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	(8:08 a.m.)
CHAIRMAN GREENBERG:  Okay.  Good morning, everybody.  Good morning.  I'd like to welcome you to our first session of the new millennium, and it's an auspicious start.  We missed a big storm.  This was the easiest commute to Washington I've had in a long time.  So maybe the new millennium will be better.
We have a busy day.  I'd like to remind all the speakers of my terrible reputation of being very obnoxious when you go over.  So please keep to your timetable.  Make your presentations crisp and on target.
I'd like to start just simply by having the panel introduce itself, and we'll start down there.
This is a new layout for all of us, and I can barely -- if we get a fog, I won't be able to see who's down there.  Is that you, Dixie?
DR. SNIDER:  That's me.
CHAIRMAN GREENBERG:  Could you start?
DR. SNIDER:  Dixie Snider, Associated Director for Science, Centers for Disease Control and Prevention.
DR. GRIFFIN:  Diane Griffin, Johns Hopkins University School of Public Health.
DR. STEPHENS:  David Stephens, Emory University School of Medicine.
DR. ESTES:  Mary Estes, Baylor College of Medicine, Houston.
DR. KOHL:  Steve Kohl, Oregon Health Science University.
DR. KIM:  Kwang Sik Kim, Children's Hospital, Los Angeles.
DR. FAGGETT:  Walt Faggett, Medical Director, American Preferred Provider.
MS. FISHER:  Barbara Loe Fisher, National Vaccine Information Center.
DR. EDWARDS:  Kathy Edward, Vanderbilt University, Nashville, Tennessee, home of the Tennessee Titans.
(Laughter.)
CHAIRMAN GREENBERG:  Harry Greenberg, Stanford University and the Palo Alto VA Hospital.
DR. BREIMAN:  Rob Breiman, National Vaccine Program Office.
DR. EICKHOFF:  Ted Eickhoff, University of Colorado School of Medicine.
DR. FERRIERI:  Patricia Ferrieri, University of Minnesota Medical School, Minneapolis.
DR. FLEMING:  Thomas Fleming, School of Public Health, University of Washington.
DR. INSEL:  Dick Insel, University of Rochester School of Medicine
CHAIRMAN GREENBERG:  Can we go to our visitors over here?
DR. ZENKO:  Dr. Carol Zenko, University of Chicago.
DR. SCHMITT:  Heinz Schmitt, University of Kiel in Germany.
DR. HEATH:  Paul Heath, St. George's Hospital Medical School in London.
DR. McVERNON:  Jodie McVernon from Oxford Vaccine Group.
DR. LEVINE:  Orin Levine, NIAID.
DR. ROSENSTEIN:  Nancy Rosenstein, Center for Infectious Diseases, CDC.
CHAIRMAN GREENBERG:  Oh, my goodness, and can I have the FDA contingent over there on my right?
DR. STEIN:  Katherine Stein, CBER.
DR. FRASCH:  Dr. Carl Frasch, CBER.
DR. BALL:  Leslie Ball, CBER.
DR. FALK:  Lydia Falk, CBER.
DR. GOLDENTHAL:  Karen Goldenthal, CBER.
CHAIRMAN GREENBERG:  Okay.  Thank you.
And now we have some administrative notes.
MS. CHERRY:  Well, I'd like to thank all of you that braved the uncertainty, in the first place, and then the icy sidewalks and everything else that Washington has to offer in all of its glory right now for coming here to assist us with this meeting.
A couple of announcements:  first of all, for any of you who may have cars parked across the street, remember that the Bethesda police are very diligent about checking that lot.  So if you ran short of quarters, please get some quarters and make sure you get out there and avoid a ticket.
Another thing I want to ask all of you is please talk into the microphone.  The meeting is being recorded, and therefore, it's very important that everything you say, particularly with this large, large panel goes right into the microphone.
I'm about to read the conflict of interest statement.  It is not that long this time, but I would ask if you get tired of listening to me, one thing you can occupy yourself with is turning off your cell phones and putting your pagers into silent mode because we really hope that we won't hear those things going off during the meeting.
And finally, for any of you who wish to make a talk in open public hearing, I want to apologize if the times that we have listed on today's agenda are not exactly what you saw listed in the Federal Register.
We have to make the best guess at the time the Federal Register notice is put together, which is roughly two months before the meeting, and at that time we don't have an agenda.  So I've tried to accommodate you.
If you get here for the time that was listed in the Register and you find that it's not on the agenda now, please come see me.  We'll see that you get fit in.
And now let me read the meeting statement.  Three of our members, Dr. Ada Adimora, Dr. Diane Griffin -- no, I'm sorry -- Dr. Diane Finkelstein, and Dr. Alice Huang are unable to attend this meeting.  No temporary voting members have been appointed for today's topic.
The following announcement addresses conflict of interest issues associated with the session on the Vaccines and Related Biological Products Advisory Committee on January 27th, 2000, for the review of the current understanding of the immune parlance of protection against invasive Haemophilus influenza Type B disease and the clinical significance of reduced antibody response to Haemophilus influenza Type B polysaccharide when combined with DTaP.
To determine if any conflicts of interest existed, the agency reviewed the submitted agenda and all financial interests reported by the meeting participants.  In accordance with 18 USC 208, Drs. Kathryn Edwards, Theodore Eickhoff, and Steve Kohl have been granted waivers which permit them to participate in the committee discussions.
Dr. Margaret Rennels has been granted a restricted waiver which permits her to make a presentation and to answer questions regarding her presentation.  She will not be permitted to participate in the discussions.
Dr. Robert Daum has recused himself from this discussion.
Dr. Greenberg disclosed a potential conflict of interest which was deemed by FDA as not requiring a waiver, but does suggest an appearance of a conflict of interest.  A written appearance determination under 2635.502 of the Standards of Ethical Conduct has been granted to permit him to participate in and lead the committee discussions.
With regard to FDA's invited guests and guest speakers, and those are the individuals along the table over on that side, the agency has determined that the services of these individuals are essential despite their varying levels of conflict of interest.  The following interests are being made public to allow those attending this meeting to evaluate objectively any presentation and/or comments made by the guests and guest speakers.
Dr. Paul Heath has received a speaking fee from SmithKline for participation in a Hib vaccine workshop.
Dr. Orin Levine is employed by NIH.  He is consultant with Wyeth Lederle on an unrelated topic.
Dr. Heinz Schmitt has grants from SmithKline, Wyeth, Pasteur Merieux, and Merck.  He has received consulting fees from SmithKline and Wyeth, speaking fees from SmithKline, and Pasteur Merieux, and Merck, and he is a scientific advisor for SmithKline and Wyeth.
Dr. Mark Steinhoff has grants from NIAID and Merck and contracts with NIAID, Pasteur Merieux Connaught, SmithKline, and Wyeth.
Dr. Carol Zenko is employed by the Section of Pediatric Infectious Diseases at the University of Chicago.   Dr. Robert Daum is a Section Chief there.
In the event that the discussions involve specific products or firms not on the agenda and for which FDA's participants have a financial interest, the participants are reminded of the need to exclude themselves from the discussion.  Their recusals will be noted for the public record.
With respect to all other meeting participants, including those who speak during the open public hearings, we ask in the interest of fairness that you state your name and affiliation and address any current or previous financial involvement with any firm whose products you may wish to comment on, and we may follow up on this.
Copies of all waivers and appearance determinations addressed in this announcement are available by written request under the Freedom of Information Act.
And that's it.
CHAIRMAN GREENBERG:  Thank you, Nancy.
I want you all to see how quickly and crisply Nancy did her business and to follow suit.
I think we're ready to start.  Dr. Bill Egan from FDA is going to set the stage.
DR. EGAN:  Good morning.  On behalf of the Office of Vaccines Research and Review, I would like to welcome and thank the speakers, the panelists, and those in the audience who have come here today to address this complex issue of Type B Haemophilus influenza conjugate vaccine immune responses.
Nearly 70 years ago, in 1933, Fothergill and Wright published on the age dependent incidence of invasive Haemophilus influenza disease.  They, as had others before them, notably Rivers, noted that most disease occurred in very young children, primarily between approximately three months and three years of age, with the peak incidence of disease occurring at around ten months.
Very little disease was seen past three years of age, and essentially none past eight years -- six years.  This is the age incidence of disease.  There's no disease in the first three months of life, peaking at around ten months of age, declining rapidly, becoming very little disease past about three years, and here at about seven, eight years, virtually none out.
Very importantly, besides this epidemiology, Fothergill and Wright also noted that the incidence of disease at any age was inversely proportional to the bactericidal power of the blood.  Protection against disease was thus linked to levels of serum antibodies, passively acquired, maternal antibodies during the first three months of life, and naturally acquired antibodies in the later years, and there will probably be some discussion later on about the origin of these naturally acquired antibodies, but they were not from getting disease and surviving.
And this is the curve of the bactericidal power of the blood, and you can see it's the mirror of the incidence of disease.
It's very interesting to point out that no disease is observed in adults at a point where the bactericidal power of the blood is such that about three times ten to the seven organisms are killed by one mL of the blood.  I think this may be one of the first correlates of protection seen for Haemophilus disease.
And I am sure that others will have considerably more to say about this important and insightful study by Fothergill and Wright, and these observations have been repeated and mirrored in a number of studies since that time.
We're here today to discuss the levels of antibodies to be more quantitative that are needed for protection, and some of the subtleties of the immune response that the conjugate vaccines may engender, subtleties arising from their T cell dependence.
Please allow me now to be specific and go over some of the issues that we would like you to discuss today.  I present these questions now to help orient some of the thoughts during the talks that will be presented this morning and early this afternoon to get -- to prime us, as it were, for the -- for the panel discussion later this afternoon.
First, we would like you to discuss and comment on the currently used correlates of immunity, the antibody concentrations, and the percentage of responders at these concentrations.
If I could have the next overhead.
We would also like discussion and comments on the clinical significance of the reduced Hib responses that have been reported with several of the DTaP Hib combination vaccines, and some of this data was presented to you in the briefing packages and will be discussed during the presentations today.
Next.
Moreover, we would ask that you consider the contribution of the following -- in fact, that will be the next one -- if we can consider the contribution of the following factors to Hib vaccine efficacy.
The first, a demonstration of immunological memory priming.  How important is this in protection of the individual child?
(b)  We'd like to discuss the qualify of the antibody response, such as the isotype and avidity in addition to simply the total amount of antibody.
Also we would like to you to consider the effects of a reduction in carriage.  In reduction in carriage will have an effect on disease transmission.  There will be a herd immunity, and this effect will be particularly to those who were not vaccinated and to those who were vaccinated and did not respond well.
However, we would like you to consider whether this reduction in carriage also has an effect on the individual or does the reduction only occur well past the point where the individual child has been protected.
Additionally, we would ask you to discuss and consider the differences that have been observed in comparative trials of separately administered and combination vaccines in light of the range of responses that have been seen historically with existing Hib conjugate vaccines.
In other words, for some vaccines where we have seen a reduction, how do these reductions, the lower titres compare to vaccines that we have evaluated historically in clinical trials?
Next, we'd like also for you to consider in your discussion of Hib correlates the relevance of post marketing data that have been obtained, for example, some of the studies, the follow-up studies that have taken place in Europe, in the U.K. and Germany, and we have invited speakers here to discuss some of these.
And we'd like you to also consider the utility and need for post marketing surveillance studies of some of these combination vaccines if they are approved with reduced titres.
And finally, we would like the panel to address other issues that they consider significant, and I guess I should add "and are related to Hib conjugate vaccines."
(Laughter.)
DR. EGAN:  There are many significant issues that I think many of you would like to discuss for the FDA, but I would like to keep the discussion to the Hib conjugates.
Before I turn the meeting over to our distinguished Chair, Dr. Greenberg, let me again extend CBER's and OVRR's appreciation to all of you who have given generously of your time and effort to participate in today's discussion.
As I look around I see an amazing collection of talent that's assembled for this issue, talent that's been involved in the discovery of these vaccines, the development of these vaccines, the use and improvement of these vaccines.
So I think we will have a very lively and interesting discussion today.
Dr. Greenberg.
CHAIRMAN GREENBERG:  Thank you, Bill.  That really did help set the stage.  I'm glad you clarified that last point or we really would have had a wide ranging discussion.
Is John Robbins here?
PARTICIPANT:  Yes, he is.  Right over there.
CHAIRMAN GREENBERG:  Ah, it's been a very long time since I've seen John, and I actually maybe didn't recognize him.  Almost 30 years.
DR. ROBBINS:  Can I just have the first slide?
I think in any discussion about Haemophilus influenza Type B we should all remember that we're standing on very broad shoulders of people who did these studies 30 years ago and remind you that Dr. Pittman, Fothergill and Wright, and Patty Alexander were major contributors to our understanding today, and the principles that they proposed in those elegantly written articles stand, have stood the test of time.
Now, how do I go forward?
Bill Egan put up this very important slide.  There's a lot to be learned from this slide that was done so many years ago at the Children's Hospital in Boston.  As he pointed out, two variables were plotted on one graph.  It is the age incidence of the disease and the presence in the general population of bactericidal antibody.
Let me just focus on two aspects of this important relation shown so many years ago.  The first is that vaccination against Haemophilus influenza Type B has to be completed by about three to five months to be effective, and there's no need to vaccinate adults because they're immune.
Second is that this development of antibodies in the general population which are almost all Type E antibodies, that is, you can absorb most of the activity in most of the serum with a purified polysaccharide.  It takes place in large part in the absence of the homologous organism.  This acquisition of age related immunity is due in large part to a continual interaction with nonpathogenic cross-reacting bacteria in the intestinal tract.  It occurs in many cases independent of interaction with the homologous organism.
Now, in 1973, my colleague, Dr. Schneerson, and others working in the lab, namely, also Dr. J.C. Parke, tried to figure out what might be a protective level of antibodies to the Haemophilus polysaccharide.  In those days we had a radioimmunoassay, but I think the standardization of the assay and its relation to ELISA has been elegantly done by people today, and we can consider the data as comparable.
He looked at the antibody concentration in 422 adult blood volunteers in the Clinical Center of the NIH, 100 pregnant women at term in Jacoby Hospital, Albert Einstein College of Medicine, and 20 adult volunteers prior to immunization.
And the geometric mean was 1.4 micrograms of antibody with this range.  Ninety-five percent of the adults had at the Type E levels greater than .04 and since most adults are protected against Haemophilus influenza and since the mechanism of protection is presumed to be serum antibody, then the protective level may be estimated at .04 to .1.
We estimated it in another way, and that is to take advantage of the remarkable therapeutic success of passive immunization with pooled immunoglobulin when administered to patients, especially boys, with x-linked hypogammaglobulinemia.
We checked 86 immunoglobulin lots, commercial immunoglobulin lots throughout the country.  We calculated the catabolic rate of immunoglobulin with a half-life of about 20 days.  The recommended dose for hypogammaglobulin patients was .05 to .1 mL per kilogram every three weeks, and the residual or protective level of antibody prior to the next injection ranged from about .12 to .24.
So on the basis of these two studies, we estimated the protective level to be .15 micrograms per milliliter, and the studies by George Siber and his group with Bea Pig (phonetic) come to the same conclusion, that the level of antibody prior to the next injection that was associated with protection was about .15 micrograms of antibody per milliliter.  If anything, I think this is slightly high.
About ten years later, Dr. Kayhty and her collaborators in Finland reviewed their data with the polysaccharide that was shown to be effective in children from about 18 months to 24 months of age, and they concluded that an antibody level of one microgram per milliliter correlated better with protection than the level of .15.
But as Porter Anderson showed several months later actually what they were looking at is this.  They took a level of antibody about three to four weeks after immunization, and it was one microgram per milliliter in the post immunization level that correlated best with protection over the following year, although the level of antibody had fallen, yet these people were still protected.
So I think the level of one as proposed by Dr. Kayhty and her colleagues, I think, can be, I think, considered only in light of post immunization levels in two year old children.
Note in two year old children the level of antibody is already starting to rise as the incidence of disease declines and the level of natural antibody increases.
Now, I want to make an important point here.  These are children in Gunterberg, Sweden who were injected at three, five, and 12 months, with one injection of Haemophilus tetanus toxoid.  This was material we made years ago of what was followed in most part by Pasteur Merieux, and then the children examined six years later.
Now, note that the control level of antibody is 1.32.  It ranges such that about 13 percent of the children do not have levels exceeding .15.  So this is development of natural immunity.
Among the vaccinees, both vaccinees had higher levels than the controls.  You can see the levels of antibody about one month after the last injection here was about ten.  So the levels had declined, but were different, and this was even statistically significantly different.
Among these groups only three percent had less than .15.  In other words, at six years of age the effective vaccination at infancy with three injections is to reduce the number of people with less than what you would call protective level.
Let me make a point here.  You see, we use two doses of vaccine, 15 and 7.5 micrograms based upon its polysaccharide content, and there's a difference.  That is, the higher the dose, the higher the level at six years of age.
I think this must be taken into consideration when the dosage of vaccine is looked at, that the levels soon after immunization should also be evaluated in how long they last, and I think you'll find that the lower the level of vaccine with three injections at least, the lower the level several years later.
Both, of course, are highly protective.  With a fourth injection this is probably mute.
Now, as Haemophilus influenza Type E conjugates were started to be used in the United States, the level of cases declined quite rapidly, but the level, that is, the decline could not be explained on a one-to-one ratio with the percentage of the children vaccinated.
In other words, you were starting to have a decrease in cases in unvaccinated children, so-called herd immunity.
Now, in Finland where epiglottitis is almost as common as meningitis in children and occurs in adults, they notice that as soon as vaccination started, adults who got Haemophilus influenza Type B epiglottis had epiglottis continually due to other causes, but not Type B, not Type B.  
In other words, vaccination of children eliminated Haemophilus disease in adults, and to me that's a good clue.  It's something that can be followed accurately.
What happens to Haemophilus influenza Type B meningitis in the United States in the non-vaccinated population, which are adults, and epiglottitis does occur.  It's quite dramatic when it's observed, and it could be monitored in three or four hospitals in the United States to make sure that if we have any changes in formulation or anything happens or something is happening to the acquisition of natural antibody, we might pick it up very early by looking at the return of this pathogen as a cause of systemic infection in adults.
Now, I know you all know this, but if you look at the antibody levels of adults, two years olds, and two month olds, you can see that there's a decline that's age related in both pre or so-called natural antibody and post immunization levels.
But at two years of age, antibodies are now appearing when polysaccharide is injected, whereas it does not appear in the infant age group, and I think the best explanation for this, although we haven't got a good cellular basis for saying this, is that there is a gradual acquisition of T cell sensitization or immunity to the polysaccharide that is induced by bacteria in the intestine and the pharynx, so-called memory component.
Memory was first proposed -- I think it was first -- by a group out in St. Louis in which they showed that children who had been injected with conjugates make a much better response to the polysaccharide when injected at two years of age, and this was called "priming," although priming really in this case should be left to the original definition by -- I got his name now -- from Scotland who proposed that this was a carrier effect upon T cells.
Now, in thinking about what would be an acceptable level of antibody, it's been published in the literature even most recently by a very elegant article on combination vaccines by Dr. Eskola and his associates that the word "memory" could be a surrogate for immunity.  
I have a lot of difficulty with that.  I think it's speculation because how would you define memory as being protective unless you could follow children that had less than protective levels of antibody and showed that they didn't get meningitis when they were exposed to the organism.
Well, you can see from the experiment that I set up it's not possible, but what Dr. Anderson and his associated did was look at the level of antibody several days after admission to the hospital of children with meningitis at various ages.
Please bear with me.  These are young children.  This is two months to 11 months of age, and this is the admission antibody.  You can see barely at the level of detection, and these are antibodies in sera posted mission.  So you can see that in the group there are very low responses, which has been reported by several groups, except in two children where you had a very brisk, high level of antibody that appeared very quickly after vaccination.
Now, if you look at older children who get meningitis, you can see most of them have barely detectable levels in serum.  They had very low levels, but you can see that they respond very quickly, but almost all of them with high levels of antibody soon after admission to the hospital.
And just reviewing Dr. Anderson's data, looking at the patients whose serum was available for the study, as you can see, the older the children, the quicker and higher the antibody response.  And what Dr. Anderson and his colleagues said, so natural memory, if you can use these expression, had no effect on preventing meningitis in these children.
And for that reason I urge that when surveillance is conducted that a good correlate of protection is still .15 micrograms of antibody per milliliter; that the surveillance should be conducted in vaccinees and children and individuals of all ages; that the absence of a protective level doesn't mean that the child gets meningitis because the incidence of the disease is affected by the widespread vaccination that eliminates the organism just about in the population.  So that although the children may not have protective levels, they're not exposed.
So, therefore, if you have many children that do not have protective levels, it doesn't mean that they're not susceptible.  It probably means that they're not exposed.
We can learn from looking at the experience of other capsulated bacterial pathogens because I think the rules are the same.  With meningococcus, they have a polysaccharide.  The polysaccharide protects the bacteria against complement.  Serum antibodies to the polysaccharide protect, et cetera.
But we have the advantage with meningococcus that we could work with enclosed populations of individuals for a period of time, and I would like to refer you to the elegant article by Dr. Goldschneider, Gotschlich and Artenstein many years ago in which they looked at the incidence of disease in recruits to Fort Dix with two variables, those who had bactericidal antibody and those who had an organism in the throat.
And when these two factors are put together, you can see you can predict who's going to get meningitis with pretty close to a 50 percent accuracy.
That means if you didn't have preexisting antibody, you were susceptible, and when they vaccinated with the polysaccharide, a key independent antigen, no memory.  They had almost 100 percent protection, indicating that these people who did not have bactericidal antibody were capable of making antibody when stimulated with the T cell independent antigen.
There is no evidence of memory in this study.  There is evidence for the protective effect of preexisting antibody.
Let me make another point.  I think this is overlooked very often.  There is no linear correlation between the level of bactericidal antibody and protection.  If you have a certain level, you're protected.  That's called a threshold phenomenon, and I'm sure that it obtains for Haemophilus Type B also.
Let me make one other point about carriage.  This is from the meningitis Group A in Finland in army recruits.  The article is by Dr. Sivonen, and what I want to point out is this.  You see, when you look at carriage of the meningococcus in Finnish recruits up to four weeks after they were vaccinated, you could see no effect upon vaccination with meningococcus Group A.  Vaccination and serum antibody does not cure established carriage, does not cure it.  It's probably quantitative.
But as you started to look later, two months, three months after vaccination, now you can see there is a statistically significant reduction in carriage.  It inhibits the acquisition of carriage.  It's not 100 percent.  It does not cure established carriage.
Well, the questions posed by Dr. -- be patient.  When you get my age you'll start doing this, too -- are unanswerable in precise terms, but I would like to point out that you can feed cross-reacting bacteria to adults that have quite high levels of antibody to Haemophilus influenza Type B.
In this slide we just looked at bactericidal antibody, but as I told you, it's almost all Type B antibody, and if you feed the organism at ten to the seventh, ten to the eighth, the recipients make quite nice levels of antibodies that are specific to the Haemophilus polysaccharide.
So I think that it will be unlikely that vaccination will interfere with the acquisition of natural immunity, but it should be looked for by measuring antibodies in the entire population, and it might be helpful to look in central hospitals for incidence of meningitis in adults, especially epiglottitis.
I think I'll call it quits.
CHAIRMAN GREENBERG:  Thank you very much, Dr. Robbins, for a terrific review.
We have a little bit of time for a question.  Dixie, I'll get you.  Just I'm going to take the prerogative of the chair because this is not my field.
Epiglottitis and meningitis you mentioned as two.  Are both of those indicators in adults that could be used to look at population immunity?
DR. ROBBINS:  Yes.  In children, almost all cases of epiglottitis are caused by Type B.  In adults in various parts of the world, there are other causes, other bacteria isolated from the blood, but in Finland where they have a fair number of cases relative to other countries, Type B as a cause of the disease disappeared as soon as vaccination began.
So if vaccination was no longer inducing herd immunity, that is, eliminating the organism, then we could expect that it might show up quickly in looking at adult cases, including epiglottitis.
CHAIRMAN GREENBERG:  And meningitis there, is that going to be in -- no.
DR. ROBBINS:  Harry, in New York City when we started to work on this, the leading cause of bacterial meningitis of all ages in the city was Haemophilus Type B.  It was the leading cause of adult meningitis.
CHAIRMAN GREENBERG:  Okay.  Thank you.
Dixie.
DR. SNIDER:  John, in talking about immune responses and antibody levels, were you generally talking about anti-PRP or are we talking about something more crudely measured in earlier studies?  Could you characterize?
DR. ROBBINS:  It's only about -- PRP is an acronym.  It's not a very accurate acronym or good acronym, but it's an acronym and everyone uses it, although I prefer the capsule polysaccharide of Haemophilus influenza Type B, but that's what we're talking about.
CHAIRMAN GREENBERG:  Dr. Kim.
DR. KIM:  I'd like to have one clarification at least to myself.  You briefly touched on antibody levels versus antiviral responses.  If a child has a pre-immunization antibody level of, let's say, .1 and then receives vaccines and post immunization antibody level stays same, and certainly that is a concern, but what about child whose pre-immunization level is undetectable and responded to the level of .1/
DR. ROBBINS:  I'm not sure I understood your question, but vaccination of infants with the conjugate induces protective level of antibodies in almost everyone.  If you examine the height of antibody to the polysaccharide in older children and adults, the pre and post immunization levels are roughly correlated.
That is, the higher the pre level, the higher the post level.  It's not a linear correlation that is statistically significant.
This seems not to be an important factor in using conjugates in infants, especially the four injections.
CHAIRMAN GREENBERG:  Dr. Edwards and then Dr. Kohl.
DR. EDWARDS:  John, in terms of once a child is colonized, how long do you think, in general, that a child would have to respond to that colonization before disease may, indeed, occur?
DR. ROBBINS:  You can't find it in the literature.  Now, I'm getting a little old.  I'm more forgetful than I was, but I couldn't find it, except one article, and that's in one patient, and that is a case in a nursery right in Washington air.  We had three cases of meningitis in several days.  We wrote about it many years ago.
Two of the cases -- one of the cases was negative before the child acquired meningitis, and that was two days later.  It must be very fast.  I think once colonization is established, the children are immune.
Now, what is the colonization rate in adults?  There's just one -- there are two things I'd like to say.  One is it's a rare phenomenon.  How rare?  I can't answer you.
Where it's been studied, parents or close contacts of a child who is colonized but not sick rarely become colonized.  Parents or siblings of a case of meningitis invariably become colonized, and some of it may last a long time.  Sally Sell did that many years ago.
CHAIRMAN GREENBERG:  We have time for one or two more questions.
Dr. Kohl.
DR. KOHL:  Before the question, I think we should recognize the remarkable achievement in the almost completely wiping out of Haemophilus influenza disease in infants in this country.  We kind of gloss over that almost, but I think we should sing the praises of many of the people in this audience who have helped achieve that really remarkable event.
The question to you:  later on we're going to hear that there's been reduction of H. flu disease in older children even though there's been a decline in antibody or at least they don't maintain the so-called protective level, and I gather from what you're saying your feeling is that's all basically herd immunity.  That's not their own protective immunity?
DR. ROBBINS:  There's one good study.  I have the slide.  It's not important, but I'm sure everyone knows it, by Takula (phonetic) in which she found that if you vaccinated with the conjugates, there were no colonization among 80 children, whereas the colonization rate in nonvaccinated was about two or three percent.  It was 14 versus zero.  Have I got that right?  Not so bad.
I think they were lucky although they were correct.  That is, vaccination with conjugates does not eliminate inhibition of colonization.  It reduces it so that the effect is seen in the population gradually, that is, with reduced transmission and increased immunization.  The chances of a child transmitting the organism to a susceptible go down and down.
When this was done in Romania with diphtheria toxoid many years ago, about the time you vaccinated 40 to 50 percent of the population, there were no more cases, although the organism remained in the community or in the country for several years afterwards.
In the Gambia, where they vaccinated 40 percent of the children with Haemophilus Type B tetanus toxoid conjugate, when the vaccination was complete, that is, when they had vaccinated all of the children at about six or seven months of age that they proposed, the disease disappeared in the controls and in the rest of the population, that is, even in the nonparticipants.
So to be facetious, and I'm being facetious now, if I vaccinated myself with Haemophilus influenza Type B and walked in the middle of China, it would not affect the rate of Haemophilus disease, but if 40 percent of the children were, then you would gradually see the disappearance of the organism in the unvaccinated children, less than the age of complete vaccination and adults.
It's a gradual process.  It's a statistically challengeable or analyzed process, but probably what happens is that as you reduce the transmission, you're reducing the cases beyond the percent of children vaccinated.
CHAIRMAN GREENBERG:  We have one last question.  Dr. Breiman.
DR. BREIMAN:  And I have two very concise, succinct questions.  Since the protective threshold was identified, we now have a lot more information about quality and functionality of antibodies.  Do you have ideas about threshold as it would relate to subclass or avidity or measure of functional quality of antibodies?
That's the first question.  Actually let me just slip in the second question, too, to think about, which is I was under the impression that even in post Hib vaccine era when there's not very much Hib circulating, that there are data suggesting in older children that there's a very high level of vaccine efficacy, older children where you might expect sort of a decay in antibodies.
And so I wondered if you could address that, too.
DR. ROBBINS:  There is no decay in older children.  It keeps on increasing.
DR. BREIMAN:  Even in the absence of circulating Hib?
DR. ROBBINS:  That's right because the stimulus is probably not always Hib.  The stimulus can be bacteria with similar structural antigens, like the easy one is Eshrekia (phonetic) coli K100.  That only differs in the linkage between ribose and ribitol.
Staphylococcus, if you take any staphylococcus and inject it, you'll get bactericidal antibodies to Haemophilus influenza Type B that bind with the polysaccharide, and that's due to the fact that they're so well contained as polyribitol phosphate.  
You can do a bacillus subtilus (phonetic), and there are many bacteria that we discovered that will cross-react.  We never went into the structure or analyzed them because we would probably still be doing it after our discovery in 1973.  It's a very common cross-reacting antigen.
I believe that's why the age incidence of Haemophilus differs from meningococcus.  With Haemophilus almost all of us are immunized by the age of six.  With meningococcus, only about 70 percent of us are immunized.  We still have 30 percent of the population that are potentially at risk.
Well, let me go back to one point.  You should not assume that you've induced immunity in a population where widespread vaccination has occurred because there were no cases in children with less than protective levels of antibody.  I think the explanation for that is there is no organism.
CHAIRMAN GREENBERG:  Thank you, John.
I wager we're going to hear more on all of these points as it goes on.  I'd really like to thank you.
And I'd just like to simply again underline what Dr. Kohl said, that many of the people in this room, including Dr. Robbins, are responsible for a very remarkable decrease in a very important disease, and all of us owe them a debt of gratitude.
We're now going to move on to the manufacturers' presentations.  We have four manufacturers who are going to speak.  I've asked them all to try to limit their talks to ten minutes.  They all have asked me for a teeny-weeny bit more time, and I'll give it to them, but I would really put about 12 minutes as the outer limit.
So the first manufacturer who's going to speak to us is SmithKline, and that's Dr. -- and excuse me when I get the names wrong.  I always do -- Dr. Bogaerts.
(Pause in proceedings.)
CHAIRMAN GREENBERG:  The question is:  do we count this as their time?
(Laughter.)
CHAIRMAN GREENBERG:  There are clearly advantages and disadvantages of 21st Century technology.
I'll give you a few seconds, sir, to get this up, but I'm going to ask:  are you rolling?  No.
Rob Breiman asked you, John Robbins, a first question which was:  can more precision be brought to the antibody level if you use things such as subclass avidity or other types of assay systems?
DR. ROBBINS:  Well, I don't know the answer to that.  I could talk for about an hour, which means I really don't know the answer to it.
(Laughter.)
DR. ROBBINS:  I'd say this.  That if you have an IgG or IG-1 or IG-2 antibody that reacts with the polysaccharide biolysa (phonetic), there's not much more refinement you're going to do to define what a protective level is.
I personally -- this is my prejudice now ‑- I have the feeling that trying to dwell on that too much is like buying a Rolls Royce to take your garbage out.
(Laughter.)
CHAIRMAN GREENBERG:  Is there any way that -- it looks like you may have --
DR. BOGAERTS:  I apologize for this delay.  We are clearly not in this business.  I hope we do our pharmaceuticals and vaccines better.
(Laughter.)
DR. BOGAERTS:  Mr. Chairman, on behalf of SmithKline Beecham, I would like to thank CBER for the opportunity to present the SmithKline Beecham experience with our conjugated PRP-T Hib vaccine in B Type combinations.
We have, indeed, taken B Type, known in this country as Infanrix, as the cornerstone for a family of pediatric combined vaccines, taking into the combination Hib, which is a specific subject for my presentation today, as well as Hepatitis B and inactivated polio vaccine.
This allows us to then bring a family of permutations, B Type, Hepatitis B, B Type IPV, and B Type HPV/IPV.  All of these products are 0.5 mL liquid formulations that can be used then to reconstitute the Hib PRP-T conjugate and offering then an additional range of pediatric vaccines.
Both the last vaccines on the left hand and the right hand are of particular importance for the current recommendations of recommended vaccination schedule in this country and are under review by regulatory authorities.
We do have an extensive experience with this family of products going back first to the Infanrix DTaP with more than 26 million doses distributed today.
In addition, we have more than eight million doses of the combined DTaP Hib vaccines already distributed in 28 countries that have registered such a combination to date.
When confronted with the evaluation and the development of this vaccine, we are aware that it is impossible, especially for the Hib component now, to run new efficacy trials.  Therefore, we considered that complying with the criteria proposed by a similar advisory body, committee in 1991, and as listed here, was the way to go.
So in my presentation I will address how we tried to respond to the five bullets that are listed here.
First, comparative immunogenicity versus licensed Hib vaccines;
Antibody persistence till the time of primary -- till the time of booster;
Priming for a subsequent booster to the native polysaccharide, PRP;
Comparison of the quality of the antibody and the subclasses demonstrating the functional capacity of the induced antibody.  So this is what we observe typically when we were confronted with the first results of our combinations, and you see here that I will show you geometric mean concentrations and the percentage of responders according to two classical benchmarks as mentioned by the previous speaker of 0.15 micrograms per mL and one microgram per mL for combinations of increasing complexity starting with DTaP Infanrix and always, and the second line, the corresponding mixture with the PRP-T.
And what you see is that invariably we accuse a lower antibody concentration for the combo as compared to the separate administration.  However, when looking at the percentages of responders, we do see a lower percentage for the benchmark greater than or equal to one, but we do see that for 0.15 micrograms per mL, there is no difference between the separate administration or the combined administration of the vaccine components.
So this brings me then to the question already proposed by Dr. Robbins.  What is the origin of these benchmarks, 0.15 and one, related classically as presented for short term protection and long term protection?
The benchmarks have been defined and calculated for nonconjugated Hib vaccine.  However, and anticipating on the presentation later today by Juhani Eskola, the conjugated Hib vaccines in their efficacy studies demonstrated greater protection than what would have been predicted if we were looking at a percentage of subjects with titres or a concentration greater than one microgram per mL.
Without going into the detail and accusing that this is a busy slide, I just concentrate here on the studies in  Finland, and you see that if we look at the percentages here in yellow of responders with a titre greater than one, it is out of face with the absolute efficacy that was observed in the same individuals.
This is not the case when you look at 0.15 where there is a greater correspondence.  
Going back now to the titres that we observed and looking at the second criteria, comparing us to the established Hib vaccines, I present here data from the literature and every dot here on the table illustrates a study group that was published for the four most widely spread Haemophilus vaccine, HbOC, PRP-OMP and PRP-T, and for the sake of completeness, we also added PRP-D that in this country was not licensed for primary vaccination in infants.
And if I add to this now the observations that we have with our DTaP Hib combinations, then you can see that despite there was a lower antibody concentration with respect to the separate administration, we compare favorably to the titres that have been published for those vaccines that have, indeed, allowed us to control Hib invasive disease.
I highlight in particular our hexavalent, which is of great importance for this country, and you see that we, indeed, look well as compared to the literature data.
This allows me to go from the primary vaccination then into the persistence, which was also the criterion that was required to study.  So here we look at two studies among the many we conducted where antibodies were evaluated at 15 to 20 months of age.  So this is pre-booster.  After a primary immunization with one of the combinations at three, four and five months of age.
Two validated methods with a different cutoff, but both based on RABA illustrate that if you look at the classical 0.15 microgram per mL, you may see that in the mix there is only 64 percent with detectable antibodies, but if you look behind the curtain and you use a cutoff that is actually lower so that it is a more sensitive method, you are able to retrieve a significant part of those subjects that you then could quality as having antibodies, and the importance of that has clearly been indicated by Dr. Robbins.
This allows me to go to the third criterion, and what about the induction of immune memory to plain PRP, which is an established and accepted way for mimicking the contact with the wild Haemophilus.  
So here we took a study among others that we conducted, conducted by Ron Dagan, who I believe is also in the audience, and the primary vaccination was with one of the DTaP combos at two, four, and six months of age, and the plain PRP challenge was given as early as ten months of age.  The blood sampling took place ten days later.
Now, to position the PRP response observed at that age, we have to look at the benchmarks that are appropriate, and what you see here is from the literature again in function of age, the increasing antibody response that you see after one dose of plain PRP.  For the sake of our study, the benchmarks are the diamonds that are here at month ten.
And if I put the results from the study, then you can see that the response we obtained is way above what we see in unprimed children, therefore indicative of the induction of priming by the primary vaccination  they got with the combination.
I will not go into any great detail for the sake of time, but we did look at all of the classical functional tests and also the avidity.  We also looked at the maturation so the phenomenon that avidity with time will increase and, therefore, add to the quality of the antibody.
So we were unable to find any differences between the combined or the separate administration.
Last, but not least, given the fact that our vaccines are, indeed, already widely used, and I specifically refer her to the situation in Germany where you see that in a very short period of time after their introduction, all Hib conjugate vaccines got replaced by DTaP Hib combinations, and you see that the vast majority today of those vaccines are a dose produced by SmithKline Beecham.  So we have here a scenario where looking at post marketing surveillance, we will be able to study relevant effectiveness data for all vaccines.
And Dr. Schmitt later in the program will give you all the details on how we were, indeed, able to show that effectiveness was demonstrated.
This allows me to draw some conclusions, again, following the criteria set out by the Advisory Committee in '91, that indeed, comparison of combined vaccines versus the separate administration of their components showed that we have a lower geometric mean concentration and a lower percentage of responders with a titre equal or greater than one microgram.
But we do see that 0.15 micrograms per mL, there are no differences.  The efficacy trials seem to indicate that indeed the 0.15 micrograms per mL is a more sensitive marker for protection.  The antibody concentration and potential of responders is furthermore similar to the range that has been published for those vaccines used in this country and others to control HB invasive disease.
We do see that there is a persistence of antibodies and more even if you use a more sensitive method, and we see that induction of memory has taken place as evidenced by an anamnestic response to a challenge with the plain PRP.
The functional capacity and the characteristics of the antibody, including the maturation, are unaltered as compared to the separate administration, and then fortunately we have already data showing that in a population based field effectiveness has been demonstrated.
Thank you very much.
CHAIRMAN GREENBERG:  Thank you.
There's a lot to be packed into the next couple of minutes.  So I won't be able to take a lot of questions, but I would like to give the panel a chance to ask one or two questions.
Dr. Kohl.
DR. KOHL:  In your handout, not the slide handout, but your written handout, Table 4 is opsonic activity of combined versus separate component antibody response, and am I accurate in reading these GMTs as being about half the separate response?
I know later on they're corrected for IG content, but the uncorrected would seem to be what's important, and is it accurate that it's about half the response?
DR. BOGAERTS:  I don't have the table in front of me, but may I ask one of our experts who is in the room, Jan Poolman, to address this specifically?
CHAIRMAN GREENBERG:  Table 4 is on page 12 of the handout, and I don't want a 15 minute discussion of serology here.
DR. POOLMAN:  The answer to this question is pretty simple.  The geometric mean opsonic titres, indeed, in the mixed vaccines are lower, but that directly relates to the lower antibody concentrations as measured by RABA.
So the correct way of looking at this as the opsonic activity on the antibody weight basis.  So that is the ratio of the opsonic titer divided by the quantity of antibody, and that we have indicated as a geometric mean ratio in the far right side of the table, and there you see they are the same.
CHAIRMAN GREENBERG:  I think most of us got it.
DR. GRIFFIN:  With relevance to what Dr. Robbins said earlier, I assume that all the titres that you're giving us are sort of the peak titres after immunization, and do you have any data or knowledge about a year or two, you know, what the decline is and how high antibody titres are in the follow-up of any of these children?
DR. BOGAERTS:  Yes.  We, indeed, looked most of the time at antibody titres up to the age of booster, and I think I've shown some of the data where we, indeed, see the normal antibody decline.
What we do see is that, especially if we use a more sensitive method, and that refers to the 89 percent and 90 percent that you have seen on the slide, that we do find detectable antibodies in the vast majority of the children at the time of the booster.
CHAIRMAN GREENBERG:  I'm just going to follow up on that because this point was not clear to me.  When Dr. Robbins talked, and as I read this literature, the one microgram was an acute response, and then the .15 was sort of after decay, and I couldn't understand from your presentation whether you were now interchanging the acute response of one microgram and .15 as saying, well, we have a higher acute seroresponse rate if we use .15 as the level, which I think changes the meaning of the point.
Since I assume everybody goes down after the first month, I assume the height of that first month is indicative of what you'll have later on.
Dr. Robbins wants to.
DR. ROBBINS:  Just to make a point, these levels of antibody were not take that were -- the two methods used to determine the protective level were not taken from vaccinated children.  They were taken from adult sera of the general population and from gammaglobulin made from adult sera which was therapeutically effective.
The level of .15 should be considered as protective in any individual at any given time.
CHAIRMAN GREENBERG:  Okay.  So when you said seroconversion of .15, that's a month after?  When was that .15 achieved?
DR. BOGAERTS:  The .15 that I referred to was one month of the completion of the primary vaccination.
CHAIRMAN GREENBERG:  Okay.  I'm sorry, but I am going to need to move on, and we may if we finish, we may be able to revisit this.
We need to pause before the next speaker, pause to have a different lectern.  So then we can keep -- we're not pausing.  We're going to keep asking questions.
Dr. Ferrieri.
DR. FERRIERI:  Well, I don't want this to be a serologic focus at this point either, but in reference to Table 4 from SKV's prepared materials, I would like to emphasize that the geometric mean ratio may be altered.  I don't have a statistical analysis of data, but depending on the nature of the vaccine when given as a mixture, there can be greater alteration and depression of the anti-PRP antibody responses.
And so this may emerge later as we examine what is in the mixture, but it's an important point, in my opinion, to keep in mind.
The first half of the data has to do with DTaP with PRP-T mixed or solo or given separately, but when examined with HBV in the combination, there is a difference in the ratios.
CHAIRMAN GREENBERG:  Okay.  So I'd like to ask the next speaker, Dr. Ken Guido (phonetic) to come up from Aventis Pasteur.
DR. CALANDRA:  I'm Dr. Gary Calandra, Vice President of Clinical Development for Aventis Pasteur, previously known as Pasteur Merieux Connaught.
Thank you very much for the time to present.
I want to present two slides with regard to the background.  This is a slide that discusses the positive story that was mentioned earlier about the tremendous decrease in the number of cases with the advent of the Hib vaccines, this the status in '96 and '97.
You can see that approximately 50 percent of the total cases are in infants less than six months of age and 50 percent greater than six months of age, and when you look at that group on the bottom line, 64 percent are due to incomplete vaccination status for which hopefully we all can increase vaccine coverage, and 36 percent had complete vaccinations, however developed disease possibly due to a nonresponder status, possibly due to overwhelming exposure or another category for which we cannot explain.
Next slide.
This is the experience of several vaccines being used in one high risk area.  Prior to the introduction of Hib vaccine and the Native American in Alaska, the peak incidence was four to seven years of age, similar to what Dr. Robbins has shown, 25 to 40 cases per year and a high carriage rate of five percent.
OMBC, PRP or Pedvax Hib was introduced in 1991 and nearly eliminated the disease in Alaska, with one to three cases per year, but interestingly, as observed by investigators in Alaska, had no effect on carriage, which was measured to be in the eight to nine percent.
In 1996, a different vaccine was introduced into this population, replacing Pedvax Hib, and the number of cases increased rather dramatically.  The reasons for reemergence of disease is Pedvax Hib did not eliminate carriage, which as Dr. Robbins has pointed out is very important for the population.
Tetramune, on the other hand, possible or probably did not protect against very early Hib disease, i.e., the importance for the individual.
Point out then by the author that both the population and the specific Hib vaccine may be important in the control of Hib disease.  The related thought is that an adequate level of antibody at the time of exposure is important for all segments of a population.
Next slide.
These are combination vaccine products that have been developed by Pasteur Merieux Connaught, now Aventis Pasteur.  TriHIBit is licensed for 15 months and older as a booster dose composed of Tripedia used to reconstitute the Hib vaccine ActHIB.
Quadracel is a vaccine which is licensed in Canada, and it is Tripacel, the DT acellular pertussis-5 component vaccine combined with IPV.
Pentacel combines essentially a Tripacel to reconstitute ActHIB or Penta-5 component vaccine.
I will use these vaccines to demonstrate outcomes relative to the present CBER guidelines:  first, TriHIBit in toddlers.  These infants shown were vaccinated at equal to or greater than 15 months of age with TriHIBit or separate injections, which means Tripedia or DT acellular pertussis-2 component plus ActHIB.
The predose levels, the anti-PRP levels in this group of infants is taken from our package insert, .89 for TriHIBit, 1.15 for separate injections for the Hib component.  Again, we're just looking at the Hib component.
And you can see post dose a tremendous increase in titre in both the combined vaccine TriHIBit and separate injections.
Next slide.
This is a study from four sites in the United States with matched infants.  These infants received a 2-4-6 injections of TriHIBit or separate components, the separate components in the first column and the TriHIBit in the second column, and you can see with regard to the anti-PRP antibody that the vaccine was significantly different in terms of the Hib response for separate verse combined, that is, a lower response in the combined product, and this would not meet the guidelines as discussed by CBER.
Next slide.
Pentacel experience with regard to the primary series.  Remember, again, Pentacel is DT acellular pertussis-5 component IPV and ActHIB in one group that is the Pentacel group compared to at this time not all separate, but Quadracel-ActHIB, and you can see in this with regard to the GMTs that these would meet the guidelines as proposed by the FDA.
This is a licensed product in Canada and is the predominant vaccine used within Canada.
Next slide.
We've shown you with regard to TriHIBit where we did not meet the requirements of CBER for licensure and where the product from Canada, while not presented for licensure in the U.S., does meet the requirements or could meet the requirements.
In general we concur with your CBER definitions for determining the limits for noninferiority and equivalents for GMT and seroconversion, where seroconversion is ten percent the upper limit of the confidence interval, and the GMT as I have on the slide I won't read those numbers.  You have read them.
Thank you very much.
CHAIRMAN GREENBERG:  Thank you, Dr. Calandra.
We have time for a question or two from the panel.  Dr. Fleming.
DR. FLEMING:  If we go back to the Alaskan experience, the Pedvax Hib, can you explain the reason why and the clinical relevance of the increase in carriage in '91 to '95?
DR. CALANDRA:  I'm not sure I should answer that for Merck, but I'm not sure that it's statistically different between five and 8.3.  I don't know the answer to that.
DR. FLEMING:  Nevertheless the point estimate is as it is.  So you're right.  One explanation could be random variability.  Another could be a true pattern.  
If it is, in fact, a true pattern, can you explain?
DR. CALANDRA:  No, I cannot.
CHAIRMAN GREENBERG:  Does anybody have an explanation for Dr. Fleming's question?
DR. BUTLER:  One comment is the data are really not adequate to say that there was a increase in carriage during that period, and I think that would be a very large leap, in some areas extrapolating from limited data and in other areas no data to say that.
CHAIRMAN GREENBERG:  Any other --
DR. FLEMING:  Just to expand on this, would you have expected a decrease in the carriage with such an effective vaccine?
DR. CALANDRA:  It expected a decrease in carriage would have been found.  It was a surprise that there was no change in carriage.  It was not interpreted at the time.  It is still not interpreted as an increase, just no decrease.
CHAIRMAN GREENBERG:  Dr. Kohl.
DR. KOHL:  Gary, your company agrees that in the TriHIBit experience the immune response that are combined at 4.3 is less than the separate at 7.0.  The immune response to Pentacel and Quadracel in your next to the last slide, at least the GMTs are closer to the combined in that previous study than they are to the separate.
Is it fair to compare those studies or they're just so different that it's --
DR. CALANDRA:  I would not compare the studies.  The Pentacel is entirely Canadian population, Canadian practices, although 2-4-6 and the TriHIBit is totally U.S.
CHAIRMAN GREENBERG:  Okay.  One last question.  Dr. Kim.
DR. KIM:  This is a follow-up to the question being asked earlier about Alaska.  Is there anyone, Gary, you or anyone in the audience have information on anybody's levels and responses in Alaskan children to PRP-OMP, whether their dose levels were comparable to non-Alaskan population in U.S.?
DR. CALANDRA:  I think I will let the Merck people in the audience answer that question.  I know the answer, but I think it should be them.
CHAIRMAN GREENBERG:  Does somebody have an answer directly to that?  Can whoever has the answer get up and go to a microphone and introduce themselves?
DR. BOSLEGO:  John Boslego, Merck.
In general the antibody responses in Alaskan Natives are slightly lower than they are in the general U.S. population.
Okay.  We are now going to move on to the third manufacturer, North American Vaccines, and Dr. Helen Cicirello or Dr. Peter Fusco is who I have down.
DR. CICIRELLO:  Thank you very much for allowing North American Vaccines to present their experience with evaluation of Hib antibody response when Hib vaccines are used and compared to combination or when they are injected separately.
I will begin my presentation by briefly reviewing two studies in human clinical trials where we have looked at the Hib antibody response, when we have used North American's DTaP vaccine and used other manufacturers which have vaccines commercially available currently.
I will then move on to discussions of where North American Vaccines' approach to the -- and knowledge of the fact that a reduced Hib antibody response has been noted and is seen when Hib is used in combination with other current pediatric vaccines.
And then I will conclude my discussion by bringing you up to date on where we stand on the introduction of our newly developed Hib conjugate vaccine in human clinical trials.
The first two studies that I will briefly review are use of our, North American Vaccines' DTaP vaccine either alone or in combination with other currently available Hib vaccines by other manufacturers.
The first study is one in which actually Hib vaccine was separated concomitantly, but as separate injections with either acellular pertussis vaccine of North American Vaccine or DT whole cell pertussis vaccine.
And then the second study I will be referring to is the use of North American's DTaP-IP vaccine when it was used to reconstitute at Hib, and in that study the infants received either the one injection where the combination was administered or two separate injections.
The first study took place in the United States and received immunizations at two, four, and six months of age with a serology obtained one month following the third dose, and again, these were infants who received Hib vaccine from the manufacturer and the DTaP vaccine that was received was either North American's DTaP or whole cell pertussis containing vaccine.
And in that study there were no significant differences observed in the geometric mean titres or in the percentage of subjects who achieved the short term and long term protective threshold level.
The second study was conducted in Sweden where their immunization schedule of infants is at three, five, and 12 months of age, and serology was obtained one month later following the third dose.
Again, in this study there were no significant differences observed in the number and percentage of subjects with anti-PRP-T titres of the long term or short term protection levels.  However, there were significant differences in the overall geometric mean titres for Hib in the group of individuals who received the combination vaccine compared to the separate injections.
The individual numbers for that study are as follows.  We had approximately the same number of individuals in each study, 189 versus 185.  The left most column represents the vaccine in which the children received everything together in one syringe.  We used our DTaP-IPV to reconstitute our Hib.
And the second -- can that be focused a little bit? -- the second column represents the results when children received separate but concomitant immunizations, and you could see that there was a significantly different overall response in the geometric mean titre between individuals in the two different groups either using a Hib antibody assay of the RIA or the ELISA.
North American's approach to this lowering of the overall antibody response for Hib has been the development of a new combination conjugate vaccine, and what we are currently using is a novel carrier protein, rPorB as our carrier.
The following two slides will review some pre-clinical data of the use of this vaccine in comparison to other commercially available Hib vaccines.
This is a preclinical study that was conducted in rats.  Five different groups of rats received one of five vaccines.  There were two research lots of our Hib rPorB conjugate vaccine.
We also immunized another group of rats with our own Hib-TT vaccine, and then a fourth and fifth group of rats received commercially available HbOC or PRP-T.
The animals received three immunizations.  They had blood draws at each time of immunization, and then received blood draws approximately ten days after each booster vaccination.  The boosters occurred about three to four weeks apart.
As you can see from this graph, I want to point out to you that the Y axis represents the ELISA IgG titre, and it is on a log scale.  The overall geometric mean titre for those rats who received our new Hib conjugate vaccine using the novel carrier protein are many-fold higher, anywhere from 60 to 100-fold higher than the geometric mean titres that were observed when rats received either our Hib-TT vaccine or the commercially available products.
Now, this is just Hib alone, not in combination with any other vaccines.  
Oops, sorry.  I went the wrong way.
In a second study done in rats, we see the effect of the combination Hib DTaP-IPV vaccine administered to rats compared to just Hib alone, and in this study, again, we looked at rats who received our Hib conjugate vaccine or those who received another commercially available product.
We can see that when the vaccine was combined with DTaP-IPV there is a difference in the overall geometric mean titre for the HIB IGG.  However, the differences between and the geometric mean titre among those rats who received Hib either alone or -- our Hib either alone or in combination are several-fold higher than those rats who received the commercially available PRP-T vaccine either alone or in combination.
The number of rats who are immunized here are small, and our confidence intervals are quite wide, and I think that's contributing to the reason why there are really no significant differences observed when we looked at the Hib antibody response, either in combination or alone.
We have subsequently gone on to immunize humans with our Hib conjugate vaccine.  We have recently concluded a Phase 1 study in adults in which 52 adults have been vaccinated.  The vaccine was well tolerated, and the serology is currently in the laboratory being assayed for the Hib immune response.
Our plans are to pursue additional studies in the near future with our Hib conjugate vaccine.  Our next population will be in toddlers where we will be immunizing them and comparing them with a commercially available Hib product, and soon thereafter to follow, we will be putting our Hib conjugate vaccine into combination with DTaP and IPV and evaluating that product in both infants and toddlers.
Thank you very much.
CHAIRMAN GREENBERG:  Thank you.
There is going to be one other manufacturer who may wish to speak.  So I only want one or two questions.
Any questions?  Dr. Edwards.
DR. EDWARDS:  Is there any immunogenicity to the Por and B against mening. B disease?
DR. CICIRELLO:   Milan, can you answer that?
PARTICIPANT:  Not that we can see.
CHAIRMAN GREENBERG:  The answer was "not that we can see."
You don't have a glimmer of information about people?  I always hate it when I see tests pending.
DR. CICIRELLO:  Oh, no.  I'm sorry.  Well, Mike Pichichero is in the audience here.  It's being done in his lab, and I don't know if he has any information.
CHAIRMAN GREENBERG:  I've made a living of showing increased immunogenicity in rodents.
(Laughter.)
CHAIRMAN GREENBERG:  Unfortunately it's not that useful.  So there's no data?
DR. CICIRELLO:  Not yet that we have in our hands.
CHAIRMAN GREENBERG:  One last question.
DR. BREIMAN:  Are those massive antibody levels functional?  Are there measures at all that you've done of opsinophagacytosis (phonetic) or avidity or anything?
DR. CICIRELLO:  Milen, do you know if we have any functional body assay results in the animals?
PARTICIPANT:  (Inaudible.)
DR. CICIRELLO:  Please use the microphone.
CHAIRMAN GREENBERG:  But the answer was the antibodies are functional by killing assays.
I'd like to move on now to Wyeth Lederle, and Dr. George Siber is going to present.
DR. SIBER:  Good morning.  My name is George Siber.  I'm Senior Vice President and Chief Scientific Office of Wyeth Lederle Vaccines.
I'd like to say up front that the question of licensing DTaP-Hib combinations or other Hib combinations is a very complex and difficult decision.  There are important scientific and public health reasons to be concerned about introducing vaccines with lower immunogenicity for Hib.
If I could have the first slide, I guess I can control this myself here.  
I'll discuss four questions that are relevant to the introduction of DTaP-Hib vaccine and other Hib combinations in the future.
First, is one microgram per mL the protective antibody concentration after a primary series of conjugate?
Second, is priming protective?
Third, will we see an increase in invasive Hib disease if vaccines with lower immunogenicity are widely used in the U.S.?
And if so, do we need to make this decision now or take this risk now?
There are two answers to the first question, and they've sort of been covered already.  Yes, a microgram per mL is probably the correct protective estimate for PRP polysaccharide vaccine.  This estimate is based on the Finnish studies of PRP vaccine where 90 percent of vaccine recipients were protected, achieved this concentration and only 20 percent of controls did.
The second answer is, no, one microgram is almost certainly higher than the minimum protective level required for protection after conjugate vaccine.  A substantial proportion of infants ranging from perhaps five to 30 percent do not achieve this level, and yet almost all of them are protected.
I've not seen data that allows estimation of a protective concentration using the population based method, but I venture to guess that it would be very low, perhaps in the order of .15 microgram per mL.
The second question is whether immunologic priming protects against Hib disease.  Before discussing this, let me define priming as the rapid rise in antibody to a protective level in response to natural Hib exposure, which we think is most likely a PRP polysaccharide exposure by the nasopharyngeal route, in other words, colonization.
I'd like to emphasize that we cannot apply the concept of an anamnestic response to proteins to, quote, priming to polysaccharides.  For a protein, a rise of antibody within seven days is not observed after the first exposure, but is the key feature, the diagnostic feature of an anamnestic response to the second exposure.
By contrast, with polysaccharides antibody rises, if they occur at all, always occur by four to seven days.  Although only a few studies have looked at early responses to polysaccharides, all have shown identical kinetics, a slight fall in three days followed by a rapid rise between four and seven days to peak levels by seven to ten days.
This is true for older individuals given their first dose of PRP, for toddlers given their first dose of conjugate, and for toddlers given PRP after a primary dose series of conjugates.  Therefore, it is the magnitude and not the kinetics of the antibody response to polysaccharide that defines what we call priming.
Is priming protective?  Again, there are probably two answers to this question.  Yes, I believe that priming usually protects.  One can infer this from the observation that a substantial proportion of children have antibody declines to less than .15 microgram per mL prior to booster dosing.  This was true certainly for the PRP-D studies.  It was true for the Hib OMP studies on the Native Navajo, and yet they were protected.
Also in some countries, such as the U.K., where boosters are not given, this proportion may become quite large, although I don't have direct data on that.
Nevertheless, these children remain primed and almost all appear to be protected.
The second answer is no.  Priming does not always protect, and the hypothetical reason is that the interval between exposure to the organism and invasion may simply be too short, less than four days, for an antibody response to occur.
The likelihood of rapid invasion may depend on the organism, the type of exposure, and host susceptibility factors.  Based on their tendency to cause outbreaks and the timing of the secondary cases, I would speculate that rapid invasion is most likely with the meningococcus and immediate with Hib and least likely for the pneumococcus.
If this is correct, it follows that the presence of preexisting antibodies at the time of exposure is most important for the meningococcus and least important for the pneumococcus.
Evidence that priming for a rapid response is not always protective includes the following.  
First, that breakthrough cases do occur rarely in fully conjugate immunized children who have presumably been primed, and we can see this in the U.S.  About a third of the breakthroughs that are observed are in apparently fully immunized children.
Second, that vaccine failure rates increase with age in the U.K. where only three doses of Hib conjugates are given at two, three, and four months, very early.
And slide six shows you the U.K. data, and summarizes the number of Hib cases observed in the U.K. compared to the number expected to have occurred based on rates just prior to vaccine introduction.
Note that on the one hand, efficacy remains quite high, even in the third year of age when a substantial proportion of these children are likely to have very low antibody levels.
On the other hand, vaccine failure rates, VF in the far column, increase from about .9 percent in the first year to 5.3 percent in the third year presumably due to failure of priming alone to fully protect.
A third bit of evidence comes from pre-vaccine era studies that I think John Robbins just showed you when older children who are capable of responding to PRP quickly still got meningitis, albeit at a much lower rate.
And the next slide shows you unpublished data from Porter Anderson and David Ingram that demonstrate eight children older than 30 months admitted with meningitis to Boston Children's Hospital.  Seven of the eight were able to mount a rapid and high anti-PRP response in the first three days, shown in yellow there, after admission.
One might infer that these children were primed to respond naturally, but developed meningitis anyway.
Finally, I want to emphasize one additional point on priming, which is that effectiveness of immunologic priming can vary.  The best predictor we have found of the level of priming is actually the concentration of antibody after the third dose, which correlates well with the response to a toddler booster dose.
And this shows you on the horizontal axis the antibody concentration after the third dose and then the concentration after the toddler booster, and the R value is .71 for those of you who can't read that, highly significant R value.
And the vaccines used here are HbOC alone, with DTP, or with DTaP.  So this suggests that vaccines with lower responses after primary immunization will also produce less effective priming.
The next question is whether invasive disease will increase if vaccines with lower immunogenicity are widely used in the U.S., and considering this question, I'd like to make several points as background points.
First, the published immunogenicity study with each of the Hib conjugate vaccines shows substantial variation over about a tenfold range in geometric mean antibody concentration, and Yuhani (phonetic) kindly shared this slide with me from his recent review in Lancet, and what you can see is the average, the tenfold range is in variations roughly for each of the vaccines, and the average GMC of HbOC and PRP-T here is about five micrograms per mL, and all of the studies are above a microgram per mL.
The average GMC for PRP-OMP is about 2.5 microgram per mL, and for the DTaP-Hib combination vaccine, about two microgram per mL, with a number of studies selling GMCs below a microgram per mL.
The second background point is that vaccine responses will be even more variable in practical use than in these tightly controlled clinical studies.  This is due to more variation in the timing of doses, incomplete immunization, and lower responses in high risk groups.
Third, in some areas of the country and among certain groups, immunization rates are very low.
Fourth, and I think the most important point has to do with the current epidemiologic situation that we're confronting in the United States in considering this decision.  We are not asking whether DTaP-Hib combinations would have high levels of efficacy when introduce into an area where no Hib vaccine is in use.  There's no question in my mind that they would.
Rather, we are asking what would happen in the U.S. where more immunogenic vaccines have been used for a decade and have reduced Hib disease rates to extraordinarily low levels.  This slide shows CDC data from 1994 and 1995 by Dr. Bisgard, who is in the audience, and it shows that there were only about 90 invasive Hib cases reported each year in those two years.
Compared to the  pre-vaccine era, this is estimated to be a greater than 99 percent reduction in disease.  Even in infants less than six months of age, the reduction has been an astounding 98.5 percent.  It seems likely that herd immunity is important in achieving such low disease rates in the very young.
In this situation, a very slight reduction in efficacy, say, from 99 percent to 98 percent translates into 90 additional cases of invasive Hib disease in the U.S.  That's a point I think we need to keep in mind.
So returning to the question of whether Hib is likely to increase in the U.S., it is certain that Hib antibody levels in infants and older children will decline if DTP-Hib combos come into general use.
As a consequence, a larger number of children will have to rely for protection on priming alone rather than priming together with preexisting antibody.
A second consequence is that Hib colonization rates may increase, leading to less herd immunity and an increased risk of Hib exposure for unimmunized, partially immunized, and immunocompromised children.
There is some evidence, though limited, that in animal studies and human studies that higher levels of antibody are required to prevent colonization than to protect from invasive disease.  The higher rates in Alaskan infants that we have heard about may be due to the lower antibody response to PRP-OMP, but of course, these populations also differ in other ways.
The final question I'd like to pose is whether we need to make this decision now.  That's supposed to be a scale.  It doesn't show up very well.
In considering this question, we weigh the magnitude of the risk, lower Hib antibody, and perhaps more Hib disease against the magnitude of the benefit, fewer shots and perhaps higher acceptance and increased vaccine coverage.
On the risk side, will we see more Hib disease?  I would answer that we can't really know that for sure, but it is certainly a possibility.
What would the impact of more Hib disease be?  Again, it's hard to say, but it would certainly raise concerns about vaccine efficacy.  It certainly did that in Alaska.
On the benefit side -- I think I'm missing the benefit slide, but I'll tell you -- on the benefit side of the equation, the benefits of reducing the number of injections include less discomfort for children and parents and convenience for providers.
But from a public health perspective, the main benefit boils down to improved vaccine uptake.  I guess we don't know whether compliance would improve further if fewer injections were given, but the potential for improvement may be modest based on the current very high immunization rates.
Is there another way to reduce the number of injections without the risk?  Of course, there are other options.  In the near term, DTaP-IPV-HepB combos are likely to become available.  These will reduce the number of injections per visit by two.
In the longer term, manufacturers may be able to include Hib with pneumococcal and ultimately meningococcal conjugate vaccines and perhaps avoid or reduce suppression of the Hib response.
So to summarize, I think we have two options.  On the one hand, introduce DTaP-Hib combos and perform careful post marketing and surveillance for HIB disease and vaccines failures.
On the other hand, we could achieve a near term reduction in the number of shots with other combos, perhaps obtain more information by comparing vaccine failure rates with currently available vaccine, and maybe we'll hear more about that later, and encourage manufacturers to evaluate other strategies for combing Hib.
Thank you.
CHAIRMAN GREENBERG:  Thank you, George.
We're running a little late.  What I would like to do is I understand that Merck was in the audience, may wish to take a few moments; am I correct?
DR. UKWU:  Henrietta Ukwu from Merck.
CHAIRMAN GREENBERG:  It's not on.  Why don't you go up to the podium?
DR. UKWU:  It's on now?
CHAIRMAN GREENBERG:  That's fine.
DR. UKWU:  Okay.  Henrietta Ukwu from Merck.
Sine Merck does not have any data on PRP-OMP in combination with DTaP vaccines, we have not prepared a formal presentation.  However, we would like to take a few minutes to comment on our understanding of nasal carriage with Hib vaccines in general and Karen Kaplan from Merck will be making those comments.
Karen.
CHAIRMAN GREENBERG:  Can you give me a hint on how long your few moments will be?
DR. KAPLAN:  Four.
CHAIRMAN GREENBERG:  Thank you.
DR. KAPLAN:  I'd like to just make a few comments about the issue of Hib carriage.  It's clear that there remain gaps in the scientific knowledge base on the subject of carriage.  In terms of interpreting the studies that have been done, there are certainly differences among the populations that have been studied, the high risk versus low risk populations, and one needs to be exceedingly cautious about generalizing the findings from one study to the next.
Furthermore, in many cases the cross-sectional design offers just a single look at what is clearly a dynamic phenomenon.  In many of the studies, in most of the studies Hib colony counts are not performed, and in fact, in Marina Barbour's study in the U.K. where she really did look at colony counts, as well as antibody levels, vaccinated carriers had very low colony counts compared to the nonvaccinated carriers, and vaccinated carriers also had the highest antibody levels.
Furthermore, the clinical significance of carriage is still unclear.  In fact, the question is:  do vaccinated carriers transmit disease as effectively as nonvaccinated carriers do?
Can I have the next slide?
There have been a number of studies that have been done looking at the various Hib conjugates and their effects on carriage, and if you look across the Hib conjugates, some have shown reductions in carriage.  Others have shown persistence in carriage.  It's not confined to single conjugate vaccine.
In fact, the studies referred to on this slide have been performed in the so-called low risk populations.
In Finland, there was a reduction in carriage, in Atlanta a reduction in carriage, persistence of carriage, in England and in Chile.  In fact, there were 40 percent of PRP-T vaccinees had at least one positive Hib culture done.
The next slide.
PRP, carriage with PRP has been studied exclusively in the high risk populations, and we know that those populations are different both because of who they are and in terms of the pressures for disease transmission that may occur, but certainly in the Navajo there was a reduction in carriage, and among the Native Alaskans there was persistence of carriage demonstrated by Gilil and colleagues.
I think the pre-vaccine era carriage rates are estimated to be around six percent, and I think one can say that their study demonstrated persistence in carriage, although interestingly enough among the Alaskan Natives in the pre-vaccine era, despite astronomically higher rates of disease, their carriage rates were largely the same as those among the non-high risk populations.
Next slide.
Some conclusions then, some things to think about.
In general, introduction of Hib conjugate vaccines in non-high risk populations have reduced carriage of the organism, but there clearly have been exceptions.  Only PRP-OMP has been evaluated in high risk populations for its impact on carriage.
But, in fact, the relative importance of which Hib vaccine you choose and its effect on carriage is not known.  It's just not clear.
Next slide.
And, in fact, there is other evidence that does support the fact that PRP does have an effect on herd immunity.  In Israel there was a 96 percent decline in invasive Hib disease.  That includes a 66 percent decline in infants under three months of age for whom a direct effective vaccine would not be expected.
And in Alaska, there was a marked decline in Hib disease in persons ten years of age and older who were never vaccinated, and the greatest decline was, in fact, seen in the Native Alaskan subpopulation.
Thanks.
CHAIRMAN GREENBERG:  Thank you.
What I'm going to do is first catch up.  I forgot -- you'll have to excuse me -- at the very beginning of this session to ask whether there was anybody in the audience that had anything to say in the open public hearing.  So I'm going to do that.  I'm going to do a catch-up vaccination now and ask whether we have anybody in the audience with something to say.
I'm looking around and don't see it.  Ah, yes, I do.
I can't see the slide.  Dr. Granoff.  
DR. GRANOFF:  Don Granoff.  I'd like to ‑-
CHAIRMAN GREENBERG:  No, I think you're going to talk at the next open public.  You can talk now or you can talk then.  It's your right, but there's more time probably if you -- okay.
Anyone else?  Yes.  Oh, you'll also talk at the next open.  Yeah, that's fine.  We have two open public sessions.  So I think we'll save these until the next one.
In which case, I am going to conclude this morning's meeting and let everybody take a break.  We didn't -- I think to some degree, and I'm sure the committee members have other questions for the speakers, and is it okay for them to address them while they have coffee?
It's not.  They can't do it.  So they should try to keep and get their questions together, and if we can get a little time later on in the program, we'll try to catch up.
Thank you.
I'd like you to be back here at -- you have a ten minute coffee break.
(Whereupon, the foregoing matter went off the record at 10:58 a.m. and went back on the record at 11:13 a.m.)
CHAIRMAN GREENBERG:  Okay.  We're now going to start with Dr. Peggy Rennels, who's going to talk about the response in a DTaP-Hib vaccine with inactivated polio.
DR. RENNELS:  I'll present to you results from a study that demonstrated diminution for the anti-PRP response to a combined DTaP-Hib vaccine by concurrent IPV vaccination, and the collaborators with me on this project were Drs. Englund, Bernstein, Losonsky, Anderson, Pichichero, Munoz and Wolff, and this study will be published in May  of 2000 in PIDJ.
The sponsors for the study were the FDA and NIH, and it was carried out through the five NIH supported vaccine treatment and evaluation units located at Maryland, Baylor, Cincinnati, St. Louis, and Rochester.
The rationale for doing this study was that in pre-licensure studies Hib vaccines and acellular DTP vaccines were evaluated with concurrent OPV; that no studies had been published comparing the immune responses to combined Haemophilus and DTaP vaccines when co-administered with IPV versus OPV, and as you're all aware, all IPV is now the standard of care in this country.
I, therefore, designed a study in which children received at two, four, and six months of age one of the three then recommended polio schedules, all OPV, sequential IPV-IPV-OPV or all IPV.
The reference arm, Arm 1, received with the OPV separate injections of DTaP and PRP-T.  Arm B received all OPV, but combined DTaP and PRP-5.  The other two arms also received the combination vaccine.
I should mention that the same lot of PRP-T was used throughout the study in all arms.
The vaccines that were used were the tripedia DTaP, ActHIB PRP-5.  TriHIBit was the combination.  IPV was IPOL.  All of these were manufactured and donated for this trial by Aventis Pasteur.  Orimune was the Lederle OPV.
I want to point out the injection sites of the IPV and the combined DTAP-Hib were in separate thighs.
The primary objective of this trial was to confirm that the experimental treatment arms were non-inferior to the standard arm with respect to the proportion of children achieving protective levels of antibodies to the polio viruses, tetanus toxin, diphtheria toxin, and Haemophilus, and I'm only going to discuss the Haemophilus results.
The sample size determination for establishing equivalence was based on the proportion of children achieving one microgram or more of anti-PRP.  The experimental arm was to be considered to be equivalent to the reference arm if the upper bound of the 95 percent confidence interval for the difference in the proportion of reference arm minus the experimental arm was less than ten percent or if you subtract it the other way around, experimental arm minus reference arm.  This would be minus ten percent, which is the way the FDA then asked us to calculate it.
The study would have 90 percent power if 95 percent of the children obtained protective levels.  That was based on pre-licensure of published studies and turned out to be a bit of a high estimate.
The number of subjects analyzed are shown here.  Note that the intent to treat children were those who were enrolled and who had a post dose three serum antibody assay for anti-PRP.  So we actually enrolled more children than that.
The protocol children primarily differed from the ITT children in minor deviations from timing of one of the vaccinations or the post dose three lot.  There were no important differences between the ITT and protocol group.
Serology originally was planned to be all performed in the laboratory of Dr. Gennie Losonsky at the Center for Vaccine Development, but part way into the trial the FDA requested that all of the anti-PRP assays be done by Connaught by RIA so that the results could be compared to their other trials.
And now the results.  A lot of data on these slides.  Let me walk you through this first one.
Here are the anti-PRP geometric mean titres for each of the four treatment groups with A being the separately administered DTaP plus PRP-T given with OPV.
The B also OPV, but this time combined DTaP and PRP-T.
C, combination plus sequential IPV, IPV, OPV.
And D, combination with all IPV, and that's now the standard.
I have put here both the protocol group and the intend to treat group.  Here are the 95 percent confidence intervals, and shown here are by an OVA (phonetic) the P values for the differences between various groups.
Now, in order to save time and to simplify it, I'll just talk about the intent to treat differences.  A versus B, not significant but borderline.  So the two OPV groups were not significantly different, but they were borderline.
Now, when you compare though the OPV in separate group with the IPV containing groups, the differences are highly statistically significant, and although we didn't set the study up to analyze it in this way, if you do compare the combined group who got OPV with the combined groups who got IPV, again, the differences are quite highly significant.
And now here are the proportion of children achieving greater than or equal to .15 micrograms per mL.  The slide is set up in the same way, and similar results.  A versus B not significantly different.  However, A versus the IPV containing highly significant and B, the combination versus the combinations that contained IPV borderline significant.
The percent achieving one microgram or greater, you can see the differences are increased here as expected.  A versus B, again, not significantly different, but A versus C and D, highly significant, and B versus C and D, highly significant.
Now, analyzing it one more way, let's look at the difference in proportions between the reference arm and the experimental arms and between B and the IPV containing arms.  First, this is the difference in proportion of children achieving greater than .15 microgram per mL, and here are the 95 percent competence intervals around that, and this column is a proportion, difference and proportion of those achieving 1.0.
Look at the lower confidence bound, lower bound upon that confidence interval, and recall that we defined as equivalent if they had less than a ten percent or a minute ten percent difference of that lower bound.
And by that, albeit arbitrary definition of equivalence, you can see that the only group that could be considered equivalent to the experimental group was B.
And you could see also that the difference in the proportions went from a minus 4.4 to a high or minus nine for the lower bound to a high of minus 40.
This is the per protocol analysis.  There were no differences in that.
The results, overall results by site did not differ, and the sample sizes, however, were inadequate to analyze differences between treatment groups at each site because the sample sizes got as small as 12.
But we concluded that in this trial concurrent IPV interfered with the primary anti-PRP response to this lot of this combination of DTaP-PRP-T.
Now, I wish I could tell you that we did a booster trial, and everybody was primed, and we have great kinetic data.  I can't.  Unfortunately, we didn't do a booster trial, but when we did become aware that there were 47 children who had post dose three anti-PRP levels of less than or equal to .15, we attempted to locate those children with the intention of any child who had not yet had a fourth dose booster of giving it and drawing a blood one month later, and those children who had had a fourth dose booster given by their primary care physician, go ahead and draw blood.
We were able to get blood on 43 of those 47 children, but the time period between vaccination and blood drawing varied between one and eight months, making the data difficult to interpret, but I will show it to you.
Another thing I want you as you're looking at the data when we come to the end.  Please note that there was a difference in the days from vaccination to the blood drawing in the Maryland site where the Maryland site, the mean and median being three to four times longer, and that is because we enrolled much more quickly so that our children had been boosted sooner, and therefore there was a longer interval between immunization and blood drawing.
And now if I could have the overheads.
The development of my slides was interfered with by an act of nature.  So excuse this slightly clumsy presentation.
Here are the geometric mean concentrations of anti-PRP after dose four plotted by days between vaccination and phlebotomy, and I think you can get the impression that, indeed, the longer from vaccination, the lower the antibody levels, and in fact, the P value by logistic regression was .06.
However, there were post dose four 15 children who had an anti-PRP of less than one microgram per mL.
Next.
And 12 of those 15 with less than one microgram had received one the two IPV containing regimens.  
Next.
The vaccine received as the fourth dose are shown here.  Each of these dots is one child.  You can see there was only one child who had gotten TriHIBit as a booster.  There are a few who had gotten HbOC.  Most got PRP-T, and the proportion of the children with less than one microgram per mL receiving these vaccines didn't differ from the proportion who had greater than one microgram per mL who received those vaccines.
So I don't think it's a function of what was given as the booster.
Next.
Now, here what bothered me a bit is that ten of those 15 children who had less than one microgram per mL were from my two sites, University of Maryland sites, Annapolis and Frederick, but I think that most of those, probably seven of ten of those can be explained by the long interval between vaccination and blood drawing, and it does appear that at least a few children here were probably not primed, but I think that's all I can say from these data.
That's it.
CHAIRMAN GREENBERG:  Thank you, Dr. Rennels.
Thank you also for being a little bit ahead of schedule.  We have time for a couple of questions.
Dr. Edwards.
DR. EDWARDS:  Petty, the children that are noted who did not appear to be primed, those children that had a phlebotomy after their fourth dose within the one month period of time, is there an opportunity to recall those children to look at their immunoglobulins, to look at other responses to the other vaccines?  Maybe you have antibody levels with diphtheria or tetanus.
DR. RENNELS:  No, we don't.  No, with those who will didn't respond well to the fourth dose, we simply offered them a free dose of HbOC, and we did not follow up
CHAIRMAN GREENBERG:  Dr. Faggett.
DR. FAGGETT:  Did you have any subjects from the high risk population in your study?
DR. RENNELS:  These were -- well, they were U.S.  We eliminated immunocompromised children.  There were no American Indians or Alaskan Eskimos.
DR. FAGGETT:  Or inner city?
DR. RENNELS:  Sure, there were inner city children at some of the sites, un-huh.
CHAIRMAN GREENBERG:  Dr. Kim.
DR. KIM:  Peggy, can you possibly elaborate the potential mechanisms of interference by IPV?
DR. RENNELS:  I was hoping you all would tell me.  Well, obviously it's not interference at the draining lymph node because they were given in opposite thighs.  The only thing that I can think of is that if you give an IPV, you're giving a sudden massive exposure to antigen to the systemic immune system as opposed to giving OPV where the exposure is to the mucosal immune system and it's delayed and it's slower as opposed to a lot of antigen at the same time as all the other antigens that are being given.
CHAIRMAN GREENBERG:  I'm going to take -- you're not all going to be asked.  So I saw Dr. Estes and then Dr. Robbins, and then we're going to call it quits.
DR. ESTES:  Do you know was the response to the polio normal?
DR. RENNELS:  Can you take the paper off the slide here?
There were certainly differences.  Was it normal?  Ninety-eight percent of children had neutralizing antibody to serotypes one and two and 92 percent had neutralizing antibody to serotype three, and although that's a bit low, it really didn't differ by treatment group.
CHAIRMAN GREENBERG:  Okay.  Dr. Robbins.
DR. ROBBINS:  How much protein antigen is there in those inactivated polio virus preparations?
DR. RENNELS:  I don't know.
CHAIRMAN GREENBERG:  Is there anybody who can answer that question?  There ought to be in the audience.  Micrograms of protein in the IPV preparation?
Well, somebody from FDA should be able to figure that out and give us the answer after lunch.
I will, since lots of this seems to me to turn on numbers in some way or another, I'll leave the last question for Dr. Fleming.
DR. FLEMING:  The results that you're presenting are all the levels right after the third dose, correct?
DR. RENNELS:  Correct.
DR. FLEMING:  And it looks like basically in the presence of the IPV there is at least relative to the FDA criterion a concern, an issue of concern to me that I think it's not just your talk, but across the board is what about after the first and second dose.  At least from the epidemiology, as I understand, presented up front, the vast majority of this risk is in the first two years, peaking at nine months, and it looked to me like ten to 15 percent of the incident cases are before six months.
And yet we're achieving 99 percent efficacy.  So something -- there's something else going on here.
DR. RENNELS:  Actually I have data on post dose two, which I didn't bring, and basically all -- and I haven't analyzed it, but I can tell you that the immune response after post dose two in all the groups was fairly low.
DR. FLEMING:  But was it discernably lower in Group D, i.e., in the combinations with IPV than in Group A?
 	DR. RENNELS:  I don't recall.  It's there, and we can look at it.
CHAIRMAN GREENBERG:  I'd like to move on to the next speaker, who's Dr. Carol Zenko, and she's going to talk about anti-PRP responses and combined vaccine and variability at different clinical trial sites.
DR. ZENKO:  Antibody responses to a combined DTaP-Hib vaccine with OPV or IPV, variability of anti-PRP responses at different geographical sites.
Next.
The primary objective in doing this study was to compare the antibody responses to PRP one month after three doses of a DTaP-PRP-T combination vaccine were given with either OPV or IPV at two and four months of age.
The secondary objective was to evaluate the antibody responses to diphtheria and tetanus toxoids, pertussis antigens, and polio virus.
Next.
Subjects were healthy two month old infants with no prior immunizations.  They were recruited from private pediatric practices in suburban Chicago and New Orleans, and we had originally hoped to enroll 450 subjects in this study.
Next.
Immediately upon enrollment subjects were randomized into one of two groups.  Group A received OPV at two and four months.  Group B received IPV at two and four months.  All subjects received the DTaP-PRP-T combination vaccine at two, four, and six months, as well as a Hepatitis B vaccine at two and four months.
The birth dose of Hepatitis B vaccine was not given.  The third dose was scheduled to be given when the subject was 15 months of age.  Blood was drawn immediately prior to the first immunization at the two month visit and again at the seven month visit one month after the last immunization at six months.
The DTaP-PRP-T combination vaccine was given in the right thigh.  The IPV vaccine was given in the left upper thigh, and the Hepatitis B vaccine was given in the left lower thigh.
The IPV vaccine was IPOL.  The DTaP-PRP-T combination vaccine was TriHIBit, and Orimune was the OPV.  Hepatitis B was Recombivax.
Next.
We had a provision in the study design for subjects that we termed nonresponders, and these nonresponders were subjects who had these antibody levels at seven months of age.
The non-responders were offered an additional dose of either PRP-T or DTaP vaccine.  Blood was drawn immediately prior to the additional dose and again one month after the additional dose.
Next.
While we were still enrolling subjects in this study, on June 16th, 1998, the FDA placed a clinical hold on further enrollment in our study.  Preliminary results from a similar study, Peggy's, being conducted at the NIH Vaccine Evaluation Unit suggested interference in the immune response to PRP-T when a DTaP-PRP-T combination vaccine was administered concurrently with IPV.
Subjects who had not received the three DTaP-PRP-T combination vaccines at the time of the clinical hold were allowed to continue on in the study.  However, they received the DTaP and PRP-T separately.
Next, please.
At the time of the clinical hold, there were 356 subjects who were enrolled in the study.  One hundred and twenty-eight were excluded from the data analysis.  One hundred and ten because the subjects had not completed the three scheduled immunization visits where the subjects received the combination DTaP-PRP-T vaccine before the clinical hold, and 18 were excluded for these various other reasons listed here.
This left us with 228 subjects to be included in the data analysis.
Next.
Of the 228 subjects, 118 were male, 110, female.  The ethnic background was evenly distributed amongst the sites, with the predominant race being Caucasian.
Next.
This shows the mean age of the subjects at each immunization visit, and as you can see, the subjects adhere quite closely to the age visit of the study design.
This first table shows the anti-PRP antibody responses stratified by the type of polio vaccine that the subject received.  The mean anti-PRP antibody response in our OPV recipients was 3.2 -- excuse me -- 3.12 micrograms per mL, while our IPV recipients had a mean anti-PRP antibody response of 2.44.  The difference was not significant between the two groups.
Ninety-five, point, two percent of the OPV recipients and 90.3 percent of the IPV recipients had an anti-PRP antibody response that was greater than 0.15.  This was not significantly different.
Seventy-six, point, eight percent of the OPV recipients and 73.8 percent of the IPV recipients had an anti-PRP antibody response greater than 1.0.  Again, this difference was not significant.
So we found no interference with the anti-PRP antibody response with the different types of polio immunization.
Next.  Additionally, the type of polio immunization received did not influence the antibody response to anti-diphtheria, anti-tetanus, anti-PT, anti-FHA, and anti-polio virus Serotype 3.
Our OPV recipients had a significantly higher anti-polio Serotypes 1 and 2 antibody response when compared to the IPV recipients.
Next slide.
This table shows the anti-PR -- excuse me -- anti-PRP antibody response stratified by geographical location, Chicago and New Orleans, and further stratified by the type of polio vaccine.
When we compared the OPV recipients from Chicago with the IPV recipients from Chicago, there was no significant difference in any of the parameters.  When we compared the OPV recipients from New Orleans with the IPV recipients from New Orleans, there was no significant difference in any of the parameters.
We next compared the mean anti-PRP antibody response for the Chicago subjects with the mean anti-PRP antibody response of the New Orleans subjects, and as you can see, this was significantly different being that the Chicago subjects had a significantly mean anti-PRP antibody response at seven months of age compared to the New Orleans subjects.
Chicago subjects also had a significantly higher percent of subjects with an anti-PRP antibody response greater than 0.15 and greater than 1.0.  We were quite surprised to find this geographical difference between the locations.  So we next compared subjects who had received OPV from Chicago with those who had receive OPV from New Orleans, and again, the Chicago recipients had a significantly higher mean anti-PRP antibody response.
Likewise they had a significantly higher percent of subjects with an anti-PRP antibody response greater than 0.15.  The difference here was not significant.
When we compared the IPV recipients from Chicago with the IPV recipients from New Orleans, all comparisons were significantly greater in the Chicago subjects compared to the New Orleans subjects.
Next.
This table shows the anti-PRP antibody responses with the New Orleans further stratified data, further stratified into the two locations that had comprised the data set.  When we compared the two locations in Louisiana, we found that the Metairie, Louisiana subjects had significantly higher antibody responses to all of the variables we calculated when compared to the Destrehan subjects.
When we compared the Chicago subjects with both Metairie and Destrehan, we found that the Chicago subjects had a significantly higher mean anti-PRP antibody response compared to Metairie and also compared to Destrehan.
The difference in the percent of subjects that had -- excuse me -- the difference in the percent of subjects who had an anti-PRP antibody response greater than 0.15 was not significantly different in the Chicago-Metairie comparison, but it was significantly different in the Chicago-Destrehan combination.
Likewise for the percent of subjects with an anti-PRP antibody response greater than 1.0.
Next.
The mean antibody concentrations for all other vaccine antigens did not differ among the infants from Destrehan, Metairie, and Chicago with one exception.  Anti-polio virus Serotype 1 was significantly lower for the Metairie infants compared to Chicago infants.
Next.
We were quite surprised to find the difference in geographical location, and we sat down and scratched our heads trying to come up with some answers.  We interviewed both study coordinators, the study coordinator who had given the Chicago subjects their injections and the study coordinator from New Orleans who had given both New Orleans locations -- subjects at both the locations in New Orleans their injections, and we did this more than one.
And we found that there were no differences in the way the study coordinators handled the vaccines or the sera.  There was no difference in the way they transported it to and from the sites.
We found there was no differences in the way they handled and mixed the vaccines prior to their administrating them.
We did have a problem during the study in that the refrigerator-freezer in New Orleans where the sera and the vaccines were kept, we noticed that it had for a short period of time, had a temperature that deviated one to three degrees Centigrade outside the optimum range.
As soon as we noticed it, we replaced the refrigerator-freezer and the vaccines, but this gave us our first possible difference as to the explanation why our New Orleans infants had lower anti-PRP antibody responses.
The second difference that we found were that the study coordinators had a difference in vaccine administration.
Next.
We felt that if the faulty refrigerator-freezer in New Orleans had produced the lower mean anti-PRP antibody responses in the New Orleans subjects, there would be a linear relationship between -- you can't hardly see it there -- the mean anti-PRP antibody response and the number of immunization visits for the subject received vaccines from the faulty refrigerator-freezer, X0 being that the subject had no immunization visits where they received vaccines from the faulty refrigerator-freezer.
The number of parentheses is the number of subjects in each group, and as you can see, there was no linear relationship.  Therefore, we felt that the difference, that the lower anti-PRP antibody levels in the New Orleans subjects was probably not likely due to the faulty refrigerator-freezer.
Next.
As I mentioned before, there were site differences in the way the two study coordinators did their injections.  The Chicago study coordinator used a five-eighths inch, 25 gauge needle.  She gave her injection at a 90 degree angle, and she tented the skin around the injection site before giving the injection.
The New Orleans study coordinator used a one inch needle, 23 gauge.  She gave the injection at a 45 degree angle, and she left the skin flat around the injection site.
We reviewed the current literature to see if there was any indication that the difference in injection technique had produced the difference in immunogenicity, and we could find nothing to support this.
And also, if you remember, just a couple of overheads ago I showed you that there was a significant difference between the two New Orleans locations.  They were significantly different as far as their anti-PRP antibody response.
However, both locations received their vaccines from the same study coordinator.
Next.
We had 16 subjects who had an anti-PRP antibody response that was less than 0.15 micrograms per mL at seven months of age.  Six of these were OPB recipients, ten IPV recipients.  Fifteen received an additional dose of PRP-T.  Three were from Chicago, five from Metairie, and seven from Destrehan.
Next please.
We currently have data on 12 of the subjects.  However, one of the subjects did not have a pre-bleed done.  So the pre-data are based on an N of 11.  The mean antibody response prior to the additional dose of PRP was 0.04 micrograms per mL.  Ten of the 11 subjects had undetectable antibody levels prior to the additional dose.
The mean anti-PRP antibody response after the additional dose was 5.24 micrograms per mL.  After the additional dose, all of the subjects had an anti-PRP antibody level that was greater than 0.15, and 11 of the 12 had an anti-PRP antibody level that was greater than 1.0.  The one subject who failed to achieve this level had an anti-PRP antibody level of .3, and the subject was from Destrehan.
Next.
Based on the data I've shown you, we came to the following conclusions.  One, concurrent IPV administration with the DTaP-PRP combination vaccine did not result in significant interference in this study.
Two, the mean anti-PRP antibody response was significantly lower for New Orleans infants compared with Chicago infants.
Next.
Three, the difference in the mean anti-PRP antibody response among sites does not appear to be caused by the faulty refrigerator-freezer or vaccine administration technique differences.
And four, 11 of 12 nonresponders had an anti-PRP antibody response greater than 1.0 micrograms per mL after an extra dose of PRP-T.
So why did we find different results than the Rennels group?  Well, one of the reasons could have been that we have a difference in study designs.  Peggy's group gave a polio containing vaccine at two, four, and six months of age.  We did not give a polio containing vaccine at six months of age.  Therefore, the fact that we gave the DTaP-PRP-T combination alone at six months of age might have allowed it to overcome some of the interference that was present.
It is also possible that the different lots of the DTaP-PRP-T vaccine -- that the two studies used produced the difference in results, either by producing a difference in immunogenicity or by producing a different potential for interaction with other antigens.
And also it's possible that either one of the results were due to an alpha error.  Now, could you go two -- not the next one, but two more.  Don't put the next one, but put up the one after it.
And as far as the underpowered part, the anti-PRP antibody response for our IPV recipients was not significant.  It did not test significant.  Perhaps it was because the small sample size was under powered to declare this difference significant.
However, we calculated how many subjects we would have needed to find a significant difference between these two groups, and we would have needed to enroll 809 subjects for this difference to be significant.
Okay.  Can you go back to the overhead you had?  No, the one before that.
And last, that some unknown factor caused the difference between the two studies, and now the last overhead.
I'd like to thank my colleagues at the University of Chicago, Department of Pediatrics, Vaccine Center for their support and help in this study, and also the private pediatric practices that contribute to their patients as subjects for this group, Child Life Group, Minor Medical Centers, Rothchild Oshner Pediatric Group, and Suniti Medical Corporation.
Thank you.
CHAIRMAN GREENBERG:  Thank you, Dr. Zenko.  		This is an interesting set of two studies.  Can I ask one question first?  Did the Rennels study also include Hepatitis B virus vaccine concurrent?
DR. RENNELS:  No.
CHAIRMAN GREENBERG:  So that's another difference.  So it's conceivable that Hepatitis B virus suppresses the suppressive effect of --
(Laughter.)
CHAIRMAN GREENBERG:  -- inactivated polio.
Okay.  I'm sure there's lots of questions.  I don't know how we're going to deal with them all.  I'm going to have to limit them to some extent, but first Dixie.
DR. SNIDER:  Thank you.  I do think the absence of IPV at six months is potentially quite important, but I'm still really intrigued by the marked difference between Metairie and Destrehan, and I'm wondering in thinking about this further, since there was this same study coordinator, what else you've looked at.  I mean the demographics.  What other things have you examined and ruled out since you haven't been able to give us a reason for this marked difference between the two New Orleans sites?
DR. ZENKO:  Well, we questioned the study coordinator.  At first we thought there might have been a different ethnic background, and there wasn't any.  In fact, she assured us that most Destrehan subjects were suburbanites just like the Metairie, in fact, had moved from Metairie to Destrehan.
So we just couldn't find any differences in the subject base between the two groups and the study coordinator could also not state that there was a difference, and she was very familiar with the subjects.
CHAIRMAN GREENBERG:  Ms. Fisher.
MS. FISHER:  It would seem that there may be genetic differences between the Louisiana population and Chicago population, if only that Louisiana was settled by certain ethnic groups versus Chicago, which would have been more of a melting pot, and has there been any attempt to look at the genetics of these children to see if there are common denominators among the nonresponders or gross differences in the genetic make-up between Louisiana and Chicago?
DR. ZENKO:  No.  No, we haven't.  And you have a good point.  That is.
CHAIRMAN GREENBERG:  Other questions?
DR. LEVINE:  I have just an easy, simple one.
CHAIRMAN GREENBERG:  Identify yourself.
DR. LEVINE:  I'm Warren Levine.
I was just wondering if the faulty refrigerator -- which direction that faultiness went.  Was it too hot or too cold?
DR. ZENKO:  Too hot.
CHAIRMAN GREENBERG:  Yeah.  Too cold would be an unusual problem for a vaccine.
(Laughter.)
CHAIRMAN GREENBERG:  Dr. Paradiso.
DR. PARADISO:  Peter Paradiso.
I was just wondering.  None of the studies, if I followed this right, had a DTaP-Hib given separately and IPV given separately, and so we don't know whether IPV affects the Hib when DTaP and Hib are given separately; is that correct?
DR. ZENKO:  That's correct.
DR. PARADISO:  And when the DTaPs were licensed, OPV was the standard of care.  So that would have been the comparison of the interferons done.  Do we know that with the introduction of IPV as the standard of care have we reduced the Hib responses?  Has anybody looked at that particularly?
CHAIRMAN GREENBERG:  So the question is basically just plain old Hib, is it affected.  Is the response to that alone affected by IPV?
MR. PARADISO:  Right, right.
CHAIRMAN GREENBERG:  And is there somebody who has data to that point specifically?  Please get up whoever has it, and it looks like we have two bits of data.
DR. BOSLEGO:  John Boslego, Merck.
We have studies when Hib conjugate vaccines are given with IPV and then separately.  In other words, they're staggered, and those studies demonstrate there's no difference at all in the Hib responses.
DR. BOGAERTS:  (Inaudible.)
CHAIRMAN GREENBERG:  Could you get to the microphone and identify yourself?
DR. BOGAERTS:  Hugues Bogaerts, SmithKline Beecham.
We subscribe that observation.  We have made comparisons and there is no influence of IPV.
CHAIRMAN GREENBERG:  Are there any other?
Dr. Faggett?
DR. FAGGETT:  Yeah, just a question about carriage state of the patients in the Destrehan versus New Orleans.  Do you have any information on that?  Are disease incidences in those --
DR. ZENKO:  I didn't hear.
DR. FAGGETT:  Any difference in disease incidence in those populations?
DR. ZENKO:  No, we haven't looked at that yet.
DR. FAGGETT:  Okay.
CHAIRMAN GREENBERG:  Dr. Daum and then Dr. Fleming.
DR. DAUM:  I have a comment on one question that was raised from the panel, the question of Dr. Snider.
We also looked at transport of the vaccines.  We looked at the interval between mixing the vaccines.  We looked at the interval between mixing and vaccine administration.  We looked at the type of syringe that was used.  We looked at the time left on the bench before we interviewed them over and over again, even on tape.  We have them on tape as to what they did at every single step of the way, and we could not detect anything that we could share with you this morning.
I also wanted to comment on someone else's question about Dr. Rennels' study.  I guess it's a question perhaps Dr. Rennels might care to address, and that is that if the third dose of IPV that we did not give, in fact, is the item driving the interference that they found and we did not find at least in a significant way, then I would have expected Dr. Rennels' arms C and D to be different from each other because both of those groups were identical except one got IPV dose three at six months, and one got OPV dose one, which was polio containing vaccine dose three, if you'll follow me, at six months, and they were not different at all.
Therefore, I don't agree that the third dose of IPP was the difference between our results.
CHAIRMAN GREENBERG:  I'd just like to remind the audience, Dr. Daum obviously has lots of knowledge from this issue, but he had recused himself from this discussion previously.  So I don't know how you're supposed to interpret that.
(Laughter.)
CHAIRMAN GREENBERG:  But that's -- I'm not sure how you're supposed to interpret the data either.
Dr. Fleming had -- Dr. Fleming, before you, this is a computationally challenged question.  Could all of this be numbers that we simply are seeing variability because nobody has enough power to really get the right answer and every one of the bits of data that we are seeing is simply scatter on the great experimental curve?
DR. FLEMING:  Well, let me try to address that at least relative to what I was going to ask my question about.  One of the issues that we were discussing at the end of your or you were discussing at the end of your presentation was the consistency between your results and the Rennels results, and actually I do view them to be consistent with differences attributable to random variability.
Specifically, you seem to be addressing, in particular, the Arms B and D of the previous study, and what that previous study was looking at with Arm A was what was the impact when you compare Arms A and B for giving the separate rather than combination vaccines, and we saw a reduction from 98 to 94 in the percent of people who achieved at least .15.
And then when you -- and that was with OPV -- and then when you went to Arm D with IPV, it dropped down to about 85 percent.  So your figures that compared 95 versus 90 actually are fairly consistent with the 94 versus 86 when you go to the most direct comparison with the Rennels results of Arms B and D, meaning that the two studies together are certainly giving evidence that there is a reduction in the percent that achieved .15 both by moving from separate vaccines to combination vaccines in combination with DTaP, but also in the presence of IPV over OPV there is further reduction, and the two studies seem to be quite consistent.
I don't have as clear a sense about the New Orleans versus Chicago factor because the differences there are fairly striking and are not as readily attributable to random variability.
CHAIRMAN GREENBERG:  I'm going to have one more question or comment, and then we're going to move on to the open public session.
Dr. Stephens.
DR. STEPHENS:  I'm still bothered by what I hear from the manufacturers and what I just heard regarding these two studies, and I'd like at least some comment from them about their impression of this interference or noninterference.
Anyone want to comment?
CHAIRMAN GREENBERG:  This is specifically the interference of inactivated polio virus with -- okay.
DR. STEPHENS:  Correct.
CHAIRMAN GREENBERG:  So we have a question to manufacturers.  Could somebody step up to this?
Dr. Calandra.
DR. CALANDRA:  Aventis Pasteur was the sponsor of both studies.  We agree with the conclusion that one cannot at this point ascribe why the difference occurred.  We believe that the difference occurred.  
We did not mention or I have not mentioned the Canadian studies.  I refer to Pentacel earlier there.  Over 1,300 children have been studied with the IPV given concurrently, and we've not seen the interference which concurs with what the other two manufacturers have said.
So we cannot explain the isolated event other than to say it occurred.
CHAIRMAN GREENBERG:  Identify yourself, please.
DR. HOWE:  Barbara Howe from SmithKline Beecham.
I just want to clarify what study we have done to specifically look at U.S. licensed IPV and OPV when given simultaneously at separate sites with the Hib vaccine.  We did a study in which DTPa-HEP-B (phonetic) was given at one site.  It's a combination vaccine, Hib at a separate site, and the U.S. licensed IPV at a third site.
And then a separate group, this was compared to separate injections of DTPa, HEP-B at separate sites, Hib at a third site, and oral polio.  That's U.S. licensed OPV, and the response, the anti-PRP response is that's the GMT's proportion greater than -- equal to .15 and the proportion greater than one microgram were comparable between the two groups, and it's with an N of about 100 per group.
CHAIRMAN GREENBERG:  Thank you.
Any other questions?
Dr. Edwards.
DR. EDWARDS:  I just wanted to comment that a number of years ago when we were looking at pertussis responses with Scott Halprin (phonetic) in Canada, we noted that some differences in the antibody responses to pertussis were noted in those children who had received pertussis vaccines in the presence of OPV versus the presence of IPV, and those were children who had received wholesale pertussis vaccine.
So I don't know.  We had no answers either about the polio issue, but what another --
CHAIRMAN GREENBERG:  That was also the same direction as this then.
DR. EDWARDS:  That's exactly correct, yes.
CHAIRMAN GREENBERG:  Okay.  If there are no more questions, I'm going to now move on to the open public session, and we have at least two presentations.  The first is by Dr. Eskola.  I think I'm saying that correctly, and Dr. Eskola currently works for Aventis Pasteur, but is going to be presenting as I understand it data that was not obtained during that employment.
Dr. Eskola, what I would simply say is make your presentation as quick as possible so that people have some time to get some lunch.
DR. ESKOLA:  Thank you, Mr. Chairman, ladies and gentlemen.
I'm grateful for this opportunity to share our data and our views on the clinical impact on DTPa-Hib interference.
Before I go to my presentation, I really want to make it clear my current position.  Dr. Frasch asked me in November to come to this meeting and speak on the Finnish experience with DTPa and Hib combination vaccines and also review briefly the statement and arguments and conclusions that were published in the Lancet in December about this topic.
While I conducted the studies in Finland, I was employed by the Finnish National Public Health Institute, and also when I worked as a member of the group elaborating this issue I worked for the Finnish National Public Health Institute.
However, on January 10th this year, I joined Aventis Pasteur so that now I'm employed by a vaccine manufacturer who is actively developing the combination vaccines, and I hope that the committee is fully aware of this potential conflict of interest.
Most part of my presentations I will speak on behalf of the group of six scientists who were originally invited by SmithKline Beecham to help the company to explain the then new finding of interference between aceral (phonetic) pertussis containing DTP vaccine and Hib conjugate vaccine.
However, the group extended its work, and I understand we worked very independently for two years not only to try to explain the interference, but especially to elaborate the clinical impact on this interference and the results of this working group were published in the Lancet in December.  The members of the working group are listed here and several of them are present in the audience today.
First I was asked to review briefly the Finnish experiences, and to just summarize the results, we first conducted a study with two doses of DTPa-Hib vaccines either separate injections or mixed, and we found that when the vaccines were given as a separate injection after primary immunizations, the antibody concentrations were five to tenfold higher than when the children received these two doses mixed, as mixed injections.
After the booster doses, you could see there's still a difference between the antibody concentrations, but the difference was not so remarkable, and in all groups the response was clearly an animalistic type of response.
The working group I referred to first tried to figure out the mechanism of the interference, but we came to the conclusion that there was not enough data to conclude or to find out the mechanism.  This was part of the data that we reviewed, and this is unpublished data, may be interesting to the committee from Finnish trials.
We gave these DTPa and Hib vaccines either as a separate injection in two legs, as a separate injection in the same leg, and the distance between the two injections was relatively small.  It was about one inch, 2.5 centimeters, or then the third group received the vaccines as a mixed injection, and this group was the only one where we saw this interference so that these results to us that the mechanism at least in this case may be due to physical-chemical interference, but there may be also other explanations that we may come back later today in Dr. Insel's talk.
Okay.  Then the main part of the working group's work was to clarify or at least our view on the clinical impact of this interference, and we started our work by analyzing the efficacy trials with Hib combination, Hib conjugate vaccines.
In this first slide, I had summarized the efficacy trial results from the Finnish trials with PRBD or HbOC vaccine.  The point estimate of the efficacy was 90 percent, from 87 to 95 percent, and we felt that at least the traditional threshold considered to be surrogates for protection.  At least the threshold 1.1 -- 1.0 micrograms did not predict protection, and even if one predicts the protection on the basis of the antibody consideration, .15 micrograms per mL, the estimate would be such that a lower efficacy would be predicted on the basis of these concentrations.
Quite similar findings were derived from other studies.  Here I have summarized the U.S. efficacy trials or the Alaskan trial with low efficacy to other efficacy trials with higher efficacy estimates, and the third slide about the efficacy trials or efficacy experience comes from the United Kingdom where the efficacy up to four years of age is high, and in spite of relatively low antibody concentrations and relatively low percentages of children above those traditional thresholds.
So our conclusion was that those thresholds were not so relevant with the conjugate vaccine as they used to be with the Hib polysaccharide vaccine.
This slide has already been shown today.  We conducted an extensive literature review where we collected data from all immunogenicity studies with different Hib conjugate vaccines, and as was already pointed out today, the geometric mean concentrations in children receiving the combination vaccine were lower then the children receiving the vaccines as a separate injection.
But in general, these antibody concentrations were in the same range than with other licensed Hib conjugate vaccines.
And there seemed to be no effect after the combination of DTPa and Hib conjugate vaccines on the induction of immunologic memory or priming because children receiving the combination vaccine had clearly an anamnestic type, strong antibody response or high antibody concentrations.  Likewise the children who had received priming with Haemophilus conjugates as a separate injection.
So that our conclusion was that at least in the combination vaccines the ability to induce immunologic priming was not affected.
These data were also briefly reviewed in the morning.  We tried to find data speaking for the functional activity of the antibodies, and I have to say that the evidence was not or the data was not too strong, but we found some pieces of evidence that as measured by the avidity of the antibodies or by the opsonic activity, there were no marked differences in the functional activity of the antibodies irrespective of whether the children had received the vaccines either as mixed or as a separate injections.
As was pointed out in the morning, there was a significant difference in the opsonic safety activity of the sera in these two groups, but when we took these OPAs in relation to the German mean concentration of the antibodies, there was no difference between the groups.
We also wanted to look at what kind of evidence there is about the induction of mucosal immunity, and there was quite little data on that.
One knew that usually there needs to be quite a high concentration of antibodies if one wants to have IgT antibodies on the mucosal membranes.  One of the threshold values was three micrograms per mL that this has been reported in the literature.
Therefore, we felt that the lower antibody concentrations with the combined vaccines might make them less effective on mucosal membranes, and this may we something that needs to be considered while decisions are made.
There was also quite a little evidence on the impact on mucosal carriage of Hib with DTPa-Hib combinations.  We know that Hib polysaccharide generally did not reduce carriage and most Hib conjugate vaccines are able to reduce the carriage, but, however, as was reviewed earlier today, this experience in Alaska demonstrated that the close variance in high risk populations really is important.
There was no direct, no hard data on impact of DTPa-Hib combinations on carriage available to us.
We summarized in the review published in the Lancet our views like this.  There is clearly an interference between components in most DTPa and Hib combinations.  Anti-PRP concentrations after the combinations fall within the range achieved with licensed conjugates, and DTPa-Hib combinations seems able to induce immunologic memory and functional reactive antibodies on the basis of the data that was available to us.
On the basis of all of this review and thorough discussions, the group felt that there are several unanswered questions related to the mechanism of the interference impact on mucosal immunity and herd immunity, and therefore, controlled and carefully monitored intraduction would be prudent.
However, the group felt that the benefits of the combination vaccines are greater than the negative aspects of these combinations and was ready to recommend and encourage the use of DTPa-Hib combinations.
Thank you.
CHAIRMAN GREENBERG:  Thank you, Dr. Eskola.
Very few questions.  Dr. Fleming.
DR. FLEMING:  Just a very brief one.  If we go back to your Finnish efficacy trial data, we've had a lot of discussion today about using the .15 as the surrogate, so to speak.  It really looks like in that data set it failed as a surrogate.
Differences between the PRP-D and the HbOC of 68 and 100 percent who achieved that were as efficacy was 90 and 95 percent in those two groups.  So it was very nonpredictive of actual --
DR. ESKOLA:  Exactly.  That was also our conclusion, that these thresholds were not so valid anymore with the Hib conjugate vaccines.
CHAIRMAN GREENBERG:  In the audience.  Step up to a microphone.
DR. POOLMAN:  I'm Jan Poolman from SmithKline Beecham.
What I'm left out with with this morning's discussion, and also it's been demonstrated in Juhani's talk, is that we're quite a bit snowed under, is the difference between natural immunity and vaccine induced immunity, and these conjugate vaccines are doing better than nature.
And so what it means, that there is a distraction, particularly at pre-booster period of detectable antibody levels and protection even in the efficacy trials when herd immunity was not really in place, and it has been demonstrated by a number of authors that there is clearly antibody maturation going on after post primary up to pre-boost.
And so what I'm left over, also seeing the elegant data on children still having disease at low levels of antibodies, but that's on the basis of natural immunity, I do think that on the basis of evidence we have and affinity maturation being demonstrated, that particular at pre-boost period the .15 microgram antibody level may be an over estimation, and with vaccine in used antibodies at that particular time because of their better functionality, there may be a different correlate there.
And I'd like to hear some comments about that, and just as a short comment on the functional activity of antibodies induced by combinations, we've done a couple of studies.  I think Dr. Ferrieri also asked about the significance.  These differences have never been significant.
CHAIRMAN GREENBERG:  Can I just get a clarification?  There's lots of questions, and we're not going to be able -- can you stay at the microphone for a second?
I'm confused.  Antibody maturation, I saw no evidence of affinity maturation that is presented.  I saw the evidence of inducement of rapid immune response, but the affinities, am I missing something here or --
DR. POOLMAN:  I agree with you that the data presented this morning  have not been showing that, but it's published by Dr. Pichichero, Dr. Goldblatt, Dr. Granoff, and we have also in our latest studies clearly demonstrated affinity maturation.
CHAIRMAN GREENBERG:  So just so I understand that, are there functional assays of antibodies that demonstrate enhanced functionality after vaccination in some assay?  I've seen no data for that.
DR. POOLMAN:  No, that's also correct, and the data that were shown here were post booster data.  We have recently done -- looked at functionality on post primary and compared to post boost, and there's a clearly substantial increase in functional activity on an antibody weight basis.
Unfortunately at pre-boost level, the antibody levels are so low that the functional assays we have, opsonic (unintelligible) and bactericidal assay are too insensitive at that antibody level to demonstrate avidity, but the avidity pre-boost and post boost is basically the same.  There's not much more affinity maturation because with the booster and the booster antibodies or antibody bake ways (phonetic) clearly have more function.
CHAIRMAN GREENBERG:  Dr. Snider.
DR. SNIDER:  Well, I'd just like to follow through with that.  I mean, it seems to me that what is being hypothesized or stated is that the conjugate produces lower levels, but functionally better antibodies, but we haven't seen the data.  The only data we've seen say there's no difference in the functionality, and we have also heard concern about levels of antibody and mucosal immunity and carriage.
And there's a disconnect here that I think you're trying to close, and I'm also trying to close with scientific data which doesn't seem to be being brought out thus far.
CHAIRMAN GREENBERG:  I will go around.  Dr. Granoff, are you going to be able to clarify this a teeny bit?
DR. GRANOFF:  Well, yes.  I mean, our laboratory has spent years studying antibody avidity and antibody functional activities, including the ability of antibody to activate complement mediated lysis, optimization, passive protection in animal models, and so we've really thought a lot about this question.
And as I listen to discussions on antibody function, although I have utmost respect for my Dr. Robbins, I do think that there are vast differences in antibody function that one sees in infants and older children, adults given polysaccharide vaccine and conjugate vaccines.
And one has very clear examples where the same amount of antibody on a quantitative basis measured in an antibody binding assay can have ten to 20 times different function in terms of the ability to passively protect the rat, and in general when you control for isotype, its avidity is the marker of antibody function, and I would agree with Dr. Poolman that there are several groups that have looked at the avidity of antibody one month post vaccination, and then as the concentration declines into the second year, what they've shown is that there is an associated avidity maturation.
So the function of the antibodies present a year later on a microgram basis the function is actually better than one would predict at one month post.  So just to summarize briefly, I think there are at least -- to predict antibody function and protection, there really are two variables.  There's quantity and quality.
You can have equivalent protection with a poorly -- with a lot of antibody of poor quality or you could have low antibody concentrations and high quality, and you can get similar types of protection.
CHAIRMAN GREENBERG:  I'm going to let this conversation go on a little bit because it's important, although you all may suffer hunger problems because of it.
I will simply say I agree.  I hope that maybe this afternoon we'll see some data.  That's what Dixie -- yes, Dr. Breiman.
DR. BREIMAN:  Well, I guess my question is along the same lines.  Could we, Dr. Eskola, overly assured by the data that you presented showing a reasonable efficacy despite a substantial proportion of people being below the .15 threshold, and I'm wondering if the difference between what we might be observing now versus what might have been observed pre-vaccine is a difference in microbiologic pressure that could affect efficacy.
And if one, given the data that you showed earlier or not the data, but the point that you made, that you need a pretty high systemic antibody level to give you a mucosal immunity, might we be sacrificing that if there was a universal sort of reduction of induction of systemic immunity?
DR. ESKOLA:  Well, I think that there are really several situations to be considered here.  First, our situation now is totally different from the pre-vaccination situation when the main thing was to protect individual children and the herd immunity effect became as a surprise and it was an additional benefit.
And now I think that I to a large extent agree with the discussion that George Siber had earlier this morning and these herd immunity effects and individual vaccine failures may become more important questions throughout the discussion today.
CHAIRMAN GREENBERG:  Dr. Siber and then Dr. Robbins.
DR. SIBER:  Actually on Dr. Robbins' point, I just want to point out to you that the PRP-D study was done before vaccine was in universal use, and so one would have expected relatively minor herd immune effects in that study.
But I want to get back to a comment of Dr. Fleming's about the fact of the .15 microgram level does not really relate, is not really a correlative immunity.
I guess what you're looking for is that the efficacy percent matches the percent of individuals responding to that level and, in fact, is lower in the case of PRP-D.  The percent responding was lower than the efficacy observed.
I wouldn't conclude there's no protective level.  I would conclude then that the .15 is conservative.  That's really lower than that.
And why is it conservative?  It could be conservative for the classic debate we're having here between Dr. Robbins and others.  The antibodiologists say it's the antibody that's important, and it's just a lower level of antibody that could protect you.
The primers will say, "Well, for the conjugate vaccine even if you didn't respond to that primary series, we've been primed," and he'll make a good antibody response when you see polysaccharide later.
And I think that debate will go on.  I think they're both correct.  I think priming probably is important sometimes.
CHAIRMAN GREENBERG:  Can I add a third?  And Dr. Robbins is going to speak, but it seems to me the priming, George, and the level -- there was a third thing, which is the environment, and Dr. Robbins said that pressure is lower so that your risk is lower, and that's the part that has me most concerned because the environment can change in ways that we don't know.
And so I think what most of this panel has to decide with this, were all of a sudden the herd immunity that exists now to disappear, would we have a population that was at much greater risk as we lower this level?
And maybe John is going to say something about that, but that's in my mind what's going on here.
DR. ROBBINS:  Just a small comment.  Can I have the slide, please?  I hope I have the right one.  It's probably better than my interpretation.
(Laughter.)
DR. ROBBINS:  We published this many years ago, but what it shows is that if you take Haemophilus influenza Type B, conjugate, which we call fluid, you see this is the antibody response, about 30 micrograms after one injection of two year olds.  If this material is absorbed -- in this case we used a hydrogel -- the antibody response is remarkably diminished.  In fact, when you take these absorbed vaccines, you cannot elute the polysaccharide from the aluminum under conditions you would have thought you would, that is, hot, three molar citric acid or EDTA does not remove it.  It's essentially formed a stone, to be facetious.  It's a multivalent binding between the phosphate and the Haemophilus and the aluminum.
Now, other aluminum adjuvants may not be as effective in removing the polysaccharide from solution, but I think that that's the major cause of what you're seeing because if you inject it separately and don't give a chance for that combination matrix to form, they work quite well.
It's when you mix them and they have a chance to absorb that you reduce it.  I think the aluminum is an important problem.
With respect to the quality of the antibody observed, I wouldn't want to prolong this.  The level of .15, I think, is an estimate.  It's a useful guide for predicting immunity on an individual basis.  When you do a field trial and you inject large numbers of children, susceptibility changes because you've induced herd immunity, and the subjects are probably not exposed to the bacteria.
So interpretation of the relation between antibodies induced after vaccine and the effect of this is probably not valid.
I would like to give a personal opinion.  I'm a little concerned about the apparent decline in levels of antibodies since these first studies were tried.  I think after a primary series of the three major vaccines now, about a month later we got about ten micrograms, eight to ten micrograms per mL and then about 15 a month or 18 months later it went down to about one or two.
But now we're seeing levels of three micrograms after the primary series.  Now, that may be enough.  That may be enough.  In fact, it may even be too much, but I think the note of caution is we can't stop looking, and I just suggested looking in adults for disease because that might give you a quick clue that the herd immunity effect is waning with these low levels.
CHAIRMAN GREENBERG:  Other -- Dr. Fleming.
DR. FLEMING:  I think that coming back to the issue of the .15, certainly there is considerable evidence, considerable evidence that if we're looking at .15 as a measure of immunogenicity that will predict protection or predict efficacy, there's clearly a correlation.  I mean the Finnish data are one example to indicate that there's more going on.
The concern that I'm struggling with is ultimately what is the question.  The question I think that we will face is we have two approaches.  We have combination vaccines versus separate administration.  We have a situation now where there's an estimate of 99 percent protection on a population base.  How much are we willing to back away from that?
We've had one prediction that for each percent you back away, when you go from 99 to 98, you're adding 90 cases of Hib disease.  It's apparent to me at least from all this discussion that there are multiple factors going on that include the level of protection for the individual, and it's not clear that .15.  Maybe with the conjugate vaccines it's something lower than that, which isn't necessarily reassuring because I want to know what that lower level is, and then I want to find out if it's 99 percent with the separate vaccinations.  Is it down to 90 percent with the combination?  And we haven't seen data on that.
And then the other issue is the pressure.  What is the impact of a different strategy using combination vaccines on the pressure, and another factor is in a disease such as this, a lot of the incidence occurs even before the third dose, and everything we're looking at is what's the relative immunogenicity after the third dose.
So I'm struggling with the basic question:  how do we answer the FDA's issues here based on a surrogate.  Point, one, five is certainly informative, but I'm convinced it's only a fraction of what we need to understand.
CHAIRMAN GREENBERG:  I'm going to -- that's a very good summary, and I'm going to just add one little tidbit, and then I think we have one more person who wishes to speak, and that is I hope that somebody is going to address the advantages other than just simply saying it's better to give fewer vaccinations, but a clear understanding of the advantages and how much they are worth versus the risks.
And I think that's a side of the equation that I'm not sure we're concentrating on as much.  I realize that less injections is an advantage, but is it worth 90 cases, I mean?
CHAIRMAN GREENBERG:  Dr. -- I'm going to say this wrong -- Pichichero.  The hour is late,  Can you make this really quick?
DR. PICHICHERO:  I'm Mike Pichichero.  I'm here on behalf of the Rochester NIH BTEU, although our site has numerous collaborations with all the vaccine manufacturers whose products have been discussed somewhat today.
I became a student of Hib disease in 1978 when I joined the discovery team of Smith and Anderson and Insel and have remained a student since.  In 1985, it was our group who was among the first to put forward the notion about priming and to use PRP as an antigen to look at the issue of priming and memory.
And in '94 and '95, we participated in the first trials of DTaP-Hib combos and were among the first to observe this diminution.
Since that time we've continued to study the issue along with others.  We would point out that the major features of immunologic memory are priming as we see them are these four features, and the differences between the unprimed and absence of a memory response are shown on the transparency in comparison to the primed.
Memory response, our group and others have shown the DTaP-Hib combination by SmithKline Beecham produce IgG with boosts by both PRP or PRP conjugates; that the avidity is higher.  Our group and Goldblatt's group have shown this from the U.K., that the antibody titres are higher.  Our group, Goldblatt's group, Eskola's group, Dagan's group, and Frez Zepp and Heinz Schmitt's group has shown that data.  And my brief presentation will focus on the kinetics.
In the study which Peggy Rennels described at the Rochester VTEU site, we were able to provide an amendment through our NIH contract to not only vaccinate these children with lowered responses following the DTaP-Hib combination, TriHIBit by Pasteur Merieux Connaught, but to look at the kinetics of the response when we gave them a PRPT booster.
Here are the pre-boost antibody levels.  Of the 21 children who we studied, as you can see, two thirds of them have antibody levels below one.
When we looked at their antibody levels on day three, we could not see any evidence for a rise in antibody by day three, but by day four-five, we were able to detect rises in antibody, and this clearly became the case on day seven and again on day ten to 14.
For the 21 vaccinees in this study, all of the children showed evidence of priming, and all had moderate to high levels of antibody.
Next transparency.
Dr. Siber mentioned his difference of opinion with mine and others that polysaccharides have a different kinetics for their memory responses than protein antigens.  He made reference to some data which Dr. Dodson Madore of the same company kindly shared with me.
These are six children who were given HbOC vaccine at 18 to 23 months of age.  You see their ages here, their pre-vaccine titres, their titres on day one, three, and here clear kinetic rises by day seven in these children.
The question would be whether these children are primed.  In light of the natural priming, could these levels of .2 and so forth actually indicate that they are primed, and that with HbOC they are showing a response on day seven, which is fairly consistent with our own observations.
Next slide.
We wanted to remind the audience of this data by Bob Daum published in '90.  This was following the flurry of concern about a few cases of Hib disease which occurred in the immediate post vaccination period.  Here we see the various vaccines in that study by Daum, and you'll notice that PRP at 24 months, there were 29 children, 20 of whom showed a decrease in antibody two to three days after the immunization, but seven showed an increase in antibody by day two to three, which would be suggestive of natural priming followed by a memory response.
The PRP OMPC at two months, one of four children had an increase two to three days after the vaccine, and by four months, four of ten children showed a measurable increase in antibody by day two to three, and if you look over here at the day seven data, the data would suggest to me that these children were primed in this group, this group, and this group.
Next slide.
CHAIRMAN GREENBERG:  Michael, you've got a minute or two.
DR. PICHICHERO:  Okay.  These are data also which were shown in brief by Dr. Siber.  This is the data from Porter Anderson and myself which we are submitting.
Going back and looking at Boston's Children's Hospital in 1971 to '73, Dr. Anderson remembered that there were children who were admitted with Hib meningitis in these age groups who seemed to show antibody rises very early following contraction of their disease, suggesting that they were primed, but that their priming did not protect them from disease.
A few comments.  Unconjugated PRP vaccine we recognize is preferred for study of memory and priming.  Initial antigen complexing with antibody probably occurs and provides an under estimate of the antibody as we measure it post vaccine.
Quantitation of antibody at low concentrations is difficult, and even with any Hib conjugate vaccine, a few children will not respond.
Next.
I'm at the end, Harry.
Preexisting antibody does complex with Hib as a mechanism of inactivation and clearance.  If all the preexisting antibody becomes complexed before an immune response ensues through memory, then disease may occur, and preexisting antibody levels of .1 to .15 in nonvaccinated children, as we've heard, is associated with protection.
My last one.  We think the antibody quality -- we agree with Dan Granoff -- is very important that genetic predisposition of the host, as was mentioned by a committee member, is important and that inate immunity and immunologic maturity are risk factors in very young children, and so you cannot make leaps when you compare two month olds to seven month olds to 15 month olds, and so forth.
I have one more?  That's it.
Thank you very much.
CHAIRMAN GREENBERG:  Thank you.
I am going to call it quits now and give all of you 45 minutes for lunch.  So you'll meet back here ten minutes later.  The lunch room is reserved for panel members.  So there's no excuse not to be back here at 1:30, and we're going to start sharply at 1:30.
(Whereupon, at 12:47 p.m., the meeting  was recessed for lunch, to reconvene at 1:30 p.m., the same day.)


	A-F-T-E-R-N-O-O-N  S-E-S-S-I-O-N
(1:34 p.m.)
CHAIRMAN GREENBERG:  Okay.  I hope you all have had a nourishing lunch, and I'd like to start off the afternoon with field experience with the Hib vaccine in high risk populations.
Dr. Jay Butler.
DR. BUTLER:  Thank you.
CHAIRMAN GREENBERG:  Again, all speakers, you'll get a gold star if you actually finish ahead of time.
(Laughter.)
DR. BUTLER:  I'd like to use 20th Century technology.  Could someone turn on the slide projector back there?  Now if we could bring down the lights, thank you.
Already this morning we've touched several times on the experience with Hib disease among Alaska Natives, and what I'd like to do now is have a time to focus on the experience with conjugate Hib vaccines among Alaskan Natives.
In the pre-vaccine era, the rates of invasive Haemophilus influenza Type B disease among Alaskan Natives were among the highest that were documented anywhere in the world.  The annual incidence in the early 1980s among children age five years and less ranged from 400 to 600 cases per 100,000 per year.
This was a rate some five to tenfold higher than the rate observed in other parts of the United States.  In addition to the high rates of disease, there were other aspects of the epidemiology of Hib disease in Native children which were unique.  Disease tended to occur earlier, with nearly a quarter of cases occurring before age six months.
Additionally, some studies suggested that carriage may be slightly higher among Alaska Natives, as has been mentioned earlier, although these are not spectacularly higher rates of carriage.
Now, the CDC has conducted statewide laboratory-based surveillance for invasive Haemophilus disease since 1980.  This bar graph shows the number of cases of invasive disease identified among Native children each year since 1980.
In September of 1991, universal immunization with PRP-OMP was instituted.  Prior to the universal vaccination program, in general anywhere from 30 to even 60 cases of invasive disease occurred each year.
During each year from 1992 through '95, only one to four cases occurred.  In 1996, the Haemophilus vaccine for routine immunization was changed to HbOC combined with diphtheria, tetanus, and the whole cell pertussis in order to reduce the number of immunizations.
During the period from May 1996 through September of 1997, 16 cases of invasive Hib disease occurred.
Now, I will get these buttons straight before this talk is over.
Now, for several slides, I'd like to be able to present the epidemiology of Hib disease in terms of incidence of disease, cases per 100,000 persons less than age five years per year, and I'd like to present this in different time intervals.
The first is 1980 to '91, which I will call the pre-conjugate vaccine era, although this was a period when PRP was used.  There was also a trial of PRP-D as you're aware.
1992 to '95 is the PRP-OMP era.
And then '96 to '97 is the HbOC-DTP era.
Rates of disease in all eras were much higher among Alaska Natives than among non-Native children living in Alaska.  For both Natives and non-Natives there was a substantial reduction in rates of disease during the PRP-OMP era, and this represents an effectiveness of roughly 95 percent in both Natives and non-Natives.
During '96 and '97, the increase in disease is reflected here and occurred exclusively among the Native population.
Now, this slide shows the area of residence for the 16 cases, and they occurred predominantly in the rural areas of the North Slope in the western part of the state.  The urban areas of Anchorage, Fairbanks and Juneau are here in the central, south central, and southeastern parts of the state.
Now, this slide shows the incidence of disease in urban and rural areas of Alaska among Natives younger than age 5.  Even in the pre-vaccine era, rates of disease were higher in rural areas.  Both urban and rural areas enjoyed a substantial decrease in rates with the onset of the universal immunization policy with PRP-OMP.
The increase in disease which occurred in '96 and '97 occurred primarily among people in the rural areas of the state.
Now, I'm not a long time resident of Alaska, and I want to define a little more what we mean by rural because I realize most people here have not lived in Alaska and many have not even visited yet.
When I say "rural," it may conjure these kind of agrarian images, but this is not what we're talking about.
(Laughter.)
DR. BUTLER:  This is a more accurate picture.  Villages of roughly 200 to 1,000 people, houses clustered together in remote parts of the state.  Houses tend to be small.  Families tend to be large.  Most all villages have electricity, but most still do not have running water or flush toilets.
Public gathering places tend to be small, as you might surmise from the size of the Russian Orthodox Church, which was the largest public gathering place in this village.
The life style is primarily subsistence, and the weather can be harsh, the winters long.  You know, this looks like the mall on Tuesday.  This was as May morning in a village.
(Laughter.)
DR. BUTLER:  Most of the villages are not accessible by road.  Princess and Holland America don't take in places like this when they go to Alaska.  When the weather closes in several days may pass before planes arrive with supplies and groceries and take investigators back to Anchorage.
(Laughter.)
DR. BUTLER:  The population is very young.  The median age among Alaskan Natives is 17 years, and 25 percent of the Native population is younger than age ten years.
So in 1996 and '97, when the number of cases increase, a multi-faceted and really ongoing investigation was initiated which focused on the factors required for Hib disease to occur, and these factors were presumably the presence of susceptible children, which would be presumably due to low antibody levels, and also exposure to the organism which suggested that perhaps there were colonized persons in the community serving as the source of infection.
Now, the obvious question when we start talking about antibody level is is it possible these children simply were not immunized.  This slide shows the distribution of Hib vaccination histories during the period of '92 to '95 when there were nine cases over a four year period versus '96 and '97 when 16 cases occurred.  I'm going to say over a two year period, although actually it was fairly focused within 15 months.
During the earlier period, the vast majority of children who developed Hib disease were unvaccinated.  However, during '96 and '97, only one child was unvaccinated, and in fact, more than one third were under one year of age and had timely Hib vaccination with the combination product given as the first dose.
Now, in terms of antibody levels, I think it's worth stopping and going back and reviewing some data from about ten years ago.  These are data from the late 1980s up through about 1990.  It was a sequential, comparative study of immunogenicity of five different or really four different Hib vaccines, including two different preparations of PRP-T, with HbOC, PRP-D and PRP-T administered at two, four, and six months, PRP-OMP administered at two and four months.  No booster dose was given.
Blood was collected before immunization at two months and then again at age four, six, seven, nine to 12, and 15 to 18 months.
As has been reported for other populations, PRP-OMP was the only vaccine which really led to a high increase, substantial increase in antibody levels after a single dose.
However, the highest antibody levels were observed among children who had received three doses of HbOC.  The decline in antibody levels over time were similar in each of the groups, although the levels seem to be most closely related to the peak levels after completion of the primary series.
Now, this slide shows the proportion of children achieving antibody levels of greater than or equal to .15 or greater than or equal to one.  Among the purple bars reflect the children who got HbOC, the blue bars PRP-OMP.
Among the children who got one dose -- after one dose of PRP-OMP, nearly 90 percent had levels of .15 or greater.  Three doses of HbOC were required to get these kind of levels when virtually 100 percent of children after three doses had levels of .15, and the declines are shown here.
Using the higher cutoff, no children achieved a level of one after one dose of HbOC.  A little over half achieved it after one dose of OMP.  However, after three doses of HbOC more than 90 percent had levels greater than one and more than half maintained these levels during the year after immunization, whereas the proportion maintaining these levels who had received OMP was substantially lower.
Now, taken together, these data suggest that it is, indeed, very plausible that with a shift to HbOC as the primary immunization antigen, it's possible that there is a window of vulnerability here.  		So the next question becomes where is the organism coming from.  As it was stated earlier, regardless of antibody levels if children aren't exposed to the organism, they're not going to develop disease.
I'd like to describe three oropharyngeal carriage surveys.  The first was conducted in Bethel, the regional hub of the Yukon-Kuskokwin Delta and five rural villages, including two which had experienced cases during '96 and '97.  This occurred during the spring of '97.  These were community based surveys, and it enrolled 496 Native children age one to five years.
Overall these numbers represent anywhere from 60 to 90 percent of all children living in the villages.
A second survey was conducted in urban Anchorage.  Anchorage is a town of a little over a quarter million people.  The living conditions are substantially different in Anchorage compared to rural villages.  This was conducted in late '97 and early '98.  This was a clinic based survey, and it was conducted among 417 Natives, age one to eight years.
The final survey was in Barrow, where also cases had occurred.  Barrow might be thought of as a village on steroids or a village after the impact of oil money.  It has a population of roughly 5,000.  This survey was conducted in September of '98.  It was school and clinic based and enrolled 541 Natives and 160 non-Native children age one to 16.
Now, the next several slides will summarize each of those studies.  The numerals for each age group represent the number of children who were swabbed.  The height of the bars represents the proportion who are colonized.
In the Yukon-Kuskokwin Delta, 9.3 percent of children were colonized, and the proportion who are colonized by village range from 2.2 to 13.2 percent.
Taking all of the villages in Bethel together, the highest rates of colonization were among the children entering school with 14 percent of the five year olds having Hib recovered from their oral pharynx.
Now, all of these slides, to make them more comparable for you, have the Y axis set at 15 percent. 
Now, the situation was very different in Anchorage where slightly less than one percent of children were colonized.  In fact, only four of the 417 had Hib, and all of these were preschool age children, although the sample sizes for school age children were relatively small.
In Barrow, roughly four and a half percent of children were colonized, and this was true for both Natives and non-Natives.  Although the colonization rates were similar, the distribution by age was a little different.  Among Natives no children younger than five years were colonized, whereas the highest rates of colonization among non-Natives were in the preschool and early school age.
Among the Native groups, we saw colonization rates above five percent really going out until we were up into the teenage years.
Now, I should add, having described a little bit about the Native population -- say something about who the non-Natives are in Barrow.  Roughly one-third of these people were of Asian descent, and indeed, four of the seven kids who carried Hib were Filipino.  However, everyone who was colonized had received at least three doses of Hib vaccine.
Now, this also leads to what is the vaccination coverage rates in this area for finding evidence of reduced herd immunity.  The question is whether or not the herd is truly immune.  This is data from the Alaska Native Health Service, as well as the State Health Department, showing the percent of kids who had received two doses of Hib vaccine by five months or three doses by 24 months, and this is from 1994 to 1998, and this slide shows the full range to really give you a feel for what the worst case scenario would be.
Coverage in rural areas ranged from 51 percent to 75 percent and was higher in urban areas.  Again, coverage is defined by two doses by age five months, which is a fairly strict definition.  However, in all areas basically 90 percent of more had received three doses of Hib by 24 months.
I'm told that there's more recent data from the National Immunization Survey for '97 and '98, showing that Alaska has rates that are now on par with national averages, and in fact, the rates among Natives are greater than that for the U.S. as a whole.
Additionally, I should point out that in the -- among the participants in the carriage surveys, without exception, among children one to four years of age over 90 percent -- in fact, more than 94 percent had received three or more doses of a Hib vaccine.
So it's very difficult to attribute this finding to low vaccination rates.
So the conclusion of these investigations to date is that the convenience of combined diphtheria, tetanus, whole cell pertussis with HbOC had unexpected consequences for disease control among residents of rural Alaska villages.  Differences in immunogenicity between PRP-OMP and HbOC were clinically significant in this population because of previously unrecognized colonization and ongoing transmission.
Additionally, I'll raise the question of whether or not at least for the youngest children the modest rates of on time immunization during the first six months of life may have played some role, although I would point out again the large number of children who develop disease who are completely age appropriately immunized.
The factors contributing to ongoing transmission in the face of a universal immunization program is unknown.  It may well include the same factors that contributed to the high rates of disease during the pre-vaccine era, such as household crowding and low socioeconomic status.
Additionally, it raises the question of whether or not there's some previously unidentified reservoir.  The rates of carriage among school aged children in Barrow were surprising, and overall I would have to say our experience in Alaska has made us realize that we have to be very careful about looking at data from other parts of the world and making those assumptions for Alaska.
Next month we'll be returning to several of these villages and enrolling basically the entire community, including adults in these colonization studies.
And, finally, I raise the question of the role of the Hib vaccine used.  We've had a number of discussions this morning about the role of priming and boosting for protection against invasive disease.  I think those same questions need to be raised for protection against colonization and whether or not there may be differences among the Hib vaccines for natural and vaccine mediated boosting.
So what's happened since then?  In late 1997, the routine immunization changed again to a sequential schedule giving PRP-OMP for the first dose, followed by HbOC monovalent for subsequent doses.  As you can see, the number of cases did reduce somewhat after this change.
This slide, again, returns to the rates of disease among urban and rural Natives younger than age five years, and as you can see, during '98, through the end of '99, rates dropped, but not to the same level as they had during the PRP-OMP era.
And there is some data comparing the immunogenicity of this sequential data to historical  controls.  I was not going to review that during the presentation, but the recently published data on that topic is included in your packet.
Now, if we look at the distribution of vaccine histories again, this data you saw earlier, again, there's a large proportion of children who are under one year of age and who are under immunized, and I'm defining "under immunized" as kids who received at least one dose of Hib vaccine and who are more than one month behind schedule for their next dose.
And I think it's notable that three of these six children were inadvertently given monovalent HbOC for the first dose.  I realize there's a very small and denominatorless piece of data, but at least anecdotally it suggests that the problem in Alaska was with the Hib antigen and not with the fact that it was included in a combination vaccine.
And I thank you for your attention, and I'm sure there will be questions, and I wanted to also acknowledge the people who actually did the work in getting this data together.
CHAIRMAN GREENBERG:  Thank you, Dr. Butler.
We have time for just a few questions.  Any questions here?
Dr. Edwards.
DR. EDWARDS:  That was very nice, Jay.
I have a question about the fourth dose.  Certainly there are very high rates of carriage in the older population.  What is the coverage of a fourth dose, or were the children that were getting OMP -- did they get two doses and then a third dose at a later time or did they have fourth doses?
I guess booster doses in terms of carriage.
DR. BUTLER:  You mean booster dose.
DR. EDWARDS:  Right.
DR. BUTLER:  At one time they were getting OMP and were just getting the two doses.
DR. EDWARDS:  Right, right.  I don't know those data off the top of my head.
Orin, do you?
DR. LEVINE:  No, I think that during the era when they were giving PRP-OMP for the primary series, they were getting the two doses at two and four months of age, and then they were getting a booster between 12 and 15 months of age, and the proportion of kids who were up to date by that regimen would be equivalent to what they were when they were getting three doses in the primary series and a booster.
So the coverage rates of primary plus a booster dose were very high.
DR. BUTLER:  Or to put that another way, most of the data that shows the number of kids age 24 months who had received three doses is from the OMP era.  So I think that's a reasonable surrogate to answer your question for the period up through the end of the routine use of OMP.
CHAIRMAN GREENBERG:  Dr. Fleming.
DR. FLEMING:  If the pressure remains in this community, which is, I know, an issue which is difficult to really sort through, could a clue for the doubling essentially in the incidence that occurred between '92-'95 and the '96-'97 associated with the HbOC where the immune response seemed to be higher after a year, but it was discernably lower at four months and still lower at six months, and you had reported 25 percent of the incidence in this community as before six months.
Could that, in essence, be a major clue as to where the increase might be occurring?
DR. BUTLER:  The increase in colonization?
DR. FLEMING:  The increase in cases that occurred between the '92-'95 era and the '96-'97 era.
DR. BUTLER:  I'm not sure I followed the question.
CHAIRMAN GREENBERG:  I think Dr. Fleming is looking for a serologic correlate of the increased rate of cases in Alaskan Natives that was associated with the change in vaccine.  Can you --
DR. BUTLER:  Right.  I mean that was the data I presented from the comparative study.  I thought that was what you were making reference to initially.  So it sounds like the answer to your question was in the question, if I'm understanding it correctly.
DR. FLEMING:  The data that you had show earlier at the beginning of your presentation referred to the incidence of the 31 that occurred between '92 and '95, and then with the HbOC vaccine in '96-'97 there was the recurrence at a higher rate, and it was at about 60.
You also presented immunogenicity data for those two vaccines, and it appeared that the percent that achieved .15 was actually higher with the HbOC vaccine for children after one  year of age, but it was discernably lower at -- very low at -- four months and low also at six, and given that there's a high incidence of disease, of Hib disease, in this community, 25 percent of the cases you noted occurred by six months, could the lack of an adequate immune response after the second dose and early after the third dose be causally inducing this increase?
DR. BUTLER:  I think that's very likely.
CHAIRMAN GREENBERG:  We have only a few --
DR. BUTLER:  I hope that message came through in the presentation.
CHAIRMAN GREENBERG:  We have only a few more questions.  So please keep them very brief.
Dr. Estes.
DR. ESTES:  I was struck by the apparent difference in age for the Native and non-Native children for carriage.  Is it possible that there's repeated introduction of people coming in from Asian for the non-Native population?  And are they bringing in this organism?
DR. BUTLER:  That's possible in Barrow.  I think that's very unlikely in the more remote areas that were sampled in the first survey.
CHAIRMAN GREENBERG:  Dr. Stephens, Dr. Ferrieri, and then Dr. Robbins, and that's it.
The carriage rates of non-Natives in Anchorage, do you have those data?
DR. BUTLER:  No, we don't.
DR. FERRIERI:  Ferrieri.
I gather that you don't have any serologic data from these patients, these cases.
DR. BUTLER:  No, we don't, and we don't have serologic data yet from the carriage studies.
DR. FERRIERI:  Thank you.
CHAIRMAN GREENBERG:  Dr. Robbins.
DR. ROBBINS:  Alaskan Eskimo children are also susceptible to other respiratory pathogens.  Was there a change in the incidence of pneumococcal or meningococcal disease during this time?
DR. BUTLER:  Not really.  In fact, if anything, pneumococcal disease was a little bit down that year in '96 and back up in '97.
DR. ROBBINS:  I notice that all of your data for disease are in less than five year olds.  Is there any data for over five year olds?
DR. BUTLER:  Yes.  You must know the answer to this question.
(Laughter.)
DR. BUTLER:  There is.  I mean there has been an analysis of adult disease that was mentioned earlier which showed a decline in rates of Hib disease in Alaskan Native adults, which was certainly temporally related with the reduction in the rates of Hib disease in young children.
It certainly would seem plausible that that's because of reduced colonization with Hib among the young children.
The survey data raises a bit of a conundrum as to whether that's true or not.  We've gone back to the adult data to see if there's a difference between rural and urban adults and could not find any.
So, again, it's not clear to me why with the persistent colonization among young Alaskan Natives transmission seems to be occurring in somewhat selective situations.
CHAIRMAN GREENBERG:  I'm going to end it there, except to ask a question myself.  
I just want to follow up on Dr. Robbins' question.  I think Dr. Robbins was saying that adults might serve as sentinels in the future if we change vaccines.  We just had a circumstance here where a change in vaccine was associated with changes, it is felt, with children, and I think he was trying to get at does the sentinel theory work, that is, was there a rise in adults in that time frame.
DR. BUTLER:  Yeah, and I think the answer to the question is at least in this population it does not work, although keep in mind the numbers are relatively small.
CHAIRMAN GREENBERG:  And I would just like to push you a little bit, Dr. Butler.  So the question before this committee is to consider changes in vaccines and what the risks are, and you just presented data on changes of vaccines that you are associating with elevated risk.  Is that relevant to the question at hand or not?
DR. BUTLER:  I think very much so.  I mean even using the currently defined definitions for licensure, the differences between two different products had a big difference in terms of the clinical impact and the public health impact of changing vaccines.
So changing the criteria, I think, potentially at least for the Alaska Native population could be very problematic.
CHAIRMAN GREENBERG:  Okay.  The next speaker will be Dr. Heinz Schmitt, and he's going to talk to us about data from Germany.
And again, Dr. Schmitt.
DR. SCHMITT:  Mr. Chairman, ladies and gentlemen, first of all, I'd like to thank the FDA to invite me to this meeting here and to present our data from Germany, which is a low Hib titre concentration country in a birth cohort of 800,000 children.
I was involved with DTaP-Hib combination vaccine since 1994, and we first presented these data in 1995 at ICAC, showing that the combination with DTaP and Hib vaccine in a mixed syringe leads to GMCs around 2.0 micrograms per mL, and this was similar with you combined DTaP with Hepatitis B, Hepatitis B-IPV and Hib.  The titres here are between two and 2.6 micrograms per mL.
Now, 800,000 children per year get either this vaccine or this later vaccine, this five component vaccine, without actually HPV, and the uptake of DTaP-Hib combination vaccines is 90 percent in our country.
In this study, DTaP-Hib was given at a three, four, five schedule to prime children -- next slide -- and what you can see here is that the magnitude of the antibody response when a plain PRP was given is much higher than what is observed in unprimed children from published data.
Now, this has all been discussed this morning -- next slide -- and there are some -- I contribute some material for your briefing material.  I want to concentrate on this unpublished study.
The rapid and high uptake of Hib combination vaccines in Germany prompted us to more closely follow the incidence of invasive Hib disease in our country.  
I am the study coordinator, and Dr. von Kries from the University of Munich and Dr. Siedler and Dr. Niessing from the Robert Koch Institute at the Ministry of Health in Berlin are collaborators.
Now, the story of Hib vaccination in Germany is somewhat different from your experience in the United States.  In '99, the PRP-D vaccine was the first to be licensed in our country with the two dose schedule and the booster in the second year of life.  In 1992 only, other Hib vaccines were introduced.
Now, at this point I have to remind you of a difference in the health care systems in our countries.  In Germany, private pediatricians administer all vaccines available at no cost to each child, and they are free to choose among any of these vaccines once they were licensed, and they were all licensed in 1992.
In 1995, ACER (phonetic) pertussis vaccines were introduced with three dose schedule and a booster in the second year of life.  November 1996, introduction of combined DTaP-Hib vaccines, and in January 1991, the DTaP-IPV-Hib vaccine, a five component vaccine, was introduced.
Next slide.
What we wanted to show is effectiveness of our vaccinations, and in order to calculate vaccine effectiveness, you need to know about the frequency of invasive Haemophilus influenza Type B disease.  You need to know vaccination history of cases, and you need to know vaccine coverage in your population, and I'm going to show you how we got these data in the next couple of slides.
First of all, this was a population based survey of invasive H. influenza disease with active follow-up of reported cases.  The reporting was done by ESPED, which stands for Surveillance Unit for Rare Pediatric Disease in Germany, and it has a clinical arm and a laboratory arm, which work independently, and I will show you that in a minute.
The case definition of an invasive H. influenza disease was compatible disease in a child and isolation of the bacterium from a normally sterile body site.
Now, the laboratory ESPED -- the clinical ESPED system is based at pediatric departments.  Surveys solicits the incidence of up to 12 rare diseases.  It was established in 1992, and it works under the auspices of the German Pediatric Society, and report cards are sent monthly to all 485 pediatric departments in 416 hospitals nationwide.
And I have to say here another important information.  There's this strict separation in Germany between children in private practice and children in hospitals.  They have totally different doctors.  So once you have suspected Hib disease, you automatically go to a hospital.  You would never see a pediatrician.  If so, he would send you to a hospital and the doctors are different.
Follow-up was done with a questionnaire in case there was a report of invasive Hib disease.  Now the laboratory ESPED system works at the Robert Koch Institute at the Germany Ministry of Health in Berlin.  It was established in 1997.  H. flu was introduced in 1998, and again, postcards are sent monthly to all microbiology laboratories nationwide which are 303 altogether.
Now, this is a map showing each dot, a clinic and laboratories involved, and you can see that they are scattered all over the country.  There is no unexpected clustering there.
The response rate for postcards in both systems is above 94 percent, and the return rate for questionnaires, where we ask for additional questions on the case, is above 98 percent.
Now, how did we get the vaccination status of children?
In clinical ESPED, we called the pediatrician.  We first of all looked at the questionnaire that we sent out, and if this didn't help, we got calls to the vaccinating physician.
Laboratory ESPED got vaccination history by telephone follow-ups done by the Robert Koch Institute to pediatric departments and/or to office pediatricians and/or to parents.  
And actually I can say at this point we got vaccination card copies of all children who were cases.
Now, how did we come up with vaccination coverage data?  We had a random digit dialing telephone survey done by a professional organization which is Infratest in Munich.  The vaccination history of 600 children eligible to have received at least one dose of Hib containing DTaP combination was to be documented, and actually it were 668 in the end, to give a precision of five to ten percent for the vaccination coverage with single vaccines.
Ascertainment of the vaccination status inclusive of brand names was done through interview of parents, copies of the vaccination certificate and also in cases, interview of the pediatrician.
Now, what are the results?  These are the results for the vaccination status of age eligible children.  Age eligible children is an important definition in this study.  It means a child was born in a time frame so that it could have received a DTaP-Hib combination vaccine.
What you can see here, over the whole three years or in this study period, 55.5 percent of children had received a SmithKline Beecham DTaP-Hib combination vaccine.  Three, point, six percent had received the Pasteur Merieux MSD, five component Hib combination vaccine, and actually the second most common single vaccine used in Germany is PRP-D with five percent, and the others are shown here in this slide.
Next slide.
Now, we do know the vaccination status of children with single vaccines by the age of 12 months.  For Infanrix-Hib combinations, zero dose was 1.9 percent.  That means children receive the first dose of Hib vaccine in the second year of life.  One dose, three percent; two doses, 24 percent; and three doses, around 70 percent.
For PRP-D these numbers are 2.7, 5.4, and 70 percent for the recommended two dose schedule of this vaccine.
Now, these are data from the clinical ESPED only.  We probably had something between 1,200 and 1,600 cases of invasive Haemophilus influenza B disease prior to the introduction of Hib vaccination.  Hib was licensed in 1991 as PRP-D.  Hib was introduced into the ESPED system as one of the first rare diseases we studied, and in 1993 we had 120 cases.
And this went down to 54 in 1995.  In 1996, then combination vaccines were introduced, and in 1998 we followed up with clinical ESPED, and we had 30 and 13 cases in the first six months of last year.
So you see a continuous decline of invasive Hib diseases since the introduction of combined vaccines.
Now, I have to give you the total number of cases we observed was 74, and that actually comes down to a number of 1.1 per 100,000 children to the age of five years.  So that's the incidence per year.
We had 36 cases, Type B, 20 not typed, and 18 typed not B.
Now, 13 children were too young to have received any DTaP-Hib combination vaccine, and some were too old to have received any DTaP-Hib combination of vaccines, and we have to eliminate these from these numbers.  So we have 24 children and eight children in the not typed group and five in the not typed B group.
Now, actually ten of these 24 children had received a DTPa-Hib combination vaccines, and 14 had received no vaccine.
So as the Chairman of the German Vaccination Advisory Committee, I worry about these 14 and not so much about these ten, and I will show you more data on these ten now.
Now, this is a busy slide, and I'll walk through it slowly.  
One child had received Infanrix-Hib combination vaccine, one dose at age four months, and it got the disease at five months.
Four children had received a DTa or had received a Hib-PRP-D vaccine with different brand names mentioned here with two doses as recommended, and they came down with a disease later on as shown here.
One child had received Hib titre, two doses.  Three children had received Infanrix-Hib at the time shown here, and they came down with a disease as shown here.
One child had received three doses of Infanrix-Hib, and it got disease at age 17 months.  There was no case in any child who had received four doses of a Hib combination vaccine in our country.
Fourteen children had received no vaccine at all, and if you look at this table, 19 of these 24 children were not vaccinated or under vaccinated, and that is the problem, I think, in many populations, and the potential of having one percent less efficacy, I guess, is by far outweighed if you have a well effective vaccine, and if you can do something about these children who don't get their vaccines or don't get them on time.
Next slide.
Now, we do know the proportion of children which were vaccinated with a given vaccine.  We know the proportion of children or of cases vaccinated, and with this formula published by Dr. Orinstein (phonetic) we can calculate vaccine efficacy.
Next slide.
One dose of DTaP-Hib or DTaP-IPV-Hib combination vaccine had a vaccine efficacy of 82.5 percent.  Two doses had a vaccine efficacy of 93.6 percent, and with the PRP-D it was 70.4 percent only.
Also, if you look at the lower end of the 95 percent confidence interval, it's 89 here, and the upper end of the interval is 83.6 here.  So there is a huge difference between them.
Somebody asked the question this morning what's the difference between one and two -- between two and three doses.  Actually it's six percent, and I think it's very important to get this third dose, and if a combination of vaccines help to accomplish this, this may by far outweigh the potential risk of one percent less efficacy.
If you look at any child who had received at least one DTaP-Hib combination vaccine, vaccine efficacy was 97.4 percent.
Now, the first question that will come to your mind is were cases complete.  Did we lose any cases or not find them?
We had two independent sources reporting to two independent institutions.  So we could do a two source capture/recapture technique to look for cases we have missed, and theoretically, we have missed nine cases.
Capture/recapture came up with 83, and we found 74.  If you assume that like with the other population with a 74 two-thirds of cases are Hib actually, then there would be six additional cases that we would have missed.
And assuming that all of these six cases would have received DTaP-Hib combination vaccine, vaccine efficacy would still be at 94.8 percent.
Now, how about other biases?  I spoke about case ascertainment.  Under reporting of vaccinated cases is highly unlikely because the reporting physician is different from the vaccinating physician.  This is out patient, non-hospital doctor.  This is always the hospital doctor.
Misclassification of vaccination service is impossible.  We do have copies of all vaccination cards.
Estimation of coverage, we did a sensitivity analysis.  Even if you assume that the number of unvaccinated cases was twice as high as we had calculated, then vaccine efficacy still would be 98 percent.
Now, also you might worry about the proportion of Type B cases in the not typed cases.  If all untyped cases were Type B, then vaccine efficacy would still be the same because none of these untyped cases had really received three doses of a DTaP-Hib combination vaccine.
And this brings me to my conclusions.  I think we have a reliable reporting system, which is ESPED.  We see with the use of DTaP-Hib combination vaccines a continued decline of invasive H. flu disease in Germany.  The field effectiveness for three doses of combination vaccines was 99.3 percent, and thus I conclude that for our country the lower antibody response to combined vaccines is not clinically significant, and the potential or hypothetical risk that one percent less efficacy might be due to the combinations I cannot see this from the data I presented, but other benefits are less injections, less visits to doctors, reduced costs, and very important, no delay in the busy immunization schedule since other vaccines are coming up, and I think at least in Germany parents wouldn't accept five vaccines given at one well baby visit.
Thank you very much.
CHAIRMAN GREENBERG:  Thank you, Dr. Schmitt.
We have time for just a few questions.  Dr. Kohl.
DR. KOHL:  What is the age distribution of Haemophilus disease in Germany?  Is it more like the Finnish distribution or is it like the --
DR. SCHMITT:  I have a slide with me now.  I have a slide with me and can show you the actual data.
The peak incidence is after the first year of life.  There's a peak very early, before children can get vaccinated, and then there is one in the second year of life.  I have the age distribution, and I can give you the exactly data if you want to.
CHAIRMAN GREENBERG:  Dr. Stephens.
DR. STEPHENS:  Do you have any data on carriage rates in your population?
DR. SCHMITT:  No.
CHAIRMAN GREENBERG:  Any other questions?
DR. LEVINE:  I wonder --
CHAIRMAN GREENBERG:  Identify yourself, please, Dr. Levine.
DR. LEVINE:  Sorry.  Orin Levine.
I wonder if you could just clarify for me again what your overall immunization coverage rate was.
DR. SCHMITT:  Yeah, there was that one -- yeah, I mean, it depends on how you look, and which method you look.  What is for you overall vaccination coverage?
I showed you that one slide.  This is actually slide number -- 
DR. LEVINE:  Just what proportion of kids got --
DR. SCHMITT:  Three, point, seven percent were not vaccinated.
DR. LEVINE:  With even a single dose.
DR. SCHMITT:  With a vaccine.
DR. LEVINE:  Okay.
DR. SCHMITT:  Fifty-five had received DTaP-Hib combination with these plus .6 from a different manufacturer who had just low coverage.  So it's about 60 percent had received a Hib combination vaccine.
DR. LEVINE:  Okay.
CHAIRMAN GREENBERG:  Okay?
DR. FAGGETT:  Harry, one question.
CHAIRMAN GREENBERG:  Dr. Faggett.
DR. FAGGETT:  Does the hospital physician refer the patient back to the community physician in terms of communication?
DR. SCHMITT:  I guess what usually happens is they just write letters.  Once the patient is discharged you get a letter indicating what happened.  It's unusual that you call the treating -- the non-hospital based physician who delivered the vaccine.
DR. FAGGETT:  Okay.
DR. SCHMITT:  I mean, I'm working in a hospital, a university hospital, and I never call pediatricians outside.  We don't have affiliations.  It's a totally different system.
DR. FAGGETT:   So you don't have the primary care provider set-up.  Okay.
CHAIRMAN GREENBERG:  Dr. Frasch.
DR. FRASCH:  A clarification.  In Germany, do the children receive a booster dose in the second year of life?
DR. SCHMITT:  Yes, but since we had no case after fourth dose, we didn't -- I mean this is 100 percent, but there's nothing we can calculate here.  So we don't have this.  It's recommended to give a fourth dose, but there was no case.
CHAIRMAN GREENBERG:  If there are no other questions, we'll move on to Dr. Paul Heath, who's going to talk to us about Hib disease in the U.K.
DR. HEATH:  Good afternoon, ladies and gentlemen.  Thank you for the invitation to present data from the United Kingdom on our Hib vaccination program, and I hope that these data may be of assistance in your deliberations today.
First slide, please.
By way of introduction, as we've heard this morning, the current serological correlates of protection against Hib disease are derived from a variety of studies in unvaccinated populations, studies of passive immunization, and populations vaccinated with the plain polysaccharide vaccine, and the question that's being addressed is whether or not these correlates are relevant in the context of the conjugate vaccines.
And amongst the issues to consider, the evidence from the PRP-D experience of efficacy and effectiveness despite low antibody levels, the data we've heard about the quality of antibody post conjugate vaccine, and also the field efficacy of conjugate vaccines other than PRP-D, and so I'm going to present data on the field efficacy of predominantly PRP-T, but also HbOC in the U.K.
If I had to summarize the experience in the U.K., it would be that we have a vaccine schedule which is completed early at two, three, four months of age at no booster dose and as a result, our anti-PRP antibody concentrations through the first five years of life are relatively low.
Yet despite this, we have a vaccine program which has resulted in a rapid decline in the incidence of Hib disease, a decline in Hib carriage, and clinical protection until at least preschool age.
In more detail, the antibody that we've seen in the United Kingdom is shown here.  These are the U.K. published studies of conjugate vaccines, either PRP-T or HbOC given at two, three, four months of age.
And you can see that there are a variety of studies here, but generally one month after three doses at five months of age the geometric mean concentration is somewhere between three and six.
Two studies have followed antibodies through to 12 months of age and shown the expected decline, and then we followed a cohort of children through until six years of age, and you can see that there is a further decline through until six, and this is about .5 micrograms per mL.
Next slide.
In terms of the correlates of protection, here are the proportions greater than or equal to .15 micrograms per mL in two studies, the Oxford studies and studies by David Goldblatt, who's here in the audience.
After three doses nearly 100 percent of children have a portion above .15.  This is declined 60 percent in this study.  Ninety percent in this study have levels above .15 at 12 months of age, and then a further decline about 60 to 70 percent above .15 at six years of age.
However, if we look at the proportions above one microgram per mL, after three doses it's around 90 percent.  Then there is a significant decline so that out here we have anywhere between 30 and 50 percent greater than or equal to one microgram per mL.  
On that background, the U.K. Hib vaccination program.  Well, this began in October 1992.  Two Hib conjugate vaccines have been used, PRP-T for children under the age of 12 months, and HbOC for children over the age of 12 months.
The primary vaccination schedule I've alluded to.  There was a catch-up component for the first year of the program  from '92 to '93 in which children between the ages of 12 and 48 months of age were offered vaccine, and they were offered one dose if they were 12 to 48 months of age, and if they were less than 12 months of age, they had three doses.
The vaccine coverage over the eight years or so since the introduction of the vaccine has been high.  Ninety-two to 94 percent have achieved -- have received three doses by 12 months of age with a small increment to 92 to 96 percent having received three doses by 24 months of age.
In terms of surveillance for Haemophilus influenza disease, there are two major components via pediatricians and via microbiologists, via pediatricians through the British Pediatric Surveillance Unit, a similar system to that described in Germany.
This is a system in which all pediatricians in the United Kingdom receive a card every month on which are listed a number of rare pediatric conditions, and there are asked to indicate whether they have seen such condition in the previous month.  They tick the box, send the card back.  If they've seen no cases of any of the conditions, they tick the "no case seen" box and send the card back.  So the cards are send back regardless of whether they've seen a case.
The case definition from the start of the routine vaccine program in October 1992 was for them to report Haemophilus influenza disease occurring in any vaccinated child, and we extended this in November 1995 to include Haemophilus influenza in all children regardless of vaccine status.
The second component of surveillance is via microbiologists and public health physicians, and they notify cases and send isolates to the National Haemophilus Reference Unit in Oxford, and they do so for all Haemophilus influenza regardless of whether the child is vaccinated or not.
You're familiar with these sorts of graphs.  This simply shows the laboratory reports in England and Wales since vaccination began here in October 1992 in the different age groups.  The light purple line is children one to four.  This is children less than one year of age, and the dramatic decline that we and others have seen.
This shows the same figures, but for older children and adults.  So individuals five to 14 and individuals over the age of 15,a nd clearly these are individuals who have not be vaccinated and, thus, demonstrate herd immunity.
In terms of incidents, pre-vaccination we had an incidence of around 30 per 100,000 per year less than five.  This fairly rapidly declined, and in 1998 the incidence of Hib disease was .6 of 100,000 per year in children less than five.
As another example of Herd immunity, since November 1995, as I mentioned, we've been capturing all cases regardless of vaccine status.  I had the opportunity to look at the incidence in unvaccinated children.  This is pre-vaccination, and this is post vaccination, and clearly the incidence in unvaccinated children less than 12 months of age is much, much lower than it was in the pre-vaccine era.  Thus, these children are being protected by herd immunity.
Now, I think you'll have this.  Many of you at least will have this table with you, which is good because it's very hard to see from wherever you are.  This is the comparison between the incidence, the age specific incidence pre-vaccination, and this comes from an enhanced surveillance program in the Oxford region over six years before vaccination began.  This is the age specific incidence by year of age.
Here we have the numbers of cases of vaccine failures.  So these are children who have received three doses of Hib conjugate vaccine, yet despite this developed invasive Hib disease, and again by age at which they developed Hib disease.  So 96 cases over this nearly seven years.
And based on the comparison between the incidences from the pre-vaccine to the post vaccine era, we can calculate the vaccine efficacy  or, more exactly, the vaccine effectiveness.
The figures show that the vaccine efficacy in the first year of life is very high, 99.4 percent, with very tight, 99 percent confidence intervals, and it remains high out through and including the sixth year of life.  Here we have 97.3 percent, but the confidence intervals here are wider at 79 to 99 percent.
In fact, if we compare the first year with the subsequent years combined, there is a small, but statistically significant decline in vaccine efficacy from 99.4 to 97.6 percent, but as you can see, the actual efficacy out here to six years of age remains very high.
If I take the liberty of comparing the data on antibody with that from clinical protection and compare the clinical protection up here from the surveillance study with the proportions protected by using the classic serological correlates of protection, you can see that those greater than predicted by those who have an antibody level above .15 micrograms per mL is certainly closer to clinical protection than that of the one microgram per mL level.
Indeed, this, too, is a conservative estimate of prediction as it's higher than this, particularly out towards five and six years of age.
Now, if our ascertainment through our surveillance is not as good as I think it is; in fact, if there were twice as many vaccine failures in the U.K. as those that we've captured, it makes very little difference.  So that's this dotted graph or line here.  So, in fact, the same conclusion applies.
I mentioned the decline in Hib carriage in the United Kingdom.  These are studies performed by the Public Health Laboratory Service, children age one to 48 months of age.  They did a study in '92, '94, and '96, and the data here are provisional in that these may be nought or one.
But clearly, there has been a significant decline in carriage in this age group over the period of the vaccine program.
This looks at the same thing in a slightly older group of children, children 52, 54 months of age.  This was done in '91, and this in the same time of year in '95, using the same methods, and again, a statistically significant decline in Hib carriage in this age group with no difference in carriage of Serotypes E and F as one would predict.
Now, why is there this difference between clinical protection and antibody levels?  Well, immunological memory had been discussed and is clearly important.  David Goldblatt here demonstrates immunological memory at at least 13 months of age or 12 months of age, these data you saw earlier falling to this level here of about .4, I think, but this huge increase in antibody in these children who receive a booster dose at 12 months of age, clear evidence that these children have been primed.
This is in the younger age group.
We've addressed a similar question, but in older children, three and a half and four and a half years of age.  In this study there were 160 children and eight percent of them had undetectable antibody level.  At least it was less than .15.  They were all given plain polysaccharide.  They all had blood taken at a meeting of 23 days after the booster, and all responded.  All had antibody levels greater than two.  The geometric mean was 8.8, and the median-fold increase was 52.
But there were several who had very, very large increases, one of 390.  Now, the obvious question is what would be the response in unvaccinated children in this age group, and we don't have that data from the U.K.  There were very few unvaccinated children in Oxford.
In fact, looking through published data, I find it very hard to find a similar age group.  There is Makela from Finland back here in 1977 looked at a similar age group, 51.  These children had antibody prior to receiving the PRP booster, and they had a 23-fold increase.  That's just demonstrated here.
So these are our children here, with these two showing very, very large increases, and the rest around just under ten or six to ten, and perhaps similar to that in this group who had not, who were unprimed, unprimed in the sense that they had not received the conjugate vaccine, but they did have some antibody, and clearly this was done at a time in Finland when there was Hib circulating.  So maybe they were primed.
So this comparison, I think, is difficult.  So whether or not these children are having immunological memory I think is a moot point.  I think these two certainly do.
In this same study, we also looked at carriage, and these children were followed over 12 months.  They had three monthly swabs, and five children carried Hib over this 12 month period, and you can see that those children who carried Hib were boosted, had asymptomatic boosting of the Hib antibody levels.  It was clearly significantly higher than those children who did not encounter Hib over that 12 month period.
Of interest, two of the five carried between the two blood samples that were taken, and they had very large increases in their Hib antibody level, again, I think, demonstrating that these children were primed.
So I'd like to conclude that in the United Kingdom vaccination with the Hib conjugate vaccines have resulted in a rapid and dramatic decline in both Hib disease and Hib infection or carriage, and this has been achieved in a vaccine program which results in the persistence of low anti-PRP antibody concentrations, at least low by the classical correlates of protection.  
For example, between 12 and 72 months of age only 30 to 50 percent of children have levels above one microgram per mL, and that if one was to compare the antibody data with the clinical vaccine failure data, it would suggest that in the U.K. a concentration of .15 correlates best or better with clinical vaccine failure data.
Why is this?  Well, there is certainly evidence that the U.K. vaccine program results in the induction of immunological memory which persists up until at least school age, but clearly there's also good evidence that herd immunity is an important factor in maintaining control of Hib disease in the U.K. and sorting out whether these children with low antibody concentrations at four to five years of age are not getting disease because of their prime; they have immunological memory, or whether they're protected by herd immunity, I think, is a difficult one.
There are other factors to consider though.  In fact though we say the antibody levels are low, clearly they're satisfactory through the first year of life when the disease risk is or at least was highest with 88 percent above one and 99 percent above .15.
David Goldplatt has demonstrated that over the first year after the primary schedule there is avidity maturation, and we've been in a population which has high vaccine coverage.
The catch-up program has probably also been very important in reducing Hib circulation early on in the vaccine program, and this is probably an important point in the success of the program.
I do think that there is a need for further studies in the United Kingdom and, in particular, to look at memory and avidity in older children, preschool, and compare vaccinated with unvaccinated.
Carriage studies, I think, with older children should be done.  The last carriage study was in 1996.
I'd also make the point that avidity measures and booster responses are at best surrogates of protection, and the disease surveillance should continue, particularly if combination vaccines incorporating the acellular vaccines are introduced into the United Kingdom.
And I'll just finish by acknowledging the collaborators in these studies, in particular, members of the Oxford vaccine group headed by Professor Richard Moxon.
Thank you.
CHAIRMAN GREENBERG:  Thank you.
We now have a moment or two for committee members to catch their breath and ask questions or make a statement if they want.
Dr. Fleming.
DR. FLEMING:  Dr. Heath, as I recollect earlier in your presentation, you had given figures for the incidence, and I recollect that you had referred to the pre-vaccine incidence as being 109 per 100,000.
DR. HEATH:  Correct.
DR. FLEMING:  And in '96, seven, and eight, it was 14, 15 and ten.
DR. HEATH:  This is in unvaccinated children.
DR. FLEMING:  Okay.  So what would it be if you looked at the global population?
DR. HEATH:  In all children, regardless of vaccine status --
DR. FLEMING:  Exactly.
DR. HEATH:  -- it was .8 per 100,000 in 1998.
DR. FLEMING:  Okay.  Regardless of vaccination status.
DR. HEATH:  Correct, yes.
CHAIRMAN GREENBERG:  Dr. Edwards.
DR. EDWARDS:  I actually had a question that's very much the same as Dr. Fleming, and I think we're not going to get an opportunity to hear the U.S. data, but the information that was given by Dr. Bisgard's nice paper suggests that the incidence in five to 11 months in the U.S. is 1.16.  So, again, it may not be different, but looks a little higher.
However, the data suggests that your rate of disease in the 12 to 23 months is one per 100,000, whereas in the U.S. it's .1 per 100,000.
So I guess one question that I -- it looks like your series of two, three, four or three, four, five works very well, but the question of a booster, it seems that in your older children you have higher rates of disease than were seen.  Is that a correct interpretation?
DR. HEATH:  I think probably that it is a correct interpretation, although -- and certainly the peak age of Hib disease now in vaccinated children is the second and third years of life, whereas clearly it used to be in the first year of life.
I think from our perspective it comes down to at what point should we introduce a booster, given that though there clearly is a drop off of vaccine efficacy between the first and subsequent years, it's very small in terms of numbers of cases, and one would have to debate the cost effectiveness of introducing  a booster, and I think that's a debate probably for others, but that's what it comes down to, whether, in fact, it's worth vaccinating 700,000 children a year extra to save a relatively few cases.
DR. BISGARD:  Could I address the U.S. data?  Kris Bisgard, CDC.
In '97-'98, the incidence of zero to five month old of Hib cases was 2.8 per 100,000 and six to 11 months of age was 1.1 per 100,000, and then the one to four year old age was .4 per 100,000.
CHAIRMAN GREENBERG:  Dr. Ferrieri.
DR. FERRIERI:  Could you elaborate on one of your conclusions that a serum antibody level of 0.5 micrograms per mL correlated best with vaccine failure data, quote, unquote?
So you don't mean --
CHAIRMAN GREENBERG:  Point, one, five, correct?
DR. FERRIERI:  In the data that was distributed it was 0.15.
CHAIRMAN GREENBERG:  Yeah.
DR. HEATH:  And that's simply the graphs that were shown, simply comparing the clinical protection vaccine efficacy with the .15.  It's simply just comparing the two.
Now, whether that's a valid thing to do, I think, is debatable.  I'll leave that for you to decide, but it's simply based on the serological studies that I've showed you and the vaccine efficacy the clinical vaccine protection studies that I've showed you.
DR. FERRIERI:  That was at the time of presentation with disease; is that correct?  The serologic?
DR. HEATH:  No, no.  The serological data is from the studies of the persistence of antibody in a cohort of children who have been followed up since vaccination, primary vaccination.
DR. FERRIERI:  Okay.
DR. HEATH:  So clearly we're comparing two different groups, and apart from anything else, amongst the clinical vaccine failures, they will be a different group.  They're healthy children.  In fact, about 30 percent of them have clinical risk factors for disease, such as immunosuppression.
A subset also have immunological deficiencies.  So we're not comparing the same with same.
DR. FERRIERI:  Thank you.
I wanted that teased out so that our memory is not just a straightforward take of that level and protection.
CHAIRMAN GREENBERG:  Dr. Eickhoff, did you have a question?
DR. EICKHOFF:  No.
CHAIRMAN GREENBERG:  Dr. Kohl.
DR. KOHL:  I also want to reemphasize what you said.  Year one efficacy was approximately 99 percent, and then as you got further out it dropped a couple of percent, statistically significantly dropped.
DR. HEATH:  Yes.
DR. KOHL:  That's important that we keep in mind.  If it's true what Dr. Siber said that one percent per year in this country is 90 more cases of H. flu disease, we're talking about a couple of hundred cases in this country if that data would hold here.
CHAIRMAN GREENBERG:  Dr. Breiman and then Dr. Fleming.
DR. BREIMAN:  I also was looking at those numbers that you show for efficacy at 48 to 59 months and 60 to 71 months, and given the way you calculated it though based on the expected cases and the lower rates of disease, preexisting vaccine in those age groups and the likelihood that you'd always have a couple of escaped cases, people in whom the vaccine doesn't take, I don't know if you could get much of a higher efficacy rate the way you calculated it.
So I'm not sure if we can read so much into those differences because if you look at it, I mean, we're starting off at a much lower incidence rate pre-vaccination in those older kids.  You know, how low can you go then when you only have a couple of cases in the vaccinated case?
DR. HEATH:  Well, yes, I think you're right.  I think that's a problem with this method, and as you say in the pre-vaccine era, the incidence of disease in the sixth year of life was very low.  I certainly don't think we can go past that in our calculation.  We can't look at the seventh and eighth years of life, for example.
But this is the way it was calculated.  So particularly it's important, I think, in the first couple of years of life.  It's harder to interpret as you go out.
CHAIRMAN GREENBERG:  I have one more.  Dr. Fleming, did you have a short question?
DR. FLEMING:  Yeah, it really follows up on my earlier question.  The data that you've clarified of the 14, 15 and ten for the year '95, six, and seven represent, in essence, the disease burden in a population in an era in which you have an effective vaccine, and so it's really one might say that the efficacy that you're computing as 99 percent could well be a combination of a reduction in the disease burden by a factor of ten as you go from the 108 to the ten to 15, and then, in turn, the reduction in susceptibility for those who are vaccinated by -- well, to get 99 percent efficacy by another factor of ten.
So that in essence, if you were doing a randomized comparative trial in the era of having the vaccine effect on disease burden already in place, then the vaccine is really giving you an additional 90 percent protection, another factor of ten, and so the correlate really would be giving you exactly what you expect if it's predicting 90 percent rather than 99 percent.
DR. HEATH:  Un-huh.  I think that's fair.
CHAIRMAN GREENBERG:  Last question, Dr. Levine if it's short.
DR. LEVINE:  I'll try and make it very short.  I'm just concerned that there's a little bit of discussion now that percentage changes like these are going to result in increased number of cases in the U.S., and that's I think going a little bit beyond the data here.
The fact of the matter is that many of the cases -- I don't know the data from the U.K., but I would suspect that many of the cases that are occurring right now in the era vaccination are the kind that Rob is describing, cases that don't respond to vaccine.  They're very difficult to directly protect by the effects of vaccination.  They are protected by herd immunity, and the fact is that in the absence of colonization, I'll bet I could go to Finland right now and substitute sterile saline for nine months and not have any breakthrough cases and come up with an efficacy of 100 percent.
So I don't think that this tradeoff of one percent back and forth is going to equal into 40 cases just like that, and I'm concerned that we're making extrapolations that way that aren't founded.
CHAIRMAN GREENBERG:  I have two thoughts before we move on, and just given our -- the United States potentially is a different population than both Germany and England, I would assume.  At least we have Alaskan Natives in our population and perhaps other groups in greater numbers than Germany and England that might make direct comparisons of efficacy a little difficult.
But the question I want to ask for those of you involved in the immunology here, memory -- I'm having trouble with all of this memory stuff.
(Laughter.)
CHAIRMAN GREENBERG:  Memory B cells, as I understand it, are small B cells that are floating around that have immunoglobulin on their surface and will bind the specific antigen and can be measured by flow methods now and quantitated very specifically rather than these -- no?  I'm hearing no.  It can't be done?
DR. INSEL:  Memory B cells -- Insel, Rochester -- I'll talk about this in a few minutes, but memory B cells --
CHAIRMAN GREENBERG:  Give your talk.
(Laughter.)
DR. EDWARDS:  I think one question though that I'd like to make sure that we do hear before the day's over is the data from the CDC and particularly in what sort of vaccine failures.  What's happening?  Are they immunized or are they not immunized?
I know we've reviewed some of that, but I think there may be more information.  So just --
CHAIRMAN GREENBERG:  Well, we may be able to take that as we go over the questions.
DR. INSEL:  Good.  If I could have the first slide, please.
CHAIRMAN GREENBERG:  Would you introduce yourself because I didn't do it?
DR. INSEL:  Yeah.  Insel, Rochester, New York.
I was asked to try to give an immunological explanation for the issue that is at hand, and what I'd like to do is really three parts to this talk.
First, I want to restate the question in immunological terms as your Chairman just started to do.
Second, I just want to give you some background and explain what memory B cells are and how they're generated.
And, third, use that as a basis to try to explain to the best of my ability what may be going on here based on immunological principles.
So if I could have the first slide.
In a reductionist mode, I want to just reduce and compress everything you've heard into one, you know, sort of slide here.
First, with combination vaccines and comparison to immunization with separate vaccines, with the priming series in the first year of life we're seeing a decreased total, a decreased IgG antibody, and a decreased percent of children reaching a level of one microgram per mL or greater.
Second, not as severe a difference compared to separate immunizations, but if one compares children who have been primed with combination vaccines to separate priming, one finds also a decreased total in IgG antibody response to the booster dose.  Although there's no question boosting is occurring, it is decreased in magnitude compared to children who have received separate immunizations.
The third point we've heard is that the ratio of IgG antibody to total antibody is not altered.  We subclasses are not altered.
And last, that hasn't been discussed yet, but some studies have shown that the antibody to the carrier protein, whether it be tetanus or diphtheria toxoid, can also be decreased.
Well, taking that, I just want to reduce that to some terminology that I can at least talk about, and that is if you have a decreased antibody level, that means you have a decreased number of antibody secreting plasma cells that are secreting antibody to the polysaccharide.
Second, this decrease to the booster response as well as I'll contend that decreased response to the third dose in a priming series in the first year of life, I believe, reflects either a diminishment or a diminution in the number of memory B cells that are being generated and/or a decrease in their function, although obviously this is not as marked -- and we'll talk about this -- as the antibody secreting plasma cell defect that we've described this morning.
Now, what are plasma cells, what are memory cells, where are they generated, how can you identify them?  A series of cartoons, Immunology 101.  Very simple.   Antigen introduced in the body ends up in secondary lymphoid tissues usually presented on the surface of a dendritic cell to a naive T cell, at the same time presented to a B lymphocyte.  The T lymphocyte can give both cognate cell-cell interactions as well as non-cognate interactions to that B cell through cytokines.
Initially what happens when that B cell is activated and activation is occurring in the secondary lymphoid organ and the extrafollicular region of lymph notes or the spleen, one of two things happens.  
One, that B cell can generate what's called a short-lived plasma cell.  That's a plasma cell that will form usually a foci in secondary lymphoid tissues called antibodies secreting cell foci.  That cell can secrete, will secrete antibody.  It's germ line encoded so that it's not going to have affinity maturation like we've heard about today, and it may or may not be isotype switched.  It can be IGM or it can't through this T cell help, switched to IGG.
That's a short-lived cell that doesn't seem to stay around.
Now, the second thing that happens is that B cell, upon being activated, moves from the extrafollicular space to primary lymphoid follicles to form so-called secondary follicles with germinal centers.  And what happens there is that B cell undergoes up to 20 rounds of proliferation in this what's called the dark zone, and while it's proliferating the cell is undergoing hypermutation of its immunoglobulin variable region genes.  These mutations are random.
That cell moves onward from this region into an area where it's no longer proliferating.  It's called the light zone, and in that region, that cell which has then been mutated undergoes a process of selection, and that selection takes place with interactions with T cells, as well as with antigen to select those mutations that are expressed on the surface of that B cell, on the B cell receptor, those mutations that give rise to a better fitting antibody for antigen.
With that selection, you prevent cell death.  That cell stays around, and then one of two things happen, and this is important to stress.  We have two distinct pathways here which that B cell can go down, either to become a long-lived plasma cell or to become a memory B cell.
We know that these are distinct pathways.  We know that the mechanism of their activation.  The ligand receptor forms of interaction are very different.  We know that the transcription factors that activate cells along those two pathways are very different.
This plasma cell leaves the secondary lymphoid tissue, goes to the bone marrow, and resides in the bone marrow as a long-lived plasma cell.  Obviously this plasma cell will have expressed antibodies that have mutated.  So it's no longer germ line, and this explains some of the conversations this morning about affinity maturation because this cell now differs from that first plasma cell we saw because this has mutated antibodies.
How about the memory B cell?  That memory B cell can continue to reside in this lymphoid organ or it can circulate elsewhere into the peripheral blood or to other secondary lymphoid organs or to the bone marrow.  It can also go back and go back through this pathway, and this is a cell that can get restimulated upon reimmunization an regenerate this pathway and regenerate plasma cells.
We know that when you restimulate a memory B cell it looks like there's preferentially more differentiation toward the plasma cell pathway than back again to the memory B cell pathway, which would be beneficial in order to prevent, let's say, B cell clonal expansion and cancer, et cetera.
Now, one other point I want to make, and that is what we're talking about today, antibody responses to Haemophilus influenza B polysaccharide.  This memory B cell has another characteristic.  That memory B cell now can respond to unconjugated or isolated, purified polysaccharide.  So it's matured to be able to respond to polysaccharide.
So having said that, how do conjugates really work, and what do we know about conjugates, and how can we use this to understand some of the interference that we may be seeing here?
First, I think it's important to consider what cell is presenting the conjugates to the immune system to T cell help, and one cell that we have to keep in mind what's very paramount here is the polysaccharide specific B cell.  So this is a very simple cartoon.  We've got a conjugate vaccine with a protein shown as a red square, a polysaccharide shown as a blue triangle, and this polysaccharide specific B  -- polysaccharide conjugate can bind to this polysaccharide specific B cell through its B cell receptor.  It will take up the conjugate, and it will cytose it.  It will process this protein and represent peptides from this protein on its surface with MHC Class II molecules, which will then be presented to a carrier protein specific T cell.  That T cell then can direct help through cognate interactions directly at the B cell that's relevant for antibody formation to make an antibody to this polysaccharide.
Now, this is not the only cell that can present antigen, and I think it's important to remember that we have a set-up here for competition.  What I've just showed you is here's our conjugate, and I just showed you it could be presented by this polysaccharide specific B cell.
Conversely, we have a carrier specific, in this case a tetanus specific B cell that can capture this antigen and to cytose it, process it, and present it to a T cell.
Furthermore, we've got dendritic cells that can capture this antigen.  So one important point is we have a level of competition here as far as what binds the conjugate, and as I said, ideally what you want is this cell to capture the conjugate, direct T cell help to the polysaccharide specific B cell to drive it to proliferate and differentiate to become an antibody secreting cell.
The second point I want to make is that when these cells, these different cells take up antigen, they may process it differently.  For example, the way a dendritic cell or this B cell may see free tetanus may be different than when tetanus is conjugated to the polysaccharide because we know that glycoproteins can  alter -- if you glycosylate a protein, it can alter its processing, and you can end up with different epitopes being presented by the antigen presenting cell.
The importance of that is that if you have primarily, let's say, dendritic cell processing and presentation, you may activate a T cell which may not be able to collaborate ideally with the epitope that's presented by this polysaccharide specific B cell.  So there is a complexity here.
And the last general point I want to make is in general dendritic cells are probably very important for priming naive T cells, but once a naive T cell is primed and you have a memory T cell, antigen specific B cells -- B cells are very good at antigen presentation.
Well, having said that, where does the problem lie?  Obviously if this was simple, we wouldn't be here.  We'd all be home in the laboratory working on the next vaccine, but I believe that there are problems conceivably at several levels, and I want to walk through these.  
I want to talk about alum.  I want to talk about the dose of carrier protein, and I want to talk about pertussis.  I want to talk about why antibody secreting cells are preferentially affected versus memory B cells, and I want to talk about why the Haemophilus antibody response is preferentially affected this way, and we'll go fairly quickly here.
First, I believe alum can be a major problem.  As Dr. Robbins mentioned this morning, he and Dr. Schneerson and colleagues showed over 12 years ago that just adding a Haemophilus tetanus conjugate to aluminum hydroxide one had irreversible binding to the aluminum hydroxide complex.
Merck has shown that if one adds their PRP-OMP conjugate to aluminum hydroxide, that it's difficult to absorb the polysaccharide off the aluminum hydroxide, and this occurs in a very time dependent way.  With time it's more and more difficult to chase off the polysaccharide off the alum.
Secondly, they showed that another effect was that there was hydrolysis of the phosphodiester bonds of the polysaccharide on the aluminum hydroxide backbone.  What's the importance of this?
Well, what this means is one is going to have a decreased number of epitopes available to challenge in the immune system, to capture that conjugate, and to present and act as a presenting cell.  So this is one effect, and so in the schematic scheme of things, what you've have here is you'd have alum preventing this B cell from picking up this polysaccharide.
How can one get around this problem?  Well, obviously double barrelled syringes may be an answer, and using aluminum phosphate as well as aluminum hydroxide may be a solution.  So alum, I think, has to be looked at as one potential problem.
The second problem is how about the dose of carrier protein.  I think there are two effects here.  One is with a high dose of carrier protein we can get into problems, and there's another effect that I want to just discuss briefly called carrier induced epitopic suppression.
First, we know that if you give enough of any kind of protein, you'll create what's called high zone tolerance or high dose tolerance.  This occurs probably because when you stimulate a T cell with antigen, that T cell must be simultaneously stimulated with co-stimulatory molecules.  If there's excess antigen, you'll have that T cell being hit with the antigen in the absence of co-stimulatory molecules, and that will lead to either T cell anergy, immune deviation, or suppression.
And this phenomena, does it occur in man?  This is an article published by Ron Dagan and Juhani Eskola where they immunized one limb with a pneumococcal-tetanus conjugate at increasing doses and another limb with Haemophilus tetanus at a constant dose.  As they increased the dose of the pneumococcal-tetanus conjugate from 39 micrograms of tetanus to 111 micrograms of tetanus, what they saw was approximately threefold decrease in the amount of antibody to polysaccharide.  Now, this was at a different site.
In addition, as they went up to 111 micrograms of tetanus, they began to see a significant decrease in the antibody response to tetanus.  I interpret this as an example of too much protein can alter T cell responses and can, therefore, affect the response to any hapten or saccharide that is coupled to that protein carrier.
The second phenomenon that one has to deal with is this phenomenon called carrier induced epitopic suppression.  This is originally described by Lee Hertzenberg as based on the concept that haptens which are coupled to a carrier, that antibody responses to those haptens are decreased if one pre-immunizes with the carrier proteins.
What is the mechanism of that effect?  We don't know for sure.  Several mechanisms have been proposed and shown to be whole in animal models.
The first is that with high doses of protein carriers, one can increase the number of carrier specific B cells, and as I said, they can compete with hapten or polysaccharide specific B cells for capture of that conjugate and recruitment of T cell help.
Second, others have shown that you do generate memory B cells to the hapten, but that those B cells are unresponsive to T dependent antigens.  They'll respond to TI antigens, but they fail to respond to TD antigens, and they will fail to make and differentiate to become antibody secreting cells in vitro.
It's of interest that this process appears to be reversible, and with time it looks like it can correct itself.
The third level at which CIES may be occurring is at the level of antigen presenting cells.  It's been shown that if one presents antigen on the surface of dendritic cells, that one can overcome this, and thus, this may be an effect of the cytokine milieux or the cell that ends up presenting high doses of carrier.
Schematically, in a cartoon fashion, here we have high dose carrier protein expanding the number, activating T cell help and expanding the number of carrier specific B cells, and what this will lead to is an expansion of these carrier specific B cells which will preferentially capture the conjugate.  The conjugate won't be taken up as readily by the polysaccharide specific B cells, and thus, T cell help will be directed primarily at these B cells and not at polysaccharide specific B cells.
Similarly, the high dose of carrier may activate T cells that can't collaborate with the hapten, the epitope that's presented by these polysaccharide specific B cells.
And last, as I mentioned, it looks like there's a defect in this terminal differentiation of these cells that are generated with high dose carrier, and this may be because they're generated with insufficient T cell help and, thus, they don't respond very well as far as differentiating.
Next, what about pertussis.  As we switch from whole cell pertussis to acellular pertussis, we have seen this problem.  As this group knows, with whole cell pertussis, we didn't have this problem.  Why the difference?
Well, I think there's several possibilities.  First, and these are really questions, is it possible that the presence of whole cell pertussis affects the interactions between the polysaccharide and the alum and can overcome that alum saccharide effect because there are lots of other components in whole cell pertussis that may be binding to aluminum hydroxide?
Is it possible that with whole cell pertussis we had an adjuvant, a nonspecific adjuvant effect on dendritic cells to overcome this effect?
Is it possible that as we switch from particulate whole cell pertussis to soluble acellular pertussis this has had an effect on antigen presenting cells?
We know that acellular pertussis -- that some of the vaccines do have an increased level of PT and FHA.  Is that have an effect?
Vogel and colleagues showed quite a while ago, a decade or so ago, that you can overcome carrier induced epitopic suppression with pertussis LPS, and is it possible that the whole cell pertussis and its small amount of LPS component was altering an abrogating the effects of CIES?
And last, is there some kind of effect on the dendritic cell as far as CIES -- sorry -- as far as the cytokines they produce?
So simply, whole cell pertussis may be blocking interaction between alum and polysaccharide, may be an effect on the dendritic cell through this adjuvant effect, altering it while H. cellular pertussis doesn't have this effect; overcoming the CIES effects through its LPS; or altering the cytokine milieux.
Obviously all questions really need to be further explored to really answer that.
CHAIRMAN GREENBERG:  Richard, you've got about two more minutes.
DR. INSEL:  Okay.  In the last two minutes, how about why is antibody affected rather than memory B cells?
I would contend, as I told you, the activation requirements are quite different.  It looks like that antibody secreting cells, activating them, that activation appears to be much more stringent than memory B cells, and there were hints of that in the past.  
We saw from the Hib-OMP vaccine in the Merck product that that vaccine was not very effective if one gave a third dose at six months of age as far as generating an antibody response, but yet that same vaccine, if used in the second year of life, was very good at reactivating an antibody response.
Some of the early experience with conjugate vaccine, the first vaccines that Porter Anderson made in Rochester, those vaccines were very poor at generating serum antibody, but very good at generating memory.
The work of Juhani Eskola showing that if you immunize neonates, neonates generate -- they can generate memory responses, but very poor serum antibody responses.
And then as I mentioned, memory B cells may not generate antibody secreting cells because of CIES.
Why Haemophilus?  I think it's because what we've showed many years ago is that the clonal response to Haemophilus is extremely restrictive in diversity, a limited number of clonal type, a limited number of VG.  So you've got low B cell numbers.
In addition, you've got this immaturity, and I think both of those are the reasons why this is affected.
So, in summary, I think alum, the carrier protein, the pertussis are all -- should be implicated, and I think the sensitivity of the antibody secreting side of things in Haemophilus explain why this has been picked out.
Thank you.
CHAIRMAN GREENBERG:  Thank you for Immunology 101, humoral immunity.
We have a few minutes before the break.  Do I have some questions?
That was very helpful.  I still, if you don't mind, want to --
DR. INSEL:  Yeah, I didn't answer your question, and your question was how you can identify memory --
CHAIRMAN GREENBERG:  You started --
DR. INSEL:  I know.
CHAIRMAN GREENBERG:  -- and you defined two sets of cells, and nobody --
DR. INSEL:  But I decided to --
CHAIRMAN GREENBERG:  -- has really talked about --
DR. INSEL:  But I decided I didn't was to use my time for your questions.  So I'll do it now.
(Laughter.)
DR. INSEL:  So the question that's on the table is:  can one identify memory B cells?  What is their phenotype?  And more specifically, can one identify antigen specific memory B cells?
We define memory B cells.  They do circulate.  Memory B cells are defined as IgG negative, CD-27 positive B cells.  They are in circulation, and they can represent approximately ten to 15 percent of B cells in their circulation.
Second level is can one define antigen specific memory B cells.  It's extremely difficult, and where it has been done though is that people have been able to identify tetanus specific circulating memory B cells, and when they do this, it's very interesting because the level of those cells do not correlate with serum antibody to tetanus toxoid.
So we do have this dissociation between serum antibody levels and memory B cells, and I would say right now when we look at a serum antibody level, we don't know for sure how much of that is coming from long-lived plasma cells versus B cells that are continually -- memory B cells that are continuing to differentiate into plasma cells, and I could contend this is an area that really needs future investigation.
Can I just ask for my own benefit one further question?  Those memory B cells could be identified by the fact that they have surface antigen specific immunoglobulin on their surface that can be identified by flow if you have labeled here a beautiful antigen.  No?
DR. INSEL:  The problem is, the problem is the precursor.  The cell number is so low that it's extremely -- even with the tetanus the numbers we think would have a much higher frequency.  It's extremely difficult to get at those.  It's a good question, and it's a great goal, but I think right now it's extremely difficult even by facts.
CHAIRMAN GREENBERG:  Dr. Snider.
DR. SNIDER:  Yes.  I wonder if you'd comment, please, on an issue that was raised early this morning, which was, as I recall, that infants are susceptible, but then at least in the past they've encountered not only Haemophilus influenza B, but they've encountered this polysaccharide or a very similar polysaccharide in E. coli and other organisms, and therefore, maintained to have been able to boost, presumably boost as a result of those kinds of exposures.
What is your view on that and how does that also play into the scenario that we're thinking about today?
I think once one has generated a memory B cell for this polysaccharide, that cell can respond either to the isolated polysaccharide, to the polysaccharide presented on a different carrier, or a polysaccharide presented on either Haemophilus or another organism, such as E. coli, you know, K-100 or staphylococcus.
So that cell now can -- is seeing a particular saccharide.  Now, obviously that's simplistic in the sense that we know that even for any given polysaccharide there are multiple epitopes, but as long as there's something cross-reactive between, let's say K-100 and the Haemophilus polysaccharide or between the ribitol-5 phosphate, staphylococcus, and Haemophilus influenza B, and you have a B cell specific for, let's say, that ribitol-5 B phosphate moiety.  That cell could respond if it's been primed this way.
CHAIRMAN GREENBERG:  A few more questions.  Dr. Kohl.
DR. KOHL:  Richard, could you please characterize stringently for us what priming to a polysaccharide looks like?
DR. INSEL:  So the question is what does priming to a polysaccharide consist of?  Obviously that's, you know, the big question.  Really the question is now that you have, let's say, generated this memory B cell why can it respond to an isolated polysaccharide.
DR. KOHL:  No, no.
DR. INSEL:  Is that what you're asking?
DR. KOHL:  How can we tell that priming is occurring?
DR. INSEL:  Well, I think --
DR. KOHL:  We've been given different definitions so far today.
DR. INSEL:  Okay.
DR. KOHL:  By magnitude, by kinetics, by isotype, et cetera.  What would you define as the stringent criteria for priming?
DR. INSEL:  My criteria would be that if a B cell can respond to the isolated polysaccharide, that B cell has been primed.
CHAIRMAN GREENBERG:  By secretion of antibody?
DR. INSEL:  By secretion of antibody.
CHAIRMAN GREENBERG:  There's a question over here.
DR. STEIN:  Dick, I actually had a two part question about environmental antigens.
CHAIRMAN GREENBERG:  Could you identify?
DR. STEIN:  Yes.  Katy Stein, CBER.
About environmental antigens priming or boosting an immune system, Dr. Snider asked the first question.  I guess the second question I have is:  do you or does anybody else have data to indicate that widespread use of Haemophilus vaccines has decreased the population with cross-reacting antigens?  For example, is there reduced colonization with E. coli K-100 in the gut as a result of immunity to Haemophilus?
DR. INSEL:  I don't have that data.  I would tend to doubt that that would ever be the case because as far as E. coli K-100 in the gut, because I can't believe you have enough antibody at that site to really have that effect, but maybe someone else could comment as far as colonization with cross-reactive antigens.
CHAIRMAN GREENBERG:  Does anybody have the answer to that question?
Okay.  No.
DR. GOLDBLATT:  David Goldblatt, London.
I just wanted to address your question, the Chairman's question about why can't we just do a bit of flow cytometry and find a memory B cell.  And essentially I think a majority of us in the room believe that memory is important in some form or other in protection for Haemophilus, and we're all looking.  This is the Holy Grail.  We all want to look for a marker of memory.
But the problem is that the blood is really not the right compartment for memory because memory essentially for something like Haemophilus has to exist on mucosal surfaces, and we know that memory B cells will reside in the spleen, will reside in the bone marrow, and reside in the submucosae where they are essentially going to be in contact with the antigen first.
Because, of course, if the Haemophilus gets into the blood stream, that is a little late for your memory to kick in.  So --
CHAIRMAN GREENBERG:  I agree with you, except this memory is generated from a vaccine.  The memory that is being generated here is not being generated by Mother Nature, and so perhaps that memory B cell hasn't been taught to reside at the mucosa.
DR. GOLDBLATT:  Well, no, I think it has.  I think it has, and if you have mice rather than children, then you can go and chop them up, and you can find those memory B cells in the compartment that you expect them to.
Now, earlier on, we heard a little bit about avidity.  Now unfortunately, the whole issue of avidity and affinity gets confused because we have one group of researcher who are looking at the correlation of avidity as a functional correlate.  In other words, a lot of high avidity antibody versus low -- lots of low avidity versus small amounts of high avidity.
But the way that we've been using it in our laboratory, avidity, is as a surrogate marker of memory.  In other words, look at the changes in avidity over time even though antibody is declining, and as a number of speakers have already alluded to, the phenomenon that is seen is an increase in avidity over time following conjugate priming.
That does not occur if you give a plain polysaccharide vaccine.  That only occurs if you give a conjugate.  So that perhaps is one of the surrogates we need to focus on as a surrogate of memory.
CHAIRMAN GREENBERG:  I'm going to have one more question, and then we'll take a break.  Is there another question?
Dr. Kim.
DR. KIM:  I guess based on what you just presented, can you speculate perhaps.  The question which I raised early on is potential mechanism of IPV interference compared to OPV.
DR. INSEL:  I don't have the answer.  The only thing I could speculate on is whether through cytokine release it's altering presentation in some way in the cytokine milieux and possibly deviating from a TH-2 to a TH-1 type response, but I have absolutely no idea why IPV is doing that.
CHAIRMAN GREENBERG:  We'll take a ten minute break, and so I would like everybody here -- actually it'll be a 12 minute break -- at 3:30 sharp.
(Whereupon, the foregoing matter went off the record at 3:19 p.m. and went back on the record at 3:34 p.m.)
CHAIRMAN GREENBERG:  Okay.  This has been a lot of data, and we have a little bit more data.  I hope -- this has been a lot of data.  I'm sort of bending under all the data.
The next talk is by Dr. Dale Horne from the FDA on trial design and analysis.  Maybe that will put us out of our misery.
(Laughter.)
PARTICIPANT:  Speak for yourself.
DR. HORNE:  That's the first time I've heard a statistics presentation being referred to as putting one out of one's misery.
I'm from CBER's Division of Biostatistics. 		Office of Vaccines asked me to talk to you today about how we evaluate combination vaccines from the perspective of design and analysis.  So you're going to be subjected to a 15 minute lecture on statistics, but I promise it will be painless, and I guarantee you'll all leave here today having understood everything I said.
When we were thinking about writing our guidance document on combination vaccines, we were wondering, you know, what are we going to do with these vaccine studies.  How are we going to have them designed?  How are we going to evaluate them?
So we looked at the Code of Federal Regulations for guidance because we are legally required to follow that.  So this particular part of the CFR seemed to speak to us and tell us what we needed to know.
Clearly there is concern that combining different antigens into one injection should not create a product that is inferior with respect to any of the individual components.
Now, we know that because of inherent biological variability we can't really show that two products are exactly identical, but we can show that they are similar within some specified margin.
So we translated that section of the CFR into meaning that the aim regarding effectiveness would be to demonstrate that combining antigens into a single injection does not reduce efficacy by a clinically meaningful amount for each vaccine component.
Thus, the concern was obviously one directional.  There's no reason to limit superiority of the combination vaccine, and so it seemed clear to us that these trials should be designed as non-inferiority or one-sided equivalence trials.
Now, when we were writing the combination vaccine guidance document, the term "non-inferiority" was not in common use.  So what we allude to in the guidance document is one-sided equivalence trials, but what we're talking about is non-inferiority.
The efficacy endpoints are usually not cases of disease, especially if the components are licensed or their efficacy has been previously demonstrated, and this is because disease incidence may be too low due to widespread use of the separate vaccine components in a population.
And so measures of immune response are used as correlates of protection, and these are not as easy to understand as clinical endpoints, and that may be the understatement of the year.
The immune response endpoints that we look at are geometric mean concentrations, and then proportions responding in a pre-specified manner.  For example, for Hib, we look at post vaccine anti-PRP antibody concentration greater than or equal to .15 micrograms and also greater than or equal to one microgram.
Now, it's important if the desire is to make inferences from the results of this study rather than just generate hypotheses and do exploratory analyses.  It's important to have hypotheses formally specified.  We're accustomed to seeing the null hypothesis listed first and the alternative listed second beneath the null.
I have a preference for beginning with the alternative hypothesis.  
Now, specifying hypotheses is unbelievably easy.  It's very simple.  A person doesn't have to be a statistician to write down hypotheses.  Once you know what your primary endpoint is, just decide what is it that you want the trial to accomplish with respect to that endpoint.  That is your alternative hypothesis.
You can write that down in plain English or whatever language you prefer to use.  Then your null is just everything else.  It's that simple.
Then a statistician can take those statements and translate them into statistical statements.
An important point is to recognize that we design trials to reject, not demonstrate the null hypothesis.  Now, that's a key point.  That's the reason why we're not going to be specifying the usual, conventional null hypothesis of no difference because what we're doing here is a one-sided equivalence trial.
Now, a consequence, an important and nice consequence of specifying the hypotheses in the manner that I just showed you is that your error probabilities have the usual meaning.  They haven't changed at all.
A lot of people had the mistaken notion that when you're doing an equivalence trial whether one sided or two sided, that your Type I and Type II errors get flipped around.  That's not true at all.
If you think that's true, that's a pretty clear sign that you've misspecified your hypotheses, and it's a pretty good sign you need to go back in and see what you need to do to change that.
So the Type I error alpha means what we're accustomed to it meaning.  It's the probability of projecting the null when it is true or, in this particular case that we're interested in today, is claiming noninferiority when the combination is, in fact, inferior.
And then the Type II error means the usual thing.  The probability of not rejecting the null when it has faults or in the case of non-inferiority trails of combination vaccines, it's failing to demonstrate non-inferiority when the combination is truly non-inferior.
Now, with respect to geometric mean concentrations, we can specify our hypotheses in this manner.  The alternative suggests that we're interested in a quantity, in estimating a quantity theta, which is the ratio of the geometric meaning, the combination to the geometric meaning the separate, and we want to see if that ratio is greater than some pre-specified quantity theta naught.
Now, I said that specifying hypotheses is quite simple, and it is.  The difficult part is specifying that theta naught.  Should it be .5, .66.  I've seen both used.  Perhaps it should be something else.
That's the difficult part, is determining what is clinically meaningful for these studies.
Now, note that the hypotheses that you just saw were statements about the ratio.  We're interested in a relative effect because we're comparing the combination vaccine components to the separates.
So our confidence interval for analysis needs to be consistent with the hypothesis.  It's a two-sided confidence interval on a ratio, and our hypotheses were about a ratio.  Our analysis should tell us something about a ratio.
We're not interested in point estimates, not for inference.  We're not interested in geometric means for the individual groups and their confidence intervals.  We want our analysis to be consistent with our hypotheses.
That's another reason why it's important to specify your hypotheses because your hypotheses guide what your analysis will be, and just as important, your hypotheses guide you in how to interpret the data.
So we have here a one minus two alpha competence interval that provides a test of size equal to or less than alpha, and the lower limit is the important one for evaluation, and that's just because the combination is in the numerator of the ratio.  I could have specified the hypotheses the other way.  I could have put the combination in the denominator.  Then I would flip those inequalities around and we'd be looking at the other confidence limit for evaluation.
So it's important to know what your hypotheses are because if you don't know what those are, you don't know which limit you need to be looking at for evaluation, and so we look to see:  does the lower limit exceed theta naught?  If so, then we can conclude the alternative, that combination is not inferior, and then the study has been successful.
So our interpretation is consistent with the hypotheses.  Our analysis is consistent with the hypotheses.  Note the harmony here.  The hypotheses are specified to be consistent with the decision making process we anticipate making.  Our analysis is consistent with the hypotheses.  The interpretation is guided by the hypotheses.  Everything fits together harmoniously, kind of like a well orchestrated symphony.
That's the beauty of statistics when we do it right.
For a difference in proportions responding, and this may be the most relevant for today's meeting, we may specify the alternative in a manner like this.  We're interested in estimating delta, which is the proportion in the combination group minus the proportion in the separate, and we want to see if that proportion, if that difference is greater than some negative quantity delta naught.
And again, the difficult part is not specifying the hypotheses.  It's deciding what should that clinically meaningful delta naught be.  Should it be .25?  I saw that years ago when I first started to work in CBER.  Should it be .15?  Point, ten we commonly use now.  Some people would like for it to be even smaller, .05, but you know, what should be the appropriate one?
Another question is:  should delta naught, that clinically meaningful difference, should that be the same for an antibody greater than or equal to .15 micrograms, and also for greater than or equal to one microgram, or should we have a different delta naught for those two?
Also, should delta naught be different for different target populations?  Those are difficult questions to answer.  See, figuring out that these should be designed and analyzed as non-inferiority trials was the easy part.  Some of these other questions are the difficult ones.
Again, we make our analysis consistent with our hypotheses.  This confidence interval is not on the individual proportions.  Our hypotheses are about a difference in proportions, and so our confidence interval has to reflect that.  Our confidence interval here is on the difference between the two groups.
Again, the lower limit is the important one for evaluation simply because we have specified our hypotheses so that the combination -- it's saying the combination one is the separate.  If I had reversed those and said the separate minus the combination, then everything would just get flipped around, and we'd be looking at the upper confidence limit.
And so we evaluate by looking at the lower limit and ask:  does the lower limit get seed minus delta naught.  That's what our alternative hypothesis says we should do to evaluate this confidence interval.  If minus delta naught is minus .10, then looking at that lower limit in red up there, minus .08, then that would lead us to reject our null hypothesis and conclude that the combination is not inferior to the separate.
However, if minus delta naught is set, is prespecified at minus .05, then we would not reject the null hypothesis, and we would conclude that the combination might be inferior.
Now, some issues to think about is what is the choice of alpha.  Should it be .05, .025, or something else?
The reason that I put this in here is that in your briefing document you have the confidence intervals from some of the studies provided there, and some have 95 percent confidence intervals, some have 90 percent.  Just be aware that a 90 percent confidence interval corresponds to a Type 1 error of .05, while the 95 percent corresponds to an alpha  of .025.  Your 95 percent confidence intervals will be slightly wider than your 90 percent, and so just keep that in mind when you're looking at those data.
Another issue that is problematic is the issue of multiplicity because these combination vaccines have a lot of antigens in them, and some have multiple serotypes, and so the CFR requires that we demonstrate non-inferiority with respect to each component.  So we are doing multiple comparisons.  The hypotheses that I showed you are for one component at a time, but in fact, we're evaluating all of them simultaneously, and that presents a problem.
I'm not going to get into that more today.  We will be talking about that some more next week at the combination vaccine workshop.
And then one of the most difficult issues is, as I said, the choice of your clinically meaningful differences, theta naught and delta naught.  If we have a reliable immune correlate that we can count on, that would certainly be helpful.
Another issue is what we call immunological creep, and the best way that I can explain what that is is to show you this.  Now, this art work is complements of Dr. Goldenthal, but I think it shows pictorially what we're talking about very well.
Suppose we start out with a combination vaccine A that has components A and B in it, and as each new vaccine is evaluated, the new vaccine is allowed to be within ten percentage points inferior of the preceding vaccine and still be acceptable.
Now, suppose each successive vaccine is inferior, but within that ten percent amount.  We could eventually end up with a vaccine that is quite a bit more than ten percentage points inferior to the beginning one, and that's an important point to keep in mind when we're deciding how much we want that theta naught and delta naught to be.  How much of a drop in immune response are we willing to allow?
I think that's -- yes, that's the end of my talk.
CHAIRMAN GREENBERG:  Thank you, Dr. Horne.
After this we have an open public hearing.  Before I go to that, are there any questions for Dr. Horne?
(No response.)
CHAIRMAN GREENBERG:  I thought so.
(Laughter.)
DR. HORNE:  Everybody understood everything.
CHAIRMAN GREENBERG:  There's going to be a test before dinner.
(Laughter.)
CHAIRMAN GREENBERG:  We have a couple of people who wanted to do some presentations in the open public hearing and a couple more.  So the first is, as I understand it, is Dr. Dan Granoff; is that correct?
Since we have -- Dan, how long will you -- good.  Make it seven.
I'd just like the representatives from the CDC have asked me whether it would be helpful with the committee to very briefly review some epidemiology data from the United States to contrast and compare with the data you saw from England and Germany, and I see lots of yeses and no noes.  So that will follow.
DR. GRANOFF:  Thank you.
I appreciate the opportunity to come here and speak.
For the last year and a half I've been at Oakland Children's Hospital Research Institute as a research scientist.  In the spirit of disclosure, I also have consulting arrangements on specific projects with SmithKline Beecham, Aventis Pasteur and Chiron Vaccines.  
I really want to comment on two areas.  One really relates to the discussion we just heard on statistical considerations.
Is there a way to just shift the slide?
Because there's been a lot of emphasis on carrying the Haemophilus antibody responses of the combination vaccine to the specific component given separately, with the idea that this is the way to look at whether you're affecting the quality of the component.
But I would raise two issues.  One, with Haemophilus conjugate vaccines, we have a very good understanding of the quality and quantity of an antibody and its function, and we have a precedent for licensing new Haemophilus vaccines based on measuring anti-PRP antibody responses, not getting into the question of what the definition of the magnitude of the response should be for this licensure.
But, for example, for vaccine A, we have two vaccines, the HbOC and PRP out of membrane protein that have been demonstrated in clinical trials to be at efficacious.  Vaccine B can be then licensed based on comparing the compared immunization, immunogenicity to Vaccine A, and you've heard the difference allowable being ten percent.
Now, the question is in making a combination vaccine with Vaccine B is the appropriate comparison back to the Vaccine B given separately, or is it to one of the vaccines which have been demonstrated to be efficacious, and I think you could make a case to avoid immunologic creep, although I'll show you there are some other sources of immunologic creep as well.
But you can make a good case that really the appropriate comparison for Vaccine C, the new combination, is not the component given individually, but to go back to the very way that we would take any new Haemophilus conjugate vaccine and approach its licensure, whether it's in combination or individual and show it to be at least equivalent to a conjugate vaccine in which efficacy has been demonstrated in a clinical trial.
Now, having said that, what I'd like to do now in the next five minutes is to really present some data from my own laboratory that there's been excellent control of Haemophilus disease.  Well, that's CDC data, but that there's been some trend for declining Haemophilus antibody responses to at least some licensed Haemophilus vaccines in the population.
This is a slide from MMWR in 1998.  You've heard it already today, indicating that in the two years there are 144 cases of Haemophilus disease detected in the U.S., representing a 99 percent decline, and of those children with vaccine histories, only 27 have had more than three doses of vaccine.
So we really a very, very effective vaccination strategy in this country with the currently licensed vaccines.
Now, I don't have market data exactly, which vaccines are being given, but there are a number licensed, but one of the major vaccines that is used that really probably represents the majority of the U.S. market is the Wyeth Lederle Haemophilus influenza Type B oligosaccharide (phonetic) CRIM or HbOC vaccine.
And show here graphically are data from my laboratory on a larger number of studies done from the 1980s on a pre-licensure lot, 1990 shortly after licensure, and more recently of this vaccine being given to infants at two, four, and six months of age, and looking at geometric mean antibody one month post dose three.
All of these are done by a radioimmune assay, and actually a single technician over at the time has been running these initially in St. Louis and more recently in California.  The Xes represent where these are separate administration always of the HbOC conjugate given either separately with DT whole cell vaccine or DTaP vaccine.
And what you can see is pre-licensure -- and we reported this -- there were very high levels of antibody, geometric mean over 20.  By the time the vaccine was licensed the range was more in the five to six range, and there's been a steady decrease over this period to the most recent studies.
Now, these are the same trials shown as the percent of infants achieving more than one microgram per mL one month post dose three.  Initial study approached 100 percent.  Back right around the time the vaccines were licensing we were right around 90 percent, and there was a decline around to 80 percent and to more recently around 60 percent with fairly narrow confidence intervals.
Now, this slide summarizes the data from the most three recent studies that we've done with the HbOC vaccine assayed at Children's Hospital, Oakland Research Institute showing the study sites and the geometric mean, the number of subjects, infants, in these trials, the geometric mean antibody, and the percent greater than one.
And I'll point out that the most recent study was a U.S. multi-center study.  It was done actually as part of an infant formula study involving 254 infants at multiple sites, and the geometric mean was 1.74 and 61 percent were greater than one microgram, and I've contrasted those results to a number of the  SmithKline combination vaccine studies, DTaP-Haemophilus, DTaP-Haemophilus-IPV, and then the combination that contains also Hepatitis B.
And what you can see is that the levels of antibody being achieved in these various studies, including a U.S. study, are really quite indistinguishable from what's occurring in the United States in at least one large trial with the Wyeth HbOC vaccine.
So when you compare, in each one of these studies when you compare it to the separately administered antigen contained in the conjugate, you show a depression of around 50 percent, but at least based on studies done in one laboratory, SmithKline, the levels achieved are really not very different than what we're seeing in U.S. populations getting a licensed Haemophilus conjugate.
Now, one question would be that these are different laboratories and could that be the explanation, and so to look at that, serum samples from one of the SmithKline studies was sent to my laboratory and assayed by the radioimmune assay.  Those are on the Y axis, the CHORI values.  SmithKline values are here, a line of identity would show an identical result in the two labs, and there's really no significant difference in the two laboratories.  If anything, we are measuring a little bit higher than the SmithKline.
So that the levels I'm showing you are really not being overly -- I'm not understating them.  They seem to be quite representative of what SmithKline is finding with their combination vaccine.
Now, these are the same data that I showed you, the top three studies, and is my laboratory the only one to see these low antibody responses?
Well, the answer is no.  Show on this, the lower line, the results that were presented to this committee in support of licensure of the acellular pertussis vaccine Certiva in which 249 infants in the U.S. at multiple sites received Certiva as a separate injection with the Wyeth HbOC vaccine, and you can see the geometric mean reported here, but only 61 percent of children were achieving antibody levels over one microgram.
So in summary there really don't exist surveillance of Haemophilus responses to different vaccines once vaccines get licensed at least systematically.  And so what I've tried to give you is a glimpse of at least one laboratory's experience looking at a specific vaccine that is licensed that represents a dominant part of the U.S. market.
And what we see is that the antibody levels that are currently present with that vaccine are really very similar in magnitude to that being reported in the different trials with the combination vaccines.
So it seems to me that one logical question to ask in terms of combination vaccines, and I think it needs to be done in a systematic way, not necessarily through historic data, but does that vaccine -- not necessarily whether it's giving depressed responses to the individual antigen given separately, but how does that vaccine relate in terms of its Haemophilus responses to what is being seen in children getting Haemophilus vaccines now, and if the combination vaccine is producing the same magnitude of the response as achieved by licensed vaccines and if the quality of the antibody is measured by ways that we know how to measure it, avidity, bacteriocidal, animal protection is similar to the licensed vaccines.
I think we could approach the licensure of that vaccine in a very similar way that we would approach any new Haemophilus vaccine based on equivalence to a vaccine that's shown to be efficacious in a clinical trial.
Thank you.
CHAIRMAN GREENBERG:  Thank you.
Question?  Dr. Breiman?
DR. STEPHENS:  Dr. Stephens.
CHAIRMAN GREENBERG:  Oh, I'm sorry.
(Laughter.)
DR. STEPHENS:  He's over there.
CHAIRMAN GREENBERG:  He's much more handsome than I am.
DR. STEPHENS:  Why do you think this is occurring?  I mean why do you think this overall decrease is occurring?
DR. GRANOFF:  Well, of course, I don't know, and there are a myriad of possibilities.  I mean one of the most obvious is whether there has bene some change in the vaccine over time, and that I can't address.
Then the question is is there something different about infants in the U.S. getting vaccine today than getting them before they were licensed or right at the time that they were first licensed, and Katy's question, I think, was really very germane.  What is the effect of conjugate vaccine on some of these cross-reacting bacteria that are in the gastrointestinal tract?
I don't think it's a question of Type B colonization because the rate of colonization of Type B in children less than six months at the time they're immunized before we had vaccines was very, very low.  So that's not a source of priming.  I think John Robbins has really said that.
But these cross-reacting organisms could be an important source of priming, and if conjugate vaccination actually affects GI colonization, then we may be having a different response to the conjugate vaccine.
I'm sure there are other potential explanations.  The switch over from whole cell pertussis as a separate injection to acellular pertussis could also have had effect in terms of priming to the carrier protein, but anyway, I don't have an explanation.
CHAIRMAN GREENBERG:  Dr. Levine.
DR. LEVINE:  Orin Levine.
I guess I'm impressed a little bit today as one of the threads through some of the presentations in the degree to which there's variability in immune responses to Hib.  In one of the presentations today we saw that even within one multi-center study there were fivefold differences, and we weren't quite sure exactly what to make of them.
I'm wondering if in your experience with some of the multi-center studies if you have seen differences when analyzed by the study site.
DR. GRANOFF:  Well, certainly in one of the studies we reported where there was a comparative immunogenicity trial in Minnesota, Dallas, and St. Louis.  We did have a site variation in, I think, the Minnesota children, and I think it was higher, but I'm not 100 percent sure of that for one of the vaccines, but it wasn't really clinically significant. 
You know, we were talking about maybe four micrograms compared to six, and there was large sample sizes, and you can show statistical significance.
I just would emphasize that one of the studies I've just presented, you know, had more than 250 infants.  It was at multiple sites over the country, and there there were no real variations between the sites, and these children were getting vaccine that you purchased.
So if you asked the question what are the antibody levels being achieved in the population currently with licensed vaccines, I mean, I think this study is reasonable for that particular vaccine, and when taken together with the other studies, the Certiva study, which was a different lot of HbOC, also done in multiple sites, I think that the conclusion that there are a large number of children getting much lower levels of antibody in the population today than compared to when these vaccines were licensed is inescapable.
And to follow up that point also is that the Eskimo data that we heard -- sorry -- the Alaska data we heard today, you know, really relied on looking back at data from ten years ago, and I think we really do need modern immunogenicity data on what the vaccines are currently doing if we're going to try to sort some of those variables out.
CHAIRMAN GREENBERG:  Dixie.
DR. SNIDER:  Yes, Dan.  Just to follow up on that point, I appreciate what you're saying with regard to the immune responses one gets in U.S. children, Swiss, German, and so forth, and yet as a public health person, I'm concerned about Native Americans in Alaska.
I'm also concerned about people in Africa and others who might be eligible to receive some of these vaccines, and I just worry about being too provincial in our view about what kind of immune responses might need to be achieved in various populations to achieve protection because as has been mentioned, you know, once a country achieves a certain level of immune responsiveness in the herd and also has a certain socioeconomic standard and so forth, that country might be able to tolerate a vaccine that's not quite as good, if you will, than a country that is not so fortunate from a socioeconomic standpoint or from an immunologic standpoint because of nutrition and other things.
DR. GRANOFF:  Well, I would just say though that we have vaccines currently that we're using that are achieving these levels, and so the question is should we exclude new vaccines that are achieving the identical levels.
DR. SNIDER:  And my point is exclude from the U.S. or exclude from  another country, and I think those are different questions.
DR. GRANOFF:  I think they're different questions.  I mean at least most of the data I've seen from developing countries is actually the opposite, at least in Turkey, at least in  South American.  There's actually higher responses to these vaccines than we see in the U.S.
CHAIRMAN GREENBERG:  I have a couple of questions, but Ms. Fisher is first, but just vis-a-vis design, is it a fair design to take a combined vaccine and compare it to what you're seeing as levels in the country or don't you actually have to design that as a trial, and has that been done?
DR. GRANOFF:  Yeah.
CHAIRMAN GREENBERG:  I mean you're not really comparing the same populations, and so are you sure that --
DR. GRANOFF:  No.  I think that's a very valid point.
(Laughter.)
DR. GRANOFF:  I am presenting this data as a form of hypothesis generation.  I think that it would be up to manufacturers to prove using different study designs that they would have to discuss with FDA is there a vaccine achieving comparable levels to vaccines that are currently licensed, and I guess I am really saying that to me that's the more logical target than to say if you have the individual component that we're using.
Suppose you have a very good components that happens to be terrific and you get a 50 percent drop.  Does it really matter if that 50 percent drop is higher than the other licensed vaccines?  And why should we be approaching combination vaccines in a different way than if I came to the FDA with a new Haemophilus conjugate where that wouldn't be the criteria?  I would be able to compare it to a licensed vaccine.
CHAIRMAN GREENBERG:  Ms. Fisher.
MS. FISHER:  Well, one of the things that has changed in the last decade particularly with regard to infants and young children is the addition of Hepatitis B vaccine, the birth dose and at one month and, you know, the first year of life, and has there been any thought to whether or not that has affected the whole profile because Hib is not given -- you know, it's given within this context of Hepatitis B vaccine being given at birth and one month?
DR. GRANOFF:  Yes, I believe the data I showed you at least in the large multi-center study, that Hepatitis B was not given concurrently, but I can't really comment on where --
MS. FISHER:  Not concurrently, but it is given.
DR. GRANOFF:  It is being given to the children the first year.
MS. FISHER:  I would change the immune -- the immunological response of the child might be different because of the addition at one month of the Hepatitis B.
DR. GRANOFF:  Yeah, I can't comment on that.  I don't have any data at all.
CHAIRMAN GREENBERG:  Does anybody have data relevant to that in the audience?  The hypothesis would be that Hepatitis B vaccination lowers immune response to Haemophilus vaccination.  I will bet that there are people in the audience who have that somewhere in there.
Okay.  Well,m that's an interesting hypothesis, and somebody should look at it.
I've lost track of who was raising their hand.  Dr. Robbins.
DR. ROBBINS:  I'd like to just present the data that Dan presented in a different light, and that's this.  Even today there is no unambiguous method for assigning a physical constant to the conjugate vaccines that predicts their potency.  It's done indirectly and by secondary effects, and I don't think we'll be able to achieve that kind of physical-chemical characterization when the polysaccharide is made from a natural substance.  It's too heterogeneous.
And therefore, I predict from our studies now with Shigella that the only way we can achieve that kind of characterization and precision in predicting is to have a synthetic vaccine.
It's been done for Haemophilus.  I don't know why it's never been used, but I'll predict that when it's done properly it will be far superior to the materials made by the current method, and --
CHAIRMAN GREENBERG:  Far more predictable.
DR. ROBBINS:  No.  More immunogenic.  I'm sorry.  Excuse me.  It will be more immunogenic than the current products, and that you can predict or give a physical constant to the preparation which would allow you to evaluate its performance rather than what we're obliged to do now, and that is to do trials of immunogenicity.
It's more expensive, but it will be much better.
CHAIRMAN GREENBERG:  Okay.  We have one or two more speakers before we get to the questions.  So I'm going to, unless there's a burning issue, I'm going to move on to Dr. Bud Anthony.
Dr. Anthony.
DR. ANTHONY:  Thank you, Dr. Greenberg.
I have no overheads or slides, and I'll be brief.  May I speak from here?
CHAIRMAN GREENBERG:  Sure.  Could you simply introduce yourself?
DR. ANTHONY:  Yes, certainly.
CHAIRMAN GREENBERG:  And talk about your affiliations and whether you might have any conflicts.
DR. ANTHONY:  Well, I am Bud Anthony, and for the last two years I have been affiliated with the Biologics Consulting Group in Alexandria and have some clients among the manufacturers.
Aventis Pasteur, I believe, is the only client that I've been involved with that has interest in these vaccines.
The consulting bit has gone on for two years, but I spent most of the 1990s at CBER, and I'd like to speak from that experience if I may.
Several significant things happened when I was there.  One was in 1993, the year of the first conference on combination vaccines, and the first surfacing that I was aware of of 601.25, the regulation that Dr. Horne cited in her elegant presentation.
Incidentally, my reading of that regulation is that it was written after the thalidomide disaster.  It applied to drugs that were on the market that had never been tested for efficacy, and it had no, when written, no relevance to combination vaccines.
It is, however, a perfectly reasonable statement that the components should or, rather, the combination should match the components.  I wish I had it to quote it.  I cannot quote it, but Dr. Horne did, and that is the essence.
When carried to the extreme, and I think this is what has happened, this assumes that every combination will be made of licensed components, and it puts those combinations at a disadvantage as we've heard relative to noncombination vaccines or to vaccines made -- combinations of entirely new components where the competition is what's on the market.
And in answer to your question, Dr. Greenberg, PRP-T was licensed because its immunogenicity matched that of the conjugates that had been previously licensed and which had been so effective in efficacy trials.
One of the other things that occurred shortly after the combination vaccine workshop was that a task force at CBER went to work to develop the guidelines which have been issued as a guidance document and which I do think heavily influence their policy.
The interesting thing about those guidelines is that they are written as though every new combination will be composed of licensed components, and again go back to this emphasis of comparing immunogenicity and the lack of an efficacy trial of the combination with the components.
There is one statement that a combination can be licensed if its immunogenicity meets what are accepted as protected levels, but that is really kind of buried in a number of pages of how it will be compared with the component.
The upshot of this, I think, is the disadvantage that components of previous licensed products face the obsession with these types of comparison to the exclusion of other comparisons and other studies, such as what are the existing levels, what are some of the public health considerations and what are some of the clinical considerations?
Now, I would not wish on my colleagues, my former colleagues and my friends at CBER, that they rewrite the regs.  I think that reg. is perfectly fine, but I do not think it needs to be interpreted as meaning that you must demonstrate equivalence or non-inferiority and always in control trials.
I think the guidelines -- forgive me -- are badly out of date and do not really address the issue.  I think this obsession with the kinds of comparisons that we've heard about don't make much scientific sense or regulatory sense or common sense.
Thank you.
CHAIRMAN GREENBERG:  Thank you.
I'm just going to move on because I think ‑- no, no, we have one more.  There is somebody else, at least one other person.
So is the CDC person ready to do a quick tutorial?
DR. BISGARD:  We just have a few overheads.
CHAIRMAN GREENBERG:  And this is Dr. Bisgard, right?
DR. BISGARD:  Yeah.  Just to start off with, since 1994 all 50 states have been reporting Haemophilus influenza invasive disease, and over the past few years we've done a better job at serotyping or getting information on all of the reported cases so that the number of unknowns, which is in the pink, the unknown serotypes has gone down.  1999 data is provisional.  We expect about 75 percent to 80 percent to be serotyped, and the Bs have gone down, and some of the bumps here are from the Alaska group.
And this just shows that of the Bs there isn't that much difference between these other racial and ethnic groups and then the Native Americans have a higher incidence.
These are just 1998 data and most of our cases are in these very young infants.  In 1998 we had 60 Hib cases, and of those the majority were less than one year of age.  So it seems that the booster probably has some effect in preventing disease.
And then finally in these 60 Hib cases, most were too young.  We did have about 15 vaccine failures, and we also have some that we don't know the vaccination history, but probably they were not vaccinated or were under vaccinated, and that's all I have to say on the data.
Now, Nancy Rosenstein has a little bit of data from the active surveillance sites.  The NCID is trying to collect underlying conditions on all the Hib cases, and here is age in days and over here is the type of disease source of the isolate if it's Type B or unknown.
Number of vaccination doses.  So these older kids have gotten three or four doses, and we've tried to assess what underlying condition they had.  It seems that there are a number of pre-term infants, and we've looked at a few of these.  They are like 30 weeks, 32 weeks.  So they aren't really preemies.  Preemie-preemies is what I want to say.  There's some hardware, HIV, asthma, and I know there was another one as IgA deficiency.
And then 1999 data, we don't have much information on the vaccine failure cases yet.  When was the hardware disease Group B strep as well.
Questions?
CHAIRMAN GREENBERG:  Okay.  Actually do you want to start your questions now?
Fine.  Let's do the questions of Dr. Bisgard, and then we will open up to the public and then we'll get down to business.
Dr. Kohl.
DR. KOHL:  I don't know if you can answer this, but how accurate is the surveillance?  What percentage of cases do you think that you're talking or collecting?
DR. BISGARD:  It's not 100 percent.  We would say, I would guess, I would say like 60 percent.  Now, active surveillance they do a better job, but they still have some unknown serotype.  So active surveillance is able to get the laboratory cases.  Ninety-eight percent is what they estimate, and then serotyping on 70 percent.
CHAIRMAN GREENBERG:  Dr. Breiman.
DR. BREIMAN:  Is there an estimated rate in the unimmunized population so that we could compare with what Dr. Heath presented earlier?
DR. BISGARD:  The vaccination coverage by two years of age for three or more doses is 95 percent.  So we don't have a population per se that we look at that's unimmunized and that these cases came from within a certain group of unimmunized children.
There was a recent outbreak in Pennsylvania, anyway, that NCID has investigated amongst Amish, and most of those were unimmunized, and I think there was what, five case?  There's five cases.
DR. ROSENSTEIN:  Six cases, five Amish people between --
CHAIRMAN GREENBERG:  Identify yourself, please.
DR. ROSENSTEIN:  Nancy Rosenstein from NCID.
And there were six cases in December and January of this year in central Pennsylvania, and five of them were among Amish people.
DR. BISGARD:  And the coverage rate is like less than 25 percent at two years of age.
CHAIRMAN GREENBERG:  Dr. Fleming, and then Dr. -- well, Dr. Ferrieri and then Dr. Fleming, however you want to adjudicate.
DR. FERRIERI:  This will be more complicated perhaps.  My question for you is if you have data on Native Americans in the Southwest U.S., I'm intrigued by the data from Alaska with background increases in colonization and increased incidence of HIV disease.  What do we know that's happening in this other population?  Do you have any information?
DR. BISGARD:  Some of those Type B cases were from the Native Americans in the Southwest.  I have not been involved in the carriage surveys that have been done in those, but maybe Orin Levine would know those data at least.
DR. LEVINE:  Yeah, there are investigations going on right now to characterize colonization in the Navajo and Apache in the context of a large pneumococcal trial vaccine that's going on right now.  At this point in time I don't know the latest data on that, but I can tell you that the immunization regimens that they've been using there are a little bit different than what has been used in Alaska.
They have been using PRP-OMP for the first dose and then HbOC in combination with DTP for the subsequent doses for some time, and one of the reasons for that investigation is to see if we can tease out to what extent differences in vaccine regimen may be reflected by differences in carriage.
CHAIRMAN GREENBERG:  Okay.  We're only going to have a few more questions.
Dr. Fleming.
DR. FLEMING:  Could you flash up a slide that went by very quickly that was showing the distribution of the Hib cases by age in I think 1998 or something along those lines?  It looked as those we had a substantial fraction that were occurring in ages less than six months.
DR. BISGARD:  Right.  I think most of our cases do occur right here.
DR. FLEMING:  If you go back to the previous one, it's --
DR. BISGARD:  It's almost half.
DR. FLEMING:  It looks like, just eyeballing it, about half.
DR. BISGARD:  Right.
DR. FLEMING:  Okay.  Thanks.
CHAIRMAN GREENBERG:  Okay.  Last question, Dr. Edwards.
DR. EDWARDS:  Could you just tell us a little bit about the 15 vaccine failures, what vaccines they may have gotten?  I think that was the slide or the overhead you were putting up, but you didn't comment on.
DR. ROSENSTEIN:  So I could do, but I didn't, a line listing of all of those 15 cases and tell you what vaccine they got at which point in time.  I guess the point is this is a population of 26 million.  So it's a large population, but we don't have specific information on vaccine use in that population, and so I'm not sure how to interpret this data.
CHAIRMAN GREENBERG:  Okay.  I'd like to ask if there's anybody remaining in the audience who wishes to talk to us.  Could you go to the microphone and identify yourself?
DR. SIEGRIST:  Dr. Siegrist from the University of Geneva, Switzerland.
We have seen evidence today that infants given combined vaccine --
CHAIRMAN GREENBERG:  Excuse me for interrupting, but I've made a decision that I will ask all speakers from the audience whether they have any conflict of interest.
DR. SIEGRIST:  I have been and I am a scientific advisor to a number of vaccine companies, SmithKline Beecham, Aventis Pasteur, Wyeth Lederle, and if not, I work in a university environment.
CHAIRMAN GREENBERG:  And you're here as a university person or as a consultant to one of those companies?
DR. SIEGRIST:  As university person.  I worked with Dr. Eskola in the paper that was presented earlier today.
And I wanted to make a question, in fact, really.  We have seen evidence that infants given combined vaccine respond to the vaccine in the same proportion as other children, that they are primed normally, and that they produce antibody of normal functional capacity.
And the question that really remains and that no one can address, I guess, which is a concern, is whether the lower antibody responses that are induced by these combined vaccines would be sufficient to control carriage, and I don't think anyone has the data.
However, I am surprised that little attention has been given to the fact that these children will be boosted in the second year of life and that they respond by the booster with high antibody responses which are similar to the one raised in control children.
So my question would be:  is there any reason to suggest or to fear that inducing high antibody responses in the second year of life would not be sufficient to control carriage and thus, to protect the few children who were either nonresponder or non-vaccinated?
CHAIRMAN GREENBERG:  Good questions.  Is there anybody who has a good answer to that?
Dr. Robbins, the source of all answers.
(Laughter.)
DR. ROBBINS:  I just want to tell you a little about the dreams of my colleague and myself.  Haemophilus influenza Type B as we know does not exist in any other species except humans.  There is no zoonosis.  There is no reservoir of the organism, and as you can see, as we start to achieve widespread vaccination, we are eliminating the disease and the organism gradually.
So it's not inconceivable to think that this organism could be eradicated from the earth.
I think that in looking at vaccination policies we should try to eliminate as many cases as we can in every country.  It's easy to loosen up, but I think at this stage with this potential to eliminate this pathogen we should try to have the very best, the maximum vaccination policy possible.
CHAIRMAN GREENBERG:  Okay.  Thank you, Dr. Robbins.
And are there any other people who wish to address the committee?  Yes.
DR. MEYERHOFF:  Yes.  My name is Alan Meyerhoff.  I'm with an independent research company here in Virginia called Capital Outcomes Research.
With respect to your question of conflict of interest, we perform work for a variety of different pharmaceutical manufacturers, and that has included SmithKline Beecham.
I just have a comment to make.  I was unfortunately not in attendance this morning when I understand there was a question about the benefits of combination vaccines.  I just wanted to state that we are just now completing a study that is assessing one combination vaccine for both it's epidemiologic and economic effects, and we found that there are certainly increases in coverage rates and some significant economic advantages in terms of reduced costs primarily and reduced vaccine administration fees and in reduced visit fees, those primarily being -- the visit fees being indirect costs associated with lost productivity of the parent taking the child to the visit.
And lastly I note that although it's hard for us and others to quantify, there is also a benefit in respect to reduced pain and emotional distress associated with the number of injections.
CHAIRMAN GREENBERG:  Thank you.
I am very pleased to hear that, and my own feeling is that data such as yours and others are very much needed, real scientific data weighing what the benefits are because this discussion primarily, with the exception of what you just said, which of course is not yet data -- it will be data -- has been one sided.  You make it change because of a reason, and these are the reasons, and I don't have as much data as I should have, nor does the committee as to what those are.
I would also say that we are getting more and more sophisticated at measuring things like pain, stress, et cetera, and that those should not be avoided as measurable entities that can be quantitated in some way so that you get a feeling when you're looking at vaccination, multiple vaccinations.
So I applaud your company, and I would ask other academics, et cetera, as this gets to be a bigger and bigger problem that we really need that other side to weigh.  It's very hard to have this discussion in the abstract.
Dr. Snider.
DR. SNIDER:  Just with regard to data, there are some data and that is if you just look at the vaccination schedule for the year 2000 which was just published and compare that to one for five years ago you'll see that a number of vaccines have been added, and indeed there are a number of vaccines as you are well aware that are in the pipeline that are some even nearing the point where they will be used.
So that with regard to data we do know that the number of vaccines that are currently recommended and presumably soon will be recommended continues to increase, and in that regard, I'm sorry we don't have it with us, but around the issue of number of immunizations, when we were considering the switch from OPV to IPV, some studies were done with regard to physician and provider and parent acceptance of increased numbers of doses, and there are quantitative data on that which could be provided to the committee.
CHAIRMAN GREENBERG:  I was told that, in fact, the data -- this is not my field -- but that the data shows that that switch did not lead to a negative effect.  So an immunization, a systemic parenteral immunization was added without subsequent decreased rates.  So is that correct?
DR. SNIDER:  That's correct, and in terms of coverage rates, there was no change.  My point was that you were looking for data, and those are some data.
There also were data though with regard to -- that are interesting that have to do with providers being very reluctant, much more reluctant than parents to add additional injections.  So my only point is there's a body of data relative to your point.  So we could make it available.
CHAIRMAN GREENBERG:  So maybe at some point at a next meeting or in the meetings in the future where we have a little more time, somebody at the FDA could fill us in on that because I think this is going to come up over and over again before us, and that would help educate us.
Any other people in the audience?
I guess I have no ability to interfere with people in the audience so we will be here until everybody can speak their peace, and I want you all to present, but I would like to make it as please be sure you feel it's an important message.
DR. BOGAERTS:  Thank you for the opportunity.
Hugues Bogaerts from SmithKline Beecham Biologicals, the conflict of interest being cleared.
We have seen data today, and there are more available that many of the cases that still come down with invasive Haemophilus disease in vaccinated children are actually children that have been incompletely vaccinated.
Further, on the comment that was given on compliance, I think we can do a better job by insuring that more doses are given to children who started the vaccination process by, indeed, switching to more elaborate combinations, including those who have Hib.
If I may try again, remembering the experience of this morning, to show you three slides there, we see here a study that was conducted not too far away from Germany, namely, in Austria, and two doses of the combination which is Infanrix-Hib has been given here at three and five months of age.  So these are children who deliberately for the sake of the study only got two doses of Hib and, of course, they got a third dose of DTPA along to complete the recommended vaccination schedule in that country.
The next slide will show us what the antibody titres in those children were prior to the vaccination.  Then at the completion of the two doses, and we are here at 1.3 micrograms per mL going down as expected and then going up again when the booster which is routine in that country is given between 15 and 16 months of age.
The point that I want to make is that the 1.3 geometric mean concentration, and that is not on the slide, but I do have the data here, corresponds to 93 percent of subjects with an antibody concentration greater than 0.15.
Now, we have seen if we make the bridge between Austria and Germany that the data after two doses obtained in the effectiveness study presented by Dr. Schmitt was in the order of 93 percent effectiveness.  So 93 percent of children with a titre greater than 0.15 could eventually lead to 93 percent of effectiveness, which is already a very nice figure.
If I bridge this now to the potential for a combination to insure that children also more often get a third dose, then I think we are in very high spheres of effectiveness that will definitely offset the potential or the hypothetical lower efficacy that may result from combining the vaccines.
Thank you.
CHAIRMAN GREENBERG:  Thank you.
Is there anyone else in the audience that wishes to speak?  Yes.  Is there somebody else that -- Dr. Ferrieri, I'm sorry.  I didn't scan far enough.
DR. BALL:  Hi.  Leslie Ball, CBER, FDA.
I just wanted to address your last point regarding multiple injections and parental compliance, and there was a paper in December of last month, Archives of Pediatrics Analysis in Medicine, from Philadelphia where they queried 1,000 parents and found out that the children were to receive between two and five immunizations, and what they found was that parental compliance was quite good.  About 98 percent of the parents agreed to the number of injections without complaint.
So I think that there are some data that suggest that parental compliance is quite good, and again, this paper echoes what Dr. Snider said regarding physician acceptance, and that may be more of a barrier.
CHAIRMAN GREENBERG:  Again, I'll get to it.  I think the more data we have the better vis-a-vis the last speaker who made the point, I think, that combined vaccines would lead to increased utilization or complete immunization.
That is, the data that would support that hypothesis would be terrific to have because that would be very -- that's exactly what I'm looking for, real hard data rather than a theory.  It sounds correct to me, by the way, but I don't know that you've proven it to me.
Dr. Insel.
DR. INSEL:  The last speaker just showed ‑- Insel, Rochester -- showed the polysaccharide boost at 15 months of age.  I'd be curious if anybody has data showing a polysaccharide boost under ten months of age either with any kind of combination vaccine.  I believe Ron Dagan has some data, I think, at ten months of age, but I think there's very little data with boosters under a year of age, under 12 months other than his, but I'd love to hear if there is data under ten months of age with booster -- polysaccharide boost.
CHAIRMAN GREENBERG:  Are there any more public comments from the audience?
DR. GOLDBLATT:  David Goldblatt from the Institute of Child Health at the University of London.
In terms of conflict of interest, i have received funding, vaccines, and consultancy fees from all the major manufacturers, Wyeth Lederle, NAVA, SmithKline Beecham, and I've --
CHAIRMAN GREENBERG:  It's okay.  We've got the picture.
DR. GOLDBLATT:  Okay.
(Laughter.)
DR. GOLDBLATT:  But I'm speaking with a different hat on, which is that I also sit on our government's vaccine advisory committee, and we, of course, have been discussing the whole question of combinations.
Now, rightly or wrongly there is a perception in our country that more than two injections at a single visit is unacceptable, not necessary to the parents who will have them if they see them to be beneficial, but to the health providers and those are actually having to give the vaccinations.
And as you may be aware, we introduced the meningococcal conjugate vaccine into our infant immunization vaccine and a catch up, complained to everybody under 18 months, and that started about three months ago.  So all children now require two vaccinations, two injections at each visit.
We are currently discussing introducing pneumococcal conjugate vaccines when they are licensed, and that, of course, would be a third vaccine because the perception in the country is that that would be unacceptable to health providers and health givers.  We, therefore, feel that the whole question of combinations is not an "if" question, but a "when" question, and that's the way we're approaching it in the U.K.
CHAIRMAN GREENBERG:  Can I just ask you?  I'm probably going to sound incredibly naive.  What is the basis of unacceptable?  Unacceptable is a very strong term, and what is the scientific basis that led to the entire nation deciding it was unacceptable?
DR. GOLDBLATT:  This is through a series of surveys by our Health Education Authority of those individuals who are actually providing vaccines at the cold face, which essentially are immunization coordinators and nurses who are responsible for giving vaccinations, and that's where that information comes from.
CHAIRMAN GREENBERG:  And they are public employees?
DR. GOLDBLATT:  They are public employees.
CHAIRMAN GREENBERG:  Okay.  Are there any other questions, statements?
DR. MEYERHOFF:  Can I make one other brief comment on this point?
CHAIRMAN GREENBERG:  Identify yourself again for the record, please.
DR. MEYERHOFF:  Alan Meyerhoff, Capital Outcomes Research.
I'm quite familiar with this literature on the effects of the number of simultaneous vaccines to be administered, vaccine doses.  Much of it, in fact, nearly all of it is survey research, and it's asked of physicians in a hypothetical context, for example, just around the time that Hepatitis B vaccine was recommended, and you typically see that many of them will say that they will defer, instead of giving three simultaneous injections at a single visit, they will defer some of those doses to a subsequent visit.
The rub comes in on whether or not those visits indeed occur, and certainly not 100 percent occur, and so there are some coverage rates effects.
That said, the more that vaccines have been added to the recommended schedule, the more injections required, and yet we continue to see an autonomic increase in coverage rates.  So I don't think that we've gotten to that threshold in actual clinical practice.  However, at some point we will.  We don't know empirically when that is.
And on that note, I think that the changes with the move to four IPV dose regimen and the additional pneumococcal, I think in this current year we're challenging it more than we have before.
CHAIRMAN GREENBERG:  Thank you.
Any other issues?  Hold on.  There is.
DR. LEVINE:  Yeah, Orin Levine.
I would just add to that discussion by pointing out that I think not all shots are equal and that parents when they value a vaccine because they really feel like it benefits their child and it's safe are more likely to accept it.
I would point out that in the recent efficacy trial in Northern California in which they asked parents to enroll into a study in which their children would get a fourth or fifth shot at the same visit and only had about a 50 percent chance of getting the pneumococcal conjugate vaccine, they only had about ten percent refusal, and I think that's a good indication of the fact that when parents value that additional vaccine, that compliance and uptake is fairly good.
CHAIRMAN GREENBERG:  We are going to have a lot of time for the panelists to talk since we're going to discuss it.  So this is the public session.  I think we can wait for panelists to express opinions on all of the questions or whatever.
Are there any other public members of the public, not that we're not members of the public --
(Laughter.)
CHAIRMAN GREENBERG:  -- who wish to inform the committee of anything?
I have one quick announcement, and then we're going to go to the questions.  The announcement is did Jim Williams and/or Ken Guido get their message at the desk?  And if you didn't, get it.
Okay.  Bill?
So I think now that all of you are completely up to date and know the answers here.  Bill Eagan is going to run through the questions, and then what I think we'll do, this is not a yes or no or vote situation.  This is just, I think, for the FDA to hear the opinions where any of you have opinions.
So, Bill, why don't you -- shall we just do this one question at a time do you think?  And then I think if we go through it all and then go back it will take forever.  So why don't we just do one at a time and see how we do?
DR. EGAN:  Okay.  Thank you.
Well, these are issues that we've been dealing with in one way or another all day long both in the questions and in the comments and in the presentations, and I guess we're just going to come back to them a little bit more formally.
It's also a little bit difficult because many of these issues are intertwined, and the questions are intertwined, and it may be a little difficult to answer one without going part of the other, but I think it's just unavoidable.
CHAIRMAN GREENBERG:  Do I -- I'm happy to do it.  I think in the end though.  You can't answer them all at once.  So why don't we start this way?
DR. EGAN:  Yeah, unfortunately we can't give any, you know, yes or no answer.
CHAIRMAN GREENBERG:  You need to begin to talk.
DR. EGAN:  Yeah, but we'd like to start off with addressing the issue in our assessment of the efficacy of the Haemophilus Type B conjugate vaccines, to ask you to please discuss whether the serum antibody concentrations, i.e., anti-PRP levels or anti-Haemophilus B capsule polysaccharide levels greater than 0.15 micrograms per mL and 1.0 micrograms per mL, along with some associated percent that your seroconverters to these levels are still appropriate for assessing the efficacy of the Hib conjugate vaccines.
CHAIRMAN GREENBERG:  That's a great question, and I think my modus operandi -- and Dixie is sitting there.  He is sick, by the way, but he has always been fabulous at framing these things.  Are you too sick to step up to the plate for this one?
DR. FERRIERI:  May I ask a question?
CHAIRMAN GREENBERG:  Sure.
DR. FERRIERI:  You said Haemophilus conjugate vaccines, but could you also include in the question combinations including Hib vaccine?  Is that your intent, Bill?
DR. EGAN:  Yes, it is.
DR. FERRIERI:  I think this is important in responding to it.
DR. EGAN:  Well, with regard to Question 1(a), I think one answer is to say that we have evidence that with the conjugate vaccines that these particular levels are probably not the best levels for indicating efficacy of conjugate vaccines in the U.S. population, but then the question is, you know, what alternative numbers are there, and the fact is we don't have any alternative numbers.
So you still come back to these numbers as being useful guides at least as it relates to earlier polysaccharide vaccines, the natural infections, passive immunity where they came from, and for lack of any other correlates.  We still have to look at these data and try to interpret in the larger context of all the other data what that might mean.
Clearly there's some point, I would think.  There's some threshold below which we would begin to lose efficacy with the Hib conjugate vaccines, but we don't know where that is, and it's very problematic because as we move along with more and more combination vaccines, more and more valencies and potential for interference or reduction  in immune responsiveness or immunogenicity of components, we could come across some real problems with recurrence of disease, and we certainly want to avoid that.
That's why approaches like North American Vaccine is proposing seem very, very promising and something I certainly would encourage to continue.
I think that's all I have to say about it right now.
CHAIRMAN GREENBERG:  Diane.
DR. GRIFFIN:  Well, I would I don't think that there's -- we don't have another criterion to use.  These are proven to work.  I guess one of my questions would be whether this was in opposition or in addition to looking at geometric mean titres or you only look -- your only criteria is a percent that achieve these levels.
CHAIRMAN GREENBERG:  Bill.
DR. EGAN:  No, I guess that's another part  of it and another complication.  I'll ask my colleagues to correct me if I'm wrong, but I think the major emphasis has been on seroconversion to these --
DR. GRIFFIN:  To these levels.
DR. EGAN: -- to these fiducial markers.
And as maybe a little bit of a clarification, and again I'll ask for some correction from, you know, Carl or Lydia or someone, that the .15 was looked on as this conservative concentration for protection.  In other words, what you'd like the child to have at two years of age, three years of age throughout the danger period, and almost the one microgram as the predictor that you'll maintain that high level throughout this period of risk for disease until the child is three or four.
DR. GRIFFIN:  All right.  So basically I would agree, but yes.
DR. EGAN:  So without saying the one microgram is the correlate of protection.
DR. GRIFFIN:  Okay.
DR. EGAN:  Because Dr. Robbins and others have, you know, certainly shown -
DR. GRIFFIN:  That that's a correlate of maintaining a protective level.  Makes sense.
DR. EGAN:  Just to clarify the point.
CHAIRMAN GREENBERG:  Dr. Stephens.
DR. STEPHENS:  From the perspective of individual efficacy, I would agree that these seem, given all the comments that have been made, reasonable, but I think that the issue of effectiveness versus efficacy is an area that we've discussed some today.  It remains an important question.
Specifically though in terms of this question, I would think that given the absence of anything else in terms of understanding better conjugate response and the issues that were raised regarding conjugate response, I think these remain useful guidelines.
CHAIRMAN GREENBERG:  Dr. Estes.
DR. ESTES:  I don't have much to add.  I was struck by the hypothesis that the conjugate vaccines produce perhaps lower levels of more functional antibody, and yet I was not convinced that we really saw data to support that, and I think that that's something in my mind that should be followed up.
And if there is data or a way to get information about that, I think that would be important in addressing this in the future.
CHAIRMAN GREENBERG:  Thank you, Mary.
Dr. Kohl.
DR. KOHL:  It's hard for me to go against something that seems to be working so well.  I mean we have a spectacular success in this country.  Barring strong evidence that there's something that should replace this, I think it's the best we've got.
I would like to see more intensive evaluation of those cases that are breakthrough cases or failure cases very close to admission to see what their antibody levels are like at that point and whether there are other associated immunological defects that explain what's going on because I think those, as Bob Good would call experiments of nature, may have something to teach us that we haven't mined at this point.
CHAIRMAN GREENBERG:  Dr. Kim.
DR. KIM:  I don't have anything new to add, but I just concur with comments being made that this is probably the best, you know, correlate that we have in our hand at the present time to predict the effectiveness and/or efficacy against invasive disease or Haemophilus influenza Type B.  I guess I also concur with the notion that I think it is important to know the GMTs because if the antibody level is meager, which may be able to satisfy these numbers, but that certainly, you know, you'll be concerned about the maintenance of protective levels of antibodies, and then along with what Steve said, that it is important to do a surveillance and find out the reasons for having invasive disease in vaccinees whether they are fully immunized or partially immunized.  I think that would provide us very useful information.
CHAIRMAN GREENBERG:  Thank you.
Dr. Faggett.
DR. FAGGETT:  Yeah, I kind of go along with Dr. Kim, too.  I would feel better if we had more evidence in terms of impact on carriage rates.  I think that's some data that's lacking, and I think we could be more comfortable in saying that this is a consistent measure of efficacy if we did have that data.
I would hope that in our acceptance of this that that would be available later.  I do go along with it as a measure.
CHAIRMAN GREENBERG:  Ms. Fisher, and I cut off Ms. Fisher.  So, one, respond to the question, but, two, if the other issues that you were going to bring up --
MS. FISHER:  We have a lot more questions.
CHAIRMAN GREENBERG:  Yes, we have a lot more.
By the way, just because we have a very big array of experts here, anybody should feel free to say other people have stated their thoughts, and it's not incumbent on everybody to say something if they don't have something good to say.
MS. FISHER:  Well, thank you for that introduction.
(Laughter.)
CHAIRMAN GREENBERG:  That was not -- that wasn't -- that was not directed at you.  It was directed at the people down the line here.
(Laughter.)
MS. FISHER:  I'm going to say it anyway.
I mean, I think there are unanswered questions about the biological mechanism of action induced immunity, the Hib, especially in combination with DTaP, IPV, Hepatitis B.  
I think today it seems that there's a question about the relationship between serum antibody levels versus memory B cells.  I think there needs to be more work on that.
I think we ought to take seriously what's happening in Alaska because this vaccine was developed specifically for high risk populations like Native Americans and the Alaskan Indians, and it seems -- Eskimos, and it seems to me that it could possibly be a warning to us that we have to take seriously why is this happening in Alaska, and does it mean that it could happen to the rest of the population in mainland U.S.
CHAIRMAN GREENBERG:  Dr. Edwards.
DR. EDWARDS:  Well, I think that I feel the most comfortable with the .15 indicating it having a biologic relevance because I think certainly the data that John showed and that others spoke about says that about that level or maybe even lower is what you need to have for protection.
I think these data were derived from studies in unconjugated vaccines and unconjugated vaccines did not induce memory.  So I'm less concerned about the one being a long term measure of protection because I think memory does exist.
But as Dr. Robbins also said, I'm not sure that in every individual child that there's going to be enough time for memory to rev up so that every organism that you see you'll be able to make memory.
So I think they are reasonable numbers, but I think I would favor the .15 and say that that's the most important of the two.
CHAIRMAN GREENBERG:  Thanks.  
Is that it?
DR. EGAN:  May I just ask a clarification?
Would you be happy with a conjugate vaccine after the primary series where you had 100 percent seroconverters to .15 and virtually none to one?
DR. EDWARDS:  No, I wouldn't be terribly happy, but I think if you're asking, you know, what the biologic relevance is, I think that that probably has more relevance than the one.
DR. EGAN:  Thank you.
CHAIRMAN GREENBERG:  Dr. Breiman.
DR. BREIMAN:  I'm impressed by the discussion about how much -- how little we know about some of these key issues, and one of the things that may be of use to CBER would be for this group, maybe a subgroup, a work group, to help to devise a set of research questions, focus questions that could perhaps not immediately, but at least down the road help to answer some of these issues which I think are beginning to get answered, but sort of in a non-systematic way.
I think that whereas I'm sure that physicians would prefer giving fewer vaccines, that if you ask them the question would they want to give a vaccine that's inferior either in terms of effectiveness or safety, by the way, which is something we haven't really talked about, that that would change very much the nature of the response.
CHAIRMAN GREENBERG:  All right.  Thank you.
Dr. Eickhoff.
DR. EICKHOFF:  Well, I feel obligated to say something because I haven't had anything to say so far today.
And I can only echo my colleagues, and in a certain sense this question is probably -- it may be the first and probably the only no brainer of the day.  These figures of .1 or 1.0 and .15 are sort of pretty deeply rooted for the last 30 years.  It's important to remember that they were derived from studies with the pure polysaccharide, and some have suggested that it may be different for the conjugate vaccines, and indeed it may be, but I think I at least have seen no evidence today and in the material we were provided that that is so.
I think Steve Kohl's suggestion that it would be nice to have, you know, admission sera from the vaccine failures that are, indeed, occurring, and I completely concur it would be wonderful to have that.  The only question is how do we go about getting it or how does anybody go about getting it.  That's a tough challenge.
CHAIRMAN GREENBERG:  Thank you.
Dr. Ferrieri.
DR. FERRIERI:  Well, there's a certain deja vu quality to everything that has happened today.  The same people more or less are in the room, and the same issue that we discussed in great depth whenever it was, the early 1990s here, the scenarios where we had all of the breakthrough cases for Minnesota with the unconjugated vaccine, and my memory is, Tom, you got involved in that in a deep way and other statisticians.
But apropos of the issue and the question, I would only add that I can't quarrel with these values based on what we've heard today, but I would urge that more studies are done of antibody induced by the combination vaccine, which we will discuss in more depth later.
And I'm also very interested in the failures of patients who break through and think we should study them immunologically to better understand the nature of their antibody levels and the function of the antibody.
And then in addition, I would echo something that Ms. Fisher said about the transmission and carriage rates that we're seeing.  This background noise we're seeing from Alaska I find very alarming also and think that we should put some money into this and try to understand mucosal immunity certainly short of doing nasal biopsies, but that we need to understand in populations with increased carriage rates who have been vaccinated; I think we need to understand whether there is something that has changed, and this should include not just serum antibody, but looking at mucosal immunity.
CHAIRMAN GREENBERG:  Dr. Fleming.
DR. FLEMING:  I think there's been considerable evidence here to establish measures such as the .15 as a correlate.  I think we want to know though whether it's a surrogate, and I'd like to take a couple of extra moments to answer this question, and at least for me it will assist in answering all the other questions more briefly.
What do I mean by that?  Well, what is the question?  And I'll take guidance from the Code of Federal Regulations that's already been put forward saying we're looking at safe and effective active components may be combined if combining them does not decrease, dot, dot, dot, dot, an effectiveness.
And from what we've seen, my best sense of effectiveness is -- and I'm going to round these numbers off to make it simple -- we've reduced with the current individual component vaccines the Hib disease occurrence annually from 10,000 a year to 100 a year, 99 percent reduction.
It would seem to me the question in hand is can we alter our approach here in a way that doesn't substantially alter the effectiveness, the 100 going to something greater than that.
So what we're looking for really here is not just that it's correlated.  It is correlated.  We want it to be a surrogate, meaning that we can reliably tell whether effectiveness will be changed by whether or not there are unacceptable levels of differences in this percent of people who achieve .15.  I mean that's essentially the question on the floor.
So when Dr. Horne gave her elegant presentation, I agree with all of the mathematics.  I think she's laid out the equivalence or non-inferiority trials arguments exactly correctly.
The complication here is two of the most complicated issues I've encountered in statistics are the issues of equivalence trial or non-inferiority, and the issue of surrogates, and we're putting them both together, and exactly as what she said.
What we're dealing with here is trying to define an acceptable difference on a surrogate so that we can say reliably that that's not leaving an unacceptable increase in the true clinical endpoint which is effectiveness.
So to move from there, using this simple example that I've talked about, we used to have 10,000 a year.  Now we're down to 100 a year, 99 percent effectiveness.  It seems to me there are from what I'm hearing today three ways in which we're moving from the 10,000 to the 100.
One of the ways is that we're decreasing the organism carriage or what we call the pressure.  I don't know how much of this effect is the pressure, but part of it is we're reducing the pressure with a vaccine strategy. 
The other part is we're increasing the protection for the individual against susceptibility, and I'm going to guesstimate for sake of this discussion just to make the point that the pressure is one of the logs.  It's going from 10,000 to 1,000, and I'm going to use as some justification as that the British data, which was basically showing that we had approximately a tenfold reduction in the presence of an active vaccine program for the risk amongst those people who were not vaccinated.
Now, you can get that data.  I mean you can get some data on that to see if that projection is, in fact, proper.
Now, that means that if you were looking at unvaccinated people in a setting in which there's a vaccination program, those people are now at a risk of 1,000, not 10,000, but 1,000 per 100,000.
Now, amongst these people, there is going to be the risk that they have transmission before the age of six months, before the completion of three doses, and then those after, and what we had seen from the original epidemiological data is that 15 percent of the risk occurs before six months and 85 percent of it occurs after.
So of these 1,000, you should have had 150 in an unvaccinated population of occurrence below six months and 850 after.  What we're actually seeing in the CDC data that was presented here at the end is the actual number of cases in a vaccinated program is about a 50-50 split, which means that the focus here of all of the discussion has been on what is the percent of people who achieved this .15 once they've completed three doses, and the Reynolds and Zenco data are saying something pretty consistent to me.  It's around 95 percent.
Well, that's very close to 50 over 850.  That's in fact 94 percent protection in those infants who complete three doses.
The problem is the infants who didn't get through three doses either because there was noncompliance or that they weren't offered the full three doses or because they became infected before they had a chance.  There you're looking at 50 relative to 150.  So you have about a 67 percent protection.
Now, to come back to the specific question at hand here, what we're looking at in all of this discussion is only one of the three elements that leads to the 10,000 being reduced to the 100, which is specifically the element of what is the predicted level of protection in those infants that are fully vaccinated.
And what we're seeing is evidence that that is what is decreased from roughly 95 to 98 percent by five to ten percent less, and we're trying to use that as the basis to determine whether or not effectiveness is going to be reduced.
I would hope that it's also critical to look at whether or not the combination vaccines relative to the individual vaccines -- what's the relative immunogenicity in those who receive only two doses or one dose because in this setting, a lot of the risk occurs before six months, and in fact, it's my sense that when you look at the Alaskan data and you looked at the HbOC vaccine relative to the PRP-T vaccine, that the difference there between those two might substantially be -- the increased risk when you went from 30 back up to 60 might be occurring because of the lack of immunogenicity in those infants in less than six months, and this is really critical in a population such as the Alaska Native population where 25 percent, not 15, but 25 percent of the transmission is in that group.
So summarizing, this is clearly a correlate.  Is it a surrogate?  From my perspective we need to understand more clearly what level of -- to put it into Dr. Horne's presentation, as she clearly said, what is the null hypothesis, and if we're going to use this as our correlate, how much reduction can we allow in the percent to achieve .15 in order to run through this whole argument and say it's going to translate into an acceptable level of decreased effectiveness.
And my last comment is I don't think we've even answered that question yet, which is what do we believe, and maybe we'll come back to it.  So I'll just lay it on the table.
We haven't answered to me the most important first question as to how much effectiveness are you willing to give up, and that's the first answer I need to have before I can even begin to answer how much immunogenicity will I give up.
CHAIRMAN GREENBERG:  Well, I have assumed -- thank you very much, by the way.  I think that that casts this discussion in a concrete and useful way. I just -- and I'm going to answer and this may cause chaos here, but I had assumed that loss of -- that most people around this table were unwilling to lose almost any effectiveness.  Now, I may be wrong here, and by almost any, I'll step out there:  25 more cases would be unacceptable.
So to go from 100 to 125, if you could really show that that was happening, would be -- around the table would be unacceptable.  I'm making this up.  Maybe you don't agree with me, but I would bet from a public standpoint that it would be pretty darn unacceptable to say children around the country are getting one less injection, but 25 more children are getting meningitis.  That would be a tough one to sell.
PARTICIPANT:  It's contrary to the 20-10 approach.
CHAIRMAN GREENBERG:  So and I --
DR. SNIDER:  Well, I think that's true, Harry, only to the extent that we can't answer your other important question about the benefits, and if we were able to show that we were going to prevent some of the other diseases that were in the combination vaccine --
CHAIRMAN GREENBERG:  Absolutely.
DR. SNIDER: -- at a higher level, then maybe we'd give up ten cases.
CHAIRMAN GREENBERG:  One hundred percent correct, but --
DR. SNIDER:  But for right now.
CHAIRMAN GREENBERG:  Yeah, convenience, provider convenience would not be the rationale that would ever justify just that 25 percent, I don't think.  Again, I'm just -- so as you think about this, I don't think anybody really has a lot of play in the decreased effectiveness in their minds.
I'm going to move on.  Dr. Insel.
DR. INSEL:  As has been said, antibody has been the gold standard, and I think it has to remain at least if not a gold standard at least a platinum standard or something of that order in the sense that in this instance we know antibody is the major effector function here.  It's not just a correlate correlating with something else.
That having been said, then the question is how much antibody, and my bias is the more antibody, the better.  I mean, we've heard that higher antibody is associated with decrease in carriage rates.  Higher antibody levels are associated with better evidence of priming or memory.
So in general, I think, the more antibody one is reassured.  I guess the issues is if one were to give up antibody, then what do you have and can you depend on, let's say, memory, and there may problem is I don't know what the incubation period of this disease is.  I do not know what the role of memory is as far as preventing disease.
In addition, the way we're looking at memory as has been pointed out, it's somewhat artificial.  We're asking for challenging with a parenteral immunization to try to gauge what would happen with an infection that would occur, you know, at a mucosal surface.
In addition, we're challenging with a very high dose of antigen.  I'm not sure we know everything about memory.  I'm concerned even does the low level with the third dose in the first year of life in the primary series, does that reflect a low memory response that was induced by the second dose, and do we know, for example, if we challenged between six and ten -- seven and ten months of age with polysaccharide vaccine that one would have a good memory response?
I'm worried about in that time period are we seeing, let's say, a reversal of some kind of effect and now memory is restored and looks very nice beginning at ten and popping in at 12 months of age.  What do we really know in that six to ten month window?
I raise it because of this question of, you know, reversibility of some of the effects that are seen with high dose protein.  
So in the absence of really understanding memory, I think one is force to live with antibody, and then the question is:  what are the relevant levels, and there I think it's very difficult to know.
CHAIRMAN GREENBERG:  Thank you.
I'm now going to go to our guests and the same thing.  Dr. Robbins would have been sitting over there.  So I'll start with you.  Do you have anything to add here, John?
DR. ROBBINS:  It's not perfect, but it seems to be useful.  It' the only thing we have.
CHAIRMAN GREENBERG:  Dr. Heath.
DR. HEATH:  Well, I would agree on the .15, but can I just add a little more data?  Is that permissible at this point?  Because a number of people have been asking questions about acute antibody.
CHAIRMAN GREENBERG:  If you're going to help us with these questions, you should add.
DR. HEATH:  I think it might help in that in our vaccine failures in the United Kingdom we've been obtaining as best we can acute sera and also convalescent sera, and in about a quarter of the cases we have been able to obtain acute serum defined as within 48 hours of hospital admission, and the great majority of those children have very low antibody concentrations, as you would expect.  Ninety percent of them are less than one, and about 50 percent undetectable, less than .15.
About two thirds have a convalescent antibody response which is acceptable, that is, two to three weeks after hospital admission their antibody concentrations are certainly greater than one, but one third have undetectable or very poor convalescent antibody responses.
So that I think help ones or two of the questions.
CHAIRMAN GREENBERG:  Thank you.
Dr. McVernon.
DR. McVERNON:  I'm very new to this area, but my perception is that as in everything in pediatrics, the development of immunity and even to a specific vaccine is a very age dependent phenomenon, and we know that avidity changes over time.  I suspect that base elevation thresholds change over time, and certainly we know that in Alaska very high levels of antibody required to protect the youngest infants, and I would say that, you know, antibody levels are the best thing we have at the moment, but I'm sure that it is an age dependent phenomenon and that different levels will be required at different ages for protection until we understand the mechanism more.
CHAIRMAN GREENBERG:  Dr. Levine.
DR. LEVINE:  I think my comments would parallel those that Kathy Edwards made.  I guess I feel like we've been presented with data to make me feel like if we measure a kid who's received Hib conjugate vaccine and they have antibody levels somewhere between .15 and 1.0, that they're likely to be protected, they themselves, against invasive disease, and that doesn't speak to protection against colonization or other outcomes.
On the other hand, I guess one of the issues that you have to grapple with is even if you could come up with a very precise measure from a regulatory standpoint, how close would you want to be cutting it that way?
And I think one of the things about the 1.0 threshold, however arbitrary it may be and based on PRP plain polysaccharide, is that it gives you a little bit of a comfort area, and I think one of the threads that I saw today was a degree of variability between studies, between populations, between areas, and one of the issues that concerns me is an issue of equity, and that is to say that, you know, if there are subpopulations of a high risk group that don't respond very well, I think we ought to not compromise their protection to make it more convenient for low risk populations.
And so although I think data was presented to suggest that you could ease off on the 1.0 micrograms, I would just want to try and balance that with the degree of comfort that we have in the absence of other measures.
CHAIRMAN GREENBERG:  Dr. Steinhoff.
DR. STEINHOFF:  I guess like everyone else I'll agree that these two threshold levels -- we have nothing else -- we have it to go on right now.  I think so we've answered your question.  These seem okay.
The question you didn't ask, however, though it's come up a number of times now is with what degree of stringency are we going to use these thresholds for new products.  Must they be above -- must the mean titre be above 0.15?  What about the titre of one for a new product, and is it after the third dose and so forth?
So that we're not answering, but I think that's where the crucial issue is.  It's come up a number of times, and I guess I'm the last one unless someone else is missing here.
So I don't know how that's dealt with.
CHAIRMAN GREENBERG:  No, I'm the last one.
DR. STEINHOFF:  Okay.  You're the last one.  I think these are appropriate thresholds.  We've used them.  The question is how are they to be used especially with new products.
CHAIRMAN GREENBERG:  Okay.  I'd like to -- I'm sorry.  What did you say?  Ah, excuse me.  There's another panelist over here.  Dr. Stein.
DR. STEIN:  I think I also lean toward Dr. Edwards' point of view.,  I think we'll get into the discussion of immunologic memory later, and I might have more to say then.
CHAIRMAN GREENBERG:  Okay, and for the record, I agree with everything that has been said.
(Laughter.)
CHAIRMAN GREENBERG:  The only piece I might add is at least thinking about this in my mind, we've -- the other way to go, of course, is to say why are we -- why do we need to accept a decreased immunogenicity, especially when we have something set up like here?  Why not say make combinations where immunogenicity is not sacrificed.  It doesn't seem to me to be a first law of nature that immunogenicity has to be sacrificed with combinations.  We've heard several.
And so while, for sure, from the manufacturer's standpoint when mixing thing that are already made together, there is decreased immunogenicity means more expense or extra work, it should not mean not going that route, and another way to approach this would be simply to devise strategies where immunogenicity had no change or was even enhanced in the combination.
And I would just encourage people to think about ways of doing it.  I was struck by Dr. -- somebody said here simply, and I wonder whether maybe the manufacturers that tried it, simply a double barrelled syringe where mixture occurred only at the very last minute and wondered whether if alum is actually a major part in the amount of time that alum and the PRP are next to one another is critical, that might make a difference.
Has that experiment been done?  It's like epoxy.  When you --
PARTICIPANT:  It works.
DR. EGAN:  That's the next question.
CHAIRMAN GREENBERG:  Okay.  Do you have something relevant to this question?
DR. EDWARDS:  Sort of, but I guess everybody could finish and then I could ask this comment.
CHAIRMAN GREENBERG:  Okay.  We have some more.
Dr. Edwards.
DR. EDWARDS:  Okay.  Well, I think it's interesting if we see that the current burden of disease is generally in the kids less than six months of age, at least 50 percent of them.  One could also ask are we going to tolerate that.  I mean, first of all, are those children all Native Americans?  And if they are then presumably giving them the OMP will give them a good rise and then they'll have antibody and then they'll be boosted and then they'll be fine.
But what if they aren't?  Does that mean then that we're going to tolerate the 50 kids that get invasive disease because they don't make an antibody till six months of age and we need to give everybody OMP and then follow with other vaccines?
You know, I think that's sort of an interesting piece of information also, and that's not the question, but --
CHAIRMAN GREENBERG:  No, and a good question or a good point.
Dixie, did you raise your hand?  Were you raising your hand?
DR. SNIDER:  Well, I just wanted you to clarify the point you were making because I think Bud Anthony got up and made  plea about comparisons with the single antigen or single component as compared to a combination, and I guess I wouldn't be inclined to say that the combination would have to get the same anti-PRP response as the single antigen would, as long as the response is acceptable, in the acceptable range.
CHAIRMAN GREENBERG:  I'm in total agreement.
DR. SNIDER:  All right.
CHAIRMAN GREENBERG:  I'm in total agreement.  
DR. SNIDER:  That's a clarification.
CHAIRMAN GREENBERG:  All I was saying is that the discussion doesn't have to happen if there's no change in combination, and there are scientific strategies that might.
DR. SNIDER:  Okay.
DR. FLEMING:  Just a real quick follow-up question.  I believe there is strong consensus on the fact that the antibodies specifically using a measure such as the percent that achieve .15, that this is correlated with the goal here of achieving protection.
I think also it has been argued the strong biological basis for the mechanism through which that correlation arises; it's also been argued by several what else can we use.  Ultimately I'm assuming to answer this question completely though we would need to suggest in what way we would use this correlate as a way of assessing efficacy.
And we're challenged right now in a case like this because we're definitely seeing lessened immunogenicity by the measure that we're suggesting we're going to use.  And so what is the scientific justification we are going to put forward for how much less we will allow in a way to reliably tell us how much less effectiveness will, in fact, be incurred?
And I'm looking for that discussion at some point before we go.
CHAIRMAN GREENBERG:  Well, you don't hear it by the end of four, I'll let you have 4(a).
Shall we move on?
DR. EGAN:  This is the related part of this first question, namely, to discuss and comment on to the extent possible the clinical significance of the diminutions in antibody response that had been observed with some of the conjugate vaccines in combination versus singly administered.
CHAIRMAN GREENBERG:  Well, in part this touches Tom's question because if there's no clinical significance then -- so I'll just keep picking up the same person until I'm told to stop.
Dixie, do you have any feeling about this one?
DR. SNIDER:  Well, the diminished immune responses with the combinations as compared to the single antigen or monovalent vaccine, I think it is a mixed bag.  I mean, there's no way to answer that in a very general way.  It's specific to, as far as I'm concerned, specific to specific vaccines, and in many cases I would submit that at least based on the immune correlates that we have, which we hope are surrogates, there probably is no clinical significance.
But at some point somewhere along the way there may be, and I think what we were saying earlier is that we don't know whether we'll hit that point anywhere along the way or not.
If we stay with the criteria we were just discussing, I think it's unlikely that we're going to get into clinical difficulty, although people were indicating that perhaps we shouldn't be too stringent in applying the .15 and the one.
Other people spoke in favor of being pretty stringent, and the degree to which you are less stringent, the more risk, I think, we run that there may be some clinically significant diminution in, I mean, responses.
I think the diminished immune responses that have been seen over time are also interesting and play into this, and I have no clue as to what that means.  I hope that's a good sign in the sense that perhaps the population in general is not encountering the organism as frequently as it once did, and consequently is not getting boosted, and hopefully the lack of that boosting though doesn't lead to any increased immunologic susceptibility to infection or inability to rapidly mount a response to prevent invasive disease.
But I really don't know.  Those are just some random reflections about a question I don't know the answer to.
DR. GRIFFIN:  I think the only way we're going to know about clinical significance is by following the population in the way that was done in Alaska, and because we have two levels of clinical significance, once is decrease in carriage rate and the other is protecting the individual, and so it's going to be a population based indicator when the clinical significance is diminished and Alaska, I think, is a wake-up or an indicator that it may occur.
CHAIRMAN GREENBERG:  Thank you.
Dr. Stephens.
DR. STEPHENS:  I agree.  I think the Alaskan data suggesting that there may be increased risk associated with high rates of carriage is disturbing, and we need to keep that in mind, again, given the issue of effectiveness versus efficacy, which is an important discussion point.
CHAIRMAN GREENBERG:  Dr. Estes.
DR. ESTES:  I agree.  I think the concern is whether we're now altering herd immunity, which hasn't been said, so I'll just mention that word again, and that's affecting then the carriage rates, and I think that needs to be monitored.
CHAIRMAN GREENBERG:  Dr. Kohl.
DR. KOHL:  Well, I don't think we have a way of answering the question directly about combo vaccines, but we do have a couple of canaries in the coal mine.  One of them has been the Alaskan experience, which is very  startling, and the other experience has been the PRP-D in the Native Americans, which is equally startling, and I'm surprised we hadn't spent a little more time talking about that.
But given our population which is so different than Finland or even than Germany, it's such a heterogeneous population, clearly there are pockets of very high risk kids, and I doubt that they're just limited to Native Americans in Alaska and on Indian reservations.
And in Question 3 I think we're going to spend some more time on those less than six month olds or less than seven month olds.  It seems to me the more stringent we are right now until we know more, the safer we're going to be.
CHAIRMAN GREENBERG:  Dr. Kim.  
DR. KIM:  Well, I'm not sure I'll be able to answer this question because I think question is somewhat generic.  You said that immune responses are diminished, but the question is:  how much, in what ways?  
And the quality and quantity will be important, and without qualifying those issues, generally I cannot say that it will be significant or not.  I think that's, you know, my limitation in providing any information to this question.
But, again, as others have said, that in high risk populations, we have seen that considerable diminution of antibody responses have clinical consequences.  So I think we need to bear that in mind.
CHAIRMAN GREENBERG:  Dr. Faggett.
DR. FAGGETT:  Yeah, I agree it is very difficult to assess the clinical significance of the diminished response, especially in the absence of comprehensive studies, as has been mentioned before, in high risk populations to include the urban Native Americans and inner city at risk.
We don't want to really take a chance of increasing disparity between a high risk and general population.  I think it's another case in point for Rob Breiman's research subgroup from this committee, that we need to really take a hard look at this before we know the clinical significance of it.
CHAIRMAN GREENBERG:  Ms. Fisher.
MS. FISHER:  I would agree.  The clinical significance of the diminished Hib immune response is that we have to find out why it's happening and what kinds of kids it's happening.
Again, going back to find out the biological mechanism of the vaccine induced immune response, and I think paying more attention to individual differences between children before we assume that we can combine Hib with many other vaccines and not affect the incidence of Hib disease in this country.
CHAIRMAN GREENBERG:  Dr. Edwards.
DR. EDWARDS:  I think the evidence that we've been shown about a lack of clinical significance in the use of the combination vaccines in Europe is encouraging.  However, we are more heterogeneous in our population, and I think that that surveillance and actually the ABC surveillance system is very good, but I think surveillance does need to include a mandate that all Haemophilus will be typed from invasive sites.
And secondly, that we follow the experience of our colleagues in the U.K. where the vaccine failures are clearly looked at in terms of whether they are immune deficient in some way, whether they will go on to make an antibody response, and to characterize what the difficulties are.
CHAIRMAN GREENBERG:  Dr. Breiman.
DR. BREIMAN:  Again, similar to Kathy, I think that the key may lie with post marketing surveillance, and again, I'm impressed with the fact that we were presented today with two relevant non-parallel two relevant, parallel, yet not necessarily concordant sets of data.  I mean one was the data from Germany which should have given us a fair bit of reassurance that you can get along with a combination vaccine, lower antibody levels and no apparent change in the rates.
And yet I think very disturbing data from Alaska that would suggest that at least in a high risk population there is a great deal of meaning in a reduction in immunogenicity.
So again, it highlights, you know, the need to look at various degrees of depth, carriage, and risk populations, and understand, you know, what the potential impact would be.
I mean one possible option, I guess, that hasn't even been discussed is if we knew more thoroughly what happened in Alaska, for instance, and what's going on in the Southwest among Apaches and Navajos.  Is it reasonable to consider different targeted recommendations for vaccine use?
I mean, it may be that certain subpopulations would need a, you know, separate injection and others would not.  You know, I just don't think we're at the point yet that we understand enough about that.
CHAIRMAN GREENBERG:  Dr. Eickhoff.
DR. EICKHOFF:  Well, I concur.  I think I at least am not at a point yet where I can understand fully the clinical significance of these --
PARTICIPANT:  Can't hear you.
DR. EICKHOFF:  -- of these decreases that we're seeing.  Our surveillance system is certainly sensitive enough to pick up modest increases in cases which we haven't seen thus far.
On the other hand, the combination vaccines are not yet being widely used in the United States to my knowledge, at least.  Please correct me if I'm wrong on that.
So I'm concerned about it as we move into the future, and I would be very reluctant to give up any of the clinical efficacy that we obviously have with this vaccine.
CHAIRMAN GREENBERG:  Dr. Ferrieri.
DR. FERRIERI:  I'd like to expand on a point regarding the Alaskan data and think that following the population both by culture and the pre-immunization antibody titres would be very interesting to see if the background noise now is stimulating infants so that we will now have a new cycle in the curve where they will be more hyper responding than they have in the past.
That's one point I'd like to make, and then the second point is my concern about the very young infants who are constituting most of the failures now, and I wonder if anyone has data on antibodies in their mothers.
And I'm concerned about the antibody titres in young pregnant women and how that naturally then reflects on the vulnerability of the newborn babies within the first two months of life.
Many years ago at an army commission meeting, the late Dr. David Smith commented on data he had on pregnant women in South Carolina and how these were teenage women with very low antibody titres, and the vulnerability of their infants to Hib disease, and I don't know if anyone is tracking this, but we should have a very low antibody population now in the pregnancy prone group, and this may be accounting for some of the vulnerability in the very young babies.
CHAIRMAN GREENBERG:  Dr. Fleming.
DR. FLEMING:  For me to provide an answer of the clinical significance of the diminished Hib immune response, what I ideally would like to know is for this level of reduction in immune response, that translates into what level of increase in Hib cases, as commented in earlier discussion.
I realize that's an incredibly hard relationship to understand, but, again, in essence that's the relationship that is really driving the validity of this as a surrogate.
If I was to just throw out an approximation and use the concept of a threshold, just going back to what data we do have, if there were 10,000 cases a year and now there are 100 and half of those are occurring in those people that have had, infants that have had at least three doses, and that corresponds to about a 95 percent efficacy in that cohort, which also corresponds to Rennels' and Zenko's observation of the percent of infants that achieve the .15, if we interpreted that as being the threshold, i.e., you achieve that and you're protected; if you don't, then you don't, making that huge assumption, then observing in their data that we essentially double the fraction going from 95 to 90, the fraction of people who don't achieve that level, that threshold, that would translate into doubling the 50 cases to 100 in those that have been fully vaccinated, and those that haven't been would also correspondingly increase.
And then we have the issue as has been identified before.  Then also what does it do to the herd immunity or the overall carriage, and that, too, is likely increased.
So that's how I would go about answering this, and I'm making a huge assumption about the threshold, but I'm awaiting another better way of answering the question, and until we get more data that really directly tells us what that functional relationship is, we're having to guess, but with the guesstimate I was using, it would exceed the number of additional cases that you had said before that you'd be willing to tolerate on an annual basis.
DR. INSEL:  For the general population, I concur with what's been said.  I think carriage and herd immunity there are the big issues for the high risk population.  I think serum antibody may even be more important.
I just want to bring up another population, and that is patients with splenic dysfunction or splenia, such as Sickle Cell patients where having a preformed antibody on board at the time of transmission or colonization would probably be very critical, and so there are other population groups that have been discussed heretofore that may be important as far as thinking how much antibody we want to have on board.
CHAIRMAN GREENBERG:  Dr. Robbins.
DR. ROBBINS:  I think the problem we have here is that the herd immunity conferred by mass immunization even with three injections in infants is protecting many more people than just vaccination alone.
Take a look at the example of diphtheria.  Diphtheria vaccine where it's been studied is only 70 percent effective against preventing diphtheria.  Half the people in the United States and almost all European countries have less than what the protective level, .01 international units per mL, has been measured.  And it's possible to have protective levels of antibody and get diphtheria, but yet in our country we have none or one case per year, and that's because the organism has been virtually eliminated.
So from the point of vaccine regulation, it's very difficult to give numbers.  What we do, of course, is to try to say that a new vaccine has to make at least two international units per mL after a primary series, and that seems to be effective in the country.
Right now I would not like to give up one inch of efficacy that we've achieved so far with these Haemophilus vaccines, would not sacrifice any cases, and it appeals to me that about one month after the third injection of a primary series we should have something from 2.5 to three geometric mean titer.
The fourth injection probably solves our problem, but will not protect those very special populations that have the disease at a very early age, like Native American children in the southwestern United States and in Alaska.  
It seems, I mean, if I had control of this, I would say that we mandate special consideration to use the optimum vaccination schedule today, which seems to be alternating the Merck product and the other two products to get the maximum antibody levels as early as possible in that population.
I think that technically the vaccines can be improved.  The manufacturers, in general, have been reluctant to do this because of the enormous expense involved in doing a clinical study with five antigens on 100 infants.
And if government assistance is required in this, I think this would be a reasonable request, and we have an administration that seems to be favorably disposed to assisting where assistance is needed.
DR. FLEMING:  Harry, I'm sorry.  Could I ask Dr. Robbins to expand slightly on his answer?  
Given the premise that the major mechanism through which the current Hib vaccine has achieved production is through herd immunity to the level that's been achieved, how much reduction then can we allow in Hib immune response before it will affect the level of herd immunity that's been achieved?
DR. ROBBINS:  Remember what happens.  As soon as you start to vaccinate, the disease is depressed at all ages.  In the U.K. it was reported to have a 50 percent reduction even before the children were immunized when that vaccine program started.
In Finland, you protected adults against epiglottitis.  So it's very hard to measure that on a community basis, but for the moment, for the present, looking at the studies, and I don't have access to all of them -- CBER has to do this -- I would say I would not give up less than 2.5 to three micrograms of antibody one month after the primary series because with the fourth injection, you're going to do just fine, but it's these very special populations for reasons that we don't understand that have the disease at a young age where we're not nearly as efficient as we could be in getting those last cases.
But I would have a number of -- I picked a number, 2.5 to three.  Maybe CBER will do much better than I do, but I would not give up an inch on those.  I would not go below those.
CHAIRMAN GREENBERG:  Dr. Heath.
DR. HEATH:  And I just agree that the clinical significance will depend on the population so that in Europe, well, in Germany, the United Kingdom and probably in the general U.S. population, the clinical significance would be very small, but in the Alaskan population it wold probably be very high and just support really the need for ongoing tight surveillance post implementation.
CHAIRMAN GREENBERG:  Nothing to add?
Dr. Levine.
DR. LEVINE:  Yeah, I guess that in following up to that comment, the issue is as Jay pointed out you have to have both increased susceptibility and continued transmission, and so that in environments like the U.S. where the general population in the U.S. where Hib colonization is quite low, it may be quite a while before you saw any clinical significance of a change.
On the other hand, if the significance of that change is to create a cohort of children that aren't protecting against colonization, if there are reintroductions and then we reestablished transmission, you may then find the clinical significance appearing, and it's only through surveillance that we would be able to detect that.
CHAIRMAN GREENBERG:  Dr. Snider.  Hold on.  Go on Dr. Steinhoff.
DR. STEINHOFF:  Yeah, I agree with everything that's been said.  I think I would urge that in the interest of simplifying the schedule reducing the shots and so forth, if you're considering adopting a combination vaccine, that's fine.  
I would agree with what you said, Harry, that you're unwilling to give up even 25 cases.  The point I would add to that is it seems likely that if we accept somewhat less immunogenicity and perhaps in perhaps a few more cases, we have to be careful that those cases are likely to appear in the high risk population so that they do need a special consideration either with a different schedule or with a different threshold.
We've heard a threshold now of two to three.  Would that include 95 percent of the high risk population?  I don't know.  
So that I think this is a more detailed answer than we've been asked, but I'm unwilling to give up effectiveness, especially in populations that we know are at high risk.  How this translates into policy I'm not sure.
CHAIRMAN GREENBERG:  Dr. Stein.
DR. STEIN:  I just want to correct for the record that I'm not an official member of the panel because I am an FDA employee, but I have been studying conjugate vaccines for over 20 years, and I think that that's the reason I'm here.
I don't want to add anything to the discussion on this point.
Thank you.
CHAIRMAN GREENBERG:  And I agree with most of the comments that have been said.  I guess the only other point I would raise is that if more and more vaccines are going to be added to these combinations, one might anticipate increasing opportunity for immunogenicity to be lost in the future so that holding immunogenicity at the present is not a bad idea because this same thing could happen the next vaccine that you add.
And so it would be best to try to maintain immunogenicity.
DR. FLEMING:  Can I just  -- to reinforce that, following what you called immunogenicity -- what was your expression?
CHAIRMAN GREENBERG:  Creep.
DR. FLEMING:  Creep, and I used a different term.  I called it the slippery slope in equivalence trials, the same exact concept.  You do successive equivalence trials, and you can be increasingly ineffective.
If you use an adequately rigorous criterion for noninferiority, then generally your point estimate has to be the same or better to satisfy that criterion, and so if you're using standards that are rigorous, that is the best way to avoid the creep phenomenon.
MS. FISHER:  I would like to ask Dr. Robbins one question.
CHAIRMAN GREENBERG:  Okay.
MS. FISHER:  Dr. Robbins, is it biologically possible for the Hib organism to mutate into a vaccine resistant form in the future?
DR. ROBBINS:  Anything is possible.  Is it probable?  I don't think so, but there have been very good studies from England with Haemophilus, and I'm not sure what lab it comes with, but meningococcus, but it might be capsule switching, might be, but is it probable?  I doubt it.  
Must we look for it?  Of course.
DR. FERRIERI:  I might add to that that the capsule switch has been well described in pneumococci and the antibody resistant pneumococci, and as Dr. Robbins says, it's been discussed regarding meningococcus C, and there's great concern in that in England where they've introduced the monovalent meningococcal C conjugate vaccine that they may, indeed, see a capsular switched with the other meningococcal serogroups.
CHAIRMAN GREENBERG:  One second, Dr. Stephens.
Fortunately there is no time limit on this evening.  So --
(Laughter.)
CHAIRMAN GREENBERG:  So tomorrow, however, I am going to be a little bit more ruthless because I have to get home, but if any of you do have plans, I would again -- this is a very, very important problem, and we want to air it completely, but, again, formulate your questions and be crisp.
Thank you, Dr. Stephens.
DR. STEPHENS:  The issue of capsule switching, that was from a meningococcal standpoint an observation of our laboratory and also an in vivo observation from an outbreak occurring in the Pacific Northwest.  So it does occur.
The question though with Hib is if you have capsule switching, are you switching to an, in essence, nonvirulent capsular type.  In our surveillance project in Atlanta, which we've been doing for the last ten years or so, we've certainly not seen -- and I think this is CDC-wide as well -- we've not seen an increase in other capsular Haemophilus influenza types associated with disease.
DR. ROBBINS:  Harry, just a point.  The other capsule types by in vitro and animal assay are not virulent, and there's not a Haemophilus hole.  If you close up the B, the others are not going to be virulent, but it is possible to make a super bug by putting another gene in and making three or four times as much capsule or to make an organism start shedding capsule very quickly, and that's why we must keep on looking.
Is it probable?  I don't think so.  Is it possible?  Anything is possible.
CHAIRMAN GREENBERG:  Yeah.  In biology that is clearly close to true.
DR. STEPHENS:  Just as a comment, we've also looked at non-typable nasopharyngeal isolates to look for those organisms that, quote, might be turned off, if you will, in terms of B production, and we really don't find those, and that's another area of concern that has been raised regarding the vaccine.
DR. EGAN:  And I guess one would have to worry about the acquisition of a non-Haemophilus caps in the title to Haemophilus (phonetic).  Again, these are issues that we have touched on, but if you could please discuss the contribution to efficacy of immunologic memory, the demonstration of comparable functional antibody responses in comparing vaccines, and also the contribution to the eradication or diminution of carriage to the efficacy of the hidden conjugates.
DR. FERRIERI:  Start on this side of the room.
CHAIRMAN GREENBERG:  Okay.  I was just going to see how long it would be before Dixie got mad.
(Laughter.)
DR. SNIDER:  Well, I'm only going to be here about five more minutes.  So --
CHAIRMAN GREENBERG:  Okay.  Dixie.
(Laughter.)
DR. SNIDER:  So, you know, if you are going to let me have my say, I mean, clearly the answer to this would require that you line up the Hib conjugate vaccines and compare them head to head and see if the priming and functional antibody responses and eradication of carriage correlates with the other traditional measures of efficacy and the surrogate markers and so forth, and we don't have that kind of data.
So we don't -- and, in fact, what we have is a little bit confusing.  For example, with regard to eradication of carriage, I would think based on what I've heard all day that that would be very important in trying to get this herd immunity that seems to be important for reducing Hib disease since we haven't been able to get 100 percent coverage in any population.
But yet what we saw from Alaska didn't really show a correlation between -- at least it appeared not to show a correlation between efficacy and preventing disease and efficacy and reducing carriage.
Now, it may be that one has to take another stronger step in potency to be able to reduce carriage in that particular population with the vaccine or it may be that in that population it's not possible given all of the socioeconomic factors that are promoting the persistence of carriage.  It may not be possible to do it with the vaccine.  You just don't know.
But generally speaking, I would say that conjugate vaccines, any vaccine, but conjugate vaccines that reduced or eradicated carriage I would have greater confidence in.
I'll let other people speak to the immunologic issues and just briefly say that it seems to me that demonstration priming is important because this is an acute disease which can develop rather rapidly, and theoretically I would like -- would presume that having a number of primed memory cells around would be quite useful in preventing rapid onset of invasive disease.
And of course, with regard to functional antibodies, I would presume that the antibodies with greater avidity would be better than antibodies with lower avidity, and there already is some evidence that isotype is important, and I think IgG-1, for example, is supposed to be important.
DR. EGAN:  I think in part what was meant by this question, certainly elimination of carriage is the basis, you know, for the herd immunity, and it's quite important for that for, you know, children who are not immunized and for children who failed to respond, but is diminution or eradication of carriage important to the individual who's vaccinated?  Is this another parameter that should be examined?
DR. FLEMING:  Just from a mathematical modeling perspective, if we have a two log drop, which is essentially what the data are suggesting we have achieved with the current vaccination strategy, and if, in fact, -- and Dr. Robbins is claiming that it could be more than one of those two logs could be attributable to the pressure, the burden -- the benefit of that is not only in reducing risk to those who aren't vaccinated but those who are vaccinated have less baseline risk that you're trying to protect against.  So it should matter for all of the patients.
DR. EGAN:  That's what I wanted to include in this discussion.
MS. CHERRY:  Dr. Edwards is filling in while Dr. Greenberg is out of the room.
DR. EDWARDS:  Dixie, are you finished?  No?  Okay.
Diane.
DR. GRIFFIN:  I think that priming has to be good, but I don't think priming or I didn't hear data that convinced me that priming was enough.  I think that your most comfortable people have antibody on board at the time, at decent levels at the time that they're challenged with the organism.  So I think that I wouldn't accept just evidence of priming as being indicative of the efficacy of the vaccine.
I mean obviously better antibody is probably better than bad antibody, but again, I didn't think we heard a lot of data on showing the different antibodies had remarkably different effects as far as predicting.
As far as eradication of carriage, for the individual, I mean, for many kinds of prophylaxis against disease, eradication of carriage actually is not something you achieve in the individual who is immunized often.  It's more important for those around that individual for ability to spread that that individual be protected if they have adequate antibody to protect from invasion even if they continue to carry the organism.
DR. EDWARDS:  David.
DR. STEPHENS:  I don't have anything else to add.  I agree with what's been said about Parts A and B.  I again would emphasize the importance of eradication of carriage, and as a correlate of the effectiveness of this vaccine and one that has not been greatly emphasized in terms of data.
For example, this issue of three micrograms as being protective against carriage, as I understand it, is largely animal work, and there's really no good data that we've heard today about mucosal levels of antibody and the correlation with prevention of carriage, which I think is a very important issue.
DR. EDWARDS:  Dr. Estes.
DR. ESTES:  I don't have much to add.  The issue of eradication of carriage in the individual to me, I agree with Diane that there are many vaccines that are effective in terms of the population where you're inducing herd immunity and you're lowering overall carriage, but I don't think that that has to be a factor for the efficacy of a particular vaccine in the individual.
DR. EDWARDS:  Steve.
DR. KOHL:  I would just urge that more studies be done in these areas.  Obviously, there is a fair bit of controversy, and we have a lot of smart people in the field.  I think we ought to have some answers to this forthcoming, and I think animal models, as well as human studies will be helpful.
DR. EDWARDS:  Dr. Kim.
DR. KIM:  I agree with everything said about this topic.  I guess I would add one more.  That is, I think based on the cases, Haemophilus influenza Type B disease, it appears that preemies are increased risk.  So with the patients, again, either they are fully immunized or partially immunized.  Cases appear to be predominantly in preemies, and there are possibly issues related to A, B, and perhaps C.
So I would, you know, urge to include that population for studying these issues.
DR. EDWARDS:  Dr. Faggett?
DR. FAGGETT:  I agree with the previous speakers.  I think this question though emphasizes the fact that we, as most of the speakers today, have really come to consensus that immunogenicity studies can be used in lieu of field efficacy trials.  
That being said, I would like to see these areas really being looked at and more evidence based with the field trials and all of that.  If you want to go with the immunogenicity studies, then it's even more important that these be looked at very seriously.
MS. FISHER:  Yeah, I think we have to have more lab data before we get more clinical data, and I think that, you know, parents when they bring their child for vaccination and they accept the vaccine risk, a risk of a reaction, they assume efficacy.  That's the reason they're doing it, so that their child is protected, and if there is any sacrifice, temporary or otherwise, in efficacy, I think parents are going to -- it's going to reflect poorly on the whole system, the whole vaccine system, and I think parents will come back for more shots if they are convinced that that vaccine is going to protect their child, as well as everything that is being done to limit vaccine reactions.
CHAIRMAN GREENBERG:  Cathy?
DR. EDWARDS:  I think Dr. Insel clearly showed us that the primary immune response and the memory response are closely linked.  So I think that that suggests that a good vaccine that makes a good primary response is probably going to induce good memory, and again, it's hard to know exactly how quick memory can come and how many organisms you have and how quickly they invade.
But I think that is important.  I think in general the avidity also shows that it does increase with vaccinations.  In general the more immunogenic vaccines have the greater avidity.  So those, again, are hand in hand and likely important in eradication, does certainly contribute to the importance of the efficacy of the vaccine.
CHAIRMAN GREENBERG:  Dr. Eickhoff.
DR. EICKHOFF:  Well, A, B, and C are almost surely important, and C may, in fact, turn out to be the most important.  I will look forward to the day when some future Vaccines Advisory Committee probably at least a decade hence will be able to parse out the relative contribution to efficacy of those three components.
CHAIRMAN GREENBERG:  Sage, sage words.
Dr. Ferrieri.
DR. FERRIERI:  No words of wisdom, but I'd like to go on record as requesting more support from the federal agencies and more money for FDA and from NIH to support basic immunologic studies in this area.  This is really critical. 
I see ourselves all with gray hair coming back ten years from now.  All of the new vaccines will create more complex issues for us, and so we're going to continue to spin our wheels unless we very proactively dissect these issues out from the beginning, not at this stage after introduction.
I'm very supportive of post marketing studies, but also very proactive studies up front for any new vaccines that come along that we know are about ready to burst out.
CHAIRMAN GREENBERG:  Dr. Fleming.
DR. FLEMING:  Well, I think from the perspective of immunogenicity looking at measures such as anti-PRP antibody levels and whether it's above .15, certainly that is an important correlate for susceptibility and carriage certainly should be anticipated to be an important measure of pressure or infectiousness.
My sense is from what I've heard, and for example, look at the Finnish data, and it appears that there's more going on than just specifically I call it accrued measure of percentage that achieved .15, and it's my sense that more fine tuning here, greater knowledge as we've indicated in Part B of functional antibody responses.  
I guess ultimately what I would like to see is be able to get at is the most informed causal mechanism for reducing susceptibility in B and the most specific causal mechanism for infectiousness when we're talking about carriage in C.
CHAIRMAN GREENBERG:  Dr. Insel.
DR. INSEL:  I don't think we've defined the role of memory and efficacy at this time.  As I said, we don't know the incubation period for this disease.
I would challenge this group to think back to is there anything we can learn from epiglottitis in adults and why that was occurring in adults or some lesson to be learned from that.  I don't have any answers, but it's something I've puzzled about some time.
Also it's important to point out as one gets older, even though antibody to the capsular polysaccharide is primarily the protective antibody here, one is making antibodies to other antigens on the surface of the bacteria that can also provide protection.
One quick comment on avidity.  I just want to put it in perspective.  When one immunizes with a protein antigen, we're talking about a change in avidity of three, even four logs.  What we're talking about with a polysaccharide is very different.  It's really fine tuning.  It's usually less than a log.
And so as we measure this in vitro, and I think one can rig systems either based on bacteriocidal activity of opsonic activity to detect these differences, it a real question as to whether this is clinically meaningful.  I just want to point out that this is true not just for this polysaccharide, but it's true for all polysaccharides.  It's the nature of hydrophylicity and hydrophobicity (phonetic) if you can't raise it.
As far as isotype, I don't think we've seen any real differences here.  IgG-1 and IgG-2, both can confer protection.  I don't think that's a real problem
CHAIRMAN GREENBERG:  Dr. Heath.
For the record, Dr. Heath has nothing to add.
Dr. Robbins.  Same?
DR. ROBBINS:  I agree with Dr. Eickhoff.  I'm waiting to see how we can measure memory and how we can relate those two, but I'm patient.
CHAIRMAN GREENBERG:  Dr. Levine.
DR. LEVINE:  Yeah, I can't really comment beyond what's already been said on the priming and the functional antibody responses.  In terms of the eradication of carriage or more properly protection against colonization, I think that we are at an issue -- we have an issue here where we don't have a good serologic correlate even close to what we have for protection against invasive disease, and I think that's a research gap.  
Some people have pointed out that animal data suggests that it's two or three, and there haven't been human data.  We did recently do an immunogenicity trial in Dominican Republic where Hib was not a routine vaccination, and there's still substantial Hib colonization.  We vaccinated 600 children, bled them with three doses of PRP-T at ages two, four, and six months.  
We bled them at seven months, measured their serum antibody levels and then collected NP swabs to look for Hib colonization at age nine months, and we found that although the GMCs in the overall population were over nine, all of the Hib colonized children had antibody levels at age seven months less than five micrograms, and the difference in protection between those less than five micrograms and those over five micrograms was quite significant.
I don't know if that means that five is your magic number, but I do think that what it suggests is that the threshold for protection against colonization measured by serum antibody might be quite a bit higher than what it is for invasive disease, and that if you think about slipping, you know, your thresholds for what you consider an important threshold for vaccines, that may end up becoming a consequence of that.
DR. FERRIERI:  May I ask Dr. Levine a question?  Did you have any studies of nasal secretions to examine mucosal antibodies?
DR. LEVINE:  No, we did not.
DR. FERRIERI:  They're secreted antibodies.
DR. LEVINE:  No, we did not.
CHAIRMAN GREENBERG:  And Dr Robbins.
DR. ROBBINS:  This has been well studied.  Almost all of the antibody in almost all people that are in secretions in the respiratory tract are from the serum IgG.  Conjugates do not induce secretory IgA antibodies to any degree.  I mean you can't say no, but I think the level is so low and occurrence in individuals is so few I don't think it's important.
Serum IgG participates in mucosal immunity.  I think I would not dwell on that too long.  There's just no evidence that it has any participation.
CHAIRMAN GREENBERG:  One moment Dr. Granoff.
We're polling the panelists now.  Dr. Stein?
DR. STEIN:  I just want to make a few quick observations.  These conjugates work in infants because they shift the basic biology of the immune response from a thymus independent antigen to a thymus dependent response, and memory is an integral part of that, and what you normally see with a thymus dependent response, in addition to memory, is the generation of high affinity antibodies.  These are usually accompanied by mutations in the antibody genes and selection for high affinity antibodies.
So I think memory is very important, and we've shown in our mouse models that when you prime with a conjugate vaccine, and we have a marker in the mouse for the T dependent response, that is, an IgG-1 antibody, you don't have this in humans.  When you prime with a conjugate vaccine, the cells are switched to make IgG-1.
And when you transfer B cells from a primed animal into a naive recipient, you can boost the G-1 response with pure polysaccharide just as with conjugate.
So the cells are switched, and memory is an integral part of the biology of the thymus dependent conjugate vaccine.  
In terms of the avidity, isotype and so on, when you measure the response to an antigen, you're looking at the combination of concentration and affinity, and unless you look specifically, you don't know whether you're seeing a little bit of high affinity antibody or a lot of low affinity antibody, and so I would encourage people to generate more data on the affinity in the antibody in various situations with single vaccines and combinations.
And I think Dick Insel had mentioned that the isotype, both G-1 and G-2 are protective, and I haven't seen any data that suggests there are major differences there, but I think we do need more data on the avidity.
I would also like to add for Dr. Ferrieri that through the generosity of the National Vaccine Program Office I am doing some studies on combination vaccines, and I will present some preliminary data next week at the combination vaccine meeting.
I hope that if we do establish a reproducible mouse model, and I think that's what's needed, then we can begin to answer the questions Dr. Fisher has asked at various meetings:  what is the underlying mechanism by which we're getting protection with these vaccines?
And hopefully we will have that data.  I agree we need more studies.
CHAIRMAN GREENBERG:  We are maybe losing a few panelists.  So I don't want to go a lot slower.
Dr. Granoff, I hope this is -- I want this pithy.
DR. GRANOFF:  Pithy.  But this is just a little history on --
CHAIRMAN GREENBERG:  History is not pithy.
(Laughter.)
DR. GRANOFF:  Well, no, because you -- this question is very germane to, I think, a question that I spent many years addressing, and that is the plain Haemophilus poly saccharide vaccine story.
I mean after that vaccine was licensed, I mean, I collected hundreds of cases of children who were two to five years of age who developed invasive Haemophilus disease despite getting the plain polysaccharide, and within months after the introduction of conjugate vaccines for the same age, the disease virtually disappeared, and it took me years to get ten cases.
And if you asked the question what is the big difference between conjugate vaccine and plain polysaccharide, you remember we're looking at children two to five who are making pretty good antibody responses to the plain polysaccharide.  What is the difference?
The conjugates give immunological memory.  The conjugates give high avidity antibodies that are more functional.  They give predominantly G-1, and they also affect carriage.  So I think these factors are all very important in the effectiveness of conjugate vaccines that need to be taken into consideration.
Okay, and I actually agree with you.  I think the key at least as a noninvestigator in this field is I'm not able to parse out which parts -- the conjugates do affect all of that -- but which are the operative modalities in decreasing rates in not clear to me, and yes, they affect carriage, and they affect isotype, and they affect isotype avidity, but I have not heard a lot of data that would enable anybody here to say it's equal parts of all of them; it's 99 parts/one, and that's what we need to know if we're going to move forward to know what part of the conjugate can't be sacrificed.
Okay.  Number three.
PARTICIPANT:  I thought we were --
CHAIRMAN GREENBERG:  Oh, number four.  No, we're on three.  We're on three.  We're on three.  Wishful thinking, big guy.
DR. FAGGETT:  Harry, can we possibly get CM credits for the day?
(Laughter.)
CHAIRMAN GREENBERG:  You know, you've buttered your bread.
DR. EGAN:  You get two for every hour past six.
There's a lot of historical data demonstrating variables in levels of serological responses with the currently licensed conjugate vaccines.  How should we view or can we view, use this variability in considering the lowered immune responses that have been observed in the comparative trials.
And I guess we've seen some data from Dr. Granoff on some lowered responses with one vaccine.  We've seen much data on variations between vaccines from four different vaccines.
CHAIRMAN GREENBERG:  Diane?
DR. GRIFFIN:  I thought maybe you were going to start on the other end.
CHAIRMAN GREENBERG:  I'm a righty.
DR. GRIFFIN:  Well, I don't think I can really address this.  I think in some ways it's a very interesting issue.  I think in some ways it's a mathematical issue to try to figure out how these -- whether this variability all fits within a bigger picture of variability.
And I guess the only thing I would be concerned about is whether it's telling us something substantive about changes in the population perhaps or the fact that the organism isn't around so much and that you perhaps don't get as good an immune response, but basically I think it's a mathematical approach that I can't help with.
CHAIRMAN GREENBERG:  Dr. Stephens.
DR. STEPHENS:  I really don't have much to add to what's already been said because I think we've addressed a lot of this particular issue other than there may have been some clear effect upon the influence of the organism and its ability to induce priming or on cross-reactive organisms as has been mentioned earlier.
CHAIRMAN GREENBERG:  Dr. Estes?
DR. ESTES:  I have nothing to add.
CHAIRMAN GREENBERG:  Dr. Kohl.
DR. KOHL:  I think I've said what I can say.
CHAIRMAN GREENBERG:  So you're seeing the panel tiring here.
(Laughter.)
CHAIRMAN GREENBERG:  I knew we could wear them down eventually.
(Laughter.)
CHAIRMAN GREENBERG:  Dr. Kim.
DR. KIM:  I think some may be real.  Some may be mathematical as was said, but I think this issue has been -- questions have been raised in earlier discussions, is that some of the variability that we have seen we clearly do not understand the biologic basis for that.  I think that, you know, is a big puzzle that certainly requires considerable investment in finding the answer.
CHAIRMAN GREENBERG:  Dr. Faggett.
DR. FAGGETT:  As a practicing primary care pediatrician, I have no comment on this question.
CHAIRMAN GREENBERG:  Ms. Fisher.
MS. FISHER:  I just think we should be concerned about the under six month age group and look at what other factors have changed in the past decade that might be contributing, and I mentioned before Hepatitis B vaccine, and I still think we should look at that.
CHAIRMAN GREENBERG:  Dr. Edwards?
DR. EDWARDS:  There's been variability in  interpretation of this assay from the time when I had black hair.  It's been going on for at least two decades.
CHAIRMAN GREENBERG:  And from the time when I had hair.
(Laughter.)
CHAIRMAN GREENBERG:  Dr. Eickhoff.
DR. EICKHOFF:  Only one thought to add.  I think the decreased immunogenicity of the combination vaccines is real and something you need to pay attention to, and we are, rather than just part of the broad background of biological variability that we see with all vaccines.
CHAIRMAN GREENBERG:  Dr. Ferrieri.
DR. FERRIERI:  I feel we have said it all.
CHAIRMAN GREENBERG:  Dr. Fleming.
DR. FLEMING:  Well, I'd say the goal is to sort out the signal from the noise, and both are impacting variability, both true effects that cause estimates to differ, as well as noise that can occur, random variability, and my sense looking at all of this data is that there is clear signal that the Hib responses are lessened through combination vaccines even in the presence of the noise that exists.
The challenge was what we were discussing in the other questions.  What caused the signal?
CHAIRMAN GREENBERG:  Dr. Heath.
DR. HEATH:  I have nothing to add.
CHAIRMAN GREENBERG:  Dr. Robbins.
DR. ROBBINS:  In a study in Chile the Haemophilus-tetanus conjugate was injected mixed with DTP and the aluminum where it projected separately, and three weeks after the third injection the difference between the groups were ten micrograms for the separate injection and three for the combined injection, but at 18 months there was no difference, and there were protective levels.
I think we have seen very few studies about the duration of vaccine induced antibodies.  In fact, aside from the one that I put up with six years following an injection, there were none presented today; is that correct?  Excuse me.  I'm sorry.
I think that has to be done.  If, indeed, a year or two after the primary injection there is no difference by injecting these combination vaccines, then I think we can be more reassured.
I would also like to see what happens after the fourth injection, and I'll go back to the issue of the Native American children who suffer so much from this early onset disease that I think special consideration should be given to them.
I don't think you'll find any reluctance to try to set that up nor monies to finance it.  People are interested in trying to see what we can do to protect, and I think the reluctance of some of those, of that population to give blood samples or to give other samples can be overcome if they can be convinced that what's being done is being done for their benefit.
CHAIRMAN GREENBERG:  Dr. Levine.
DR. LEVINE:  Nothing to add.
CHAIRMAN GREENBERG:  Dr. Stein.
DR. STEIN:  I agree with Dr. Robbins' comments.  I think I would also like to know more about the cross-reacting antigens and the role in boosting.  Certainly in the early days of evaluation of HbOC there were some children in the studies that appeared to have been self-boosted, and we don't know what antigen was doing that boosting.
So I would like to see some more studies about environmental antigens that are cross-reacting and how that influences the level of antibody in conjugate immunized children.
I think in terms of the combination, you know, we are doing studies with combinations of Haemophilus DTaP and IPV in the lab which I will present next week.  We are seeing some reductions in both Haemophilus and polio titres, and I think if we can, again, as I say, get a reproducible model we can begin to try to get at the mechanism.
As somebody who studied in red mice for many years, there are huge variations in individual titres in inbred mice, and if you don't have a control on levels in inbred mice, it's very hard to expect to have consistent levels in children.
So I think we need to get at the mechanism to be able to try to understand what's going on, and hopefully we will be able to do that in mice where we can do controlled experiments in large numbers of animals.
CHAIRMAN GREENBERG:  Thank you, Dr. Stein.
For the record, I agree with most of the comments.  I would like to say that I resonate most with Dr. Eickhoff and Dr. Fleming and simply state that the take-home message I'm getting here is that there's a reduction in titre with combined vaccines, and it's there, and it's real, and I think we should not deal with this by saying it's okay, and therefore, we don't have to understand it.
It will eventually not be okay as you keep adding more and more combinations.  We need to understand the mechanism, and I would assume that some of these mechanisms that are involved in decreased titre will have relevance to other combinations that are in the pipeline, and the sooner we figure it out the better.
Can I ask one question?  For Native Americans -- this is a questions of ignorance -- is this true for a Native Americans or -- so in South America where the Indian population is huge, the Native American population is hugh.  Haemophilus is a special problem?
DR. ROBBINS:  There's a very good study by George Siber in which they injected the polysaccharide alone into I think it was Apache Indian children or Caucasian children in the area, and the difference between the two groups was statistically significant.  It's one of the few genetic studies or population studies that show a real difference.
Actually the post immunization level of two year old Apache Indians was slightly lower than the pre-immunization level of the Caucasian children, but unfortunately they did not study Apache children who are living off the reservation.
CHAIRMAN GREENBERG:  So I just wonder because there's such a large Native American population in South America, is Haemophilus a very big problem?
DR. ROBBINS:  In Australia with Aboriginal people it's exactly the same thing.  The attack rate of Haemophilus meningitis is about eight to ten times higher in Aboriginal children in Australia than it is in the Native population.
CHAIRMAN GREENBERG:  Dr. Daum, we are -- no, we're moving on to the fourth question.  We may get to it at the very end.
DR. EGAN:  Okay.  Again, we have touched on a lot of aspects of this, but the first part of this question is consider the relevance of the available post marketing data from Europe for the U.S. situation.  So how do we interpret the U.K. data, the German data, other foreign data that may exist, and also if you can comment on the utility of epidemiologic surveillance systems and the use of them in studying the Haemophilus disease.
CHAIRMAN GREENBERG:  I assume you're including the U.S. post marketing data.
DR. EGAN:  Yes, the U.S. post market to this.
CHAIRMAN GREENBERG:  Okay.  Diane.
DR. GRIFFIN:  I think the post marketing surveillance, certainly the epidemiologic surveillance is absolutely critical.  I mean that's how various -- I mean it's how things were detected in Alaska as there being an upsurge in this disease.
I certainly think that we can pay attention to the European data, but I don't think we can use it for our population because it's just a more diverse population.
CHAIRMAN GREENBERG:  Dr. Stephens.
DR. STEPHENS:  I hope this is not implying that we endorse these combination vaccines and, therefore, will then study them in a post marketing kind of situation because I don't think any of us around this table, at least certainly not me, are endorsing that particular concept.
There are a number of very fine surveillance studies ongoing in this country as some of you know.  The ABCs have been mentioned before.  We, for example, began that, an active population based study in 1988 for Haemophilus influenza B disease and have continued that for the last 12 years.
What we saw in adults was a decreased rate of Haemophilus influenza B disease.  This was bacteremic disease associated with epiglottitis, associated with bacteremic pneumonia in adults in conjunction with the introduction of the conjugate vaccines.
That has remained.  We virtually do not see in adults Haemophilus influenza B disease currently, and we're continuing that surveillance.  I think this is true for the entire ABC surveillance nationwide.
So it certainly has had a major impact upon adult disease and continuing that kind of surveillance is obviously important for any of the vaccines that we're currently thinking about.
So those are two points.
CHAIRMAN GREENBERG:  Dr. Estes.
DR. ESTES:  I had just one other point to add.  It sounded like the information from Canada might be interesting.  We didn't hear a lot about that.  The population there may be a little more similar to the population in the United States.  That certainly should be considered.
CHAIRMAN GREENBERG:  Dr. Kohl.
DR. KOHL:  These kinds of studies are critical.  I would urge that they be linked with better year 20 -- 2000 at least immunological data; that especially if we hook in with other societies, Pediatric Infectious Disease Society, the American Academy of Pediatrics.
The question was asked:  how can we get samples on these kids?  Most of these kids, I think,  are taken care of in hospitals.  Most of these kids are taken care of by, I hope, pediatric infectious disease consultation, and I think those samples, if it's made obvious that they're needed, will be forthcoming.
CHAIRMAN GREENBERG:  Dr. Kim.
DR. KIM:  Yeah, I concur with what Dr. Stephens said, that certainly I think that we are not discussing this issue, assuming that these products will be available to the public at this time, but again, with that in mind, I would concur with all the comments that have been made.
Certainly the experiences from other countries will be useful, but certainly would not substitute what is going on here.
CHAIRMAN GREENBERG:  Dr. Faggett.
DR. FAGGETT:  I would hope that the post marketing data would not only include efficacy but safety issues as well.  I don't think we've really talked enough about that today, but here's one area.  I think we should emphasize that as well.
CHAIRMAN GREENBERG:  Ms. Fisher?
DR. EGAN:  If I can just comment, I don't think we're -- you know, I think we're talking in the context of equivalent safety, not trading off safety for convenience.
CHAIRMAN GREENBERG:  Ms. Fisher.
MS. FISHER:  Yeah, and I think that's important when you're looking at combination vaccines, the safety factor, but in terms of the relevancy of the foreign data, I think it could be very important if the studies conducted in other countries would look at vaccine failures and do immune panels and do serological work to find out if there are genetic differences that could possibly apply to our country.
And, again, I also agree that we're not talking about post marketing surveillance in terms of assuming that we're going to combine these vaccines without further research.
CHAIRMAN GREENBERG:  Dr. Edwards.
DR. EDWARDS:  I basically agree with all that's been said.  I think the only other thing that might be -- it's always controversial when you ask to collect DNA on anyone, but I think the vaccine failures, if possible, certainly we're going to have the genome soon, and if possible that might be something that could be looked at as well.
CHAIRMAN GREENBERG:  Dr. Eickhoff.
DR. EICKHOFF:  Really nothing to add.
CHAIRMAN GREENBERG:  Dr. Ferrieri.
DR. FERRIERI:  In earlier remarks I supported a number of these directions, and I would like to emphasize the importance of some of the genetic susceptibility, and we didn't touch on this because it relates to meningococcal disease, but a relatively good proportion of meningococcal disease may be related to a unique genetic susceptibility, and we don't understand this as well perhaps in some of the Haemophilus studies.
CHAIRMAN GREENBERG:  Dr. Fleming.
DR. FLEMING:  I agree with the comments that have been made.  It will be very enlightening to have careful surveillance, active and passive surveillance, in understanding and I agree the question does really directly suggest that the strategy will be licensed, and we're answering the question in that context, and I share the concerns that have been expressed by others about whether that is the right step.
But assuming that that step were taken, it would be very important as many presenters have already acknowledged today to do this type of active and passive surveillance to understand, as I see it, all three components here we've been talking about.  What is the effect of changing strategies here?  What is the effect going to be over time on carriage and the pressure?  What is the difference that will evolve in the actual level of protection in those who complete three doses, and what is the impact in those who, in fact, complete less than three?
To really best then use that data post marketing, if that's where we end up, then it would be best to have similar type of data pre-marketing to serve as the control.  So I strongly endorse that we be attempting to get that information now.
I also acknowledge comments that others have said about the European data.  It's certainly informative, but there are important differences that can exist in populations and in the vaccine schedules that might be delivered.
And, in fact, I haven't heard enough to be as confident as we would need to be about the surveillance system in place there and how effective it is in capturing.  If what we are talking about, as I have heard stated several times today, is sensitivities to small increased because even small increases would be unacceptable, is what I'm hearing today.
That means you have to have a surveillance system in place that is very sensitive, and I would need to know a lot more about the European systems that have been in place to know whether they would satisfy that criterion.
CHAIRMAN GREENBERG:  Dr. Heath.
DR. HEATH:  Well, perhaps we could talk more about the European surveillance system afterwards.  Clearly we believe that post marketing surveillance is very important, and also not a particularly expensive tool to implement.
CHAIRMAN GREENBERG:  Dr. Robbins.
DR. ROBBINS:  Just one comment.  The number of vaccine failures in the United States in children that have been fully vaccinated where we know the history are very few, very few.  Most of the vaccine failures are due to incomplete vaccination or other things.  I doubt very much if we're going to have any substantial information from attacking that problem.
It would be very difficult to get those samples, and you won't get many of them
CHAIRMAN GREENBERG:  Dr. Levine.
DR. LEVINE:  Thanks.
I think I would just echo the points that the surveillance is critical, and David Stephens pointed out that post marketing surveillance for invasive disease is good, but I also see us having some gaps here that there's incomplete surveillance for changes in susceptibility.  Basically what I mean are changes in immunogenicity of vaccines as they are routinely used, and there's very little support for surveillance for colonization, and I think we're about to introduce pneumococcal conjugate vaccines and perhaps meningococcal vaccines, and maybe we ought to be thinking about this as a lesson in forethought for those.
CHAIRMAN GREENBERG:  Dr. Stein.
DR. STEIN:  It seems that I have the last work.  I'd like to just thank everybody who's shared their data today.  I think it's been a very helpful discussion.
CHAIRMAN GREENBERG:  You don't have the last work.
DR. STEIN:  Oh.
(Laughter.)
CHAIRMAN GREENBERG:  But thanking everybody ‑-
DR. EGAN:  This isn't even the last question.
CHAIRMAN GREENBERG:  It's not even the last question.
So I have nothing to add to this surveillance.  Post marketing surveillance is critical in almost all cases of vaccination and certainly in this case.
Now, there is a last question which is sort of an amazing question here.  It's the stop gap question.  It's have you missed anything.
DR. EGAN:  Yeah, I mean this is where we make up for our -- this is where we at FDA make up for our ignorance and ask you where are we missing the point.
PARTICIPANT:  Where are we missing the boat.
CHAIRMAN GREENBERG:  So I have interrupted people along the way, and this is a chance.
DR. EGAN:  But, yeah, but if -- Dr. Levine just a little while ago presented some very, very interesting data about serum antibody levels and carriage from his study in the Dominican Republic, and I think if anybody else has additional data similar to that, it would be very nice to hear it as we cover this stop gap question.
CHAIRMAN GREENBERG:  Can I ask a question about carriage, which was obviously very important and has been mentioned just in passing?
Am I correct that basically most of the data on measuring carrier state is simply a yes/no carrier state, not a quantitative carrier state? 
And if that is the case, is quantitation important to this or is it the yes/no is all you need to know?
DR. FERRIERI:  I think quantitation is important, and I did work with Haemophilus in rats, of course, years ago, and I think that it's not sufficient to have yes/no, but another technical point is the system you are using to assess colonization to be culture positive.
John, Dr. Robbins, may have a comment on this.  I have a recollection that he had provided us with very potent antibody, and that you can incorporate it into auger and then look for halos around the organism, and, John, is that a good way to be assessing carriage rather than just using, you know, a Haemophilus isolation auger?
Can you comment on that?
DR. ROBBINS:  Just to set the record straight, that technique was discovered by Petri.
DR. FERRIERI:  Oh, sorry.
(Laughter.)
DR. ROBBINS:  And Margaret Pittman used it to standardize serum, but I think Orin Levine probably has had a lot of experience with using the technique in studying the problem.  I wish he would comment on it.
DR. LEVINE:  Well, we have consistently by the graciousness of the John used antiserum from his Burroughs pool to prepare the Hib antiserum agar plates.  The quantification is difficult though.  		There was a paper by Stonebreaker and Michaels in which they tried to quantitate that.  I'm a little bit nervous about it, and I think while it would be nice, it's going to be very difficult.  I would think it difficult to interpret those data.
When you put the goop on a plate, you know, we try to conserve the antiserum in the preparation of antiserum agar plates, and so we use the smaller Petri dishes.  It's very hard to get a spread so that you could actually count meaningful differences in the numbers of colonies.
CHAIRMAN GREENBERG:  There's no quantitative PCR techniques that can now be brought to bear on this?
DR. LEVINE:  I'm just an epidemiologist.
(Laughter.)
CHAIRMAN GREENBERG:  I mean, are quantitative PCR is being used in microbiology all over the place.  I would assume it would work just fine here if somebody would work it out.
DR. ROBBINS:  There are differences in the infectivity of carriers, and that's been documented in many studies, including those done in Jamaica in the 1950s and '60s.  I'll just tell you one.
Parents and siblings of children with meningitis invariably are colonized, but the parents and siblings of a carrier who's asymptomatic are rarely colonized.  So there must be differences in infectivity.
I would think, Orin, that if you had a plate with one organism or two organisms as opposed to a confluent culture, you could give some guesstimate of how much is on the plate.  It might be difficult to do in the interim, and you can use the large plates as long as the Burroughs syrup holds out, but unfortunately, poor Burrough 132 died after many years of service.  He was 26 years old.  That's an old monkey.
CHAIRMAN GREENBERG:  Never had Haemophilus disease.
DR. ROBBINS:  Well, we always thought Burrough 132 was a he until he had a child, and we thought that might be due to the Haemophilus, but --
(Laughter.)
CHAIRMAN GREENBERG:  Are there other issues on the panel in the audience that you feel will be helpful to the FDA in dealing with this?
I'm looking.  Do you see anybody?  I'm missing -- ah.
DR. BOSLEGO:  John Boslego, Merck.
I just wanted to amplify on some of the comments made by Dr. Granoff on the decline of HbOC over the years.  We have not seen that with PRP-OMPC.  It's been steady.  The decade that we've looked at at the antibody response has been steady.
CHAIRMAN GREENBERG:  So is this yet another difference in serology between studies?
DR. BOSLEGO:  It's been very variable from study to study.
CHAIRMAN GREENBERG:  Dr. Fleming, did you have your hand up?
DR. FLEMING:  Yeah.  I think you promised me a 4(b) earlier on.
CHAIRMAN GREENBERG:  I did.  Good memory.
DR. FLEMING:  And let me just reiterate what 4(b) was, and that was we gave essentially the majority of the panel gave an affirmative answer to 1(a), which was that the FDA currently using immunologic correlates of protection to assess efficacy was endorsed and, in fact, 1(a) was specifically referring to using serum antibody concentrations, i.e., anti-PRP levels above .15, and is this still appropriate to assess efficacy?
And my question was if, in fact, it is and the rationale as I recall for saying it was was based on biological arguments for why this could be the mechanism, although I've heard an awful lot of discussion about how this may be, in my words, a crude overall aspect of what the actual true mechanism is that might be fine tuned by understanding functional antibodies, et cetera, et cetera.  What I haven't heard any discussion about is if it's going to be used as the way I would anticipate the FDA would use it as has been outlined methodologically by Dr. Horne, one would need to define what level of difference you would allow in order to conclude that you have maintained efficacy at the level you wish to maintain it.
And this is really -- as I see it, the arguments for this has really been based more on the susceptibility issue.  You're protecting an individual as opposed to what Dr. Robbins had pointed out might be the more influential mechanism of protection in the population for effectiveness, which is achieving reductions in the overall burden or pressure to the population.
And there, too, we've just heard something that certainly makes sense to me as well, if I'm quoting Dr. Robbins correctly, that there are differences in -- i.e., just that you're a carrier isn't, in essence, enough to know what the actual infectiousness is.  So that, too, is in a sense a surrogate.
So if we are endorsing a positive answer to Question 1(a), which if you might not know I'll say directly I have a great reluctance of endorsing that because I don't know what the answer is as to what level of reduction you will allow in this proposed surrogate as adequate evidence that you're maintaining efficacy or effectiveness.
CHAIRMAN GREENBERG:  Well, I think, Tom, you're appropriately pushing people here, and does anybody -- does the FDA want to step up to the plate with this or does -- I don't the panel is exactly who would answer this.  It's the FDA who's going to have to figure out are there any answers or is this --
DR. GOLDENTHAL:  Well, this is Karen Goldenthal.
I don't think we have an answer to that, but I believe we've selected the delta ten percent as a way of asking the question of is there a difference.  So, you know, selection of any particular delta has an element of arbitrariness, but that's the approach we've taken.
CHAIRMAN GREENBERG:  I think that's as far as you're going to get.
Are there any other thoughts?
(No response.)
CHAIRMAN GREENBERG:  Okay.  Well, then I will adjourn this meeting.  I want to remind you that tomorrow we start with an important disease, influenza at eight o'clock -- that was a joke -- and it's going to be -- as you recall, this is a very important meeting tomorrow.  I want you all to be here bright eyed and bushy tailed.
Oh, a couple of other announcements.
(Whereupon, at 6:48 p.m., the meeting was adjourned, to reconvene at 8:00 a.m., Friday, January 28, 2000.)




















