virulent strain that we used for respiratory disease or we used a modified live vaccine as avarielent strain.  It didn't matter, both of them significantly reduced the efficacy of vaccination.  So, that has to be dealt with in the real world that you guys deal with and I think one of the biggest problems you have with respiratory disease is like what Brad was saying is getting the pigs out of the nursery clean and fairly healthy and when you talked about your PRRSV pigs that were positive, your pigs that were positive for PRRSV in the nursery, that's typically when we're vaccinating because when we think of either treating or preventing micoplasma we have to be sure we get it before that immune response gets all started.  Once that immune system gets kicked in to bring in those lymphocytes and stuff it's too late, medication may help that to resolve earlier it's hard to say.  I don't know that that's really been studied and of course, if secondary pathogens are in there, Dr. Ross has probably done a lot more with that then I have but the point gets into being is really what you want to do is prevent that really pneumonia from getting going.  And so therefore, antibiotics may be effective in helping that, the problem is that micoplasmas are also notorisly unresponsive to antibiotic therapy.  

(male voice)

Q
So, if the antibiotics were, I guess the question would be if they were put in place after weaning, the first ten days to two weeks would they or would they not slow down the threat of micoplasma to a few individuals and hopefully transmission.

Dr. Eileen Thacker: Well, I suppose if it was efficacious antibiotic it should.  It should, I mean.  I don' think that any of the antibiotics,  I mean you are never going to sterilize a pig probably of micoplasma nor are you going to sterilize their environment from it but if you can buy the time for the vaccine to hopefully work to produce, get low enough levels of pneumonia or get the vaccine to work so we can get a healthier pig to market it will be helpful.  There's a question back there, Chris, oh, that's you.  Oh, sorry.  Chris.

Dr. Chris Minion: I'd like to bring --

You know we often think that antibiotics are going to be the solution to all of out problems.  In 1950's the Surgeon General had the audacity to tell us that we had cured infectious disease.  I don't think antibiotics is going to be the solution to our problem.  Julian Davis at the University of British Columbia in Vancouver has been studying antibiotic resistance for many, many years and he reported a study this past year, I was in a meeting I heard him talk about it.  He said that sub-therapeutic use of antibiotics tends to enhance the virulence of pathogens, turns on genes that are not normally turned on and this enhances the virulence of these organisms.  We need to think about that in light of adding antibiotics to feed and stuff like that, the kinds of things that we've been doing over the years.  And when we think about that in terms of developing antibiotic resistance in terms of genes and those things but not in terms of enhancing the pathogenesis, the organism and the second thought I want to leave you with is there was paper published last year in Nature and the title of it was something like imperfect vaccines and the effect on virulence, pathogenic virulence and the bottom line was is that in the presence of imperfect vaccines we select for more pathogenic organisms, these organisms are harder to control, they are more chronic in nature and they just cause all kinds of problems.  We'd be better off if we didn't use vaccines in the first place.

Unfortunately, in the real world--

Chris: In the real world farmers think about what's happening on their farm right now, but in the long run we may be selecting organisms that we are not able to control by typical kinds of vaccination programs.

Somebody up here, Debbie did you have a--

(male voice)

Q
Just have a ready question.  What's the difference between an antibiotic and one of you, you're talking about a mechanism, a new mechanism to break one of the cycles of , is it, could that be called an antibiotic also?

Yeah, I mean because we--

Q
What's your definition?

Pathogens are wonderful at finding ways to overcome even that.  I mean look at HIV, they come up with these therapeutic regimens and then it, it quickly figures out a way to get around it.  So, I don't think we're out of a job in the near future.  I don't know, I mean it would be wonderful if we could find perfect antibiotics and perfect vaccines and I think that that's what the question is here is we've got to continue searching for answers.  Teddy?

Dr. Teddi Woolf: Eileen,  I was just going to ask you, you were talking about vaccines and that antibiotics might not be the answer and so on but I don't think that we're talking about vaccines being a hundred percent efficacious either on this, on this particular disease and as far as the abilities of the vaccines to eliminate mycoplasma from the pig.  I though you might want to comment on that relative to your experience with, with the antibiotics.  

Dr. Eileen Thacker: Well, okay as far as, first of all, I already said that vaccines don't reduce colonization but then I haven't found, I have not found an antibiotic that eliminates a mycoplasma from a pig either yet.  So, so I think that as long as mycoplasmas have been around, right Chris, I mean in a problem.  I don't know at this point if we can look at ways to eradicate, eliminate micoplasma.  I can't tell you how to do it yet.  I, we, we have tried to do it especially as we've get, gotten into flu work like I said, finding flu negative pigs has been a challenge and they've come from a mycoplasma positive herd and I can't say flat out even getting 60 pigs, weaning them at seven to ten days of age, keeping them in our isolation facility I can't say we are absolute, I know we have not been able to completely eliminate that organism.  Now, and that's what we're finding, I mean now that's with some of these herds, now whether or not we can get them to the point where the pig can live very happily with the micoplasma like a lot of these high heath status herds are doing, I mean the only reason we know that they are micoplasma positive is because we now have the tool of PCR that we can find, detect as few as four organisms.  We would never be able to do that by culturing, believe me.  So, in that herd that has the five percent zero positive rate we would have said they are false positives, is what we would have said but when recently Keith, who was working with Eric on the noms project has, has done a lot of epidemiology and statistical work looking at the assays almost all of the vet, the assays that we are currently using and it doesn't matter if he compared the dak or the Idexx and the tween 20, have a specificity of almost one.  We really don't pick up false positives.  

Dr. Nabil Anis: We'll take one more question and then we'll break.

Dr. Roberto Garcia: 

Eileen with your initial poultry (inaudible) if the poultry industry was able to eradicate micoplasma what would be possible, may work in for the swine industry?

Dr. Eileen Thacker: 

Chris, you've done more work with gallisepticum [Mycoplasma gallispecticum] and it's a little bit different micoplasma and I don't think they've eradicated it anyway.  Don't they--

Dr. Chris Minion:

No they haven't eradicated it.  It hasn't been eradicated.  What they do is they if they detect it in a flock, they destroy the whole flock.  That's not practical in the pig operation.

(male voice)

They use another instrument too, called the egg shell prep.  They dip a lot of eggs in (inaudible) and they take those eggs that are clean and use them to develop chicks that are clean.  Once they eradicate it (inaudible)

Dr. Eileen Thacker: And the gallisepticum is an easier mycoplasma to --

Dr. Chris Minion: Well I don't know if it's easier to contain or control but it is passed through the egg, I mean not just on the surface but also through the surface so it's a little different too but  I mean, the key I think was the management.  They found that positive animals, the flocks, they eliminated them, they repopulated with clean flocks and they 're able to continue to do that but if, if you're unlucky enough, if you're unlucky enough in your house to have gal aseptic contamination you're going to have a big loss.

Dave: 

There's always a danger in extrapolating from one species to another, in any case but back in the days when we did attempt to eliminate mycoplasma particularly from border flocks that was done by placing a temperature gradient and soaking those eggs from primary breeders in talason and drove that talason in the eggs shell, it's egg dipping you can look it up in diseases of poultry, it's described how to dip the eggs and then they would take those eggs and begin a whole new flock of chickens and keep them clean.  The ones that break now and it depends on what you say mycoplasma eradication, most of the layers or a big portion of the layers in the United States are egg, (inaudible) eggs layers are positive for micoplasma, it's the borders they set about eradicating.

Afternoon Day 1, Session 2: 

Dr. Burnsteel: Okay, if everybody could please take your seats we are getting ready to get started again.

(a lot of talking, laughing) 

Okay, I'm going to pester everyone again to please sign up for a breakout session if you are going to be here for tomorrow's afternoon session.  Right not there's only four people signed up and we hope that more then four people are staying for tomorrow.  So, if you would please do that before you leave today that would be great.  Thank you.

Dr. Nabil Anis: This afternoon we have a little change of presentation order.  Dr. Kolb will give his talk first.  Dr. Kolb obtained his DVM at Iowa City University in 1990 and he was a swine practitioner for about five years.  He's currently the product manager for vaccines at Boehringer and he's completing his master's degree at the University of Minnesota.  The title of his, his talk is immunological consideration.  

Dr. John Kolb: Thank you.  I think everybody can hear this fine.  I've got to make sure I talk down here.  First slide please.

I was asked to talk today about vaccines and immunology and maybe how that approach can be incorporated with mycoplasma control in general and it's specific how that might be interacting with the use of pharmaceuticals for the control of mycoplasma.  So, we'll talk a little bit about that and then some unique findings with immune responses to vaccines and how those may have some correlations, a little bit early yet to be sure with clinical parameters like growth rate, etcetera.  Next please.  

Seems like everybody has probably seen this information about a gazillion times, so we'll go very, very quickly through this.  Mycoplasma is a chronic infection of the epithelium of the airway.  From the perspective of me as serving customers who buy either vaccines or other pharmaceutical products or just producers in general, they're main concern certainly is the increased cost of this disease, intervention costs like vaccines, like feeder medications or other interventions as well as the impact of fixed cost, fewer pounds to the unit with the same amount of fixed cost increases the cost per unit of game.  Also the revenue of impact probably is the more significant of these two, reduced growth rate, you've heard several people talk about that as a very repeatable effect of mycoplasma infection, the number of pounds sold per unit and that's probably economically the biggest impact it has for the producer.  The number of pigs were substandard, who don't fit the appropriate buying matrix for the packer, that is as the packer gets pigs of a certain size or weight they know what they want to do with these animals in terms of added value of the carcasses.  If those pigs are outside of that window they can receive a very severe price penalty, ten, fifteen or twenty percent penalty in the actual value of  the animal so economically for the producer that's very significant.  Less commonly, mortality, maybe not directly associated with micoplasma but with secondary infections.  Next please.  

Now you have to be, oop, go ahead and go back one.  You have to be a little bit creative.  I had a unfortunately a little bit large picture of something here and I want you to pause for a minute and think in your head of who might the customer be for treating mycoplasma with a therapeutic medication or a vaccine.  And my customer here was a cute little 10 kilogram pig happy, healthy, full ready to grow, he's got all kinds of biologic and performance potential in this nursery but he's ready to leave that nursery and go into a finishing phase where mycoplasma is probably going to be an issue that that little pig has to deal with.  So, the customer is, as we would see it, like to be sure that we keep in our minds, the customer is the pig and his health and his performance.  Next please.

As we said, the pig, the welfare of the pig, the well being, the biologic performance which impacts the producer because that biologic performance is translated into dollars.  Next.

Mycoplasma does have a very repeatable impact I don't remember which one of the Drs. Thacker describe it but a very typical, predictable economic impact of mycoplasma infection.  Researchers in the EU, Dominick Maze in this case, was a vaccine study looked at the impact of vaccination on performance and there was a very, very repeatable 25, 30 gram per day improvement in growth rate, some improvement in mortality and treats, improvements in colds, not a very consistent impact on feed efficiency with vaccinations.  This is kind of a back door way to assess what's the cost of Mycoplasma on pig production.  Okay.

As we license biologicals or as we would look at licensing a product for therapeutic use certainly randomized blind evaluations where are those animals are blocked by weight and sex.  Typically we have a third party caregivers so everybody's unbiased in terms of knowing what groups are what in a biologic study, at least four weeks in vaccination to challenge, time for the pig to develop a protective immune response.  I'll talk about a little bit of that later because I think that's a great place where therapeutics can play a role in this disease and in others and we might come in from Dr. Pijoan and from some others with some criticism but we typically monitor these animals only for a four week period following a challenge model, that's great from a laboratory standpoint.  It's wonderful from a facility cost standpoint but maybe that's not the best model for the customer's standpoint, the pig because that pig has a defined lifecycle, a defined growing period before he goes to market and maybe the, we should forget at least that whatever the interventions that we use certainly have to have an impact on that pig both from the time their implemented all the way through when that pig goes to market at it's next destination.  Next please.

Immunity, what can we do immunologically to help the pig?  Dr. Thacker gave a nice review of all of those general topics, for mycoplasma itsself passive immunity, certainly it's protective.  I worked down at Iowa State by Dr, Thacker and her group, worked with (inaudible), worked with some other companies as well, which suggest that passive immunity either from that set of sows or sows that have naturally acquired immunities, it's protective.  Potentially that can interfere with active immunization as well though.  Active immunity can be generated with an intentional exposure such as a biologic or through natural field exposure.  Certainly there are various levels and duration of that protection.  Next please.

Talked a little bit about this because this was a neat paper that Dr. Eileen Thacker had done several years ago, looking at the level of cellular immune responses that were generated from different vaccinations and different products at various levels some of them significantly different between them.  At sensitize lymphocytes developed because of vaccination not from natural exposure.  Vaccines all had significant protection of the lungs but yet there were differences between these specific products.  Okay, next one.

And that cell-mediated response is measured by looking at peripheral blood lymphocytes and seeing how they respond to the Mycoplasma antigen.  In the study that was performed by Dr. Michael Roof and Dr. Fredericko Zerkerman from the University of Illinois last year trying to replicate that work, I had some interesting findings.  Next slide please.

In that study, it was a challenge study using several different vaccinated groups, two dose, one dose etcetera.  Again saw that relationship that they were measurable significant levels of CMI responses from vaccinations and there was beginning to be with the four groups from the first study, these three additional groups maybe some association of that immune response with growth rate.  Certainly it appears there may be some with reduced lung lesions.  Now, is that causation?  Is a cellular immunity that helps the pig fight off the mycoplasma challenge reduces the lung lesion improves the growth rate.  I don’t think we have really enough groups to know that.  It may just be an association, as that stimulated comes about there may be something else, maybe it's immunoglobulins in the lung fluid, maybe it's some other measure that we’re not even tracking yet but it appears to be an association of that with both protection of the lung which is a fairly significant parameter for getting a license or for measuring performance but also back to that customer again, higher average daily gain with higher levels of cellular immune responses at the time challenge.  Next slide please.

So, how would we use these together?  Are these strategies exclusive?  There was a question earlier, I think, well, do we just have to do one vaccination or the other and I guess would be certainly we think these can be complimentary strategies and we'll just go through a case study that might describe a way to look at using these products together either from a, a licensing standpoint or a practical application.  What we have to remember we have two sources of active immunity against mycoplasma and infections.  One will be immunization whether that would be a live or a killed product and the other one would be an uncontrolled field exposure.  The virulent organism from the field itself, okay?

(End of tape 3) 
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