DEPARTMENT OF HEALTH AND HUMAN SERVICES:

;5,"‘

NATIONAL VACCINE PROGRAM OFFICE PRESENTS:

WORKSHOP ON ALUMINUM IN VACCINES

— To- Caribe Hilton International Hotel {
San Juan, Puerto Rico . F

Jointly Sponsored by:

Task Force for Child Survival ‘and Development

S May 11, 2000 -



Eberlin Reporting Service
14208 Piccadilly Road

Silver Spring, Maryland
(301) 460-8369

20806



I NDEX

«
Yy it
"im?"“\’ I

Weléome and Introduction
Martin Myers ‘ 1

SESSION I: USE OF ADJUVANTS IN VACCINES '
Moderator: Fred Vogel ; 5

Overview of Adjuvants in Vaccines ;
Robert Hunter - : _ 6

Aluminum Salts in Vaccines --
. U.s. Perspective

Norman Baylor _ - ":34
Adjuvants in Vaccines -- i i?
Global Perspective , )
John Clements - 55
Adjuvant Immunology -
Carl Alving ‘ : 77
Adjuvant Properties of Aluminum
Harm HogenEsch , 107
Binary Metal Mixtures
Bruce Fowler ' . 135
Discussion: . Session I Papers S 158
- SESSION II: ALUMINUM PHARMACOTOXICOLOGY o §=
‘ Moderator: Stanley Music 170
“Absorption and Elimination of Aluminum- -
Containing Adjuvants
' Stanley Hem ' 171
Health Guidance Values

John Wheeler C . ‘ 196

Toxicokinetics :
Sam Keith ‘ , , 212




INDE X (Continued)

Extensive Swelling Reactions after
Booster Doses of DTaP Vaccines
Margaret Rennels

Aluminum Associated Adverse Events:
Route of Administration and Gender

-Phillip Pittman

Discussion: Session II Papers

..
Vrgung, 10
L

241

258

282

' B et
iy

gl



10
11
12

13

14

16

17

18

19

20

21

22

23

24

25

26

27

PROCEEDINGS
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WELCOME AND INTRODUCTION

MARTIN MYERS

_ DR. MYERS: Good morning. I am Martin Myers

and I am the acting director of the National Vaccine

Program Office and we are sponsoring this meeting on

aluminum in vaccines, along with our advisory

committee, the National Vaccine Advisory Committee.

We are hoping that Dr. George Pete},}ﬁhd is
the chair of the NVAC, will be here to chair_éﬁe
second session this'morniﬁg but he called last night.
There were no planes out of Boston or Providence
yesterday evening‘éo he may not make it.

Someone just told me that they like coming\
to these meetings that the NVPO spornsors because they
teﬁd to be on topics they dc not know anything about
and my answer to that is that is, of course, why we
do these and, Eherefore,"Marty Myers' education, as
well as education for a lot of other of you. <

| Last summer we started a series ofrwhat we
hope will be a series of symposia,onkthe atﬁifudes to

vaccines. We talked about thimerosal last summer.

‘We are talking about aluminum today and . we plan t¢/

talk sequentially about each of the additives within
vaccine.
Perhaps the most important thing that I took

away from the last meeting was that those of us who
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deal with vaccines have really very little é@piﬁcabie
background with metals and with toxicologicalrv
research. Of course, that is the reason that the
meeting is occurring today in San Juan is because of
the metals -- metal ions in blology and medicine
meeting that occurred here earlier this week and an
opportunity for a number of us to attend that meeting
and I am dellghted to see that we have a number of
1ndlv1duals hgre from that meeting who have cé@e to
join us. : L 7§:‘

Dr. Jose Centeno,ﬂwho‘was the host-of the
metal iéns meeting that was here earlier this week,

is going to join us in this meeting and, indeed, he

is going to lead a session tomorrow morning for us.

cr

‘I have to say that it is a bit intimidating
to have a meeting immediately following his -
magnificent affair that he put on earlier this week.

We ‘are an eclectic diverse group. - Dr. Vogel

" was asking me a moment or two ago about who akl was

here. We have vaccinologists. We have

" rheumatologists. We have-metai ion specialists. We

have people who are interested specifically’in

~aluminum. Others who are interested specifically in

adjuvants. We represent academia, government, more
than one government, the WHO, industry and interested

individualé.
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One of the things I took away froﬁ;tﬁgfmétél
ions meeting earlier this week is that infectibus
disease éeople and vaccinologiéﬁs are really used to
coax (?) principies for establishing causality. Get
an organisﬁ) put it in an aniﬁal, reproduce the

disease and so on. But the dominant difficulty in

hazard assessment based -- is that it is based upon

whatever data is available and it may not be complete

data. 2nd the difficulty of establishing céﬁ%&lity
of risk is very difficult. In fact, one of-t§§>
speakers earlier this week usea the term ﬁpervaéive
uncertainty," which is a term that I think describes
issues reiating to things such as mercury and
aluminum aﬁd tryingAﬁo‘assess the ﬁotential hazard
and risk.

' Sc our cbjectives for the next two days are
to explore and consider the complexities of the use
and need for'adjuvants and vaccines; to‘éonsider the
potential benefits and potential hazards of the use
of salts, of aluminum of adjuvants; and thén.we will
discussAtomorrow'morning the newly deéc:ibedréntity
of macrbphagic myofascitis. ﬂ

Just a couple of important issues for
evarybody in.thg —¥ in attending a meeting 1ike this.
The Eathrooms are right around thé corner here. If

you have not discovered the ocean and the ocean

“breezes, I invite you to do that. Our breaks -- by
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the new reguratlons in government, we are a 1§;to"

have breaks were we are able to sponsor the‘ooffee

and light snacks but you are on your own for your

meals.

When you ask questionsror when ?ou make‘a
comment, if you would please identify yourself by
both name and affiliation, it is n¢£ that the‘
moderators may not know you, it is that we are

transcrlblng the meeting and the transcriber will be

‘-— would greatly appreciate know1ng who each gérson

is as they speak.

From a format perspécti#e,“we are setkup as
a series of plenary presentotions.- We have asked
each of the speakers to leave a few moments at the

. s
end of their presentatic

b8

toc allow for guestions.
Those_questions should be oriented specifically to
tho presentation by the préSontér because each
session will have a discussion period at the end
where we will invite all of the speakers to“cgme’

forward and we willvhave a discussion that involves

everyone.

So with no further ado, we will bégin with

‘our first session this morning, which 'is the use of

adjuvants in vaccines. Dr. Fred Vogel is going to be
our ﬂodnruror for Lhat session. Dr. Vogel is the

program platform leader at Aventis Pasteur, more
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importantly, of course, as most of you know, h2 has

been a leader in adjuvant research for some time.
So I will turn the microphone over to you,

Fred.

SESSION I: USE OF ADJUVANTS iN VACCINES

MODERATOR: FRED VOGEL

DR.,VOGﬁL: Thank you, Dr. Myers; I am very
happy to be here and I would like to also extend my -
wé1c5me to this Session I: The Use of Adju&éé%s in
Vaccines. | - ‘%i

We will start with Dr. Robert Hunter. Dr.
Hunter comes to us from the University of Texas in
Houston where he has been since 1997 ,and before that
Emery University since 1980. |

His interests now are the properties of
immﬁncgens that control the type and rate of immune
responsés,and his current research is in
immuﬁopathogénésis and vaccines for TB. Dr. Hunper's'
presentation today will be an overview of adj%vants
in\vaccines,xéresent and future}

'Dr. Hunter? | 7

OVERVIEW OF ADJUVANTS IN

VACCINES (PRESENT & FUTURE)

ROBERT HUNTER

DR. HUNTER: Thank you very much. I need

to find all the paraphernalia. I have a laser

""" pointer and a forward button.
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(Slide.) =
I got interested in adjuvants in vaccines
really in the first week of my research~career"és a
sophomore medical student. A proféssor gave\us the

problem. He says, "Immunity to tuberculosis is

/‘relafed to cell mediated immunity. We can elicit

cell médiated immunity with PPD, skin tests, and it

appears to have all the antigens that one would need.

But 1f you try to immunize with that to 1nduceﬁa cell
medlated :meunn.ty, you cannot get it. And if grou
keep pushlng hard enough you, in fact, dgsensitize
the animal so that they are 1ncépable’of making
delayed sensitivity to the infection.“

In fact, this was an often repeated
experiment. It was first done by Robert Caulk (?) in
trying to treat people with tuberculin for TB with
disastrous results.

- So- the questlon there was the tuberculln
protein in that mixture of things has the antﬁgens
that are necessary for thé>protection against
tuberculosis. That can be argued for the saké of
argument but by itself it cannot elicit a protective
response. |

It has something to do with the milieu 6f

the organisms, the waxes, the lipids, the wvital

: principles; whatever, that are essential to get the

appropriate response against the antigen. So just
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to know something about the history of this.

~

éetting the antigen itself is not enough ané ﬁ%at‘

question ﬁascinated me. We have been working on it
for most of my career. h

But ﬁo’understandkthe adjuvants I think it
is important to understand vaccines. To understand

vaccines requires an understanding of infectious

disease. To understand infectious disease, it helps

(slide.) | =

Thls is a diagram of the spread of tgé black
death through Europe in the Mlddle Ages, which we all
know was a terrible thing and decimated the planet.

Actually a man named William McNeill in the

late '60s wrote this book Plagues and People; which

he said, "This is part of a pattern which has gone
with the devélcpment of civilization; that as pedpie
came together in large groups we acquiré infections
from animals,ﬁéhose spread rapidly through ﬁhe'new |
immune popﬁlation.“ It then took a period of many
generations to develop a natural immunity, which
those wouid become childhood infections. Aﬁéithat
this has really been a major controlling factcr,rthe'
deﬁeloément of civilization.

(Slide.)

One of the exémples: In the time

Columbus discovered America\there were more people

per square mile in Central America than there were in
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" Europe because corn is a better £food crop thaﬁgrice,

When the settlers arrived 100 years later 90 to 95

percent were dead and the major players of that were

small pox and measles but malaria and yellow fever

‘and all the rest of it were part of it.

When the Pilgrims arrived in,Massachuéetts
in 1620, I‘believe, they found corn fields had been

abandoned only three years later because of small pox

_among the Indians. So that is a very clear:e%%mple

of the effect of infections in a populaéibn»tﬁgf has
not deVeloped immunity to them; / |

(slide.)

Closer to homé, yellow fever in Memphis
Tennessee in 1878: 45,000 people when the epidémic
came;'zs,eeeffled; 18,000 céught the disease; 5,000
died. 'The City of Memphis losﬁ its charter, went
bankrupt, was managed and the old river city never
recovered frbmﬁthisliﬁ'the 1870's.

(Slide.) -

A little closer to home: Philadelphia,
is1s, iﬁfiﬁenza. Influenza is estimated tO'ﬁéve
killed 20 to 30 million people and some people think
tha£ is a gross under estimate in 1918, which is far
more than the first World War. fS0,00Q Americans
died with influenzarthatVYeér aﬁd Philadelphia was

the hardest hit city in the Western World.

© (slide.)
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And we have pictures like this an%h%;healfh
workers. v )
(Slide.) | -
Aﬁd the ones carrying people off with a
disease to which they had little immunity.
| (slide.)

‘Well, when this book came out, people said,

nwell, we have modern science. This will never

affect us anymore. If something comes up we @ill

find a way to deal with it." n__ﬁf

Well, this is -- Barbara Coltrane -(?) wrote

for the Washington Post on 4/30 of this year that.
AIDS has now been designated by the Clinton
Administration as a national security threat.

s a first time a disease has ever been

|

It
so designated and the reason for that is the dramatic
declines in life expectancy are the strongest risk

factor for revolutionary wars, ethnic wars, genocide,

‘disruptive regimen, transitions in developiﬁggstatesf

and that their figures are that 20 to 25 percent of
thekpdpulation §f parts of Southern Africa,'éoutheast
Asia and the former Soﬁiet Union are likely to die
ffom AIDS in the next 20 years. |

There was another article in the Houston
paper two weeks ago saying that ﬁations in the

Caribbean, very close to where we are, are second

-
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6n1y to Southern Africa in the incidence offé zi.
disease. | |
| ' So I think We can say that the days of‘when
mass societal problems with uncontrolled infectious
disease are nbt behind us. This is something we need
to think about very‘seriously.

(slide.)

Switching over to adjuvants then. The

conventional view of adjuvants is hhat the pfiﬁéry_

mechanisms are the formation of depots of antigén‘in
tissue and stimulation of macrophages. Two, -toxicity

increases with potency.

If you want a better adjuvant you can expect -

to get some more toxicities with it. We kind of

avoid it in a search for new vaccinés. We find some

way around this to find a magic bullet of some way or
other. And that scientifically it has not been a

terribly interééting idea. We are talking about

- depots and mineral salts and genomics and specificity

and the various things.
(Slide.) o | o
,IFwduld like to. show you that this is not
the best way to'look at it. This is a picture of
an adjuvant. This is an oil and water emulsion that
is about 80 pefcént water and 20 peréenﬁ squaiene

that is floating on the surface of water. It is a
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-

ﬁery stable water and oil emulsion that contaigéregg

‘aibumen.

(slide.)

This is an olderbpicture of Freund's (?)
incoﬁplete adjuvant, which is a similar emﬁlSion but
made with mineral oil. This is shéwiﬁg what
adjuvants dﬁ. |

This is in guinea pigs injected with an

,iﬁjéction of egg albumen to make a little aﬁfiﬁddy-

titer which rapidly disappears, injected in-tﬁ%%
adjuvant. They make a titer which is fully -three
logs highér and persists out here for 350 days plus.
785 scmething has gone from a very weak and very
transient response to very strong and very proloﬁged
response.

Adjuvants can have very major effects on the
production of immune respdnses. |

(Slide.)

We then take that same kind of préﬁagation

and boost the animals at intervals with soluble egg

" albumin. If you boost very early it does not do very

much.

You have»td walit a while but then each}time

- you boost, they are showing BOOSting at different

time periods, starting earliest to latest, there is a

short transient rise but it comes right back down
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to the latest o

staying up longer.

Sc the soluble antigen -- even though you
have -- the adjuvant has produced this very prolonged

‘response, additional injections give you a transient

boost but will come right back down to the level that

Awas there before,

(slide.)
So we lock at what are the mechanismg. of

adjuvants and aluminum adjuvants are clearly éﬁhajor
portion sf.—— and act similarlf in many ways,
different in others. They form a repository of depot
6f ahtigen in tissue produced in prolonged exposufe
to antigen.

There is a pretty good correlation that if \
an antigen does not persist in tissue, it will not’ \

make prolonged response. There may be a memory

response eventually but the response itself will be

" limited.

-
W

It proves particulate antigens that
facilitate targeting to antigen presenting cells. It
is very clear that simply aggregating with various
things or making a particulate will produce a very
different response than the soluble proteinf

‘And they activate éomplement, cther‘b

mediators to stimulate macrophages, and induce
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kthat have been published over the years.

13

-

cells. They stimulate components of the imﬁu%éeu'

system and‘these are sort of the major mechanisms

\Sllde )

This is a slide showing the effeet of

formulation on adjuvant activity where there is

exactly the same components. This is an adjuvant

_where the antigen is,given in saline or the antigen

is given in an oil and water emulsion. : ?“

) Tiny 011 droplets w1th the antigen 1551de of
that and we see that the antlgen in the oil-to make
it a particulate gets a response after the first
injection. Where the other one makes a response
really only efter thevbooster injection.

This is something one has to keep in mind

when reading the literature, is how many injections

are people talking about. They say mine makes just

as good CTL's or antibody responses as another one

‘but it took four, five or eight injections angd then

how long did it last. So these are important
paramters, particularly for vaccines, that wé cannot
give multiple injeetions. | A

‘One of the priorities the World Health
Organization published a few years ago was to make

N
multiple shot vaccines into single shot vaccines so

that they could reach people more readlly with them.

(Sllde )
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" humans? It is pretty hard to find controlled studies

14

-

Now the retention of antigen can involve the

~ body's own mechanisms in addition to mechanical

things we do with‘adjuvants. This is an
autoradiography with a lymph node of a guinea pig .
that has an antigen bovine serum albumen labeled with
radioiodine in germinal centers.

The germinal centers have specialized cells

whose function it is to take up and retain antigens

~and there is a reasonable correlation that fh%?

durétion of an antibody response roughly corré&étes
with thérduration‘of antigen inqgermina; centers if
there is not some external de?ot some place.

The ones\that go in here for a short time;_
antigens like salmonella flagella, the animal will

fe from a single

-

make antibody response his entire 1
injection. It is retained for a very long time.
Other ones«are not. And the adjuvants will upon
multiple-injecﬁions induce responses that promote
o

So when one gets prolonged responses after
multiple injections it is likely that they afé
stimulating the body's own medhanisms to retain
antigen in sites for éntibody in germinal centers.

(Slide.)

What are the effect of -- those are animal

studies. What are the effect of such studies on
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—

in the literature on adjuvant versus nonadjuvq@t‘With

human vaccines.

- This is one that was published in the --
reprlnted in the 1960's from a study in the 1940'
comparing alum toxoid, one, two or three doses. Alum
precipitated with one or two doses.

.The bottom line is that with one dose”alone

only four percent -- eight percent respond anjfour

-months and four percent at three years. Whenf?ou'get

ﬁp to two dbses, up to 96 and gs percent. ’Sosit
makes a &eryllarge difference in-ﬁhe human studies on
the prdportion of children th have antibody
responses and the duration.

(slide.)

The uses of aluminum adjuvénts aie théy are
very good for enhancing~primary responses to protein
antigens, diphtheria toxoid, pertussis and nnlio.
Pertussis, Ehe§ are not -- that T have seen F—_as
necessary'as adjuvants but there is papersﬁnhﬁy
reduce the toxicity of pertu531s.;

They tend to stimulate Th2 1ymphccytes,

which is IgGl and IgE antibody, which may be

protective against somé things but clearly not
against others. They are not good generally for
inducing cell mediated 1mmun1ty, the Thl 1ymphocytes.

Thlngs like influenza and typhcld fever And they

S
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(slide.)

16

‘they can be very good for some things but havd a -

If you look now at whaﬁ are the properties

i

of antibodies, what are the thinbs that adjuvants and

the antigens together can influe

really four things.

hce, and there is

The specificity, what it will bind with;

~quantity; avidity, how tightly i

t binds; isotype,

which is really what kind of heavy chain you ﬁ&ve and

what subsequent reactions, immune or inflammatory,

can be induced by that antibody.
that all these things can be inf
relatively selective ways by adj

{S8lide.)

E-The evidence is-
luenced through

uvants.

Most of our work was on these compounds:

Copolymer adjuvants, which are s

imple polymers of

polyoxy ethylene, polyoxy propylene, which is the

same thing-in the methyl group,

by varying the 1engths of these

and polyoxy ethylene

chains.

One can produce a broad spectrum of polymers

or nonionics or factones because this was hydrophile,

hydrophone, hydrophile to cover

virtually the entire

functional range of nonionics or factomes that have

been widely used in food and drugs and cosmetics.

(slide.)
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This diagram, the black ones show Eh%§ -'

~ hydrophone, the white the hydrophile drawn sort of

scale to show you the length of them. So this is a

series that were tested. There are some interesting

ones here.

L121 and 122, which are absolutely identical

hydrophones. A little tiny bit more sticking out

here of the hydrophilic end. The L180 series, the

' same thing, the same hydrophone, a little bit sionger,

hydrophile on each end, and one is much longeéFEhan

either one.

(Slide.)

- These were made up in many different

experiments but this is a particularly informative

representative one. I mean

oil in water, that is the

squalene in water, about twovpercent oil, with TNP

~

egg albumen, measuring antibody titers at 28 days

after a single"injectionf

And we find that the titers go frcm.@lmost

nothing, 200 to L122 to 300 and some thousand. This

one -- adding a small amount of hydrophile from 10 to

20 percént, vour titers go from 11,000 to 200, and in

general the titers get larger with larger hydrophones

and better with the smaller hydrophile.

(slide.)

If we look at the isotype of antibody to

these é£d Qérfinémfhé}é is

a relationship between the
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~stick to defined layers of the copolymer, the

.18

~

ratio of IgGl and 2B mouse isotypes to the ﬁ%l%?ule‘
weight of the hydrophone when the proportionvof'

hydrophile is constant. And since IgG2b is the one

- that is more likely to be protective in many

instances than 1, this could be an important kind of
consideration.
(slide.)

A key experiment in looking at the -

' méchanisms of this was how do -- these polymerg are

essentially adhesive agents. Surface activity%%nd
thsica1 Ehemistry is defined in terms of adheéion
and surface tensions with each other.

The’experiﬁent here is to take copOlYmers,v

put them on the surface of plastic in concentrations

from .001 to 100 micrograms per ml, -and then measure

the amount that is there by two methods. One is the
comasy (?) blue, just measure the total amount, and

then we add the protein to this and see how much

-e

AN
So we are measuring how much protein will

adjuvant.

As the amount increases,'the protein goes

down a little bit, 20 percent roughly, when you get

to about between .1 and one microgram per centimeter

squared where the amount of -- the red line is the
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amount of -- using an ELISA for the abilityfbf;fhatf
protein that is bound to bound antibody. B

What we see is the amount of protein itself
is going down as the polymer -- and right about here
is where you get a single mqnolayer.‘ So when you Qet
above a monolayer the total amount of protein goes

down. Its ability to bind antibody goes up. So what

we are doing is binding antibody in a way that»is

Vbinding sites are more accessible than they>Wéﬁ1d be

otherwise. | ' - “gg
Q(Slide.)

This is a diagram of these molecules drawn
to scale with a hydrophile énd hydrophone at a water
interface. The ones that are effectiVe‘adjuvantS are
underlined. Their characteristics are the
hydrophobic chain is long enough to make a complete
loop and they have a small hydrophile and these will
bind Proteins at this oil-water interface.

If they fail to bind proteins; eithégf’

because their hydrophilic part is too large, makes

h‘tob much of a hydrophilic surface, or because they

are unable to fold and end up still needing a
hydropic surface, then they are not effective
adjuvants, the ones that are able to bind this

combination of hydrophilic and hydrophobic

-~ interactions.

“(SIide;)}.




10

11

12

13

14

18
19
20
21
22
23
24

25

20

e

r‘?":'1»’16'517'

And our model for them is this where

UL

hl

have a hydrophobic surface and the surface‘éan;be the
polymer itself because these are things that are
right at the border of solubility and so it can be a
particle of the polymer itself or an oil droplet or
any other hydrophobic surface. They will fold to put
thé hydrophilic 6n the surface.

They will bind antigens. Bind antigen is a

B way that retains the native conformation muchzﬁetter

than binding to a plastic hydrophobic surfage.%fThey_

will also bind complement and activate that via the
alternate pathway.

And this is -- complement binding is
important in getting antigen to localize in gérminal
centers and in}activating’numerous parts of the
immune‘reactiéns. It almost certainly binds other
contact activated factors.

So here is presenting antigen in a --

- instead of individual molecules coming to the _immune

system individually, you have a condensed two

~dimensional matrix of antigens that retain native

confirmaﬁibn in a milieu of activated host mediators.
We believe that that is the mechanism by which these

works.

(slide.)
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bind to the surface like that it would be a good

,adjuvant If it would not bind it ba51cally

21

Then one varies that and gets varlaﬁépn
w1th1n that adhesive mixture that can drive responses
in different ways. -

This is a scanning electron micrograph of

one of these particles. This is about a micron

diameter squalene droplet; In this protein you see

this fuzzy stuff is stuck to the surface. If it will

uld

ﬁ'
not be in the kind of models we were using.- E

(Slide.)
Now in addition to that, which is a binding

conformational and some host activation, one could

add other things and the things we have studied most

)

was detoxified lipopolysaccharide LPS. From these we
produce a synergy.
This is toxified Ra-LPS by itself, the

polymer by itself, the two together, get a striking

- synergy between them, both were increased tite;s,~

some change in isotype,and also get into a deeper

:change in the specificity of the antibody to~ be made

by these various combinations.

(Slide.)

This‘you cannot read from back there but it
is a very informative experiment and it is -sort of

patterns of what is important. We are working on
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malaria vaccines with the group at the CDC in é;moﬁse
peoclei (?) model.

We took whole killed peolei organisms»or a
membrane fraction of them, and injected the mice with
16 different a@juvants, which is shown across here,
boosted them once, challenged them, and this is
measuring the parasitemiaband the ones‘that are above
this line are not protected. Here is the controls

over here. The ones below the line are protecfédAso

. these are basically protected pretty well overﬁiere.

“plus LPS, were protecting rather well.

The ones in this end are not.
We had lots of theories about what we were
going to do with these different adjuvants but the

only thing that held up really was the adjuvant

(1]

vehicle. These were water in oil vehicles by
themselves or with LPS and there is Freund's complete

adjuvant in here some place. They did not protect

even though thef made very high titers. ‘The ones
- that -- all the oil in water or no oil, which is

~Sabin and Pertussis, the polymer alone and polymer

So it is the adjuvant vehicle that is
determining that we are getting protection.
(Slide.)

Look a little farther at this and this --

also the important part of this is the pattern and -

“the colors. This is measuring antibody of the IgGl,
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which is white; 2a, red; 2b and Ig3 are the,etger7

colors, and this is measuring‘by two methods;rbyil

- immunofluorescence, which measures antigens on the

surface of viable or intact parasites or ELISA,‘whlch
is where the para31tes are ground up and stuck to a
plate, and you get different responses, and the
critieal difference is in this area here there is
nothing but white except for the one here which is

IgGl antibody. ) }?

These aniﬁals were not protected.’-ThE:
correlate with protection on these is’the red bar,
IgG2a antibody measured by immuno¥florescence; which
are epitepes on the surface. |

So what we see here is that given them in
Freund's complete ad djuvants or other water in oil
emulsions .they are getting very high titers of

antibody and by ELISA higher than the ones that are

protected but tﬁeykare getting a different isotype

- for the particular epitopes on the surface eﬁdy‘

therefore, are not protected.
| So this is a good instance where we know we
have a protective antigen that preteCts very Weil but
unless you get it in the right formulaEiOn, the right

-- unless you induce Ig2a antibodies specific for

conformational epitopes .on the surface you get no

Awprotection.'_ If you_ do get an antlbody _you get very —_—

good protectlon that is qulte 1ong lastlng
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(Slide.) _ - ?*

TVA.

This shows this a little bit more. This is
saline formulation of the antigens with -- by'iﬁself
and with LPS, water in oil, méasuring antibodf ELISA
kand IFA. This one here you get very high titers by
ELISA and very low by IFA. These are not protecﬁed.

' The ones over here are protedted.

(slide.)

What is critical for protection on:gﬁié one
turns out to be the response that the>animals?§éke

| upon chailenge, not what they hﬁve beforehand, and
this you get by just reducing the dose of the
antigen. We have élmost nokdetectable titers before
they are challenged but they‘méke an Ig2a response of
the appropriate type after challenge and tﬁey are
protected.

(Slide.)

How does this work? Part of it we think we

. know. Part we know we do not know. One of'itfis,the

antigen is internal to an emulsion. Then the

—evidence is that one tends to get antibody against

internal epitopes. It works very good with peptides
and the -- so we think that this antigen,is presented
to cells in the immune system oncé it has been
throﬁgh macrophages and has been degraded sc it sees

the parts of what is on the inside.
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If -- whereas in the oil in\water:émiisioﬁs
or otherwise where the antigen is presented'dﬁ'the ;;
surface it then maintains its confirmation so that it
is presented to the cells or the immune cells in this
native confirmation.

Now in T cells things have to be broken down
and presented as peétideé. B cells, the antibody

would be completely the opposite. This can be

"_Spécific for sequence Segments but some of Ehé;most

important antibodies are dependent upon the M%{
coﬁfifma%ion and the confinmati;n may be two
unrelated molecules happen to be stuck together but
they just physically come apart or if you somehow
denature the proteih you 1ose the protective:
antibody. And the ability of vaccines to maintain
that confirmatién in/this’malaria model at least is
the critical component of protéction.

DR. VOGEL: About five minutes, Bob.

DR. HUNTER: Pardon? -
DR. VOGEL: Five minutes.
DR. HUNTER: Five minutes. Thank you.
(Slide.) |

So what are the mechanisms of these

‘adjuvants that we know now? They are hyﬁrophobic

-adhesive agents. They vector antigens t¢ appropriate
I

environmental areas. They recruit and a¢tivate

antigen presenting cells. They bind complement and
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“the parameters of antibody can be influenced—bzh

structure.

They cah deliver epitopes either to Class I
or Class II pathways depending on how it is done,
sometimes both. “They fécilitate<antigen directly in
tissue in gérminal centers or byvdepot formation.

(slide.)

This isra picture of a titanium diqxi%g

marker. Particles just under the dome of a_py%?é

‘patch of a mouse illustrates that one can use the

adjuvants to vector antigens to particular areas of
tissue andrthis happens to be one in mucosal immune
studies.
(slide.)
: - The parameters that we now know are
influenced by adjuvants: Antibody, specificity titer
duration, memory, class, isotype avidity, which all

¥
adjuvants. Cell mediated immunity, the generation

_of CD4 or CDS8 cells, generation of mucosal immunity.

Even the ingidénce of genetic nonresponders.
Some genetic nonresponders is maybe due_?pvépecific
epitopes but other ones are things that can\be
overcome by adjuvants and there are clear éxamples of
this in the literature.

(slide.)
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This is a study publlshed - thlS is @y last

looking for the most urgently needed vaccines in the

world, HIV, malaria, tuberculosie,

I have here a copy of the Scientist

‘newspaper that came out two weeks ago and the

headline here is "New era in vaccine development.

The first paragraph starts out, the first sentence

:sajs, "When all else fails,

try something~neﬁu§”'

What it is saying in here now are»theshew

genomics. We are going to have a tremendous- boost in

development of vaccines because we can make more

antigens and that is true.

We can make vastly more

antigen before either proteins or DNA but to me this

" is a story I have heard before. The first time we

can make peptide, the first time we can make

recombinants, the first time we can put thinéé in

viruses.

What has happened is people can makefgt but

until we come to grips with what is the appropriate

~ immune response and how do we get that antigen to

induce the appropriate immune response,hI do not

think we are going to get -- unless we get very lucky

-- to the real potential that we have in vaccines.

Because as we saw in that malaria model,

we have the right antigen.

But unless you get the

and

msesansct

there are other ones, there are places where we know o
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litseif is not sufficient to do that.

' please identify yourself.

direct immune responses. And for this field, “which I

‘28

right response to it at the right time at the %ight

duration, you do not get protection and thé:ahtigen

Thank you.

DR. VOGEL: Thank you very much, Dr. Hunter.

(Applause.)

DR. VOGEL: This paper is open for

discussion. Okay. If there are -- Carl? Cgrl,

B

DR. ALVING: Carl Alving, Walter ReegFArmy
Institute of Research in actually Silver Spring now,
Silver Spring, Maryland.

One of the major elements of adjuvants that

“has actually had a tremendous influence and, in fact,

may be one of the motivating factors for this meeting
is the questionkof toxicity. When you were looking
at all your nonionic glycopolymers, did you find any

relationship between the structure of the polymer or

 other adjuvants and the toxic effects if théfegwere

any? ‘

DR. HUNTER: Some of the polymers é;e quite
toxic and those are not the ones that are best’
adjuvants. It seems to me that there are fundamental

issues here that frequently get confused. We have a

long way to go on the basic science of how do we

think is critical for -- the infections we are
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~

looking at now, AIDS, malaria and TB, are bﬁbs%}hat

are very capable of invading immune responses;-

) We need to know a lot more on the basié
sciénce. To get that hung up because we cannot yet
handle all the toxicity issues, seems to me, is a
fundamental error. On the other hénd, I think that
most of the toxicities are beyond my area of
expertlse gquite obv1ously

But in the case of thls malaria vacc1ne, the

”.’

most effective formulations were the least togfﬁ.
Freund's édjuvant and LPS and ;11 those things made
it worse. It was the one that -- the simplest one
with the power by itself or even the antigen by
itseif given multipie shots will protect better than
if you had thesé adjuvants in it.

And the total height of response was not

nearly as critical as getting memory for the

appropriate response. And that could take a very low

-~dose of very nontoxic materials in that particular

model.

DR. VOGEL: Are there other questions?

If not, wekwill ﬁove on-td the next speaker.
Our next speaker is Dr. Norman Béylor,‘acting deputy
director of the Office of Vaccine Research and Review

and associate director for Regulatory Policy at the

Center for Biological Evaluation of Research at FDA.

e
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Dr. Baylor's talk'today will be "Afﬁm%ﬁﬁm_

salts in vaccines: A U.S. perspective."

ALUMINUM SALTS IN VACCiNES - U.S. PERSPECTIVE

NORMAN BAYLOR

- DR. BAYLOR: Good morning.
(Slide.)
What I am going to try to do in my talk is

focus on aluminum and sort of give you a historical

' perspéctive of how we got where we are and aié@yple

of my slides will be redundant to Dr. Hunte;'s%ﬁ
(Slide.)

The first thing I want to do is sort of

. differentiate the different typeé of aluminum

adjuvants. I'mean; you hear often people will say

that a vaccine is -- the adjunct for a vaccine is

alum. Well, alum is not the only aluminum adjuvant.
And, in fact, one of the aluminum adjuﬁants

is aluminum hydroxide and -aluminum hydroxide is a

crystalline. It is an aluminum oxyhydroxide -and it
: %

has an isoelectric point of 11. It is positivély

-‘charged at physiological pH and depending on -the

-antigen that you are using with the adjuvant it will

dictate which adjuvant you will use depending on the
chargé of the antigen.

kSlide.) |

And then we have aluminum phosphate.. This

is eumorphic. It is aluminum hydroxy phosphate. It
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~—

has a PI of abbut 5-7. It is related to the § -

B

phosphate content and the phosphate aluminﬁm'rétio is
in the range of .3 to .9 and this particular aajuvant'
is negatively charged.

(slide.)

And then there is alum. And alum is

actually potassium aluminum sulfate and in alum -

precipitated vaccines the adjuvant is an aluminum

zhydroxide that contains some sulfate_anionsAa§7Well

a’s. anion? that are used in the "buffer, often _,F

phosphate, and.this isoelectric point depends on the

precipitationrprocess and it iS‘uéually in the range

of 6-7 and the phosphate alﬁminum ratio is usually in -

the range of .3 to .6. This édjuvant is;

thereforé, negétively charged at physiological pPH.
(slide.)

Now aluminum phosphate, as far as the

biodegradability of the aluminum adjuvant, aluminum

' phosphaﬁe is more readily or more rapidly abSqrbed to

interstitial fluid or citrate buffer in aluminum

hydroxide. On the other hand, it has been reported

by Gupta, et al,. that aluminum is detectable at the

injection site in mice and guinea pigs for as long as

a year.

(Slide.)

_As far as the adverse reactions that have

been-feported with aluminum, they are generally local -
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jﬁhe effectiveness or lack of effectiveness 6f

.. equal to six weeks.

32

~
prac

reactions, mal reactions, sterile abscesses, § -

erythema, subcutaneous nodules, granulomatdﬁs.
inflammation, a contact type of semnsitivity, and
aluminum containing adjuvants may increase the levels
of antigen specific and total IgE antibodies.

(Slide.)

Now I want to switch gears ailittlevbit and

go over some of the historical data to demonstrate

"
o
5

éluminum salts as adjuvants. - 4§:
And Dr. Hunter showed this slide here and
basically what we are demonstrating is that we are
comparing the fluid -- a diphtherié toxin, £luid
versus alum precipitate, and we notice that with the
-- you do see -- if you just‘lOQk at the fluid versus
the alum precipitaﬁe after oﬁe dose, here four months

after the first injection, you do see a higHér

percentage of children responding and showing

- detectable antitoxin fluid. At first dose,-ééght

percent; here after first dose, 56 percent.

(Slide.) .

In another study from the Lancet in 1952
looking at diphtheria toxoid fluid versus alum
precipitate, these children were either six to ten

days, older than seven months, or greater than or
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-

And if you look at the injectionsréiﬁgn;7

- plain toxoid given three injections at 25 LF versus

plain toxoid -- well, I am sorry. Looking at the

adjuvant precipitate, two doses, 25 LF, and you see

- the number of infants with detectable antitoxin.

Nine out of 15 with the plain; 23 out of 23 with thek

adjuvant precipitate. And then greater than seven

months six out of six number of infants detedtable

‘antitoxin with plain, 43 out of 43 with the alﬁm

And so you do see an :anrea.se -~ you. F\'o see
scmewhat of an increase in the number of infants with
detectable antitoxin with the alum precipitate.

(slide.)

And then if vou look in another study,‘DﬁT
trial of Barr, Glenney and Butler in '55, looking at

the geometric mean antitoxin in the aluminum

hydroxide vaccine,ryou had 61 children at'oné} six

- and fourteen weeks versus plain vaccine at six

‘months, twelve months, three months post boéstgr.

You really do not see any effect here at all.
| And then tetanus, not really signifiéant
diffefences. So here is an example whefe with the
valuﬁinum adjuvant no effect —~rho great difference is
seen between plain versus the aluminum hydroxide

adjuvant.

(slide.)



10
11
12
13
14
15
16
17

18

19

20

21

22

23

24

25
28

27

' 34

—

And then another trial in '56 lookinggat’DPT

‘one month after the last of three primary\hélf‘well

injections. Plain versus aluminum phosphate at two

different concentrations.

And looking at the mean

antitoxin'titers, you see somewhat of an increase

when you go up to five micrograms of Dwusing the

aluminum phosphate, 1.024 versus the .28, and then

(Slide.)

for tetanus similar results.

e

S

And then for pertussis vaccine, plainEQersus

alum precipitate, you -- absorbed, I am sorry --

cases of pertussis inoculated versus control, plain

‘versus absorbed. No real significant differences in

the plain versus absorbed with the pertussis.

(Slide.)

Now there were studies -- I quote these

- other two studies from the Canadian Journal of Public

Health. Fraser and Halperh in 1935 demoﬁstrated that

‘one dose of alum toxoid was not as effective as:" three

doses of plain toxoid.

Another study in 1936 by Schuhardt and Cook

also demonstrated that one dose of alum toxoid was

found’to be inferior to two doses of plain so

demonstrating that it is not neéessarily across the

board that if you have the aluminum adjuvant that you

‘are going to increase the

rag

comparing it to the plain.

ponse when you are



10
11
12
13
14
15
16

17

18

19

20

21

22

23

24

25

26

27

. 35

- (slide.)

i ot % BT

Now, of course, the different results may be.

accounted for by the diffeﬁencés in antigen at dose.
They also may be accoqnted for by the stability of
the aluminum adjuvéht complexes and, of course, the
levels of circulating maternal antitéxin come into -
play depending on how early these children‘wete |
immunized.

In(one of the previous slidesg you ééﬁ%that
-one group of children were immunized/at~six\wé%ks.

" (Slide.) ’

There was a consensus of'eafly reports if

you just take‘all the data from the 30's, 40's, 50's
and early 60's. Basically the consensus was that
aluminum prebipitated\toxoid dose for dose is
distinctly more effective than plain toxoid but that
is‘for the primary immunization of children. '~ For the
secondary or.booster immunization there is little

. difference between plain and alum toxoid. -

(slide.)

It is interesting that there was concern
about aluminum even in the early days debating the
usefulness and whether there was some -- whether
there was concern about the hazards of using aluminum
in vaccines.

And in a 1957 British Ministry of Health,

the recommendation was to use aluminum-free vaccines.
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"However,‘in 1964 the Amerlcan Academy of Ped;atrlcs

Committee on the Control of Infectious Disease

advised the use of alum precipitated DPT or absorbed

with aluminum hydroxide. Whereas, in Canada, for.

decades they had used many vacc1nes free of aluminum.
(Sllde )

Now in the United States in the Code cf

Federal Regulations under 610. 15 our censtltuent
.materlals, including preservatives and adjuvants, the
- amount of aluminum in the recommended 1nd1v1dJ21 dose

of a blclogy product shall not exceed .85 milligrams

of elemental aluminum if determined by assay. And
this is equivalent to about 15 milligrams of
potasSiﬁm aluminum sﬁlfate. This is alum per dose of
toxoid and so ‘this is a requirement as per the
regulation, the FDA regulations in the U.S.

(slide.)

Now this can -- this amount, there -- of

~course, with the regulations there is always au

escape clause and this can 1ncvease if you can

:demonstrate that 1t is needed, number one, that you

need a hlgher level and that you can demonstrate that
it is safe. /
(Slide.)

Now I will go over some aluminum containing
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-

very busy so I w111 hone you into where to focg§.~
Okay. I warned you.
(Slide.)

This is the aluminum content of licensed

vaccines and what we have done here is just put

vaccine, trade name, manufacturer. The important
thing here is to lock at the aluminum per dose and

the total aluminum for the series. And for the

:’acellular pertussis vaccines the aluminum per &Ese

does not have alumlnum, OPV the measles, mumps apd

ranges from as small an amount as less than-l?di
micrograme per dose to upwards ef over 500 micrograms
per dose. ‘

And then if you look at -- focus on the
total aluminum for the series, and this series
includes five doses, you are talking about 3.1
micrograms. Let me just start here: -~ +9 micrograms
up to 3.1 micrograms for the whole series w1th the --
for the five doses w1th acellular pertussis.

Another example might be the hepatitistB

ranging anywhere -- between 225 to 250 mlcrograms of

talum aluminum per dose and then for the total series

~approximately between .68 to .75 milligrams for the

total series.
You will also notice that there are many

vaccines without aluminum -- the inactivated polio
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~

rubella, the varicella vaccine and the rhodav1€ps_'

‘vacc 1ne .

(Sslide.)

 Now if you look at the -- break this out by

age, looking at a child at age of one, the vaccine --

receiving acellular pertussis vaccine, Hib conjugate

vaccine and hepatitis, and here are the number of

doses in those series. The aluminum per series in

 milligrams. A minimum of -- for the acellulars-- .

mgs. A maximum of 1.88. And this just dependéﬁbn

‘anywhere from a minimum of zero to an exposure of

uwhich vaccine you receive. The Hib conjugate can b

51

e

.45

mgs and then the total aluminum from 1.2 to a maximum

of 3.1 if you take the whole series of receiving

acellular pertussis, Hib and hepatitis B.

And then a child at age five receiving

acellular pertussis,

the complete series of five

doses, and Hib conjugate vaccine, a complete series

maximum of 3.13.

Again total

of three doses. A minimum exposure of .85 mgs-to a

aluminum, minimum of 1.5 and

this is for the complete series of both -- obtaining

both vaccines at the

age of five, 1.5 to a maximum

exposure of 4.6. And then at 60 there are -- that --

this would vary’also.

to 18.7.

The total aluminum from 10.3
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And the adult vaccines such as Td Hééatltls
A, Lyme, Anthrax and Rabies. These vaccines all --
except rabies -- well, even including rabies -- a
minimum of zero to 1.6. ‘

But again, I mean, a six year old individual

is not going to receive all of these vaccines and may

not receive any of these vaccines so this will vary.

(Slide.) _
I can skip this slide. }*
(Slide.) o .

And again here is a demonstration that some.
of the other adult vaccines do not -- they are not
absqrbéd to aluminum such as typhoid, plague,
cholera, small pox, what have you.

(slide.)

~ So, in summary, looking'at the historical
data, . there haﬁe been few clinical trials in.which é

given a batch of vaccine with or without adjuvant has

- been tested in a comparable population so thétgjust

has not been done.

Plain toxoids and polio wvaccine abséépﬁion
onto aiuminum phosphate or alum precipitation usually
gives'superior antigenic activity especially in the
primary series. Immunization against tetanus, the
aluminum phosphate toxoid appeafs to be better than

the fluid toxoid. However, aluminum édjuvantg do not
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-improve the protective eEtivity'of pertussi; tg{,f
#accines. /

With whole cell pertussis -- DPT, different
trials using plain versus absorbed vaccines, as you
saw in the data I presented, gave different results
and the aluminum containing vaccines appear to give
more local reactions than plain vaccines and that is
especially true in children. |

Now, I guess, bringing this all togegher,
Aone might argue that why do we have aluminum iﬁ‘the
vaccines after the primary serles and there;are a lot
of -- you can think of the'practicality of making a
number of formulatiens, espeeiallyAfor the
manufacturers, where you would make a formulation for
the primaryk-; speaking speéifically”ofkthe pediatric
vaccines -- making a vaccine formulation for the
primary series and then having a separate formulation
without aluminum for the booster doses and for the

b4
I just throw that out there. .T mean, that

~1s a difficult challenge. Also, to -- there heve

’been a -- there are a number -- let me back up. As

we know, as all of you know, the only adjuvant used
and licensed products, vaccines, in the U.S. is the
aluminum salts.

There are a number of adjuvants that are

under -- that are belng used in study under
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“investigational or the IND process but none of;those

‘nave come to fruition yet. And thinking about 901ng

back to -- if one of those new adjuvants pans out,
the logistics of going back and applying to -- are
fou trying to use some of those to the older vaccines
would also be very difficult because we are talking
about basically a new product and it would reqﬁire

new clinical trials so it would be years comlng on

i o v"
e

So I will stop there and take some .
_(Applause.)k |
DR. VOGEL: Thank you very much, Dr. Baylor.
Lizzie? |
' DR. LEININGER: Hi, Lizzie Leininger,
SmithKline Beecham. Norman; when you talk about

pertussis not requiring adjuvant or here alum, that

is true for whole cell pertussis. Can you comment on

‘acellular pertussis antigens? Is that true eisg?

DR. BAYLOR: When you sav reqgquire -- I hope

I dld not say -- I did not use that term “requlred u

If T did I --

DR. LEININGER: WeAare not -- -

DR. BAYLOR: -- I retract‘that statement.
Not required. But I do not think it is -- T mean, in

the older studles for the whole cell Dertu551s 1t dld




10
11
12
13
J.4

15

16

17

18

15

20

21

22

23

24

25

26

27

" vaccines? ] %?

. 42

That is probably not true- for the acellular pegtu531s
because you do not have -- it is a purified
preparation and so you do not have theICDntribution
of the whole cell to provide some of that adjuvant
effect. ‘

DR. LEININGER: So taking your challenge one
step further then boosters with acellular ?ertussis

may need aluminum salts, adjuvants, in those booster

DR. BAYLOR: But I would say the operﬁtlve
word is “may“ because remember we do not have
pertussis by itself so you are going»to get that
adjuvant effect with the other_two-ahtigens, the
diphtheria and the tetanus.

DR. VOGEL: Dr. Clements?

DR. CLEMENTS: Thank you. John Clements,
WHO. You menﬁionedkin 1854 that the United Kingdom

backed away from aluminum in adjuvants. Could you

"give us the background to that because that was.

obviously strange to what the U.S. did subsequently?
DR. BAYLOR: That was in 1957 and that was -
- I could provide you later with a reference on that
but I ﬁust cannot remember it off the‘top of my head.
But I thought that was interesting at.that time that
-- you know, I really do not know where we were. I
really did not find out where the U.S. was in‘:the

'50s as far as a recommendation that the products are
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Z- would be advised to use a product with aluminum

precipitate. |
DR. HALSEY: (Not at microphone.)
(Inaudible) .
DR. VOGEL: Microphone, please.
DR. BAYLOR: I cannot hear you. _
DR. HALSEY: Neal Halsey from Johns Hopklns
Unlver51ty
| In your list of adverse events that yﬁu
attributed to the aluminum adjuvants, you 1ncl§ded a
couple of things that I guess I.waé not aware were
shown to be.causally associated, and that is the
abscesses and the hypersensitivity: Could you
elaborate on the evidence for the causal asscciation
with the abscesses? I know there is an association
but is it due to the adjuvant? I mean, there is an
association with several of those vaccines. DTP
being the most obvious, the whole cell product.
‘ DR. BAYLOR: That was in the old litegature.

There was a study in New Guinea where they looked at

"aluminum, some of the aluminum salts, and they

noticed -- they observed the sterile abscess.
DR. HALSEY: Well, the sterile abscess has
been associated with DTP in a variety of products due

to several different reasons but I -- but it is

'conv1nc1ng ev1denqe that it is the alumlnum that was
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~

DR. BAYLOR: I cannot say thét. I:ﬁégnf'né.
And I am not trying -- I am -- I retract that“.
statement also. |

DR. HALSEY: And the hypersensitivity is the
same way. Is there hypersensitivity other than the
local inflammatory response?

DR. BAYLOR:  And that is all I am referring
to there. It is just the local. But as far’as a

causation specifically to the aluminum, no, that

paper did not suggest that. - - F’

DR. GELLIN: Bruce Gellin.

Norman, this is for clarification and not
retraction purposes.

DR. BAYLQR: Okay. I will see.

(Laughter.) |

DR. GELLIN: But your final comments about

new adjuvants and how they are obviously goiﬁg to

require, you-know, a whole set of new clinical

 trials, would it not be the same if one weré-tg=take

aluminum out of‘existing vaccines? Wouldn't they be
seen as new products without such a componenﬁg

DR. BAYLOR: Yes.

DR. GELLIN: And require similar data for
clinical trials? |

DR. BAYLOR: Similar. Maybe not -- of

course, you know, it is all case by case, but -

deflnltely startlng with the new adjuvant -We
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started w1th a new product and so you are 901ng‘to

have to start from scratch
DR. GHERARDI: Romaln Gherardi from INSERM,
France. In France, only three types of vaccines

contain aluminum. All hepatitis B wvaccines, all

hepatitis A virus vaccines and most tetanus toxoid

vaccines. I understood that in the U.S. maybe more

than these three types of vaccines contain alumlnum

T
sl

DR. BAYLOR: I would have to go back Eb my

slide and count them. Some of Fhe acellular -

pertussis vaccines are hepatitis B'vaceine, some of
the Hibs, also some of the adult vaccines. Lyme
vaccine contains alum.
DR. GHERARDI: So many more than in France.
DR. BAYLOR: Yes. See here is the list
here. Hep-A, Lyme, Anthrax, some of the rabies

vaccines, and then we have our DT absorbed Hib

-va001ne. So, yes, there are more than in Francg.

DR. GHERARDI: I have another question.

In France it is very difficult to know what
is the edjuvant which is used in the vaccines because
usually it says only aluminum hydroxide. -And it is
not clear to me whether it ﬁeans that it is alum or

it is really aluminum hydroxide. Both are used or

when alumlnum hydrox1de is sald to be in- 1t, thls

means that it is alum o
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,DR. BAYLOR: Well, notvnecessarily, g.mean,

‘<Fwe have the same problem here. I mean, if yon look

in the older package inserts for the products,
sometimes they just say "alum."

And so we went back and I think we got them
ail. There may be a few still out there. ‘And
specifically asked the manufacturers'to put if it is
alumlnum hydroxide, if it is aluminum phosphate, if
1t is alum, specifically state that because thgre are
dlfferences as I have demonstrated here. ,gi

.And also, something I did not mention about
the combination vaccines, some manufacturers have
demonstrated that if you are trying to combine two
vaccines and you have one in aluminum hydroxide end
one in aluminum phosphate, you are going to have
proﬁlems, manufacturing problems.

' DR. GERBER: Michael Gerber, National
Institutes of~Heelth.

Norman, the standard of 0.85'mi11i§fams of

aluminum per dose set forth in the Code of Federal

"Regulations, can you tell us where that .came from and

how that was determined?
DR. BAYLOR: Unfortunately, I could not. I
mean, we have been trying to figure that out. We

have been trying to figure that out as far as going

back in the hlstorlcal records and determlnlng how

they came up w1th that and- 901ng back to the preamble:




10

11

12

13

14

15

16

17

18

19

20
21
22

23

24

25

26

27

‘_"Yes

“the hypersens1t1v1ty to the antlgen.

- 47

-

to the regulation., We just have been unsuccesgful

with that but we are still trying to flgure that out.

DR. MYERS: Norman, would it be possible to
get copies of these to circulate to the people who
are in attendance, these pafticular slides?

DR. BAYLOR: Sure. Dr. Myers just asked
whether it would be possibie tc’get eopies of the

slides for those who would want them and I sald

DR. VOGEL: Go ahead - "E{

‘DR. KEITH: And, I guess, one laet‘ccmment
concerning the -

| DR. VOGEL: Identify yourself.

DR. KEITH: This is;saﬁ'Keith from ATSDR.

As far as aluminuﬁ‘hyperseﬁsitivity,‘in 193
we published a paper concerniﬂg nodule formations |
following vaccinations and if the nodule,laséed more

than about six weeks a general aluminum

- hypersensitivity resulted, indicating that iE'perhaps

is hypersen31t1v1ty to aluminum itself is opposed to

Also, if one goes into the PDR and finds

that the vaccines with alum adjuvaﬁt are specifically

pointed out as aluminum potassium sulfate.

DR. BAYLOR: Okay.

. DR GARCON JOHNSON- I had the same comment. L

If you look at any vaccine: 1n France o
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DR. VOGEL: And identify ygurself and-
institﬁtion. | ,

DR. GARCON-JOHNSCN: Nathalie Johnson,
SmithKline Beecham.

I had the same comment about thelvaccines

containing aluminum. If you look at any insert of

~ vaccinia they do not just put aluminum salt'ﬁig‘is

fspec1f1ed if it is hydrox1de or phosphate or eium

‘ prec1p1tate so you know what you are u51ng.>‘

DR BAYLOR: So you are saying in France it
is identified?

DR. GARCON-JOHNSON: Yes.

DR. BAYLOR: Okay. And it .is the same iﬁ
the U.S. We require that. |

| DR. VOGEL: Okay. Thank you very ﬁuch,

Norman. | |

The next speaker today is Dr..John Clements.

John Clements is a medical officer with the expanded

~pProgram on immunization for the last 14 years at WHO.

Prior to that he was the head of disease control and
the Mlnster -- in the Mlnlstry of Health in New
Zealand. Dr. Clements' talk today will be “Adquants
in Vaccines - A Global‘PerS§ective}“

ADJUVANTS IN VACCINES - A GLOBAL:- PERSPECTIVE

JOHN CLEMENTS
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- DR. CLEMENTS: Good morning, everyﬁbdé§ _-

(Slide.) o

I want to first thank the National Vaccine
Program and Marty for inviting me to come here. T
must say I have been looking forward to it,
espec1a11y as this is the first time my wife has‘
traveled with me on bu31ness We now have an empty
nest at ‘home and so I am delighted that she is with

But I had my hopes dashed about the sﬁbcess

of this week because of thlngs ‘that happened. I am

unable to say "I love you" to her any longer in case
she thinks that I am Qoing to send e-mails to all her
friends and replicate on her hard’disk.
| (Laughter.)
I hope the rest of this meeting will go
weli. |

Here on the screen you see my clients. I

‘-Athought that was a nice way to start off. LHWT

(Slide.)

= , I am going to talk to you about WHO's

perspective about adjuvants and I knew béfore I came
aﬁd it has been confirmed that it is very difficult
to be the third speaker followingrthe two gentlemen,
who have been already, not to overlap somewhat so I

apologize in advance for any minor overlaps. and I
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‘will be prepared to»ékip quickly over slides which

(Slide.) | ‘ .

So what do I want to speak about this
morning? I thought I would ask three qﬁestions.
What alumiﬁum adjuvant vaccines have been widely
used? And I would liké to jusﬁ draw your'attention
to that second word there and count the numberiof

i'I's“"in it. What impact have they had glpbally

T -

and what conclusions can we draw from thlso‘ F‘
(8lide.) w
I am afraid I do not have any wonderful maps
about the plague going through Europe that‘wé have
jﬁst seen but it is important, I think, just to look
at the historical perspective of how vaccines were
developed. Since Genna and Pasteur did their

wonderful work in the early history of wvaccines, then

we had a phase going through to the 1930's where the

_.classiéal vaccines were developed, and right -in the

middle of that was diphtheria-pertussis—tetanué as

.-YOu can see. . -

(Slide.)

And then a little bit later, the second
generation -- I am calling them the second ‘
generation, that is my term and nobody else's -- of

vaccines were produced because viral -technology.

allowed this to happen right up to the '70s.
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How were those vaccines used? Well, in the
initial programs in -- vaccine programs nationaily,
small pox was the pr1nc1p1e vaccine which was used
and gradually certain countries introduced BCG, the
tox01ds, IPV and measles vaccine up to the 1960's and
1970's. But the use of them was very much confined
to 1ndustr1allzed countrles and even there to within
the better off or the better educated. T %L'
(Slide.) _ o F;
"It was clear in 1974 that with only five
percent of the world's children in industrialized
countries having acceéékto vaccineé that this was

unacceptable. The World Health Program -- the World

‘Health Organization formed the expanded program on

immunization and brought in six classical vaccines
and they called it expanded because it built'on
basically the success of the small pPox program up to

-
%

They expanded it with the six classical

—vaccines that you see there. BCG, diphtheria;

tetanus, pertussis, oral polio vaccine and measles
vaccine; Then later we have added three.other
ﬁaccines, hepatitis B and Hib, and yeilow fever in
kendemic countries. ; So right at this'point I would

say those are our classical vaccines.

(Sllde )
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~

I want to draw your attention to §oméfof'the
B
wide spectrum of adjuvants that are currently in use

and I put at the top of the 1lst the alumlnum~ca1c1um

- salts because from our perspective they are the key

adjuvants. You will see BCG itself is an adjuvant
and a whole range of other items there. And really
as far as I can see and as far as the books seem to

say, the properties that these have in common are

S
&

enormously. | ; | =3

We are particularly interested in guil-A and
immune stimulating coﬁplexes,,that third one down,
because it has looked for a time as if we would get a |
new measies vaccine using ISCOMS.

(Slide.)
And T think from our point of view and for
the discussion for the rest of the two days I want to

draw attenti9nkto the first bullet there, the

"l-'

inoculation, which is slowly released. This is our

principle activity that we are looking at in-terms of

DTP.
And,'aé I understand it, the absorbed
vaccine is absorbed on to a lattice work formed by

the aluminum salts and those salts change their

Property around the freezing point, around zero, and

the lattice work breaks down. So from our point of
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‘view in the field these vaccines are -- must~ 4 = .

U
i

crucially be held above zero. Otherwise théy-i;Se
their potency. . : : -

From the practical point of wview, as well,
it is important to understand that there is probably
going to be a granuloma formed, which attracts plasma
cells,band these present the immune -- the antigen to
the immune competent cells.

(Slide.) ' e

et

Now WHO has been aware of adjuvants_f%i a

- very long time as, indeed, the FDA has. And_this

culminated in the most récent report specifically -
targeted at adjuvants which was in 1976. Report
number 595. And if any of you need to look in the
library and get the details of some=of that, that
would be the gold standard that WHO has produéed up
to this point.

(slide.)

Now in practical terms where are thes%;

adjuvants in the immunization program? Well, we have

.- -Just seen the United States schedule and the global

schedule that we work on is really not very
different. The first‘and important group of vaécines
which have the aluminum in them is the DTP and the
family there, the tetanus toxoid, DT with a large D
and 4T with a small "d“ and also the ‘hepatitis B

vaccine.
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" that have the aluminum adjuvant in them but th;se are

the two groups of vaccinesvthat we are interested in
globally.

(slide.)

Why are we so pleased with them in the
vaccines that we are using? Well, with minor

qualifications that we have already touched on, in

- part, they are safe. They are effective. Thég;do
,fbroduce a priming. They do seem, in general, %ﬁth

 some exceptions to be successful to boost. They do

attract eosinophil. And as far as we can tell, at
this point, we have no evidence that they cause
immune complex disorderslso they do have a lot of
very positive‘propertiest

(slide.)

Looking at the vaccines;themsélves and how

these vaccines have become adjuvated'and~how they

- _.have been used globally, it was clear that that=

diphtheria vaccine in the 1940's was sufferinngrom a

. ﬂ?reputation of fairly high reactogenecity. It was --

mostly it seemed to be a type 4 hypersensitivity
reaction.k

And this resulted in a search for a better

vaccine which was less reactogenic and the way that

‘was done was to reduce the antigen content somewhat,

{
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‘~to purify the toxoid and to use it as an alﬁmﬁﬁﬁm;—Q

B

to build in an aluminum adjuvant‘
| So now generally the vaccinevused‘globeily
is with an absorbed aluminum hydroxide or aluminum
phosphate and, of course, as you all know, mostly it
is given with other antigens. v

It still doesehave the tendency end the

worry in Ehe program for us that it is reactogenic

:"and thls has led to the recommendatlon that - wewuse T4

fw1th a small "d". That is a smaller dose in dﬁlldren
from sevenﬂyeers of age up through adulthood.

And we do have reports from several
countries in any one yeaf that complain that the DTP
is very reactogenic and this is generally those
vaccines where there isg a relatlvely higher level of
dlphtherla’content in the DTP.

But because ﬁost of the diphtheria'Vaccihe
given in the world now is-either with»teﬁanus toxoid
~or as DTP or even as a quadrivalent, feedbackwgbout

what the reactogenecity of the diphtheria cbntent is

“now very difficult to ascertain. -

(slide.)

Diphtheria has been a major disease through
the history of menkind. Just as we heard about the
paesage of measles and small pox to the Americas,
diphtheria was d01ng a lot of damage early on-in the

history of Europe. Even up 1nto the 20th Century
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-immedlately after the flrst -- the second Worlg War,4

there were major epldemlcs Stlll occurrlng and

another major epidemic occurred‘ln;the former -
U.S.S.R. in the 1990'8

(slide.)

If you look at this graph of the number of
cases that are reported to WHO -- and theeefareynot

complete, of course. These are incomplete numbers

B reported -- you can see in red how the number'went

ydown up to about 1992 and then started to go uﬁ»agaln

" but that increase was due solely to the blue, which

is the European region and the U.S.S.R. cases. _

.This graph does not go'back far enough
but it was estimated*that around - a million cases of
diphtheria were occurring in 1943 in Europe alone so
this disease hae caused havoc throughout the world
throughout history. |

That is just to show you the age

- distribution of cases in the U.S.S.R. outbreak&

Young adults predominately.

(Slide.) o T

And the reason is very difficult to identify
why a country which had been using DTP .for literally
generations ended up with an outbreak end low and

decreasing immunization coverage certainly

contributed. There were 1arge movements of
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~

:;organization And, lastly, a lack of 1mmun1ty to

diphtheria in adults and that is sqmethlng that
worries us as to its long-term implications. -
(Slide.)
ln terms of how the vaccine is used
globally, we oﬁly know how DTP is used and the -- it
mirrors very much the use of BCG, which ié in red

there. The DTP is behind. That is DTP3. So. up to

" until 1985 when I appeared on the program there you
‘can see it was not very good but after I arrlﬂéd it

- improved a lot

(slide.)

The countries in red are the ones that are

- still not doing very well. They have low DTP3
coverage and they are still a problem regarding

elimination of tetanus.

(Slide.)

If you look at -- a number of countries in

-Africa have falling DTP levels and again this.és

something which is of greatest -- highest concern to
If you look, for instance, at the two
countries I have just indicated, Ethiopia and

Nigeria, although Ethiopia only has a six point drop

-and Nigeria has a 24 point drop, the high pPopulation

levels of infants in these countrles 1ndlcate

““enormous numbers of chlldren unprotected stlll
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Diphtheria is not just a problem in

industrialized countries but in developing countries,

as I am sure you know. It is not so much a forschal
(?) or a tonsilar disease as one of the skin, and
recent population changes -- political changes ‘that
have been about in many, many developing countries

have, in fact, brought with it epidemiological

- changéé and we now have outbreaks of forschai‘%L

dlphtherla in countries like these that are. shéﬁn on
the screen there.

(Slide.)

Turning to tetanus quickiy. We heve heard
that it can be a liquid nonabsorbed or aﬁ absorbed
vaccine. It can include phosphate or a hydroxide.
And ﬁhe most important impact that it makes for our
program is to try and redﬁce neonatal tetanus and the

principle way it does that is by protecticn of

.mothers before they give birth, either before the

antenatal period or receiving two doses within their

- ~pregnancy. \ i

We have problems to a small extent wﬁth
reactions to the veccine, ahd in sensitivity to the
questions and discussion that we have just'had, it is
difficult to identify that this is necessarily

directly to do with the absorbed vaccine but

nonetheless we are concerned that a small proportlon o
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-

-_of mothers do get sterile abscesses followfhg%tetanﬁs

toxoid and it does seem to be,proportional-to'the
inumber of doses they get. -

A very small proportion of cases get
brachial neuritis afterwards so it is somethiﬁg
approaching one case per million doses administered.
And individuals do go down with Guillain-ﬁarre
syndrome afterwards -- after tetanus toxoid - but it is
far from certain that it is cause and effect.ff

(Slide.) : - F;

Coverage with the vaccine of pregnant women
throughout the world is very mixed and, indeed, even
in countries where it is -- should be ——_Wherevit is
required because there are a lot of cases of neonatal
tetenus we do‘not'seem to be able to get up much
above 50 percent and that is, I think, the weakest

vaccine that is administered through EPI and reflects

a different target grbup(4 It is mothers that we are

(slide.)
In terms of cases -- well, we get cases
reported to us throughout -- from all the countries

in the world and the number of cases in. 1980 dropped
from 31 to 15 000 but that is the number reported and
the number that really occur is clearly higher than
that.

(Slide.)
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The type of mother and infant thaﬁéagé_atA
risk are these. I took this picture in one"bfvthe
slums in Bangladesh. And this woman is at high risk
from her next pregnancy.of getting tetanus and

neonatal tetanus for the béby.

And we estimate that the figures are very

much higher. Something around 200,000 neonatal

deaths are continuing to occur a year and, just as

" tragic, 30,000 maternal deaths from tetanus. &

-(Slide.) - ‘Eﬁ

-The whole cell and thé acellular pertussis'
vaccine both have aluminum adjuvants. We think most
of the reactions that aré reéorded.are»caused by the
whole cell and not by the acelluiar. There is
significant difference in the re?ction rate there.

And again aluminﬁm phosphates or aluminum

phosphate sulfate are the adjuvants that are involved

in that but it is an interesting to note that the

pertussis toxoid itself acts as an adjuvant fer the

diphtheria and the tetanus ccmponents‘of’DTP.

(Slide.) ' -

The impact again of this looks very
impressive. This is cases réported tous by WHO
regions since 1974 and you can see a very.impressive
decline in the incidence of pertussis but again this
is reported cases and maﬁy of yéu wiIl know the

difficulty in diagnosis and reporting of pertussis.



10
11

12

.13

14

15

16

17

18

19

20

21

22

23

24

25

26

.61

Although there is a clear trend in reductlon, ghe

actual incidence cannot be accepted as what you see

there. ' ' o

It is estimated that between 20 and 40
million cases of pertussis still occur every year
with between 200 and 300,000 fatalities annually and’
nearly all those are in developingfcountries;

(slide.)

Quickly, with hepatitis B and Hib, the,areas

1n red demonstrate the high prevalence areas fd%

 hepatitis B in the world. Indeed, 30 percent of the

world's population have serological markers of
infection against hepatitis B so it is a
phenomenonally common disorder.
(Slide.)
I am sorry about the title there‘but this is
the number of countries that have adbpted infant

immunizatipn_thrbughout the world using hepatitis B.

S0 you can see large areas here where we would%}ike
' to see infant immunization and although there are

--Bome trial areas within Delhi this area here is not

implementing'immunization at this point.
| (Slide.)

There is no doubt at all that this vaccine
has a tremendoﬁsly positive imPact. Just using --

looking at studies from these countries alone and

looklng here, the percentage of chronlcally 1nfected S
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o

:before the immunization program. If we take Alaska,

: very much reduced.

16 percent of infants were becomlng chronlcally
infected. Whereas, after the 1mmunlzat10n program,
iero. And yoﬁbcan see all the way down here the
tremendous impact, 12 to 2.9 perdent.

The number of children that are subsequently
getting infected with hepatitis B after thé

introduction of a successful 1mmunlzatlon program is

(8lide.)

! Olege, bt
e

‘I do not have a gréph'to show you the
fantastic impact that Hib immunization has had but I
think many of you know from the Americas better than
I dd the very -- the tremendous success it has had,

and this graph shows the aréas that -are now using Hib

in their immunization pPrograms.

Of course, we hope that this will spread to

the rest of the world and, 1ndeed the Global

~Alliance for Vacc1nes and Immunization, GAVI, whlch

has recently been formed, is spec1f1cally targetlng

~-introduction of new vaccines to countries, -

particularly developing dountries. So stay tuned on
that one.

(slide.)

The last issue that I want to:raise\with you

is the fragility of the DTP market and although we

‘are providing just about enough DTP for the needs of
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~

“~the world at the moment you will see that the;yellow

there is locally produced vaccine and the other two
colors represent that which is produced\probably
mostly bykindustrializedVcountries, aithough not
exclusively, and either donated -- purchased through
UNICEF or purchased directly by countries.

However, if one of -- even one of the major

’manufacturers that is making DTP at the moment were

to pull out for any reason because this is a marglnal
ivac01ne for them, they do not make thelr profﬁ%

through DTP, it would put the whole of the supply

system in jeopardy. It is very important to realize
that so many -- that so much of the DTP is produced
locally.

(Slide.)

; And a similar story for the hepetitis B
locally produced in green. - And particularlY”in the
Western Pacific” for Chlna and other countries, the

<
(slide.)
~So why are we here discussing adjuvahte at
all? Well, we have heard that it is a new era and
there are many vaccines coming along that are going
to need adjuvants. There is no question that new
vaccines equals the need for new adjuvants. -

And WHO is 1nvolved in that and are 1ook1ng

at the development of a tetanus tox01d vacc1ne whlch
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can be given as one shot and deliver threeﬁsléﬁffi

A

release boosts subsequently to get the same effect of

havinghthrée doses.' That is not completed yet;but
research is well advanéed‘in that era.

It is clear that the adjuvgnts that have
been used in the past for thchlaSSicai vaécines are
unlikely to be suiﬁablé without modification for the
future vaccines.
| Secondly, just as thimerosal emergéaéits -

can I call it -- its ugly head last year and %é were

all thrown into a situation of siege momentarily

unﬁil we gotfthe fﬁcts out to the public, the public
is very muéh interested in what is in vagcines and
what their children are getting, and I believe this
is ;amething that we need to discuss in the next two
days.

The public is very much concerned ‘with

mercury and it is not so surprising that thimerosal

e
[
-

Aluminum is not perceived, I believe, by fhé_bublic a
dangerous metal and, therefore; we are in a- much more
comforﬁéble wicket in terms of defending its presence
in vaccines.

But nonetheless we have to be very much
aware that the coﬁmunities are watching what we do

and how we handle the issues df the safety of. the

world's vaccines. I know there are many of you in
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'g;u’::l. '[ “, '

the réoﬁ here that I have worked with who éfe
concerned alongside with me but WHO takes-fhaﬁfveryvA
seriouSly and is looking to the outcome of this
meeting with great.intérest.

I think the public does have a right to know
what is going on. I think the days of hidden

administration are over and I do not think we should

have any problem in disclosing what is in vaccines

and what the risks are. The days for WHOvaﬁéégi
believe, all adminiStrations is over Where_ﬁiéﬁt lips
and closéd doors are the respoﬁse to the pfgss. We
must share what we know. And if we do not say what
we know then it will be ﬁade up and we\need‘to get
our point across about vaccine safety from a strong
poiht of view with good communications.

| (slide.)

So; in wrapping up, Mr. Chairman, my
COnclusionSwwoﬁld be that these vaccines that have
had aluminum adjuvants in them have had an ‘exgellent
track record of safety and efficacy for over 56
years. They have had a dramatic positive effect on
the control of major infant, child and adult
diseases. DPT vaccine supply is potentially fragile;<
that nonaluminium based adjuvants could not easily
replace aluminum adjuvants for the reasons:that our
last speaker has eloquently outlined; and that new

generation vaccines will probably need new generation



: o - | - 66

1 . adjuvants with all ﬁhe reQuirements of safé%jé?ﬁﬁich
2 n"'ﬂ we have,jﬁstvheérd about as well. o
3 | | (Slide.) | | -
4 ' So I hope we will be able to take those
5 pointé further in discussion and I thankvyou for your
6 ) attention. |
7 : (Applause.)
8 . ‘ DR; VOGEL: Thank you very much, Dr.
9 /:\  "~ Clements. | "t%ﬁ
- 0 - - | This paper is open for discussion. '%&.
11 - Myers?»" | w
12 'DR. MYERS: John, could-you séy sqmething
13 about the‘célcium adjuvant? I just noﬁicgd that you
14 had -- that there were -- which vaccines.énd were
15 ' they utilized?
16 7 : DR. CLEMENTS: Not off thertop of my head,
17 , no. If I can pull back the table.
18 ; - (slide.)
19 - S I can only tell you that we are awégg of
20 calcium phosphate in DTP. I would have to gokback to
21 -7~ the books to find out which countries are -
22 manufacturing it. There may bé people in the room
23 who can see better than I. I think some of the
24 European manufacturers.
25 _ DR. VOGEL: Dr. Armand? ‘
26 DR. ARMAND: Yes. Célcium~phosphate was

27 _ utilized in the past by Institut Pasteur for théir .
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DTP. When we merged our activities with tﬁei£? t

o

activities, this vaccine has been dropped.fvl?have no

special information regarding the comparison in terms

of safety between aluminum phosphate and calcium

phosphate.
| DR. MYERS: So the only utiiized adjuﬁant
now then would be salts of aluminum? |

DR. ARMAND: Yes. I think to Eheubgst of my
recollection, Institut Pasteur was the oply“rg;
manufacturer ha&ing utilized calcium phospbag%i

" DR. VOGEL: Do we have other quesEiSns?

dkay. If not, thank you very much. We will now take
a break and rejbin here at'lO:BS.v_

(Whereupon, at 10:13 p.m., a,break_was
taken.)

DR. VOGEL:  Okay. We would like to get

started again.

Our next speaker is Dr. Carl Alving. He has

~been on active duty with the U.S. Army since 1970,

stationed at Walter Reed Army Institute of Résearch,
where he is the Chief of the Department of Membrane
Chemistry. His special interests include liposomes
as vaccines carriers, emulsion techmology and the
biological effects of complement. Dr. Alving's
talk today will be on adjuvant immunology.

Carl?
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CARL ALvING gfjf
DR. ALVING: Well, the purpose of7£hig'talk_'
is really to discuss what are adjuvaﬁts and how do
they work, and I feel soméwhat in the position and in
the dilemma of Elizabeth Taylor's seventh husband.
You know, I kﬁow what I_amrsuppqsed'tovdo but I do

not know how to do it any better with the eminent

people who have preceded me.

=

(Laughter.)

At
"v l’

h

(Slide.) - ¥

' But ﬁhe gquestion is what are adjuvgnéé?
Well, my simplified view of adjuvént is anything that
has a beneficial effect on the immuﬁe response"and
there have been hundfeds, perhaps thousands, of
adjuvants that have been described and I think
perhaps it is just as well to ask what do we expect
adjuvants to do.

This is the same thing that,yoﬁ would ask of

~ a vaccine. What do you expect the vaccine to_do?

And i am going to go through a large number of

" adjuvants and a large number of mechanisms. - I am

going to discuss a variety of different mechanisms of
how adjuvants work today.
But what do we expect adjuvants to do?

Well, I have put it into five categories. The first

is you want -- ideally you might want to bring the



10

11

12

13

14

15’

16

17

18

19

20

21

22

23

24

25

26

"4

Huﬁtef.

69

antigen -- you Want to help bring the antigén Eﬁﬁ@

~close contact with the immune system.

Number two might.be to influence the tYpe of
immunity, whether it is humoral immunity or
antibodies or mucosal immunity.

The third is to influence the quality of the

immune response. For example, affihity of the

isotypes or the specificity as was discussed by Bob

And'foutth.is té‘influence the quqnt%%y of
the immuﬁe response, namely the magnitudehandAthe
duration and so forth.

And, £inally, wé are always worried about
the stimulation of appropriate immunity.u For
example, except for cancer Vaccines~and certain bther
exotic Qaécine applications, we normally may not want
to stimulate autoimmunity. We want the vaccines to
be safe.

| Now there are numerous different .
classifications ofnadjuvants,that have been pﬁﬁ
forward. I happen to like this one by Bob Edelman at
the’University of Maryland who classified as.
adjuvants, carriers and vehicles as being separate.
The aluminum salﬁs would be among the adjuvants as
would:be saponin, muramyl diad tripeptide,

monophosphoryl lipid A, bordetella pertussis .and

~ cytokines, and so forth.
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Now he puts the carriers, the bacterial"

toxoids of fatty acids, the living vectors and so

forth as being carriers but I would say they ought to

be called adjuvants as well just in the generic type

of definition that I am talking about.
And then he calls vehicles with the mineral
oil emulsions, Freund's adjuvant, vegetable oil

emulsions, peanut oil, and squalene, nonionic blocked

" copolymer surfactant, the squalene or squalene,

liposomes and bicdegradable polymer micrésph%?es.

And then flnally it is most approprlate to

talk about adjuvant formulatlons which are mlxtures

of the above. Now very -- there has been very little

talk‘in this ﬁeeting so far and ?erhaps in the rest
of'thérmeeting on incompiete Freund's adjuvént.
IncompleterFreund‘s adjuvant has been widely used.
Most people do not realize it has been\giveg to more
than a mllllon,people worldw1de.

(8lide.) '

Now the incomplete Freund's'adjuvaﬁg --
maybe that could be fdcused a little bit. _The
incomplete Freund's adjuvant consists of -- it is a
water and oil, a Drachy (?) oil, which is a light
paraphrenic mineral oil emulsion that‘ié stabilized
Qith LSLA (sic) as the emulsifying agent.

Well, when the idea of having adjuvant

formulations -- mixtures of the above -- we had the
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-1dea of putting liposomes actually emulslfled»:l.nto~

i

1ncomp1ete Freund's adjuvant and here 1s the
1ncomplete Freund's. And then we thought,that the
liposomes would compete with the LSLA and, sure
enough, when you get too much liposomes moving in
with the'LStA you get a separation of the oil and
water so you get an unstable emulsion that occurs.

However, at a proper combination of

'llposomes and incomplete Freund‘s adjuvant it 1s

..r

p0531b1e to get a mixture of the two and get ? stable

emulsion so that you could have liposomes contalnlng

antigen encapsulated within them with an antigen such
as iipid A or some other sort of thing actually
intact sitting inside an oil and water emulsion, and
then you would get -- presumably you would get slow
release that would occur. |

" (Slide.)

I do not expect you to read any of this at

~all but most people - as I mentioned, the. incomplete

Freund's adjuvant -- let's go to the questio&rnow of
the safety. The reason that incomplete,Freynd's
adjuvant is not widely used is because it is
perceived as not being a very safe.fqtmulation.
Howeﬁer, there has been a won&erful study

that was done in which Jonas Salk in 1951 through

- 1953 used an incomplete Freund's adjuvant, influenza

formulation;  to -immunize iB,OOO soldiers in the U:Sv— -
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Army and it was found to be unexcelled as\a’séimulant
~ | B
of antibody reactions for the influenza reagtion.
Then there was a nine vear six --‘nige to

ten year, 16 to 18 year, and a greater than 30 year

- follow-up of this cohort. And simply to summarize

for you there were found some -- initially there were
found some cyst-like reactions that were observed.

However, they -- according to Salk he could remove

" those by purifying the LSLA later. However,-.they did

occur in a certain percentage of the individﬁ%}s

- early on, a few, as much as three or four percent.

Actually one to four percent,

However, most dramatically in the greater than 35

yvear follow-up there was no increased adverse effects

~whatsoever found in the stimulation in this cohort.

Particularly there were no increase in autoimmune

diseases when this was looked at very carefully and,

~in fact, there was a significant decrease of reduced:

-~ ez

Y

mortality due to tumors of the digestive sysﬁém in
this cohort. /' ‘ | -
 (Slide.)
In any case, becausé of theAperdeived
dangers of incomplete Freund's adjuvanﬁ, people have

gone from water and oil emulsions more towards oil

and water emulsions.
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An excellent example of it is calie%iMESS'

.manufactured by Chiron. This fonmulation”aétﬁally is

in a licensed influenza vaccine in Italy. It was

given during the current flu season to perhaps more

~ than 300,000 individuals and it appears to be a

highly effective and very, very safe adjuvant. It is

an oil in water. It contains squalene oil and water

emulsion so that is one of the licensed adjuvants.

Another licemnsed adjuvant, just wﬂi&é I am

‘thinking of it, that I might point out is.théﬁéwiss

Airman (sic) Vaccine Institute has actually licensed
a hepatitis A vaccine that contains liposomes as the
basis'for its formulation. |
| © (Slide.)
The saponin derivative -- the Quil-Aa
derivatives actually were mentioned earlier. These
are derived from saponin. Saponin, as you may know,

binds to cholesterol. It punches a hole in red cells

~and, in fact, this may be one of the toxic“hgchanisms

of saponin.

However, the QS-21 when it is put‘in-an oil
and water emulsion together with monophosphoryl lipid B
A by SmithKline Beecham in their malaria wvaccine, the
combination has been found to be a very highly
effective combination. |

(slide.) ”
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~ Now how does these adjuvants work’ .Well
Bob Hunter -- and actually how does the Qu11 i work°
It blnds to cholesterol. This may be a mechanlsm of
what it does. What are some of the other mechanisms?
(Slide.)
This is a slide that\Bob showed earlier.
Another mechanism -- and I think Bob;is a pioneer in

this area -- is the effect of complement activation.

" The complement activation and perhaps the bigdingitc

cholesterol of the previous adjuvant are mec%?nisms

which promote -- which could be viewed as prbmoting

' interactions with the antigen presentlng cells.

- Now when we get to the o the 1mmunologlca1
mechanlsms of how do the adjuvants work, the flrst
thing that happens is that the antlgen is brought
into contact with the antigen presenting ceil, then
it can go into -- it goes through the T helper cells,
it can go into two typegyof pathways.

Either through B cells, stimulation of B
cells\or through stimulation of cytoﬁoxic T gélls} B
cells would lead to antibody formation. The
éYtotoxic T cells would lead to the direct killing of
the tumors.

Well, thefe are ways to infiﬁéﬁce this by
the use of cytokines. The cytokines that can

stimulate what are called either the Thl or the Th2

response. The Thl respbnse is useful for inducing
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cellulér immunity sudh as éytotoxic T lyméioéééés{
Maybe generated by cytokines such as interféfSn
gamma, interleukin-2, interleukin-12 or TNF éléha.

The Th2 lymphocytes claséically'are
generated by interleukin-4, interleukin-5,
interleukin-6, interleukin-lo,‘interleukin~13, and
there may be other indirect types of ways of
generating these materials such as TGF beta, which

And then the other thing you might_%%nt to

do is you might want to have more of your antigen

presenting cells so there are cytokines that can do

that. GM-CSF can promote the recruitment of
dendritic cells to the site of injection.

(slide.) | ;

And this is a paper that céme out of Jay
Brezhovsky's laboratory just as an illustration of
how this can be used. Here this was fiom the Journal

of Immunology in 1997 and what‘he showed was, that,

.yes, the incomplete Freund's adjuvant with different
cytokihes that he found that hercould use both the
recruitment of dendritic cells with GM-CSF when
combined with IL-12 that he could get--a. generation.
He could direct the immune response towards the
generétion of cytotoxic T lymphocytes.

(Slide.) |

And then with the -- I was pleased to see in .



10

11

12
13
14
15
16
17

18

19

20
21
22
23

24

25.

26

——_ 2"],...’~

76 -

—R011t's Experimental Immunology actually that»there

: E
was an article -- that there was a story ——-a llttle

thing about liposomes where they call it the do it

‘all in one omnipotent liposome particle.

This is not -- I did not do this but this is
-- Roiit did this. And he is talking about being
able to add things in the gastrointestinal tract that

have resistance, have multiple antigens, put various

'~ adjuvants such as monophosphoryl lipid A or’@p? in

the liposomes, target lymphocytes with IL—2 %g-IL—4
or interferon gamma or interleukin-12 or to target
the materlal to a particular s1te such as the cholera
tox1n or have C3B from the complement system or to
have.antidendritic cell antibodies.

(Slide.) |

Now if you want to generate cytotoxic T
lymphocytes, which is classically what you might want
to do for imtracellular_viruses or fqr}tumor cells,
you have to actually get the antlgen in the cytoplasm
so the mechanism is that the cytoplasmlc antlgen then
goes into a proteosome, which has a variety_of'
proteases. These are‘proken down into peptides
through the so-called TAP complex inteo the
endcplasmic reticﬁlum where it combines‘with’the MHC
Class I molecules and goes into the Gelgi.

In going into the Golgi then we.get_the MHC

Class~I going and being presented at the surface of —
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the macrophage where it generates cytokine$~t§§t;'
generate the various T helper cells.
The antibodies may be produced through the

MHC Class II pathway where. they are broken down in

 the emecitic (?) compartmént and then they are

presented in‘combination with MHC Class II
histocompatibility antigens.

(Slide.)

This is simply a slide showing thégéét is
possible using different -- a variety of kin@%fof
adjuvanés to actually generate things that will go
into the cytoplasm and will generate a cytotoxic T
lymphocyte. |

This is work from my laboratory where these
are just two separate cells. Here we have
unencapéulated,protein that is stained red and we

have a stain which can actually identify where the

Golgi is located. This is a vital stain. These are

" living cells and this is the combination of"nye two.

The unencapSulatedAantigen by itself, just a
soluble‘antigen,'this is conalbumin that was‘béing
used, did not go into the Golgi apparatus. It went
here. However, when it was put into the liposomes it
then enters into the Golgi apparatus and as a result
of that you should expect to see the phenomenon that
is shown here, mainly that_the liposomal antigen

flows into the cytoplasm.
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This is the only way that it\canfgef’iﬁto
thé Golgi apparatus. It goes into the cytoplasm and
goes through the classical pathway £for inducingf
| Now this is not just liposomes that do this.

Any particle appears to do this. You can do this

with an albumin particle. You can do it with

- polystyrene beads, microcapsules, microSphgres. You
- could do the same thing. They flow into the.

Acytoplasm.A This is now an established phenoasnon,

the mechanlsms of which are not totally understood at
the moment but we have actually v1suallzed thlS by
electron mlcroscopy.

(slide.)

And then you can get cytotoxic T
lymphocytes. ‘This waS»actually under a grant that we
did with' the CDC where we actually had the hypothesis
that itvmight-be possible to inducé cytotoxic T

lymphocytes more effectively against Ebola;virus by

e
>

intravenous immunization than intramuscular
immunization. Imn fact, that did turn out to be
corréct with liposomes cqntaining'lipid A.

(slide.) 3

And then we get -—vand in thié challengé
mode1 in mice actually we have gotteh curréntly 100
percent survival of the mice that have been.immunized,

in that,way_‘ s e e e [
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But just to show that not all thﬁhgé}éfe .
very simple, when we now have gone to thedndnkeYs
looking at the ability of this system té prbﬁéct
monkeys, we found that we get huge neutralizihg
antibodies against the Ebola virus in the monkeys but
the -- it does not appear to protect them.

- It gives a little bit of protection. It

prolongs their life span a little bit. There may be

 an antigen dose. We are still investigatiﬁg}ihat at

the present time. 7 L }Eﬁ
— (Slide,)

What'aboutvsome other adjuvants?  Here‘is an
example: Cholera tbxin is a classical gdjuvant. It.\
is classically used as an adjuvant for the mucosal
immunity and it is sold by a variety of different

suppliers. I just point this out here.

Again our'chairman, Fred Vogel, actually has

‘done a great service to the field in working with

‘Mike Powell and now I have gotten involved ip. this in

producing a compendium of wvaccine adjuvants and

excipient. This compendium of vaccine adjuvants

excipient was, in fact, on a very expensive volume
that was published. It cost more than $100. It is
now free. It is on line on the NIH's web site and

the address for it is given right here.
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Now the -- sorry. It is =,

1%1?.“
- I'l

niéid.nih.gov/aidsvaccine/adjuvants.htm and.lt is on
a PDF file..

(slide.)

And, in fact, I would encourage anyone to
add to that if you have adjuvants that you would like
to have added to that. |

' Now the cholera toxin worked by binding to a

" glycolipid ganglioside GM1. When it binds to .

ganglioside GM1 it completely loses all of 1t§
adjuvant activity.
| (Slide.)

This is a very, very intefesting experiment
that‘was donel Here we are trying to induce an |
immune résponse against cholera toxin and when we
have the‘cholera tbxin alone we are getting mainly
IgGl preaominance in the immune response. Namely

this will be a Th2 type of reactivity. However, when

. it binds to the GM1l on liposomes, liposames-

~.‘

containing lipid-A and GM1l, it is converted to a Thl

- type of response, predominantly IgG2A. So that it is

possible with adjuvants to direct the immhne response
in different directions that may be dgsired.

(Slide.) | |

Mucosal immunity. .What about this? Mucosal
immﬁnity -- the mucosal services are very impprtant.

They occupy about 90 percent of a basketball court.
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I do not know if anybody actually spread them out to
measure but I think that is a calculated value

But IgA represents greater than 60 pércent
of all antibody isotypes in humans according to
Mcéee,'et al., in this publication‘that was shown
here.

\(Slide.)

Mucosal immunity represents another way in
whlch adjuvants can work and that is by dlréEt access
to the immune system._ Here we are dlrectly aﬁplylng

the antigen directly to the ;mmune system and the

most commonly thought mechanism for going into the

“immune system through the gut, for example, is

through -- entry through what is known as M cells
that are phagocytic cells that basically lack
lysosomal apparatus but process the antigen so that

they come into the underlying tissues and can gain

access to the immune system.

(Slide.) -
However, I am not going to talk about that
anymore at this point but I am going to talk about
how can we‘gain access to the mucosal system by other
mechanisms. We have recently discovered a wonderful
mechanism actually that should be of great interes;,-

I would think, to WHO and that is by direct

application on the surface of the skin.
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It happens that when the skin -- dlrectly
under the cutaneous layer of the skin there 1% a huge<
-- there are a huge number of Langerhans celle-that
are guintessential antigen presenting cells under‘the
surface of the'Skin. Whenyyou hydrate the skin what
happens is that the -- through the little cracks and
things like thatAthat are in the skin this becomes
permeable down to the level of the Langerhens cells.

(Slide.) ‘ o

S

T
£

So that we have actually discoveredi;hat it

is possible by putting cholera toxin mixed with an

antigen simply on the surface of the skin with a

bandaid on top of it, it is possible to get an immune

response. So, for example, here we have cholera
toxin on the surface of the skin. We get a, |
tremendous antichoiera toxin immune response.

" When we mix cholera toxin together, let's
say, with diphtheria toxoid or serum albumin or
tetanus toxoid, we also get an immune response
against the other antigen so that wiﬁh no in¥ection,
a needle free immunization procedure, direet
application to the site of the immune system, namely

the Langerhans cells dlrectly under the cutaneous

'layer Wlthout any kind of permeablllty enhancers or

anything other than moisture that is put, it is
possible to get an immune response.

-(Slide,)-w; e ,_m,v.N&T;wwwmlﬁmmwmwewmww
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This actually gives a classical i§G§%§éﬁonse
with ﬁhe boosting, such as Bob was talkinéuaﬁéut
earlier, and the titers dan be equivalent to those
obtained after parental or oral immunization with a

classical boosting. Published ih the Journal of

- Immunology in 1998, this pérticular one.

(slide.)
And then this protects against challenge

with an intranasal challenge. So, for examﬁﬁg, here

'we use heat labile enterotoxin as the antigeﬁ?hnd

“then we immunized on the surface of the skin and then

challenged with heat labile enterotoxin intranasally
giving a lethal challenge and we got prdtection by
immunization on the skin, presumably due to the
mucosal immunity that occurred as a result.

So this mechanism just looks like an
injectioﬁ procedure but, in fact, it is an-injection
procedure with the simple thing that is missing is a
needle. There is no needle pléced no here. %;t was
simply put on a bandaid ﬁith an occlusive ba;daid
léft on for a few hours. Actually you could probably
do it for as littlé as about 15 minutes and get the
same response.

(slide.)

' Now this is the last slide and I put it to

show my co-inventors, Greg Glenn and the individuals

that he is working with now in the IOMAI Corporation,
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which is located under a cooperatlve research»and

1

development agreement in my department at Wal%er Reed
at the present tlme, and I will just read the names,
Tonya Schartonkersten, Corey Maliet, Larry Hale,
Russell Vassell and Debbie Wharender (?).

But the real reason for showing this slide
in addition is to show thie is -- these are the

Langerhans cells actually that are beautifu}ly

stained. This is with a hlstocompatlblllty antlbody

‘W"""

" An antlbody against hlstocompatlblllty
antigens looking at the virtual confluence that you
can-see -- you can get them actually almost confluent
under certain c1rcumstances ‘'when you stlmulate them
enough under the surface of the skin.

So, in summary, it is possible to think of
adjuvants in a variety of different ways\and you have
to think abeut~whet do you want to aehieve, whether
you want to achieve antibodies or CTL'S. Do you want
to focus the reaction better? Do you want t;vmake it
less reactogenic? | : : -

I would like to make a plee in addition for
incemplete Freund's adjuvant. I think the indomplete
Freund's adjuvant actually}is not ae'te#ic as it has
been said to be in the past. It is an ektremely

potent immune response. It could be used for

influenza. It could be used for other antigens.-vIt :

A - sk : CaL o aex
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‘was given to 900,000 people in the U.XK. and tﬁéré

. -
were a number of granulomatous reactions, some of

which required surgical excision, but I believe that
can be taken care of by purifying the LSLA.
According to Jonas Salk that is a possible thing toA
do. |
- Thank you very much.

(Applause.)

DR. VOGEL: Thank you very much, Caxl.

Thié paper is open for questionsfh %;f

DR. GHERARDI: i want a precision_about the
site of antigen presentation after immunization. Do
you agree thaE’presentationkmust be performed wifhin
the draining lymph'node from the site of bippsy and
it cannot be presented by dendritic cellé directly in
situ into the skin or not? | |

'DR. ALVING: Well, that is, I think, a

matter of semantics to some extent. _Clearly the.

- dendritic cells migrate all over the body.. . They

¥
Y.

leave the site where they are. The question is
where, in fact, are they processing the antigen? The
presentétion to the lymphocytes, of course, has to be
where the 1ymphocytes are located. Namely in the
lymphatic system,» |

| So that it -- but it is well known that the
dendritic cells do not -- a huge percentagezéf the

dendritic cells. do not remain simply in a depot at.
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" the site in which the antigen is explored'é-.is*t

found. ' ST

Now, you makes it perfect sense that the
skin is such a huge organ and it is being assaulted
so constantly by outside organisms that it probably
constantly has to deal with organisms ana things
where'it has to induce an immune response and it dbés
not necessarily do that directly at the surface of

the ‘skin. , : ' R

=

DR. GHERARDI: Okay. So the gfanuléga at
the depot formation, for instance, vaccinéé is not
the site of antigen presentation. It is tﬂe site
froﬁ which cells take the antigen and go to the
draining lymph node. Is that‘correct?~

DR. ALVING: I think that is probably mainly
corﬁect. See,-what --

(Laughter.)

DR. ALVING: vI“mean,.because ‘there is a --
there are some instances where there could be
lymphocytes directly in the location of the ?l of

where the responses -- you know, where the immune

response -- but let me give you an example.

When we first did our first liposome
vaccine, the FDA required -- they said'théy had never

heard of anybody injecting liposomes\intramuséularly

previously and what might happen if you injeéted

liposomes intramuscularly. And we said, goodness, we
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’ never thought of that. You know, what does i%fmétter

if we get a good immune response.

But, in fact, we were first to actually do a

studyAlooking at the -- what happened to the liposome

so we made fluorescent liposomes and then we injected

them and we found that the fluorescent liposomes

remained at the site of injection for weeks, maybe

months. For a long period of time you cculd

'\demonstrate that they were there. A

=,

.-"

However, gradually they were escaplﬁg into
the lymphatlc system. Now that escape 1nt0 the
lymphatlc system could have been through two
mechanlsms. The macrophage may have been coming up
and feeding at the injection’tract and then'returning
-- and then'going\into the iocal lymphatic
circulation or the-antigen may have beén released for
a period“of time into the draining lymphatic syétem.

My believe is that the major mechanism of

things like -- that are said to have a depot, like

Freund's and aluminum adjuvants and so forth, ~1s to
serve as a place whereAcells can come up and- feed and
then govaway and go into the draining lymphatic
circulation. | -

‘But ﬁhe granuloma that is férﬁed promotes
that because it generates all.kinds of cytokines,

chemotactic materials and things that wbuld'stimulate
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the macrophage to bring more cells into théiléééll

E
area. SR

DR. GHERARDI: A final question if you allow

me. Skin and mucosa are filled with dendritic cells

‘but it is not the case for muscle, for instance.

DR. ALVING: For where?
DR. GHERARDI: For muscles. Tn muscle
tissue you get resident macrophage but theyudp'not

.S0 as

far as I know, only the dendritic cell can_gl%;it
memory T cells from naive T cells. How can;mﬁscle
inogulation and immunization -- muscle immunization
achieve immunization?

DR. ALVING: Wéll, actually this -- I am
glad you asked that actually because this was
actually the sﬁbjéct of whvae requested funding from
the CDC Eo study intravenous versus intramuscular

injection in order to achieve the generation of

e
td
1

One thing you must remember is that'ﬁige are

- really quite different than humans and as you say

humans you are injecting intramuscularly. Mice

generally you do not inject intramusculgrly. You
inject intraperitoneally; It gets more into‘the
circulating lymphatic systém.

So this is the genesis of our feeliqg that

maybe it would be better for inducing cytotoxic T
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lymphoéytes to injecﬁ directly into the inéfaiéﬁéﬁs
s&stem. Now whether we are able to achievé“tﬁét or
not in a humén vaccine with an intravenous injection
is another issue but I éhink the -- certainly, as YOu
say, you can expect to get carrying of antigen\aWay
from the injection site into the lymphatic
circulation. It can be through binding ﬁhe

particles. It can be binding the cells. It can be

through a variety of mechanisms. o ST

DR. VOGEL: Francois? . N %ﬁ
" DR. VERDIER: Yes’;_ Francois Verdier,
Aventis Pasteur.

You mentioned during your presentation the
use of MF59 as a safé adjuvant. ” |

 DR. ALVING: Yes. |

DR. VERDIER: And also the use of squalehe
as a poténtial component of tﬁis adjuvant. -

DR. ALVING: Yes.

DR. VERDIER: But there are also rumors and
even one scientific paper describing the poteﬁtial
link between squalene and the Gulf War Syndrome.
Squaleﬁe could have been used as an adjuvant in the
British and the U.S. Army during the Gulf War. Could
you comment about this potential toxicity of
squalene? Is it just a rumor and not scientifically

based?
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DR. ALVING: Well, I am not sure I &m glad
you asked that but I would be certainly happy to --
(Laughter.) K -
DR. ALVING: -- happy to respond to it.
Number one, squalene has never been used in
the Gulf War. Never. ThevU,S. Army has actually

examined all of the lots of the anthrax Vaccine that

were immunized and an assay was set up by Stanford

'.Research Institute in Menlo Park, Callfornla for

:.5,.

Vsqualene and they looked at the amount of sqﬁglene

that iS‘in'a'fingerpriht and that sent the‘tést off
scale for squalene. a

» Then they extracted a door knob, which is a
fairly unusual thing'to'do, and that sent the assay
off scale too because squalene is so common in the
skin oil. Using that test there was no detectable
squalene"whatsdever in any of the vials and all of

the vials of the anthrax vaccine are currently being

tested for that.

-~z
%

Now what you are referring ﬁo is the
hypothesis that éntibodies to squalene, in fact, are
responsible for the Gulf War Syndrome. And, in fact,
there has been one paper that was published. I do
not really ha&e the time to get into ﬁﬁé pros and
cons to that. We believe that paper was highly

technically flawed. They had no negative coﬂtrols.

B o had no p051t1ve controls It had no controlszw“”“$“
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whetsoever and, in faet, it was clalmlng that 1t had
developed a new ‘assay for antibodies to squalene and
that these antibodies to squalene were foundfonly in
sick Gulf War veterans and not in normal Gulf War
veterans or in normal people.

All I can say about that it is that it is
not 100 percent clear that the assay was»suitable for

detecting antibodies to Equalehe, number one. And,

. number two, it is not at all clear that théfé;was a

proper selection of sampling of individuals, Lﬁ*fo:a::t’nal
versus Gulf War and so forth. ‘"_

And it was not lOO‘percent clear whether
this may not be something that could occur as an epi .
phenomenon in people who are sick. For example, if
you get various connective tissue disorders or
rheumatlc disorders of various sorts it is certalnly
poss1ble that these antlbodles may occur if ‘they do
occur, may occur in the normal population.r

But one thing I will tell you is ‘that I have
actually been studying this and I have foundkthet it
iS‘pOSSible to manufacture antibodies to squalene and
I, in fact, have made monoclonal antibodies to
squalene myself through a new immunization procedure
that can actually differentiate squalene’from 
squalene, the hydrogenated form of squalene.‘

So that is does -- it is p0531b1e that

antlbodles to squalene could have effects in certaln
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\

’types of disorders. The relatlonshlp to the Gulf War

E
is not at all clear at the present time and certalnly

there was no squalene whatsoever in any vaccines that

- were administered by the U.S. Army.

DR. VERDIER: Thank you.
DR. VOGEL: Bob?
DR. HUNTER: Robert Hunter.

I have a few comments about the Freund's in

'the adjuvants. First, some of the very nastyélocal

reactions that were gotten in the '40s and '5%§-were
very clearly shown to be use of very crude materlals
maklng them, which cleaned up after this perlod
Secondly, the question about whether it is
the local or the, yoﬁ know, lymph node. There have
been a number of studies in animals where people
resect ejection site and you resect the injection
site within‘a relatively short time after injection

and the response you get is close to what you would

~ have gotten leaving it on. So it is very clear that

-~z

 you do get antibody formation in the granulomé’going

- in the major site and things leave the site of

injection quite quickly and stimulate things
elsewhere in the body.

Finally, if you look at the dééé things, if
you are using a Freund's in é complete adjuvant, io
is usually given at a much higher dose as neoded.
Oﬁéwofwthémﬁfoﬁléﬁémlgmyoﬁméahnot'gé%"a syringe to
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"inject-SG microliters very effectively. IE ybu can

B

get a mlcrosyrlnge and do that you are g01ng to get

good responses with 1F so you are usually given a
half a ml or a quarter ml, or something much more
then it is. So I agree that these adjuvants are
something that can be very effectively looked at but
one can reduce the dose a great deal to what was

there before and change the formulations to get

‘things that are not going to produce those side

7:»-

F

effects.

- DR. ALVING: I agree.

DR. VOGEL: Okay. I think we need to go on.

Our next speaker is Dr. Bruce Fowler and we

will switch gears a little bit heie and—talk about
binary metal mixtures. Dr. Fowler is a professor at
the ﬂniversity of Maryland School of~Medicine and
Graduate’ School where he is the director of the
Program in toxicology.

DR. FOWLER: I think T am --

!
!

DR. VOGEL: Oh, sorry.
(Laughter.) )
- DR. VOGEL: It would have been good though.
It would have been a really good introduction.
I meant to say that‘our next speaker will be
Dr. Harm HogenEsch. He has been a professor of

immunopathology at Purdue University since 1993,

¥received a D.V.M. from the University of Utrecht in
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".1984 and his Ph.D. from the Unlver51ty of Illan01s in

1989. He is a diplomat of the Amerlcan College of
Veterinary Pathologlsts. | : _

His talk will still be on alumiﬁum and the
adjuvant -- this is the adjuvant préperties of
aluminum. |

Dr.rHogen?

ADJUVANT PROPERTIES OF ALUMINUM

HARM HOGENESCH , -

[
T

DR. HOGENESCH: I would know very 1%§t1e

about metals so I am in a better position to give a

taLK on the 1mmunolog:.ca aspects of alumlnum

adjuvant and that will be the focusvof my talk.
(slide.)

A little bit of an historical perspective.

As many people before me already have done and also I

Want to thank Dr. Alving for setting the stage for my
presentation.
The idea that aluminum could be used as an

adjuvant is based on a study by Glenny that he

| published in 1926 where he injected guinea pigs with

diphtheria toxoid_precipitate with potassium aluminum
sulfate or alum and found that the gu%nea pigs that
received the aluminum bPrecipitate of diphtheria
toxoid had a better immune response than the guinea

pPigs that received soluble diphtheria toxoid.
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Since then aluminum has been used:é{;Widely
oo

5

used as previous people have said -- in human”
vaccines and also in'many -- about 50 percent. of

veterinary vaccines. Before that there are different

- types of aluminum based adjﬁvants, aluminum

hydroxide, aluminum phosphate, and alum, which again
is potassium aluminum sulfate. And, in general,
aluminum adjuvants have an excellent safety_record.

(Slide.) e

s
Sz -
RE

Howéver, they dorhave a number of %:

limitations. Aluminum adjuvants are relatively weak

adjuvants as compared to say something like complete

Freund's adjuvant and they are not as effective as

‘certain candidate vaccine antigens such as certain

peptide antigens, for example.

In addition;:alﬁminum based adjuvants only
induce é“type 2 immune response, which can lead to
IgE responses and set an individual up for allergic
reactions t; vaccine components.

| And the opposite side of thaf is th;i there
are also poor inducers ofkType 1 immune responses and
cytétoxic T cell responses so the ideal adjuvants for
those pathogens in which antibody baégd responses are
not proteétive such as éertain viruses éndyHIV may be
one example of those. |

(8lide.)
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But a number of mechanisms have beenu,

- proposed for how aluminum adjuvants work and the most'

quoted theory is the depot effects and it playg a

role and better absorption is also important of the

antigens to the aluminum particles.

The other mechanism is immune stimulation
indicating that the immune system is triggered for

enhanced immune response by the aluminum salts and,

as I mentioned, aluminum based adjuvantS»tendE;c give

a Type 2 immune response and not a Type 1 imm%ée
response: K will go over these three toﬁiés in
the next couple of glides. .

? (slide.)

Glenny again, five years after he first
published a paper on the adjuvant effect of aluminum
salts, injected guinea pigs with soluble diphtheria
toxoid-ok'alum Precipitate toxoid. Lét me use a

pointer here. And then three days after‘the.

injection he removed the injection site material and

—~ ez
T

injected back into naive guinea pigs and found?that

. the guinea pigs that received the injection site

material from the guinea pigs that had been immunized

with a soluble diphtheria toxoid were not immune.

IWhereas, the guinea pigs that received tne,lnjectlon

site material from the alum precipitated diphtheria
toxoid were, indeed, immune. Suggesting or

indicating that there are stillmdiphtheria“toxoid“““”Wﬁ““m
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Present at the injection site of these guinEa-%igé

- here and so that the alum, of course, is able to keep

- the diphtheria toxoid at the site of injection for at

léast three days.
This study was followed up by Harrison. It

was published in the American Journal of Public

Health in 1935 where he injected guinea pigs again
with an alum precipitated diphtheria toxoid and then
extended the interval to up to seven weeks and -he

found that seven weeks after the injection hei?puld

- still ---he could remove the injection site and

inject it into naive guinea pigs'§nd still gét an
immuﬁe iesponse,'indicating that there was -- even
after seven weeks there is still enough diphtheria
toxoid at the site of inoculation or injection to
induce an immuﬁe response.

‘(Slide.)

I apologize for this slide. You cannot

really read it well. I will take yoﬁ through it.

‘Holtz, in 1950, published a monograph in which he

_ -discussed several experiments on the aluminum -

adjuvant effects in relation to diphtheria toxoid and
he challenged the depot effects.

What he did is he sort of turned‘the
experiment that Glenny did around and he said, "Okay.
If I take out the‘injection site after varioug time

periods, do'I still get an immuné response?" And
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. this graph -- this line here is the -- are:tﬁé"gginea

pigs that received a diphtheria toxoid and,tﬁéﬁv
injectidn site was left intact. So days guinea pigé
can induce proper immune response. |

If he éxcised the<injéction site after four
days, this line here, he did not get an immune
response. If he exciséd the injection site after

seven or ten or fourteen days, there was no

- significant effect on the immune response, .indicating

that, sure, there iS~still antigen present a%ﬁthe
injection site after 14 days or ﬁhree weeké but it is
not relevant anymore to the induction of tﬁé immune
resécnse. |

(Slide.)

Now an interesting twist to this depot
effect is -- was given by experiments in recent --
that were recently published in-Vaccine by Ulmer and

his colleagues, who are at Merck, and they looked at

the effect of aluminum adjuvants on the immune

_~

response to DNA vaccines. DNA vaccinés have‘%een
termed the third vacciné revolution and are_véry
promising but they‘tend to give a relatively weak
antibody response.

Ulmer and his cclleagues evélﬁéted several
compounds, Saponins, cytokines and also different
aluminum salts to see whether they could enhanée the

antibody response to DNA vaccines and they found that
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. of all these compounds that they evaluated- oniy

aluminum phosphate enhanced the antibody response to -
a significant level. ‘ , o

What they did is they immunized mice
intramusculafly with 10 micrograms of influenza
hemagglutinin with a plasmid for the influenza
hemagglutinin gene and then 450 micrograms of
aluminum adjuvant. After eight weeks they

collected serum and looked at the antibody response

to hemagglutlnln ;s

And this gra?h here shows the -- Ehis bar
here is for mice immunized with the influenza
hemagglutinin!plasmid oﬁly. This bar here is for
mice that were immunized with the influenza
hemagglutinin DNA with aluminum phosphate adjuvant
and you can see that this enhanced the immune
response: This is a log scele.so there is about a
tenfold increase of the antibody titer.

If they used aluminum hydroxyphoéphgge or
aluminum hydroxide the immune response was no;
enhanced or actually suppressed. B

(slide.) |

Why was that? Well; they agein followed it
up. They mixed -- they looked at the binding of the
DNA plasmid to thebaluminum and they mixed the DNA

plasmid with different adjuvants and after 50 minutes
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" collected the supernatants and evaluated the iT"

g
E:
Supernatants for the presence of plasmid. g

The plasmid comes in two forms. An open
circle form and a super coiled form. And what yéu
can see here is that when you incubaté the plasnid
with the buffer only -- of course, they stlll find
the DNA plasmid as your p031t1ve control. If you

incubate the plasmld with aluminum phosphate you also

S

=
P

However, if you incubate the plasmid%yith

aluminum hydroxide or aluminum hydroxy pthphéte,

there is -- virtually all the DNA plasmid is gone
froﬁ the supernatant indicating it has bound to the
aluminﬁm salts and apparently the binding oflthe
aluminum salts interferes then with the induction of
an immune response, which follows the expression in
the muscle and in the induction of an immune .
response.

(Siide.)

-~

They followed ﬁp with yet another exﬁeriment

.where they immunized mice 1ntramuscu1ar1y with

myoblasts or muscle cells that were transfected
stably transfected, with influenza, a nuclear protein
and then with or wi hOuL 450 micrograms of aluminum
phosphate, and nine weeks later looked at the

antibody response again.
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And this is -- this bar here shows tge;;
immune response after injection of the myoblaéis
only. This is with the aluminum phosphate only so
you do not get an immune iesponee here.
| You get an immune response here and then you
inject -- with the aluminum phosphate you do get an

increesed immune response. However, interestingly

enough it dld not make a difference whether they

‘injected the alumlnum phosphate three days before or

three days after the injection of the plasmldfo

" So this -- I think really is sort of the
demise, I guess, of the depot theory. I think this
shoﬁs that aluminum phosphate at least does not act
by -- as a depot but is in direct -- directly
stimulates the immune system.

And they furhher examined the effect of

aluminum'phosphate on the expression of the .antigen

in muscle cells and did not find an effect there but

. they speculated that, indeed, aluminum phosphate‘has

D
=

a direct immunostimulating effect and that is why it

(Slide.)

Now this is based on a question. If
aluminum salts do not act as a -- if the main
mechahism is not in the depot effect, is it important
then‘to have the antigens absorbed onto the aluminum

particles. 1In fact, these DNA experiments where you =
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. do . not even have here protein antigens suggest that

it is not the case.
We did an experiment where we used the
information generated by Dr. Stan Hem's lab at Purdue
on the interaction between different proteins and
aluminum adjuvante. For example, lysozyme and
fibrinogen have approximately the same absorpﬁion --

I am sorry. Aluminum phosphate has about the same

‘ absorptlon capacity for lysozyme and flbrlnogen but

lysozyye has a much lower absorption coefflc%gnt than
fibrinogen meenlng that fibrinogen binds much more
strongly to aluminum phosphate adjuvant thaﬁ
lysezyme.

~And, in fact, if you precoat your aluminum
particles with fibrinogen, lysozyme cannot absorb any
more so by using tﬁis we could inject the aluminum

particles with a lysozyme in the same -- at the same

1ocalization in animals and make sure that there was

. no absorption of lysozyme to the aluminum partlcles,

and I will show you the results in the next sllde
(8lide.) -
So we did this. We injected mice with
aluminum phosphate only, w1th lysozyme only, with
lysozyme and aluminum phosphate, in wnich case the

lysozyme was absorbed to the aluminum phosphate, or

with aluminum phosphate that was blocked by previous
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. binding of fibrinogen and then in combination%ﬁiﬁh'

B

the lysozyme.

And the immune response was evaluated after
three weeks by ELISA methods and so here is the
titer, and you can see ﬁhat aluminum phosphate
markedly enhanced the immune_respénse 6ver the hen
egg -- the lysozyme only but there was no difference
between the fibrinogen blocked:aiuminum phosphate and
the absorbed -- and the case where the 1ysoiygg was
absorbed t§ the aluminum phosphate, indiég?iﬁ%ﬁthat
at least in this case absorption was not critical to
the adjuvant effects of lysozyme. ”

(Slide.)

I want to talk now a little bit more about
the Type 2 immune reéponses and several of the
speakers have already alluded to Ehis. So it has
been kno*n for a very long time that the immune

response consists of two components. A cell mediated

immune response and a humoral immune response.

L

And it was about 15 years ago that Mossman
(?) and Kaufman at DNX showed that you could*expléin
these type of immune responses in terms of the
cytokines that were produced. So intg;ﬁeron gamma is
the prototypical cytokine that is produéed in a Type
1 immune response and it drives the development of

cytotoxic T cells and the activation of macrophages.

- Whereas, IL-4/5/13 drive the production of antibodies
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iand are the prototypic cytokines or typicalicygékines

P

for Type 2 iﬁmune response.
This is one of the few concepts in .
immunology that has held up. Tt has a half life of
more than ten years, I think. ’Immunology tends to
change very, very quickly. \
(Slide.) »
This is a graph that just illustrates the

fact that alumlnum adjuvants induce a Type 2 1mmune

response and it is from an article in the Jou§§gl of

Immunology last year from Paul Lehman's group in
evela 1d at Case Westetn where they immunized mice,
Balb C mice and B-10 mice, so two different genetic
backgrounds, 1ntraper1tonea11y or subcutaneously with
hemic (sic) lysozyme, with or without adjuvants, and
they used complete Freund's adjuvant, incomplete
Freund's adjuvant, aluminum, and then he had.soluble
without any gdjuvants.

And you can see here -- I hope you can see

e
W

itvin the back -- is that the aluminum, which is --
-are the triangles here -- does induce an IgGl-
response in both strains of mice and about -- at the

same level as 1ncomplete Freund's adjuvant and
complete rreund‘s adjuvant but only complete Freund's
adjuvant induces an IgG2A response and I meant to
mention that.

(slide.)
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Here in this graph IgG2A is a é };;;;
characteristic. It is a characteristic for'tﬁe Type.
1 immune response and IgGi is characteristic for the
Type 2 immune response. Of course, interferon gamma
is a switch factor. It switches B cells from the
production of IGM to IgG2A, where as IL- 4 switches B
cells from the production of IgM to IgGl. So you can

use the IgG2A to IgGl ratio as a measure of - how much

(Slide.) . -%5
" So aluminum induces primarily an IgGl

response, indicating it induces a Type 2 immune
response.

(Slide.f

Now the regulation of these responses is
complex and it is stlll not completely understood but
what we know is that naive T -- D4 positive T cells

and T helper cells are activated by dendrltlc cells

: and the activated CD4 positive T cells can produce a

variety of cytoklnes but then somehow they dec1de to

~differentiate in either T helper 1 cells thatfpfoduce

interferon gamma or T helper 2 cells that produce ILs
4/5/13 and some other cytokines as well.

We have some -- we have a very good
understanding of the factors that drive the T helper

1 response and IL-12, interleukin 12, seems to be the
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. We do not qulte understand the factors that drlve the

T helper 2 response although there is more ané ﬁore

information coming out.
(slide.)

It was already mentioned in the previous

talk and in the questions in the follow-up that

tissues -- that dendritic cells occur in an immature

form in the nonlymphoid tissues, in the skin; mucosal

~organs, and to a lesser extent in some of the more

internal organs, the heart and the kidney. T%ere may
be some -in skeletal muscle but, indeed, there are
¢erv few in sKeletaL muscle. ‘

The immature dendritic cells, when they are
activated and exposed to antigen, they take.up the
antigen and migrate to the lymph node and dﬁring that
bprocess they mature into cells that are now capable
of'activéting naive CD4 positive T cells.

; However, they do not just -- their soul
function is not just to take antigen to the 1ymph
node but also to convey information about the type of
insults that occurred in the nonlymphoid tissues and
that helps them to induce a proper immune response in
the CD4 positive T cells.

So if you have an infection -—.for example,
bacterial infection with LPS produced, LPS is e
potent inducer of dendritic cell maturation and it

resultS“in'dendritiC’cells”that“are”;i“thét”can“”
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'produce a lot of TL-12. So the mature dendrltlc

cells use IL 12 to instruct the naive CD4 pos1t1ve T
ce;ls to differentiate into T helper 1 cells and
produce interferon gamma.

There is some evidence now that there are
certain factors that inhibit IL-12 production by the
mature Qendritic cells and some of these are

prostaglandin E2, complement factor 5A and certain

And so this»local production of facé%%s in
the noni&mphoid tissues at the injection site might
induce tne -~ or will induce the immature dendritic
cells to mature into dendritic cells that are not
capable of producing IL-lZ‘ana maybe produce other
factors which have not been identified, and that
induces then the CD4 positive T cells to
dlfferentlate into T helper 2 cells

Aluminum adjuvants induced response may

 directly affect differentiation of dendritic cells or

may induce the production of some of these factors

- and that is still not known. There is Very'iittle

research that has been done in this area.

Although we do know that aluminum adjuvants
can activate the complement caseade and so
potentially they can produce C5a, complement factor
5a, 1ocally at the 1njectlon s1te, whlch then may

1nh1b1t the productlon of IL.- 12 and then result in a
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" dendritic cell that activates the T cellS'to‘ﬁroduce

T helper 2 cells. o

It seems very important in order téwu
understand how aluminum acts as an adjuvant to look
at the local injection site and see what is going on
at the local injection site soon after injection and
we have done a very preliminary experiment on this

and I should really stress that this ié a preliminary

SR IRt Al
I

(slide.)

Only three mice were used here. -Wﬁere we
injected the mice in the left leg with élu;inum and
in ﬁhe right leg with a control, saline, and then
looked at chemokine production in the -- at the‘
injection site 24 hours after injection.

And this is a ribonuclease protection assay
which aliowé you to screen for and guantitate tﬁe
expressicn”ef~mRNAse for a range of chemokineé7or
cytokines. In this case chemokines. There are some
controls here on the left side but I-would lEke you
to focus on these lanes here, the right éig—lanes.

These are individual mice. So this -- let.
me just -- for example, this is one mouse here but
this is‘the injected leg, injected witﬁvthe saline,
and this is injected with the aluminum. This is from
another mouse, saline and aluminum. Another mouse,

saline-and aluminum.
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And so what you can see is thaﬁ the?gluﬁinum
ihéreased-expression of MIP-1 beta,'MIP—Z,.iP§iO and
MCP-1, monocyte chemoattractant protein-1, and this -
- probably the strong expression here is interésting
because recently MCP-1 has been/implicated as being
one of the chemokines that is ét least necessary for
the induction of Type 2 immune responses.and maYbe
drives Type 2 immune responses.

Again these are very preliminary dégg that
we need to repeat and work on to make it mqré%f
complete. | -

(slide.)

Now, do I Eave'some tiﬁe still?

DR. VOGEL: Yes, you have some time.

DR. HOGENESCH: Okay. Is it possible then
to change the immune response using aluminum to
another type of response and then use the Type 1

immune response? Some people have used IL-12 mixed

. with aluminum adjuvants and found that, indeéd, you

e

can induce a Type 1 immune response if you absorb IL-
12 on to the aluminum particles. -

Another study showed that CPG DNA, which is
basically bacterial DNA which has unme;hylated CPG
nucleotides, that those nucleotides can --
oligonucleotides can induce a Type 1 immune response

when mixed by themselves but also when mixed with

‘aluminum adjuvants.
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That is shdwn here. These are mice%#hét”
were injected with -- immunized with the hepsiiéis B
surface aﬁtigen alone or mixed with the oligos and
then with and without aluminum hydroxide. You can
see here the black aspect is the IG2A response'and
the open bars are the IGl responses. The oligos that

induce -- that enhance the immune response, they have

adjuvant effects by themselves. This bar here.

~ Induced mostly IgG2A response and some IGl- responses.

If you inject aluminum by itselﬁ, %@is bar
here, it induces mostly IG1 response and a little bit
of an IG2A response. |

: If you mix this CPG DNA with the aluminum
adjuvant then you get this response here with digital
encephalograph with a separate -- on a separate
scaie. And you can sée that theré is a marked
enhancement of the immune responée to the aluminum by
mixing it with the CPG DNA but you continue to have a
strong IgG2A response. So it is pbssiblé.to_change
the Type 2 expression of cytokines by -- aldﬁinum
adjuvants by mixing it with other compounds-such as
these oligonucleotides.

(Slide.)

Now I want to spend the last few minutes to

‘talk about an experiment that we are currently

conducting that has particular relevance, I think, to

this conference, and that is to very -- try to find
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out,hdw aluminum and antigen are transporfedéﬁg;the

draining lymph node, what are the kineticé o§ this -
and particularly also what is the role of cells and

dendritic cells.

It has been known for a while from early

studies that showed that after injection of aluminum

vou can find aluminum in lymph nodes but how it got
‘there and how much of the aluminum got there was not

‘investigated and the tools were simply not‘égailable

at that time. N
~ (Slide.) |

The experiment that we: are conducting
involves sheep so what we want to do is we Wanﬁ to
look in the efferenﬁ lymph, the lymph that drains
from the injection site, and see how much aluminum is
in there and where it is in the lymph. And what we -
- we useysheép because it is possible to cannulate
lymph vessels in these animals.

Now even in sheep, large animals, it is
difficult to cannulate the efferent lymphatiés, the
lymphatics that drain directly from the skin and you
get a very small yield of fluid. So what we do is we .
remove the prefemoral lymph node, which is located
approximately here, and then after about eight weeks
the efferent lymphatics -- and then we can cannulate
the efferent lymph vessels, which is a larger, and a

single lymph vessel, to collect efferent lymph.
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So we can -- after -- we can cannulate the

)

=

efferent, the efferent lymph vessel”andrinjedévthe

B

aluminum and protein,'and‘look for the presence;of
protein and alumiﬁum in the efferent lymph.

Now in order to find aluminum we have
labeled aluminum with an isotope and a stable isotope
in 26 aluminum, which is different from the normal 27

aluminum by just one neutron. And we mix it with a

We then analyze the presence of glu%}num 26
and carbon 14 by accelerator mass spectrometfy.
Purdue has a facility for that. . It is Onefof the few
inséitutions in the world that actually has this
capability. It is actually an accelerator that was
built in the '50s that has been converted into a mass
spectrometer.

" And I should also point out that Dr. Hem
will talk about it this afternoon, we have done
studies with Richard Flarend (?), doing similar
studies in rébbits, and this is just-basica1§§‘a
follow-up on these kinds of studies. ;

(slide.)

Now we are in the middle oﬁhéoing these
experimenté and so there is not a wholé lot of data
that I can share with you at this time. But I wanted
to show you these data here where we look at a lymph
fluid and in cells, and we are looking here for
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aluminum 26, and you can -- what you can se-here is’

B

that we have analyzed two sheep so far, is thaE‘£here
is, indeed, aluminum in the lymph f£luid, aluminum 26
in the lymph £fluid, one day after the injection. And
there are some that continues to be present, although
it peaks at one day but there continues to be some
presence even two, three, four, five days after the
injection.: |

Interestingly, there is also -- thiég;
different scale. Obviously -- there is alsp %guminum
in the cells. We have not determined at th;s“time
yvet whether those are dendritic cells or macrophages
or éther cells but you can see that there is again an
early peak of aluminum present in the célls and~that
decreases then fairly rapidly, more rapidly actually
than in the fluid, and at four or five days-véry
little aluminum is found in the cells.

(slide.)

I would like to acknowledge Adam Nogﬁh, a

%

technician, in my lab for his help with the

" ribonuclease protection assay and also with some of

the sheep experiments. My collaborator, Stan Hem, at
Pufdue. This is graduate students, Ay@ghi and Seemé

Mudholker (?). The accelerator mass épectrametry is

performed at Purdue with David Elmore and George

Jackson at the Prime (?) Lab. Steve Adams is a

- surgeon that helped with the sheep cannulation. And
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this study was, in part, supported -- is,'inéﬁart'.

suéported by the Showalter Trust. o
Thank yéu.
(Applause.)
DR. VOGEL: Thank you very much, Dr.

HogenEsch. That is a very interesting paper and is

open to discussion.

DR. GHERARDI: I have a question about the

- possible implication of an immune reaction.directed

towards Th2 due to aluminum. At first bébie%ghave
Th2 directed reaction in their lymph nodeg.&
AfterWardé Thl and Th2 recuperate (?) pres;mably_
becéuse of viral infections in iﬁfancy.

Do you believe that injection of aluminum‘
compounds very early in childhood can retain the
recuperation (?) between Th2 and Th1? Do you think
that ﬁhis could imply that kids vaccinated with
aluminum compound may be high IgE p:oducers'when
gatting adult -- |

DR. HOGENESCH: Yes. Well,-I think there is
certainly some -- there is éertainly evidence that
aluminum adjuvants increase the total IgE levels in-
the serum. There are some studies\ig»mice which have
been conducted to see whether if you induce a Type 2
immune response -- say, for example, by infecting the

mice with Helman's (?), which induce a Type 2 immune
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response -- that it will not affect the immungff:

response to other -- say protein antigens. - -

And the data are somewhat conflicting but
there are some evidence that suggest that, yes, if
you induce a Type 2 immune response by immunizing or
by infecting the mice with Helman's that you set.up
or change the balance in the immune system and the

mice then respond with a Type 2 immune response

o

antigens. ' ' %

It

o

So there is a potential that’certﬁihly
individuals -- and there are a lot of factors that
plaf obviously in allergies buf that certain
individuals by exposing them to aluminum adjuVants
could have a little more reactivity -- allergic
reactivity to allergens.

"I do not think that this is a major

contributor. Aluminum adjuvants have been around for

.. a very long time. We have seen in the last 20 or 30

V.
%

years what some people have called an»epidemic of
allergic diseases, and I suspect that other factors
afe more important than aluminum adjuvants. |

DR. VOGEL: Thanks. Let me just make a
comment as well on that.

DR. HOGENESCH: Yes.

DR. VOGEL: One thing that we do in adjuvant

work a lot is work on mice and there is an awful lot
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' of work done on mice but when we try to make %he:jump

between mice to cother primates, particularly, you

know, ?rimates and humans, sometimes we do not always
get this nice separation between Thl and Thz
responses.

And, in fact, there was a study done by
Kingston Mills looking at infants that were injected

with acellular pertussis vaccines and they looked to

- see if they -- what kind of cytokines they made. And

from the mice you would predictvthat they wod%ﬁ not -

- you would not see any Ig -- any gamma interferon at

‘all. But, in fact, the infants make gamma -

intérferbn.

So it may be one of the -- you know, maybe
when Qe base most of our data on this very nice
system in the mouse of, you know, Thl, throw a little
IL-12 in - there, it switcheé over to Thl responses, we

may not really.see guite that same separation when we

- get to human.

-
v
Y

So it is a -- I do not know feally -- it is
very difficult for me to comment on whether or not,
you know, IgE would be -- |

'DR. HOGENESCH: Right.

DR. VOGEL: Carl?

DR. ALVING: Carl Alving, Walter Reed.

Just from a logical standpoint, I wbuld find




10

11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

~that.

117

_absorbed antigen could become an intracellulér§;~p‘

antigen that could be processed by an antiQéhf
presenting cell fér a Thl‘response.

So from a logical standpoint you would not
expect to get a Thl type response from an aluminum
based vaccine just by itself. If you had_CPG oﬁ
there Perhaps the CPG may be acting independently and

the aluminum would then be serving as a depot-for

-

"'l"(."

Do you agree with all that?

DR. HOGENESCH: Well, it is interesting.

~The CPG requires to be internalized in order to have

its effect and the experiment>that-1 showed here was
done with aluminum hydroxide so you would anticipateA‘
that it would bind the CPG oligonucleotides very
tightly. |

So I am not quite sure how that -- how
exactly how it works but one of the possibilities is

that if ‘aluminum adjuvants, aluminum particiegfare

taken up, that the change of pH in the anu¢gen

presenting cells releases both the antigens and the
CPG oligos, and that then triggers the immune
response.

DR. ALVING: Would you expect the CPG to be

bound to aluminum phosphate?
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DR. HOGENESCH: Not aluminum phosphaé§~but.
the experiments wiﬁhvthe CPG actually was‘ddné-With
aluminum hydroxide. -

DR. ALVING: I see.

DR. HOGENESCH: I did not point it out, I
guess.b

DR. VOGEL: Okay. Are there other

DR. GARCON-JOHNSON: Just to compléﬁ?fon the

CPG story, we know that CPG does not bind to_?;

[N

phosphate, which is logical. But the experiment you
were talking about, we know also that the amount of
DNA that was used was such that the aluminum
hydroxide was saturated and thete was a vast exéess
of CPG that was free in the éystem.'

DR. HOGENESCH: Okay.

DR. VOGEL: Okay. Moving élong. ‘dur next
speaker is Dr. Bruce quier, who is a professor at
the University of Maryland, School of‘Mediéiﬁg and

Graduate School,.where he is director of the Program

in Toxicology and a fellow of ATS.
Dr. Fowler's talk will be on "Binary Metal
Mixtures."

BINARY METAIL MIXTURES

BRUCE FOWLER

_ _DR. FOWLER: Okay. Thank you.

Well, I am very pleased to be here. I think
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the talk I am going to give you is going tqwbégvery 
different'from the ones you have just heard. I am
going to tryAto -- I will start out with some general

considerations, which may be of use, useful data, to

illustrate them and then conclude with the issue of

" risk assessment, which is, I think, ultimately where

a lot of this has got to go.

(slide.) |

There are many ways to introduce ﬁéi?s on
toxic metals. I happen to like this one. ultﬁis
original tbiﬁarlcs Gustéfalende;'(?) from the Delta
(?) workshop some years ago but I think it is still
quite valid. It proceeds from an axiom in
pharmacology, which says that a drug is any ‘substance
which when injected into an animal produces a
publication.

(Laughter.)

And what you can see is that we have more

-’people injécting lead than anything else ihtq?their

animals and we have mercury'aﬁd we have cadmium and
arsenic. The so-called big four. | .

The other thing it shows you, though, I
think, which is useful, is that for a number of the
other elements, the toxicological database for these
things is relatively small. What is more -- and this
is the topic that I am going to try to address for

you -- the issue of mixtures, chemical mixtures is an
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_area of -- a very thorny area in toxicologyfbeééuse

the reality is that all of us are exposed to nbt just
one‘thing at a time but to mixtures of things. Some
of these things are in our -- well, they are in our
air, food and water. Also, dental amalgams in our
mouths, for example.

' So there are a number of sources of these

things. The question then becomes how can we- make an

informed judgment about relative risk? - &
_ (Slide.) - F
Now I am going to talk about interactions

and these are some general terms. These are

‘definitions according to Fowler about different kinds

of interactions. First you have the possibility that
there is not bne, that the two things simply do not
interact at all. The most common, however, for many

toxic agents, metals in particular, is that of

‘additivity. That is you can think of this as

>stacking blocks, chemical insults from one~agant

acting independently from those of another. You

could have a synergistic interaction, that is to say
that the response that I am getting in terms of a
deleterious response is much more severe than I would

predict from having either one of these agents acting

by itself.’

.. And you can_also have a case where you can .

have an antagonistic interaction. Mercury and
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_selenium will be one that I will show you iﬁ;tﬁé__—

B

course of this but this ha been around for quiEe some:
time. ' -

(slide.)

Then we have the issue of populations at
rigk. We can define this in a number of ways and
sometimes it is not what vou think. We have general
pr1nc1ples from pharmacology hav1ng ‘to do with dose
and time and things like that, but we also have the

issue -- the fact that we are individuals and.Ehat we
vary as a function'cf age and éender, and males and
females are not the same. Believe it. And I am
going to give you an_example of that. Okay.

This holds up down at the molecular level.
It turns out we also have cellular protective
mechanisms which have evolved over time so that the

administered dose of a particular substance under a

given set of circumstances is important but it is

' ‘also important as to what the organism, let s, say

humans, do with it once it is inside.

| We have a number of protective'mechenisms.
Metallothionine is one that I will show you. We also
have this stress protein response or the heat shock
response which you may be familiarewith. And then

this is the heart of the matter: Multiple chemical

Hyﬂexposu”es and t e fact that exposure to one substance_w_

can alter the system so that perhaps, let's say, the
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stress bprotein response is not Ehe same as 1t ;:illght
have beén if that other subétance were not'thére;

(slide.) B

And, finally, in terms of‘just generalities,
I am going to bring up the issue of biomarkers and,
gsimply stated, you have your.idea of toxicity and I
have mine. And it is one thing to say that, well,
you know, we have this dead twitching organigm laying
ﬁhere that was exposed to a substanCe, and ﬁé?f of us
would agree that there was a linkage between_gie two
things. '

However, that is not usually the case.
Usually the case is that, well, we have got exposure
to this or we have got exposure to that or we have
got exposure in this case to a mixture of things, and
how can I discriminate between the -- what is the
pharmacological bullet? Let's put it that ﬁéy.

Toxicology has come a long way in the last

20 years with regard to these -- biochemicéi“¢ests is

really what they are m@sﬁly. They give us a way of
looking at interactions under a sublethal céﬁtéxt.
That is to say I can find a biochemical response that
I can measure ﬁoninvasively or relatively

noninvasively. And then if I add another substance,

in this case metals into thatrparadigm,'I can see

_what it does to this without killing the organism.



10

11 -

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

123
These responses as end points are:fofgéhisf
reason enormously valuable to us as tools,‘iS'%hét I
will call them, for detecting ongoing eff@cts'ﬁfior
to the onset of clinical disease. H

(Slide.)

Now this is an example of one. This is from
the EPA criteria document on lead and I am sure‘some
of the folks here from CDC may well recognize. this.
The fact is that over the last 30 years -- Eﬁ%§~is
the hemeabiosynthetic pathway which is essentigi for
life and is highly consortant aﬁross species, so rats
do it, mice do it, people do it, basically plants do
it too. Anything that requires heme, as_in
hémoglobin, will need it.” It is also used for a
number of other things.

But it has been known for some time that
lead, in this case Pb, interrupts this pathway in a
number of p;acés and that if you are deéiing with a
human or you are dealing with a rat, and yéﬁ@gan get
a urine sampleAyou can measure the precursor. ALA,
aminolevulinic acid, for example, is4a resulé 6f
inhibitibn of ALA dehydratase in blood. It will be
appear in the urine so you can say, well, not only
was there exposure but there was enough of that stuff_
that got in that it caused a biochemical effect.

~ (8lide.)
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' Now it turns out a number of other ﬁeﬁgls;dé

_this as well, iﬁcluding mercury. This is from'SOmé’

studies that Jim Woods and I did some years ago with
methyl mercury hydroxide in rats but actually it had

been reported in workers exposed to mercury some

_years before that even.

The important thing is that we are looking

~at the excretion of a couple of metabolites‘inAthe

pafhway,rsynthesis of heme, uroporphyrin and =~
coproporphyrin. In this case this is -- it.sh§§é a
nice dose respcnée relationshipx That is‘anetherx
handy thing in pharmacology. We have a porphrynurea
that is dominated by coproporphyrin with lesser
amounts of uroporphyrin.

(slide.)

Now this is useful because‘you can go back
in the case of experimental animals and look at the

enzymes in the pathway that are involved in this.

Ferrochelatase is the terminal enzyme in the pathway.
It is the enzyme that inserts the iron into the

'porphyrinkring to make heme. ALA synthetase "is the

rate limiting enzyme in the pathway which is induced
under a variety of conditioﬁs where there is a
depletion of heme.

Now in this case -- can you see that all
right? I think you_juét wrinkled ALA dehydratase.‘

(slide.)
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Okay. This is associated morphologicéily,——

-and this prophyrinurea, I should tell you,'is ¢bming

from the kidneys -- with a variety of changes in the
kidney proximal tubules. These are mitochondria
here, for those of you who are familiar with
ultrastructure, that are swollen.

Now the important thing about this is that

thls is a change in the organism, a blodetectable,

statwetlcallf analyzable bi ochemical change that can
occur prior to the onset of -- let's call it cgert
cli al symptoms. In this case in rats.

(slide.)

And this is not an uncommon phenomenon. In
other words, if yoﬁ knew what to look for, you cén
pick up changes éarly on in the course of an exposure
and be able ﬁo say, yes, there is something gdiﬁg on
here. There is enough of this stuff gettinéiin to do

something. Or on the other hand to say, no, by the

most sen51t1ve technique we have there is no ev1dence

whatsoever that this is producing an effect. So it

is a pdwerful tool.
(slide.)
- Now you can carry this a step”further'and it
has been carried, thanks to the advent of high |

performance lipid chromatography, it turns out that

uroporphyrin are. systematically decarboxylate from _
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the eiéht to the seven to the six to the fi;ezéﬁdl
finally you end up with cqpfopérphyrin; :

(slide.)

And with the advent of HPLC you can measure
these various porphryins in the ﬁrine. So this is
something that has come along in the las:, oh, 10 or
15 vyears.

(slide.)

Now we are getting to the binary ﬁiﬁﬁures.f
This happens to be from a series of experimeqég, inv
hamsters in this case, that 1oo£ed indium arsenide as
the binary compound. And it looked at response of
the heme pathway in terms of porphyrin in the urine
for two different doses of arsenic. We tried to
bracket what we thought the internal dose would be
with'indium.

Now the reason somebody might want to study

indium arsenide is faster than you can say computer

 or cell telephone or satellite or anything else.

Indium arsenide and gallium arsenide, which are the

two compounds I am going to talk about the most, are

semiconductor materials and if you have one of those
cute little clock radios with red numbers on it you
have gallium arsenide. That is a light emitting

diode.

 This is now a growing area of concern with
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do with 100 million computers that are fullioﬁgﬁhings
like this that people turn over every 'c:wro"y'e'a':r:.:s'/f It
is also of interest from the point of view of
replacement dental materials. The next time you go

in and your dentist wants to put something called

indalloy in your mouth in place of a mercury amalgam,

that is what it is. | \
Now again the tox database on this is very

limited. However, the useful thing about tﬁigfand I

.think you can see this perhaps right here.'*Wgslooked
at 10 and 30 days post injection. If we just look at:

the low dose of arsenic here at the copro and at the

-- this is the 5-carboxyl, the pentacarbokyl
porphyrin. You get -- this is presented as peréent
of conttol. You can see that~when the two things are
together, we basically get an additive effect of the
indium and the arsenic. Now this is what I meant by
a additive kiné of interaction.

The value of this is that it is séﬁe¢hing

that can be measured. It can be analyzed

‘statistically. You can say yes or no. Or if you

want to say maybe, you can say I am going to accept a
certain level of risk with regard to this particular
parameter but you have that choice.

(Slide.)

.. Now, as I mentioned at the,Beginniné,wwe.z;M

a lot of what happens to us with regard to chemidalswﬁdp
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_dépends'on what we do with it and how good g;r;;iu'
¢e11u1ar‘protective mechanisms are. I am sure in
immunology we recognizé that individuals vary 6Vér‘
the spectrum in terms of their responsiveness, in
terms of their susceptibility to infection.

This is again -- this is a chemical concept
paper from again Carlos Gustafalender (?) from the

Delta (?) workshops. But it says that the N rate of

'ahy chemical -- we have a capacity, we being~a§;
organism -- to adapt or protect ourselves butygiat'if

I raise the dose up high enoughil am going to get
breakthrough to artarget. In other words, I will get
toxicity.- |

| The little dotted line going up here, this
says leakage to a highly susceptible target, is sort
of the Murphy's Law of biochemical defense systems.
It says that no matter how good that defense‘éystem
is, it is not 100 percent, and that if there is even
'a small amount that gets through it can go ﬁé-gome

place where we really do not want it. For example,

an ondogene,activation.
(slide.)
Now I‘am sure there are a nqmbér of you in
the room who are familiar with streés proteins but

this is just simply a 2D gel map, and for those of

_Yyou are not, these littie -- each one of those little
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‘black spots in there is a gene product. Okay. And

they are labeled with S35 methionine.

The 2D gel separates proteins on the basis
of isoelectric points in this dimension and the basis
of size in this dimension. So it spreads it out and
it gives you a very good snapshot of what the genetic

machinery of a cell is doing or a group of cells in

(8lide.)

And this is a little -- well, this-is’a
control up here. This is again our friend indium
arsenide and I put arrows on the gene products thaf
are induced. This is the low dose of arsenic, the
high dose of arsenic, indium, and the combination.

Now what I hope you can see and you may not

be able to see it from the back is that there are a

whole lot of arrows down here, relatively few arrows

in here, and relatlvely Few arrows there.

Now the reason that is important ~;~_$

(8lide.)

-- is -- well, there is two things.- I need
to back this up a little bit. -- is that the stress

protein response is increasingly regarded as one of
the very important protective mechanisms which all
organisms have in dealing with toxic substances,

reactive oxygen species, metals. And the proﬁlem

_with it is analyzing the data. I nearly sent,Qgemqﬁa
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my éarly post-docs around the bend with/coﬁhtééégéli
these little spots looking for differences;' r
Now, thankfully, thanks to Star Wars;‘we
have computerized image analysis programs now.
| (slide.)
And you can use this in this case to look at

and compare things. So I am comparing now gallium

arsenide at two different time points, 10 days and 30

days; within indium arsenide at two differeﬁé%fime
points. - _Ef
 (Slide.) | |

And you get a data set that looks like this.
Can you drop that down just a second? Okay.

What I want to show you is that the data
here thét the computer gives us are"relative changes
in gene expression for a given size of stress protein

or gene product and the way to read this is we are

looking from ;He top of the gel down to the bottom.

‘So the higher proteins are up here at the topy the

lower cnes down at the bottom. And everything is
ratioed to the control so up here at 90 to Ido-for,
indium arsenide it is the same as the control. For
gallium arsenide it is 2.1 times greater.

You can also see that there are some of

these that are smaller. In other words, it goes to

.1 so it measures both up and down regulation of geme

expression. The important thing here is that you

&
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will see more numbers that are up with the éaigiﬁm

arsenide than with the indium arsenide.

‘The reason is thét the indium camponéht, the
moiety ofrthis particular material is a very
effective inhibitor of protein syntheéis.

(Slide.) | 7

‘Now the reason that is important is because

of this: These are -- those were from kidneys,

kidneys of animals who were exposed in vivo. hese

are silver strained urine samples from those éﬁme

animals so the control is up here and basically all

this black stuff are proteins'coming out in the

‘urine. Okay. Proteinuria.

'Whét yoﬁ can see is that in the indium
treated\animals in comparison with the gallium
treated animals there is a lot more protein being
dumped. In other words, that the inhibition by

indium of the expression of those stress proteins in

' the target tissue resulted in a greater toxicity. In

other words, the protectlve mechanism at the level of

" these cells was compromised by one side of the

campound.
(Slide.)
Now these are in vitro. Basically what I am

doing here is comparing males and‘ﬁémales. Okay. So

_thls 1s from hamster.\ We.have also done thls for
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expre351on so the controls are up here, Wthh you »
—cannot see, but if you look back and forth across
these you can see that there are differences between
the meles and the females.

What that is, is dewn here, but the
important point is that these are cells exposed in
vitro to these chemicals and if we go to‘the
combinations we get a different set of patterns.
o Now the reason this is important isfzﬁet
these cells -- in the case of the humans, ih. ;ﬁ
.particulaé, were grown up from iiquid nitrogen
cultures that had been stored. They had not been
treated in vivo and they had not been in a human body
in a leng time. |

The point is that there seéms to be cellular
programming with regard to changes in gene expressien
in response to a given st;ess. The idea is éimply
put that male cells and female cells respond

~differently. There are some general --- there are

some similarities in certain areas but there are also

“some differences.
(Slide.)
Now where am I going with this? I am going
with this in the general direction of risk assessment

and how we make an informed judgment about -- or

exposures and the relationship between exposure to
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something and what we might have to worry abbﬁé?in'
terms of risk.
This is a diagram that has also to do with

what cells do with toxic metals in vivo or in situ or

inbvitro. This is original to RJP Williams from
Oxford and it has to do with metals in solution and
metals out of solution. The idea is that the metals
are -- most metals are\very reacﬁive. They dobnpt
éituafound as ions for very long. ' They compié%%With
something. ) o - _Ef

if thef complex with é monomeric substance
such as glutathione( for example, then the

equilibrium of the steady state between metals in

solution and out of»sélution is not affected.- If

- they, on the other hand, become bound with metal

binding proteins such as metallothionine in the form
of a cluster, thén a you raise the exposure §6u begin
to take them-out of solution.

The best kind of buffer is, what Dr. -
Williams refers to this as, is a precipitate. That
temperature, pH, whatever, the metal and its
components fall out of solution. Okay:“*-’

(Slide.) |

Now from the point of view of‘protecting the

cellsg inside from toxic substances, these are ™

important mechanisms and they can greatly shift the
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dose :eéponse curve or the predicted aose :;sééhsé f
curve one way or another. :

The best studied of these is
metallothioniné. This is a small protein, about
6,800 daltons, highly conserved across species, binds
up to 7 gram atoms per mole, that is to say each

protein chain will bind up to 7 metal atoms and two

clusters. The sulphur -- it is a cysteine rlch

proteln w1th four sulphurs to one metal atom.}f

The metals that are abound include qgamium,

zine, mercury, bismuth, silver but not aluminum. But

it has a dissociation constant of -- on the order of

10*® molar for cadmium. This is a very great
intracellular chelator and it is inducible. -

Where this has présented problems in the

area for things like cadmium, for example, is that

people who have tried to remove cadmium from the body

by chelation have not gotten anywhere. This is just

- ‘simply too good so it hangs on to it. - . b

The way it hangs on to it --
- (8lide.)

-- and this is from some work from Ian

~Armitage -- is it forms these two clusters and

cadmium 113 was used as the way they figured this
out. But basically each one 0£ those metallatoms has
four sulphurs on it. It is a dynamic molecule but

the fact is that it is a very, very good chelator and
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from the point of view of proteCtion, for gxaﬁgié; Qe‘
have done experiments whe:e you can induce'thié
protein with zinc, which is relatively nontoxic, and
then challenged the animals with cadmiuﬁ and
virtually attenuated the toxicity so it is important
in that regard. But remember that mefcury also binds
it,

“(Slide.)

This particularrprotein, there are %ﬁ
polymorphic forms as that one slide indicatedjnghere
is Type é metallothionine in brain. As you-may know,
it sounds like you have solved the problem of

thimerosal but I will just mention this in passing,

- even alkyl mercurial such as methyl mercury and‘éthyl

mercury are demethylate& to release inorganic
mercury. That inorganic mercury is going to wind up
predominantly bound to metallothionine. ‘Okéy. There
is a pléce for it to go.

(Slide.) | | T

The other way that metals can be complexed

Cis in precipitate. This is a nucleus in a kidney_

proximal tubule cell from a rat that was drinking
water containing both mercuric chlorideé and selenium
for a prolonged period of time and you will note that
there is a kind of unusual structure in here.
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| They are actually crystallold but 1f gpu do
X-ray analysis of them you can find that there is
mercury and selenium complexed in those structures
inside of the nucleus of those cells in a two to one
ratio.
The important point here is that we can
think of -- we need to think broadly in terms of

1nteractlons between essentlal elements and toxlc

elements. . ‘ ?f

How much time do I have° . F

DR. VOGEL: Five mlnutes. s

'DR. FOWLER: Okay. T can wrap this.

(Slide.) |

So these mechanisms and the concomitant
exposure to otherrmetals, whether they are an
essential metal such as selenium, cen also greatly‘
influence the results, the outcome.

(Slide.) )

Noﬁ the problem of assessing risk\'gﬁisk
aSsessment and I am sure you are familiar with the
dlfferences of opinion that have existed between
several federal agencies with regard to mercury, stem |
in part from the assumptlons, the underIY1ng
assumptlons and the uncertainty factors that have
been applied.

.. Those_ uncertalnty factors tend for same

reason -- factorsAof 10 or 100 seem to be very
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popular; not 8.5 or 6.2, but five or ten; fheii:f

-magnitude of those uncertainty factors decreases with.

increased scientific understanding of what. is really
going on. Okay. In ether words, the more precise
the data,the better the data that go into those
assessments, the more sagacious they become.

(slide.)

There is also the fact that agaln these rlsk

| assessments frequently do not take into effect*’

multiple chemical exposures, which can greatlyielter
the outceﬁe. Se if you have a high zinc diet, you
eat your Wheaties every morning an you have a lot of
metallothionine_arbund, your risk based on exposure
to something else, ca&mium,/perhaps mercury, may-be
very different from semeone who is let's say alcohol,
who is zinc deficient, who has a very small pool to
receive some of these toxic ions.

(Slide.)

Now let's deal with the perception-ef“risk

Does that 1ook rlsky° Okay. We have some questlons

“we can ask here legltlmate1y° How big is that shark?

When did he last have lunch? What are these crazy
fools.doing in here anyway? (Slide.)"

Now does that look risky? Actually it turns
out he was curious and just wanted his picture taken.

_These guys know thevdrill ) The _point ‘here

1s that 1n the absence of s01ent1flc data we get
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stuck in the problem -- and I think Dr. Clements sald

,1t earlier -- of people ba51cally arguing over what

they do not know. And what we can say out of_thls is
that interactions between chemicals such as toxic |
metals do occur.

(Slide.)

Overall, additivity, if there is amn
interaction, is the most common form of‘that"end risk

assessment should be conducted based on a varlety of

parameters. Again, not to beat a dead horse,_ihe

quality of those risk assessments very much -depend on

the data.

And, as I showed you in the very first
slide, what we have -- we have more data, we“have
better data for certain elements rather‘than others,
and we have relatively few data fof interactions'
bet%een substances. _

And with that, I shall stop. Thank you.

(Applause.) | : ‘"7#‘

DR. VOGEL: Thank you very much, Dr. Fowler.

This paper is open for discussion.
DR. FOWLER: It is also time for lunch.

DISCUSSION: SESSTION I PAPERS

DR. VOGEL: Due to the time T think I would

just like to open the discussion up generally for Dr.

_Fowler and for the other partlclpants as well’ if
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 this, T think, is -- that has not been clearly -
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Dr. Tchounwou?

o]

DR. TCHOUNWOU: Yes. Paul Tchounwou,

Jackson State University.

I have a question with regard to the binding

of metals to metallothionine. On the list that you
vhave shown_up here I did not see arsenic. I do not
‘know if you have done some work with it because we

are dclng some molecular study with arsenlc and we

see a lot of significant induction of metalloﬁﬁlonlne

when we expose human cell llnes to sodium -~ é%
arsenic. So I am wonderlng if --
DR. FOWLER: Okay. The answer, I believe,

is that a numbef of other_folks have found that, too, -
that there is induction of metallothionine but ﬁot
binding; What I think might be happening is that the
arsenical will produce qxidati&e stress inside of the
cells and I think ﬁhat may be the inductive"

mechanism. “The arsenical, as you know, tend to

"undergo a methylatlon process and to be excreted in

the urine as monomethyl or dimethyl arsenic ac1d‘
chiefly That seems to be the way -- you know,
90 -- you can account for about 90 percent of 1t in
those terms.

So I think -- I mean, what you are saying
has been -- you know, is certainly affirmed but the -

- whether or not there is binding of‘arsenicél'to
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deﬁonstrﬁted In other words, you can have 1n§yctlon
of metallothlonlne but it does not mean the arsenlc
is there. It may be someth;ng else. B ?
Is that clear? | | |
DR. TCHOUNWOU: Yes.
DR. FOWLER: Okay.

DR. TCHOUNWOU: (Not at microphone.) And,

» also, on the list of chemlcal interaction and

Apotentlatlon of activity and ‘the antagonisms -Efdo

lnot forget the potentiation -- : A - _E;

DR. FOWLER : Well, I used synergy in place

of potentiation but basically the idea is that you

: cah‘get an enhanced effect so that; I think, is maybe

a little semantic. Okay.

DR. VOGEL: Are there other questions for

' Dr. Fowler or for any of the speakers?

Dr. Myers?

DR. MYERS: Maybe I will take the

‘:prerogative-of tossing out a general questioﬁ for the

is made as_to whether to include an adjuvant ina =

-- all the discussants’' this morning. And that was
one of the things that struck me Waé that we did not
see comparative -- very many comparative human tfials
of potential vaccine antigens with and without the
pPresence of adjuvants.

I wondered generically how then the decision

~ product that is presented to_Fh%.FpA is, in fact,
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from a manufacturer s perspectlve, for example?_a,'

decision made mostly on anlmal data? Are human

trials done? If so, is that data available for us to

understand the differences in immune response between
aluminum-containing candidate products?

DR. VOGEL: Dr. Alving?

DR. ALVING: Carl Alving.

I would say it is partly determined on

'intellectual property rights. I mean, there;a%e

‘thousands of adjuvants that have been developeé; The

ones that are actually being developed 1nd1v1dually
may not necessarily be the best ones. The best may
be combinations and so this is one of the problems.

The question of whether you can test for

‘adjuvant activity or compare different adjuvants in

experimental animals is an important issue to raise
because it is our impression from numerous studies,

both in animals'end in humans with different types of

~adjuvants that the animal studies frequently, in fact

usually are not very predictive of the relative

”efficacy of one adjuvant compared to another.

So a lot of this is empirical. If you look
at a mouse, for example, they may be --"mice,
generally, are extremely reactive to a variety of

different adjuvants. Those same adjuvants when you

~Pput them into humans, there may be no reactivity.

There is nothing. And so what is really missing is o
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comparative adjuvant studies in humans. I thé@k;thatv

is an important thlng.

Now I have attempted to -- my group Et
Walter ﬁeed has attempted to address that issue with
respect to one vaccine formulation and that was

prostate cancer. An immunotherapeutic vaccine where

prostate spec1f1c antlgen was - put in liposomes with a

_varlety of different adjuvants. We went through

sequentlally six Phase I trials actually. ?

_ And the results were qulte ama21ng tget you
could -- by going -- doing just flve patients at a
time you could actually differentiate the relative
efficacy of omne particularbformulation compared to‘

another omne.

Now we have not published that yet because

‘we have now moved into Phase II trials and those

trials are still ongoing but nonetheless this is a

huge deficiency, I think, in the -- dn kncwledge_and

"I do not think that animal studies alome are-going to

be the answer.
DR. VOGEL: Go ahead.
DR. CHEN: Bob Chen, CDC.
I guess we have heard about a number of
potential future adjuvants that are promising but

they lock like they will be some ways off. In the

risks that ere esSociated with the current
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~about it is that when we add,the'different'aiﬁm'

adjuvant vaccines, initially starting with the DTP
vaccines and more recently with the Hib and the
hepatitis B in an increasing number of‘imﬁﬁnizationb
programs, what is that risk?

'Now, of course, that is somewhat difficult

to study in children. And in Norman's presentation

he showed in adults they may get a numberlof; ?f
differen§ vacéines. They will frequently -- tEéy.may
not get all of ﬁhem at‘one,timérbut there are certain
populations perhaps‘in the military where they would

get several of them. Presumably the tetanus. They

would get the hepatitis A and hepatitis B and others.

And I guess the question perhaps to some
folks in the audience, are there any 1essbns*from

that -- from presumably recruits that are receiving

' several of those vaccines all in short -- réia;ively

short period of time, over a couple of years?

I guess we did hear about some of thét-data
and maybe we will hear more about that but I jusf
wanted to kind of probe that a big more:

DR. VOGEL: Anyone like to respond to that?

DR. GRABENSTEIN: John Grabenstein, United

States army. = _ .
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) I thlnk Bob is asklng a question -- ypere is
he? Where did he go? Okay.

Alving may want to pitch in to what -- I do

not know.
We know of no acute toxicities in -- I was
starting to calculate the numbér -- the amount of

aluminum that we would give at basic training, which

"is not all that much, and be relative to starting an

adult on a full series of tetanus diphtherié,?ﬁof

example, which is unusual in the U.S. but anyégy -- I

will work out a number for you sy the end of the day;
We know of no special toxicities that we

have recognized beyond what is recognized in the

literature for acute toxicities from a dose or two,

the injection site reactions and that sort of thing.
And over time we have not recognized

anything different from what we have seen in the

normal adult pépulation so it is an absence of data

‘and an inference of safety rather than explicit

studies per se.

DR. VOGEL: I think one'thing” that’xﬁightbe
gontfibuting to this in a way maybe indirectly is the
desire now to move from individual vaccines to
combination products. We kirnd of started thinking
about this wﬁen we were thinking about mercury but

also with‘aluminum that it takes the‘Same amOuntlof

mercury or thimerosal to preserve a combination
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vaccine as it does to preserve individual v;céggés.r
It also takes the same amount of aluminum'asfiﬁ
as well. So it would be an indirect effect of
combination vaccines to be able to lower the dose of
aluminum in -- if you look at the immunization
schedule. | |

DR. MYERS: Let me ask the hard question.
is.an adjuvant needed in any of the currenti&?% o
1icensed}vaccines? Is it absolutely somethingfthat
is necessary? | | | ‘

DR. VOGEL: Well, I think you have to go
back to what you really do with édjuvants and some of:
the work»that was brought up before. One of the
adverse reactions that are seen with Vaccines is
having too much aﬁtigén around. That is why we have
small ndn and big "T" for, you know, adults or
adolescents: ) |

If the immunologic adjuvant can bé;q§ed to
reduce the dose of antigen to get the same response
then that would be a good effect of the adjﬁfaﬁt. So
it is not just always like a gas pedal to drive the
response higher and faster. It can also be to direct

the immune response.

So there may be vaccines that will work fine

by themselves on aluminum adjuvants or on ---or with

no adjuvant at all but there may be vaccines that we
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. cannot build at all now unless we are able to direct

‘the immune response with an adjuvant in the
appropriate direction. -

| We talked about ability to deliver mucosal
vaccines to use transdermal immunizations to drive
responses specifically towards cell mediated immunity
and not necessarily antibody. So there may be
:easoné for adjuvants other than simply booéting the
,réséoﬁse but more their ability to direct imﬁﬁ?é
fesponses. I think that is the real-advantégg%for
adjuvants in future vaccines. |

Dr. Alving? |

DR. ALVING: I think there are -- well,
there are clearly some vaccines where an adjﬁvanﬁ’is
going to be needed like malaria, I think, and HIV and
other things where that may be important.

With response to John Grabenstein, I do not
have any particﬁlar respoﬁse to the queséion that he
"asked but I would like to say that I believéthat
John is involved with some kind of a wvaccine
:publication on line. Is that -- I was surfiﬁé around
a while ago and saw some wonderful vaccines -- a
current vaccine page that might be of use forrjust
‘general information.

Is that right, John?
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DR. GRABENSTEIN: = (Not at mlcrophone g

: complled an internet web site called

www.lmmunofacts.com. (Inaudible) .

DR. PLESS: I am Robert Pless, CDC. It is

‘more of a challenge to the speakers this afternoon

because in response to Bob Chen's question about the
number\~— the increasing exposure to aluminum given
the increasing number bf doses beiné given,and
Norman s slide show1ng the exposures through the
series 1n children and adults, 1t is sort of JFdeja
vu from the thimerosal workshop where we were shown.

the exposures to mercury with increasing numbers of

" doses.

So, hopefully -- I mean, if aluminum does
not behave like mercury in terms of its cumulative
neurotoxic effects, hopefully this afternoon's
speakers could enlighten us as to whethér it really

makes a difference in terms of toxicity if one has a

‘depot of,aluminum.that hangs around, whethér.%t

really does make a difference whether there is an
increase in quantity or not in relation to Eﬁe»
adverse effects.

| So maybe if they have not incorporated those

into their slides'they could spend the lunch hour

doing that.

(Laughter.) e
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DR. MYERS: I think/we.probably oﬁéhé?to‘

“break for lunch at this point and we are a few

moments late.

Someone aéked me earlier this morning, they
said I am getting -- I have gotten a little softer in
my older middle age and letting people ofﬁ at‘4:30 in

Puerto Rico, what did I think they wduld do, go for a

swim or something.

What I would suggest having been héﬁ?jfcr

- the last several days is that we probably ougﬂ% to

reconvene at 1:45 and give everybody time enough to
get lunch. It takes a bit of time to get through'thé
dining area here and méybe we will'rﬁn over a few
minutes at the end éf the day.

So reconvene at 1:45.

(Whereupon, at 12:30 p.m., a luncheon recessb
was taken.) |

%k % % *
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AFTERNOON SESSION ;

' DR. MYERS: I think we will go ahéadT;nd get
started even though we do not have everybody.baék
from lunch yet but we have a lot to cover this
afternoon so I think we better get started on time.

Dr. Georges Peter, as I mentioned this

morning, his plane did not get off last night from

Providence. It did not get oﬁf'again this morning so

he ié not going to be able to join us andyI’ggkéd Dr.
Stanley Music to step in as the moderator of %Ee
second session this afterndon,~ﬁhich is "Alyﬁinum
Pharmacotoxicology."

Dr. Music is -- has a diverse badkgrqund.
He was the environmental epidemiologist, which is
something I did not know, in North/Carolina so he
fits right in with metals. He was the state
epidemiologist in Wyoming. For 28 years he was at

CDC in part.of the small- pox program. And now he is

* with Merck Research Laboratories on the WorldWide

Safety and Epidemiology Progrém.
So thank you ﬁery much, Dr. Music.-
§ESSION‘II: _ALUMINUM PHARMACOTOXICOLOGY
MODERATOR : STANLEY MUSIC

DR. MUSIC: Thank you. Can everybody hear

Our first speaker this afternoon is a fellow

~ Brooklynite and another Stan. Stan Hem is a
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(Technical difficulties.)
DR. MUSIC: -- adjuvants where I camé in |
contact with him in my recent Merck move.

His work in this area was recognized by

(Technical difficulties.)

DR. MUSIC: -- on time and I will remind you
when we have five minutes left. _ :-};
ABSORPTION AND ELIMINATION OF . F

ALUMINUM-CONTAINING ADJUVANTS ..

STANLEY HEM
DR. HEM: Okay. Thank you very much. It is
a pleasurevto be here and I appreciate the
invitation. I am a chemist in background so I am
really learning a lot from getting involved with
vaccine adjﬁvants but I think some of the‘chémistry
is an importanﬁ'part of this story'thatjwe\are all .
\'What I would like to do is talk about -- a
little bit about the properties of aluminum hydroxide
and aluminum phosphate adjuvant, then talk a little
bit about in vitro dissolution experiments, and
simulated interstitial fluid,  and then finish with
some‘in vivo éxperimenﬁslthat show that the aluminum
adjuvants are dissolved by the ‘citra.té?—___ in the

interstitial fluid and that they leave the body.
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So let's begin, and the speaker thisé@orning

~mentioned that aluminum phosphate adjuvants are

really chemically amorphus aluminum hydroxy
phosphate. Aluminum hydfbxy_phosphgte is not a
stoichiometric compound and so you get all kinds of
combinations and different ratios of §ho$phate and
hydroxyl making aluminum hydroxy phosphate.

I think most of the ih situ precipitations,
péépie refer to them as alum adjuvants, thafz%ind of
bothers me as a chemist because alum is tha\cﬁ%ﬁiéal

of potassium aluminum sulfate, which is a very water

soluble compound. So if you'had alum you would
have -- it would be a solution.
So it -- and alum is the starting the

material, it is the source of your aluminum, and you
are precipitating it with your antigen. So I prefer
alum precipitated adjuvant to refer to the adjuvant

that is produced from alum. And if you have a

~ phosphate buffer in any way involved in thétfghen you

are making aluminum hydroxy phosphate very much like
these aluminum phosphate adjuvants. ' -

So basically the properties that I will
describe for aluminum phosphate adjuvant really are
attributed also to the -- at least every one that I

have looked at where people use alum and precipitate

phosphate buffer somewhere in the story.
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I cannot give you an x-ray pattern because

- aluminum phosphate adjuvant is amorphus. Here is the

infrared spectra and the infrared spectra shows a
nice band here that is the phosphate band so we know
that it has got phosphate in it.

This band here is the hydroxyl stretching

band. That can come from the water, the hydroxyls in

Waﬁer, as well as any structural hydroxyls.;_@hen’we

heat this up to drive off the water we are\le§§ with

a very sﬁall but very sharp baﬂd which‘tells us that
it is a hydroxy phosphate. Hydroxyl is a part of the
structure and so it is a phosphatg-compound and a
hydroxyl compound and so hydroxy phosphate is a good
name for it.
| (slide.)
This is the morphology. This bar is 50

nanometers and so these dre very, very small

" particles. The primary particles are.smallvé%ates.

So they are basically individual primary particles,

" small plates, plated like morphology, very thin; and

aggregated together and when people measure the
particle size they say that the particle size is two
microns or five microns. They are really measuring

the size of the aggregéte.

_ The primary particles are very, very small =

and when you start looking at the absorptive capacity
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you just do not understand how YOu could have gﬁch a
high absorptive capacity fbr these materials'béCause'
particles.

(slide.)

Now interstitial fluid contains some alpha

hydroxy carboxylic acid. It contains citric acid,

lactic acid and malic acid Alpha hydroxy carboxyllc

a01ds are chelating solublllzlng agents for alumlnum
In fact, many soil chemistry tests are -- wheﬂfthey

do the ssll chemlstry one of the steps is to dissolve
the alumlnum compounds out of the soil with a 01trate

solution. So it is well-known in mineralogists that

these alpha hydroxy csrboxylic acids are able to

dissolve in soluble aluminum compounds.

(slide.)

Here is an in vitro experiment that we did.
We took aluminum phosphate adjuvant and we used the
wrmal amount per dose, which is 850 microgf&@s, so
we are not showing the whéle scale here, the total
amount was 850 micrograms, and what we are dbing is
we are doing an in vitro dissolution experiment{ Wé
are adding that to s.citrste solution at the

concentration of citrate and interstitial fluid.

We are doing this at room temperature and we

are just mixing it and stirring it for 12 hours and

taking samples periodically. You can see that in 12
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hours we have about 450 micrograms out of\tﬁe ggtal_

' of 850 has dissolved. So these aluminum phosphate

adjuvants dissolve in citrate solﬁﬁion similar to the
citrate at the same concentratibn that citrate is in
human interstitial fluid. |

(slide.)

This is the isoelectric point experiment for

aluminum phosphate adjuvant. This is the zeta

pbﬁeﬁﬁial versus the pH. And, as you can séééﬁit'is
positively charged below pH, about five, and F"
negativeiy charged above_pH-S. (And so it would be a
good absorber by eiectrostatic forces for positively
charged antigens and I think it has its main use with -
those kind of antigens.

We will look at this -- this is the aluminum
hydroxide adjuvant but we will come to that in a
minute. That isoelectric point depends upoﬁ'the

degree of substitution of phosphate-4-hydroxyl. So

" this point could move around in different séhp;es_

depending upon the‘recipe_and the phosphate énd
hydroxyl ratio. | -
(slide.)
And this illustrates that. Here we have

precipitated aluminum hydroxide without any phosphate

" and the isoelectric point of AOLH3 (?) is around ten,

and then we precipitated the same amdUnt of aluminum

but with increasing a little bit of -- little
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_quantities of phosphate added to the recipe: aéa;ﬁ
~notice what.is happening to the isoelectric péint,
0.0 charge. It comes down -- it becomes asentotic
along about pH4.

So aluminum hydroxy phosphate could have any
isoelectric”point between 10 and 4 depending upon the
degreejof\Sﬁbstitution of phosphate. I guess

everybody might be familiar with the commercial

T

T

aduphos (?) and rehydrophos, and they have

e

Wil

isoelectric points around 4.5 to 5.5. So theyiare in

this ball park but it is possible to adjust -the

recipe and make aluminum phosphate adjuvant with
higher or even lower isoelectric points.
| (slide.)

The other adjuvant that we have to think
about is aluminum hydroxide adjuvant and the speaker
this morning was also good to get you thinkihg about

the aluminum“hyéroxide adjuvant also being misnaméd.

"It is really aluminum oxyhydroxide and it cbfngsponds

to a mineral in néture that is known as bomite (?).
(Slide.) fr |
And here is the x-ray pattern for aluminum
hydroxide adjuvant. I was really surprised that we
got an x-ray pattern because I know that aluminum
hydroxide adjuvant was used to absorb proteins and so
I expected it to be amorphus. Generally amexphuéw

materials have high surface areas and have high.
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absorptive capacities. And son of a gun, here;isf

 aluminum hydroxide adjuvant with a very strong x-ray

pattern and this x-ray pattern matches the x-ray
pattérn of the mineral bomite and is aluminum
oxyhydroxide.

(slide.)

The sharpness of these x-ray -- of these

peaks tell us how highly crystalline it is. There is

dégrees of crystallinity. We could go from'géﬁéthing
being very poorly ordered and we would get-veé%?bfoad
x-ray bagds to Something that was very highly
ordered, and we would get very sharp x-ray bands.’

So we use the Qidth of these bands, we call
it the width that have height; to characterize how
highly organized the aluminum hydroxide adjuvant is.
And so wheﬁ we~ﬁave a small width at half height, it

means the peaks are sharp,.it is highly crystalline;

highly brganizeﬁ. When the width at half height is

" larger it means the peaks are broader. It is-less

crystélline and less highly organized. And that will

" make a difference in the solubility you will see in

just a second.
(Slide.)
Here is the infrared spectra. This band at

1072 and this shoulder at 3098 are characteristic of

(slide.)
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And here is why it is a good absohbeghfﬁﬂew

a crystalline materiel can have a high‘suffeée'area;

This -- again this bar is 50 nanometers and aluminum
oxyhydroxide or what we uee in vaccihes, aluminum
hydroxide adjuvant,bhas a fibrous morphology. All

needles. Each one of these is an aluminum

oxyhydroxide fiber and there is millions of them and

this is why you can have a crystalline mateiial»but

-l
"y

i

have a terrlflcally high surface area.

This also explains an earlier speakég this
morning who talked about the problems when you freeze
the adjuvants. So you can just imagine when you

freeze this, all these fibers are going to stick

together, and when you thaw it they are not'goihg'to

pop apart. So you are going to lose all your surface
area when you freeze these adjuvants so do not -- the
speaker this morning was right in advising ﬁbu not te
do that.

This aiso~tells why it is hard to get a
surface area number because the normal way to get
surface area is to dry the material to a powder and
then measure the nitrogen_or some gas abserption. So
again if YOu dry this to e powder all ‘these heedles
are going to stick together and you will get a very

low surface area.

We determlned ‘the surface area by absorblng ;m"

, phosphate We exhaustlyelyAabeprbed phosphate .from
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the footprint of a phosphate eye and we aseumeg}they

- were lying flat on the surface. We then celéﬁleted

the surface area and iﬁ'came out to bé 525 meters
squared per gram. That is a terrifically high
surface area. The swelling clays (sid) are around
600 meters squared per gram. The fume silicas are

around 800 meters squared per gram. So 525 is a

terrifically high surface area and I think that_is an

iﬁpertant part of the wide use of aluminum Hyé?bxide
adjuvant. - | | - _§:

(Slide.)

This is a dissolution experiment in an in
vitro experiment with a citrate buffer -- with a
citrate solution. When we use the concegtreﬁioﬁ of
citrate that is in interstitial fluid we could not
measure any detectable amount of aluminum in solution

in a normal time period.

So ‘what we are looking at here is 100 times

the concentration of citrate in interstitiai“ﬁiuid

and at 37 degrees. That aluminum phosphate was at

" the concentration in interstitial fluid and at room

temperature but we had to speed things up to get this
student out in a normal -- to get her thesis done.
So here is two different aluminum hydroxide

adjuvants. The total amount we put in was 850. We

have broken the graph here and so we are in about

120-140 hours, you are getting dissolution but it is
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much slower. It is coming up to about 80 of t%é-BSD

 micrograms.

behave in the body.

The one that is dissolving faster is the one
with the broader x;ray pattern. The one that is
dissolving slower is the one with the sharper x-ray
pattern. So you are going to learn a 1ot_from the x-
ray pattern about how thése things are going ﬁo

In contrast, this is aluminum phosgﬁ%ﬁe'
adjuvant. So in about 12 hours the aluminum _Ef
phosphate adjuvapt at this loo—fold concentration
completely dissolves. The aluminum phosphate
adjuvant dissolves much morevrapidly than the
aluminum hydroxide édjuvént does in this in vitro
dissolution experiment.

(slide.)

And the aluminum hydroxide adjuvanﬁh-— here

is its isoelectric point. It is up around 11. So

that at -- the normal pH is where we formulate- that,

it will be positively charged. And so the industry

is in a nice position. It has got one adjuvant that
will electrostatically attract negative antigens and

it has got another adjuvant that will =~ -

electrostatically attract positive adjuvants. So we

are in a good position to have both of them

_available.

~ (slide.)
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Interstitial fluid. It has got a_ioégbf'

_interesting things in it. I do not think everybody

knows everything that is in it but it has got a good‘
amount of phosphate. It has gét a substanﬁial amount
of albumen and fibrinogen and it has got six m.
equivalents per liter of citrate. So that was the

concentration that we were using in those in vitro

(Slide.) | TR

We are really lucky at Purdue to havégé
physics éepartment that has an accelerator and rather
than bury it when the funding stopped, they converted
it into a mass spectrometer.

| I would like Richard Flarend to stand ﬁp.
He was the graduate student. He was a graduate
student when he did the work that I am going to be

showing. You might want to speak with him. He is

now an assistant professor of physics at Penn State,

" the Altoona campus. 'So this work is his and part of

his thesis was also to take the antiperspirant,

"aluminum chlorohydrate, and incorporate aluminum 26

into it and apply it to humans and see how much
aluminum was absorbed from under arm antiperspirant
use.

(slide.)

The normal person -- we generally get about

10 milligrams a day of aluminum. The plasma
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concentration -- there is a mistake here. :fh%%:is
five micrograms of aluminum per liter. It is Ehe
plasma concentration so there is a typo there that I
apologize for.

In terms of tissue concentration it ranges
from one to 100 milligrams per kilogram of tissue.
And in‘cbmparison then the maximum dose of aluminum

that is allowed in a human vaccine is .85 milligrams.

That will give you a little bit of perspectivéx We

are not talking about very much aluminum compé%éd to
what we are exposed to in our deily life in.our daily
contacts.

The neat thing about accelerated mass
spectroscopy is it cen measure incrediSly small
amounts of aluminum 26 and this is not a typo. 107V
grams. That is the amount that it can detect and
quantify. That isknot a typo. That is real.

The physics people tell me that Purdue hes a
football stadium that holds 70,000 people. "TQey tell

me that if you £fill the football stadium half filled

" with sand and every grain of sand represented'ah

aluminum 27 atom and you put on aluminum 26 grain of

sand in they could tell it. They could detect it and

measure it.

So this is an incredibly sensitive way. It
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radiation. So when we work at these numbers o; 10*7
there is no radiation. Your geiger counter does not -
click. There is no measurable radiation so itmis
completely safe.
| We had no trouble with either the human --
the Humans Committee at Purdue or the Animal
Committee aﬁ Purdue. If you eat one banana you get
an exposure of .12 m. rem per year. Thevaluminum 26
'study»that,we are going to show you with thé §ﬁnnies
was just a little bit more than that. So it ﬂgfa
niceftecﬁnique. No worry aboué séfety. Easy to --
able to do in humans without any concern for any
injury or problems.

(slide.)

This just supports what I just said. Here
is some data on the exposures that we may have and

the natural background is arocund 300.  The average x-

ray is around 26. And the amount of aluminum in one

" of these studies is less than one. So.I just -want to

impress upon you it is safe. These kinds of

(Slide.)

They have got to’do a little chemistry to
work up this sample. They have got to také the blcod
or'piasma of urine or take the tissue and they
actually end up maklng alumlnum oxlde out of 1t. FSo

they treat it w1th a01d and dlgest it and. flnally
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heat it at 1,000 degrees and they make aluﬁin@éiZG f
oxide and that is what they -- that is what goes into
the accelerator. o
(slide.)
So what we did is we precipitated aluminum
hYdroxide and aluminﬁm'phosphate adjuvants in our lab

in the presence of a little bit of aluminum 26

chloride. Aluminum 26 does not occur in nature. Tt

is made in accelerators. N

We got this from Oak Ridge and souweggook
just a pinch of the normal alumﬁnum 27 out of the
recipe and put an equivalent pinch of aluminum 26
chloride into the recipe. Wé‘precipitated.them. We
tested them to see if they had the properties that
they -- that we expect to have that ‘I have just shown
you when they did and then we went to the bunnies.

(Slide.) |

And we dosed»New Zealand white rabbits with

.2 mls of each adjuvant and that contained . 85.

milligrams of aluminum. We decided to use the human

" dose in the bunnies even though we know that™ there is

less interstitial fluid but we thought we would give
the worst case situation.

| So we have got the humaﬁ dose in the
bunnies. We collected blood and urine for 28 days

and there were two bunnies with each adjuvant.:

(slide.)
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An he physics people wondered when we;f
sﬁﬁuld take the first sample. I said, “Well;ffcu
know, let's wait a day or two after we inject'iﬁ.“ I
am picturing this érystalline material dissolVing
slowly in interstitial fluid, going to the lymph,
getting to the blood. They said, "Let's do an hour."

I said, "That is crazy. You are going to waste --

this is an expensive assay. 7You are going to.waste

money . " i %Q

But they prevailed and I am glad thedeld
because here is the aluminum hydroxlde blood level
data and‘the one hour blood sample -- the one hour
blood sample showed aluminum 26 in it. So the
adjuvants is beginning to dissolﬁe and aluminum 26 is
appearing in the blood within an hour. I Wish we had
done a shorter time than the hour. So the body has a
very powerful mechanism for processing and
eliminating ‘these adjuvants.

It kind of reached a nice steady bloqg level

over the -- this is 28 déys out here and we need now

“to loock at the urine data. Each of the data"pbints

is one of the bunnies and the triangles is the
average of the two bunnies. So in a nice normal kind
of cumulative urinary excretion Behavior.

(Slide.) |

Now we will go to the aluminum phosphate

adjuvant. Remember that is amorphous. Remember in
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our in vitro experiment with citrate solutién %é.wa$
a lot more soluble so the dotted line now is'tﬁe
aluminum phosphate adjﬁvant and so here is thewbloOd
level and we are getting -- the area under the curve
here is about three times higher than the area under
the éluminum hydroxide adjuvant.

So both adjuvants are dissolving in the

interstitial fluid, ending up in the blood, but the

- rate of dissolution 1s different and it is nlceiy

‘understood when you go back to the crystalllnlgy, the

crystalllne material is not as soluble as the
amorphus material.

(slide.)

And here is the urine data and this is also
why I like to be a chemist and do not like to be a
biologist because these data points are the -- these
data points are for the urine for the aluminim
hydroxide adjuvént We had one bunny that just did
not -- that just dld ‘not excrete the aluminum yery
rapldly
The blood levels of the two bunnies- were
very similar but one of these bunnies just somehow
held on to the aluminum and so what we-have got here
is the mean of the two bunnies but those two bunnies

varied a lot. The bunnies that got the aluminum

phosphate were very cons1stent so thls 1s -- this '
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confirms my belief that I should stick to béakgrsfand

test tubes and not do animal stuff.

(Slide()

This is probably what you are interested in
seeing. This is the phatmacokinetics datakand the
aluminum hydroxide adjuvant with the bunny one and
fwo, the percent of aluminum that appéared ih the
urine in 28 days was 13'for one and 22 for the cher,
fOr‘ah average of 17. For the aluminum phoééﬁ?te'
adjuvant, one bunny was 47 percent of the aluﬁiium
that appéared in the urine in 2é days, the other
bunny was 55 for an average of 51. So it was about
three times more soluble, three times more dissolved
-- faster dissolving; The blood level curves were |
about three times different.

The urine curves -- remember it has got to

go into the blood and then it will be distributed to

tissues and then from the tissues it will go out in

“the urine so it is going to take a little bit Jlonger

before we start seeing aluminum 26 in the urine

“because it has got to distribute and be takem out of

the tissue.
(slide.)
So here is the two buﬁnies with the urine, 5

and 6.2, for an average of 5.6, and 10 and 32. This
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average of 22 so that might be a little bit‘higﬁer'if

. we had more bunnies.

(slide.) | | | o

The tissue distribution, after the 28 days
Qe'sacrificed the bunnieS‘and examined the different
organs, and in every case the aluminum phosphate --
here is the aluminum phosphate two bunnies. In every
caee the amount of aluminum 26 in the tissues was
hlgher from the aluminum phosphate than the alumlnum
hydroxide but 1t is three times higher, which 5%
exactly the same proportion that the blood levels
were higher.

So you have more aluminum in the blood. You

are going to get more in the tissue just by mass --

8
n

just by mass balance. And the distribution here
the same as you normally see aluminum in these '
different organs. So the aluminum 26 was'not'going
to a special place and the aluminum from'the adjuvant
~was not going to a special place in the body. ..

'

And that is it. So I hope you got a little

" -sense that the body has a way -- I was really*?leased

with this study because I wanted to do‘it because I
did not think anybody knew what happened. to these
particles in the body.

| I'hed seen tﬁese éapers where people excised

the site and tried to look for. alumlnum there but I

 did not think that was very dependable and when the
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physics people started working with this accelerated

mass spectrometer I really got excited. And_f?do not
think there is any doubt that the body has a‘way to
eliminate the adjuvants, the citrate, the alpha
hydroxy, carboxylic acids in interstitial fluid,'
chelate, dissolve them, they go through ﬁhe lymph,
into the blood, to the tissues{ and out, énd out in
the urine.

Thank you.

' et
e

(Applause.)

"DR. MUSIC: Thank you.

DR. GHERARDI: I have two questions. You
explained the removal of aluminum by the composition
of interstitial fluid but we know that'shoftly after
injection most of the aluminum is inside the cellsg,
into cells. .

DR. HEM: How do we know that?

DR. GHERARDI: Yes.

DR. HEM: Who knows that?

ol

DR. GHERARDI: I do.

DR. HEM: From what data? -

DR. GHERARDI: From data you have -- from
the IM injection in rats. After a few days you have

no aluminum outside cells. _ .
DR. HEM: I have not seen your data. We are

trying to do an experiment right now with aluminum -

‘méstmmﬁfjmﬁogenEsch described it. So I think we will
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" seen have aluminum 26 data that will answef;tﬁ§i ~

. & ~
question does the cells take up these particles or

not. So I am not aware that anybody knows that.

DR. GHERARDI: Okay.

DR. HEM: But we will assume it is true.

DR. GHERARDI: I will show tdmorrOW’some
pictures. ‘

DR. HEM: Good.

DR. GHERARDI: And the second qugsﬁi@p.—‘ so
this is an important point. Second, I'would f%ke'you
to téll us about -- |

(Technical difficulties.)

DR. GHERARDI: -- such discrepancies from
rabbit one to rabbit two? |

- DR. HEM: Bad bunny.

(Laughter.)

DR. GHERARDI: Do you think that bad humans
exist too?"

(Laughter.)

-l
e
“

DR. TODD: Charles Todd, CDC.

Stan, we almost had a half life -- .~

DR. MUSIC: I wish we had gone longer. We
did this with Purdue money. If somebody will give us
some money we will do it 16nger.

DR. TODD: Do you have any idea in people
what the half life is in people or whether it . would

differ in children énd adults?
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DR. MUSIC: We have the tool to do t fét So
the reason I was excited when you invited me't; speak
here was to tell the world that those experimeﬂfs now
can be done but they have not been done.

DR. HUNTER: Robert Hunter, University of
Texas. |

Was their baseline level normal?

DR. HEM: Yes. |

DR. HUNTER: How high is it above E’e:"sf;é_-line?

DR. HEM: The baseline in bunnies.of_§f
aluminum~is 30 nanogfams pér ml‘and the increase was
to 32. The'average increase was for both -- to
combine the four bunnies. The average aluminum
plasma level went frém 30 nanograms per ml to 32.

DR. HUNTER: The second guestion is the -

(Technical difficulties.)

DR. HEM: I do not like to work with animals

"so we did not collect feces. : .T.E’

(Laughter.)
DR. HEM: I will assure you that we did not.
Urine was bad enough for a chemist. |

- DR. HUNTER: Once you get it ready for

‘aluminum assay there is no difference.

DR. HEM: There is no différence. Okay.
Richard did the work up so we did not look at the

feces so I cannot answer that.
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'DR. GARCON-JOHNSON: I have two Qggét%éhé;

(Technical difficulties.) :

DR; HEM: Yes, it was equivalent to the.
commercial -- with isoelectric point of around 4.5 to
5. So it had a lot of phosphate on it. If you had
an aluminum hydroxy phosphate with less phosphate
substitution I think it would be more soluble.

DR. GARCON-JOHNSON: It is nice when you
just say it like that to have a nice balahce‘é%%the
end. Did you manage to -- never mind. . 735

bR. HEM: I did not tﬁink of excising the
site of injection and having Richard run through the
AMS. So I wish I had done it and now that I see the

interest really wish I had done it but we

ock &ll those organs

[} H

ot

euthan the animals and

zZe

5
ot

e
that we deécribed but we did not mark the site and we
did not take the site so I wish we had done that.

DR. -GARCON-JOHNSON: Okay. So you did not
repeat the experiment to see how much was left -

DR. HEM: We will certainly be happy to do
it if we do it again. | =

DR. GARCON-JOHNSON: You can do it on the
goat, I guess, or whatever.

DR. HEM: Hmm?

DR. GARCON-JOHNSON: The goat you are using,

DR. HEM: The sheep.’
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DR. GARCON-JOHNSON: The sheep, wﬁat§§é:;
The beast. | | .

(Laughter.) -

DR. HEM: We hope that sheep stays around
for a while. We have got big plans for that sheep.

Thank you.

DR. MUSIC: Thank you very much.

Our next speaker -- we are going to .change

the program a little bit -- will be John Whéeler.

John Wheeler is a toxicologist in the Divisioégbf'
Toxicoloéy at ATSDR, the Agenéy fo: Toxic Substances
and Disease Registry, which is not CDC but a sister
agency of CDC. He works in the Office of the

Assistant Director for Science on a variety of

| el

toxicity issues concerning hazardous waste sites.
HEALTH GUIDANCE VALUES

JOHN WHEELER

DR. WHEELER: I want to thank the organizing

- committee for having ATSDR speak to you today-.on some

of the things we are doing.

(Slide.) -

We are not doing or we -- thig is new to'us,
anything to do with vaccinations except for maybe the
thimerosal incident. So we have a kind of different

perspective but I hope thaﬁ perspective that we bring
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Our experience has been mostly in ﬁheg-

environmental field. ATSDR is funded by Super Fund

and we deal with toxic waste sites so our experience
with aluminum has been at toxic waste sites.

(8lide.)

What I wanted to talk about were reference
values that ATSDR sets. Now there is a million
definitions for reference-valuee. Reference values
can be references for 1nse¥umentaflon or they-can be
reference values for allowable dally intakes og‘there
is many dlfferent definitions of reference values.

What I am talking about in respect to ATSDR
are health guidance values that are used- for
screening environmental contaminants to deﬁefmine if
further investigation is warranted. So we derive
these values and take them out into the field to
examine what is going on in the field and scfeen
samples with these values.

(Slide.) | : oy

- The ones that are important in the field of

-environmental valuation that we use allot, and there

are some more additional ones than these on this
slide, is ATSDR derives what they call "minimal risk
levels" or MRLs.

The EPA has something that is somewhat

- analogous known as reference doses or if it is an

inhalation exposure they are reference
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concentrations. That is the amount that you c§n<be

- exposed to for a lifetime without any appreciahie

risk to health.

Health Canada has something that is similar
to that calledl"tolerable'intakes and
concentrations.®

And our Division of Health Assessment and

Consultatlon takes the MRLs and does exposure data on

them and creates what they call an EMEG. So now you
have an environmental -- it is an environmentag'medla
evaluation guide =o they become media specific for
soil or for air or fer drinking-weter or whatever
they are looking at.- |

(Slide.)

The way we got into this was essehtially'
just a congressional mandate that we were to prepare
tox1colog1cal proflles. T thlnk most of you have

seen toxicological proflles for prlorlty hazardousv

substances and certain significant human exposure

levels.

Now we are still struggling with whet
exactly significant human exposure levels are but
minimal risk levels is our first effort to try to get

to this. They were to be of acute, subacute and

chronic health effects also.

(Slide.)
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So we came up with a minimal risk iév%iwf

exposure to a dose of a chemical that is likéliw

to be

without an appreciable risk of adverse noncancerous

effects over a specific duration of exposure.

(slide.)

The purpose of them is to serve as screening

values so that when our health assessors go out

1nto

the environment they can get large amounts of déta,v

of environmental data, of soil samples, of waté%

samples, of air samples. They can screen this data

rapidly and determine what they do not need to worry

e

about.

Now an MRL is not a threshold of toxicity.

An MRL sits way below a known threshold of toxicity

so there is a grey area in between. If you are

at an

MRL or just slightly above that does not meaﬁ'you are

at a toxic value. But if you are below, we believe

that there is -- you do not have an appreciablgr
(Slide.)
MRLs cover oral exposures, inhalation

exposures, and dermal exposures, and they do it

risk.

for

the three durations that were required by CIRCLA,

chronic. Acute is any exposure less than 14
days. . Intermediate is from 15 days to a year.

chronic we consider an exposure over a year.

which we have defined as acute, intermediate and

And
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If you look at the EPA values, the REDS ‘and
the RFCs, those are chronic values. Those are
chronic lifetime values. So that considers a‘70 year
exposure.

(Slide.)

The first thing we do to determine an MRL is
to take a look at the literature and we do that
prlmarlly through our process of developing the.
tox1colog1cal profiles when we pull all the tQX1c1ty
1nformat%on we can find together about a glveng
substance. This is an LSE table of -- for aluminum
from oral exposure. These are all the studies thét
we have 1dent1f1ed -- actually this is a subset of
studies. We take the -- all the studies that we flnd‘
and examine them for whether or not we would Ehinkl
they are well done studies, whether controls were
properly used, whether there is problems with.the

studies. And the ones thet we thihk that are well

‘done we put into the LSE table and we group theém

according to the endpoint that they study.

As you can see here there is immunological
effects, neurological effects, reproductive effects,

and developmental effects. This is jusf'part of one

of the tables.

(Slide.)
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From that we can identify NOAELSs andé§OAELs,
~ B

- NOAELs are no observed adverse effect levels,aﬁd

LOAELs are least observed adverse effect levels.

(slide.)

We take that 1evé1 which -- let me see if I
can back up here.

(8lide.)

These that are in the open would be
considered NOAELs. Those that are half shadé&:ére
LOAELs. We look for the hlghest NOAEL that weﬁcan
flnd in a dataset or the lowest LOAEL. We ;ake that
number and divide it by an uncertainty factor and we
call that the MRL.

(Slide.)

Unfortunate;y, that looks like a very simple
deterministic approach that you can do quite rapidly
but the uncertainty factors become quite a tangled

web. You cap‘quickly extrapolate down with some

. essential metals until the level is below what would

"

be a recommended daily intake.

(slide.) | -

So let me talk about some of the uncertainty
factors. There is an interspecies variability
uncertainty factor, which if we are -- if we have
animal data and we are extrapoiating the human data,

we would use an uncertainty factor for that. . That is
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traditionally 10. However, in some instanéésé?é;haQe
used something less than ten. |

éay that we have monkey data with an enzyme
that we see being induced that is very similar to a
human enzyme, we may use a factor less than 10.

Interspecies variability would be for within

human variation. This is what we typically call a

sensitive population and we are looklng at effects to

children or effects to elderly. We are looklgg for
different genotypic expressions. Anythinguthg% we
see in there and that factor ié typically a-ten.

We also -- if we cannot identify a NOAEL --
so we have a -- all we have is data that,haé some

adverse effect associated with it. We use an

NOAEL.

EPA will use another uncertalncy factor for
database ‘deficiencies which is another factor of 10
These are all multiplied times each other so Xpu can
see that they get quite high quickly.

ATSDR traditionally does not use tHis‘
uncertainty>factor. We think if there is a database
undertaihties that are that great, we ‘do not derive
an MRL.

And the EPA will also use an extrapolation

_across exposure duration. They will take a subacute

study and make a chronic RFD from it.
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The EPA has realized that there aré'oééxlaps

between these different uncertainty factors, that
there is a interdependence, they are not all
independent variables, and so they have put a limit
on their uncertainty factors of 3,000. You could see
ybu could get to 100,000 here if you wanted to

multiply ten times ten times ten times ten but they -

stop at 3,000. The largest we can have sihce we

1,000. | - E‘
| VkSlide.)

Dealing with’uncertainty‘factors is
certainly one of the most difficult issues. There
are some things that have come to light in reCenE
years or in the last ten years or so that we have
been trying to use to reduce some of the uncertainty

cund these traditiomal factors of ten thatiére'
used.

One thing that‘We use is the human"kyt
equivalency concentrations that are published w1th
“the RFC guidance. Those human equivalency
concentratlons are a database of 1nformavlon on
extrapolatlng from animals to humans on 1nha1at10n
studies. ' It will have both particulates and gas
determinations so that y&&Aéan make a dosimetric

adjustment from an animal to human.
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ATSDR also recently put in a compuﬁatibnal

toxicology facility and we have brought staff on

board to do some computational toxicity testing. We

think that with the pharmacokinetics based PBPK type

of efforts that we can reduce some of the

uncertainty. If you look at the WHO documents from
'93 and '98, they suggest that the uncertainty
extrapolatlng from animals to humans can be broken
down into both pharmacokinetics and pharmacodéﬁamlc
parameters, and both of those welgh about the g%me.
So we thiﬁk with good pharmacokgnetics data that we
can reduce some of the uncertainty there and we are
working on that.

(Slide.j

And scmethiﬁg that has been around fgr quite
a long time but has not really come into this field
until recently is providing benchmark aose modeilng

(Slide.)

With benchmark dose modellng we take a dose
response curve. Let me see if I can use thlS.
‘ If you look at this dose response cdr&e,
these are actual experimental doses. If you take a
model and fit a model through that curVé}*this is
probably a Wivel model. It is one that we found that

is very successful at gettlng the low end of the

curve.  The Wivel model occasionally falls apart at

the top end of the curve.
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It will fall apart a 11tt1e bit up here but
since we are worried about the bottom end of the
curve, it is a good model to use. You can take --
generate this curve and then you can generate the 95

percent confidence intervals around this curve. And

by setting what is known as a benchmark response, a

certain response that you would see in the pepulation

_for the endpoint that you are looklng at, you can

extrapolate to the 95 percent confidence 11m1t?——

extrapolate down and find a benchmark dose Erom that
level. | :

- This hasrseveral adventeées. One is that 1t
uses all of the data to generate this curve. Ifhyou
are doing the traditional NOAEL/LOAEL apptoaeh like I
was talking about a minute ago, in thisvexample‘you
would have simply taken this point right here and
called it the NOAEL and began your uncertalnty
divisions from that p01nt

-~

But with the benchmark dose you can ¥

. extrapolate in between points and get points that are

not determined by the dosing that was domne iﬁ the
study. So you are using all the data and you ere
able to generate points in between.

The 95 percent confidence intervals also

give you somewhat of a feel of how confident you are

- in.the data and whether. you. have a bad dataset ——M”mw;ﬁm"_
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will move down. So your benchmafk dose becqmegzldwer

- as the dataset becomes worse.

| The benchmark dose has been studied and
compared to the NOAEL/LOAEL approach and it is found
that>most of‘the time the benchmark dose approximates
the NCAEL. So we accept it as a NOAEL and no longer
have to use the uncertainty factor of a LOAEL.

(Slide.)

Sam i1s going to talk about, in a minééé,'the
MRL for aluminum that we have derived and I“hogz that
this has kind of set the stage of where we are cuming
from with the MRL and our health éuidance values.

Here are some resources for where you can
get information on different health guidance'valﬁes.
TERA, which is out Qf Cincinnati, has a good web site
that you can -- that compares health guidance values
across several different agencies. The EPA/iRIS

database has all their RFDs and RFCs in it. And you

‘can go to our web site and gét all of our MRLsvoff of

there;
‘ Thank you.

k(Applause.)

DR. MUSIC: This paper is opeﬁ”fof
questions.

DR. GHERARDI: There is a problem of the

. dose that has to be used to assess téxiCOkineiigs,ﬁQrwW_u

- aluminum is an-important’problem. We use usually
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small animals, rabbits of 300 grams or rabbits é'bit

more, and we frequently use a full dose vaccine and

subsequently try to assess the kinetics. What dose

will you recommend for such small animals to -- what
DR. WHEELER: Well, Sam has got those

numbers and I do not want to step on his talk but all

these numbers are in milligrams per kilogram per day

So you have adjusted on body weight. You couldA‘
certalnly_do that for surface area or somethlngfélse
that you found more appropriate.
| DR. GHERARDI: That méansﬂthat we shouldbﬁse

a very small dose of‘aluminum adjuvan§ if we want to
reproduce the human situation.

DR. WHEELER: That is correct.

DR. TCHOUNWOU: I have a gquestion with
regard to the benchmark dose. N

DR. WHEELER: Okay. -

DR. TCHOUNWOU: I know the referencévabse,

for example, EPA usually recommend that it should be

based on the critical effects and in the deveiopment

of the benchmark dose what effects do we base that
on?

DR. WHEELER: For aluminum?

DR. TCHOUNWOU: Yes.

v wn... DR, WHEELER: We have not done thatvfbf

~aluminum because we have not identified that pﬁt f9;@ﬁ
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many other substances -- we have only done bendhmark

~doses on about six substances and several of those

have been volatile organics and I believe two Sf
those have been neurological effects and one has been
a developmental effect. When we go through our
_nitiel procedure of that table that I showed you,
the LSE table, you can identify which target organs

are the most sensitive.

And 1f we have a good database, and ws have
a fairly good database with alumlnum, you can g%en
use those studies. If those studies are quaﬁtile
data or if they are continuous’daﬁa that you .can
change to quantile data, then a benchmark dose would
be appropriate. But looking at endpoint is an
important part of the whole assessment.

DR. TCHOUNWOU: I know for nonsystemlc -
let's say carc1nogen1c effect, usually you do not
have any such reference dose because of the effect
but do you thlnk for chemlcals like arsenic, fé%

example, where it has been recently recommende@ for

the treatment of a certain type of leukemia, is it

possible to develop a reference‘dose for such
chemicals?
DR.” WHEELER: A chemical such as what?
DR. TCHOUNWOU: Arsenic. Because on one

side it is used in the treatment of certain cahcer_

and on the other side it is --
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DR. WHEELER: I do not know. That ig a
loaded gquestion. I do not know if I could'aﬁsﬁer
that. | -
DR. TCHOUNWOU: Okay.
DR. WHEELER: You know, this has been a

debate among us as we derive MRLs even if the

substance is cancer, a cancer causing agent. And the

reason that we do that is most of the time a clean up

around the site will be driven by the lowest ﬁﬁmbér

and quite often that is a cancer number. But,zfri

~reality we have a lot of people that gét exposed to

acute duration exposures to carcinogens and they are

not worried about the cancer at that time. They are

worried about what are the acute effects that I am

going to see from my immediate exposure and so we
find that the MRLs provide a useful tool when we do
that. And so we have MRLs for cancer capsiﬁg
compouhds. ”

DR. MUSIC: I would like to tﬁanknydﬁ*EOr

making thaE pretﬁy clear. I spent a couple of years

" as an environmental epidemiologist and the transition

from infecticus diseases to envirommental
epidemiology is not an easy one but you made MRLs and
those reference doses very clear. Thank you very

much.

.. DR. MYERS: I think that is true for most of
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DR. MUSIC: Our next speaker is goiné;to’be
Sam Keith. He is an environmental healthlécieﬁtist
with ATSDR in the Division of Toxicology. He is
involved in the development of toxicological profiles
for substances such as radionucleids, uranium and
aluminum or aluminum. The title of his talk as noted

in your book is not correct. It will be

"Toxicokinetics." )
TOXICOKINETICS =
SAM KEITH .F

bR. KEITH: Good afternoon. o

(slide.)

We at ATSDR, among the other’products we
develop, are toxicological profiles. We have |
profiled a number of -- several hundred substances
over the years and most of what we look at are what
we consider to be the three primary routes éf
eXposure. Inhaiation, oral and dermal.

A few years ago the powers that boﬂhad some

insight that other routes of exposure may also be of

interest and so we have started including other

routes‘as informationvwas available. v |
I just did not happen to realize that I

would be one that would have a couple of profiles

that were relevant from the, you know, transdermal

.. injection route. On_ebelngﬂ_r.anluzn__aﬁdtheOther

aluminum.
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And with uranium it ig a military sit pat1on
E

"using depleted uranium pPenetrators that are shafts of

dense uranium that is shot at tanks. And when

discussing this with some toxicologists it was
generally agreed that once the penetrator had
penetrated the skin and exited the other side of the
body it wasvlikely that there would be somé adverse
health effects.

(Slide.) ’f.;

With alumlnum, w1th 1t being 1njected§by a
syringe, the situation is a blt more subtle. Be that
as it may, aluminum, as uranium, is very prominent;

Aluminum is the third most abundant element
behind oxygen and silicon, which means it just
happens to be in every media that humans enjoy in
taking intc their body. It is in the air we breathe.

It is in the water we drink. It is in the food we

eat. And typically the intake for a day-for an adult

-~ -
b

pretty substantial amount, but the uptake tends to

. - .be, you know, quite low. -

(Slide.)

But how about the fooas? One of my
favorites, belng from Atlanta, is cornbread. And if
you notlce, it is one of the higher ones Lp there.

So I guess my intake may be higher than some who are
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on a salmon diet but those of you who wantbéoggiﬁd 65

balance things. Salmon and hush puppies wcrk‘ﬁell.
(Laughter.) B

(slide.)

Aluminum is interesting in that it is always

present in the ion stage as a trivalent ion.

Aluminum was once thought to be, you know, very

averse to any changes. You build aluminum bulldlngs

and they last forever but as ac1d rain happeneﬁ it
occurred that when pH hits around five and befﬁw
aluminum. dlssolves Alumlnum compounds dissolve.

In the stomach acid aluminum dissociates
from whatever ligand that it is assoéiated with and-
hydrates to the hexahydrate. And it can recOmpléx
with anything that is there with the original
complexing ions or with carboxylic acids, lactate,
citrates, whatever. But once it hits the intestines

and the pH increases there is a great precipitation

A'as’sequentially three of the water mcleculéé‘will

deproteinate forming very insoluble aluminumr
hydroxide, which perhaps has an uptake factéf éf .01
percént. |
So with low absorption why does this occur?
Looking at the literéture, it is not apparent that

there is any active diffusionm. Perhaps there is.

“ng;hgps there is some. It has been suggested'that
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involved to allow it to passively cross thei P
intestinal wall. Some suggest that citraté‘sbﬁghow
may mediate that and enhancing the absorption but it
is not really clear what is happening.

(slide.) |

So solubility, human data, rat data show

solubility and uptake. Citrate, lactate, nitrate are

,pretﬁy high. And some of the others, oxides,

hydroxides are pretty low, which is -- T guéé%%that
is pretty good for those who are heavy antaciiquers
because their intake can be as high five grams of
aluminum a day.

| Once aluminum arrives inside the body what
happens to it? Take an adjuvant, for exam@le. .How
does it release itself from the site? Heimlich
recently performed a study which made mock antigens
and absorbed on to’aluminum hydroxide adjuvéht. He

also took interstitial and serum proteins and

absorbed them on to the adjuvants. ' R

Then he took the adjuvated complex and the
raw sclution, mixed them, and he foﬁnd that-ﬁhe
éluminum -- the antigen quickly released from the
adjuvant and the adjuvant bound to the interstitial
or serum protein. And over half of that occurred in
15‘minutes, indicating there is a Way to releaée

aluminum from the injeétion site.
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Once it is released from that site tgéré
seems to be quite a competition between it and

magnesium, calcium, phosphorus. And the first and

last -- the magnesium and calcium is kind of

interesting because they are divalent and aluminum is
rivalent.

VOnce in the blood most of it seems to be

,bound'to transferrin, some to citrate and other

ﬁhings. And once it is inside the blood~sé§é?al
references cite different transfer rates. - ,Ef

The one at the bottom by Priest is an actual
human study. It is an IV study using radiocactive
aluminum 26 citrate and it was found»that over half
of the aluminum transferred from blood to body.
tissues within 15 minutes in over 99 percent in two
days, indicatingrthere is a rapid transfer to other
tissues.

- So starting at the beginning there is a

- potential rapid release from the’injectionUSite of an

adjuvant. Once systemic, there is a rapid transfer
to bodily tissues. .

(slide.)

Rick Flarend has'inforﬁatioﬂ"out. So does
Walker. Rabbits and rats, and they both tend to show

the same,thing'after a reasonably short period of

time. Bone seems to be the greatest depot followed

by kidney an@ brain and mpsq;g;tpward~the‘end,-w_pp
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might qﬁestion the relationship'with Alzheiheﬁgérll'
guess, at this point. | |
(slide.) : -
But from the Priest study, the -- after the
injection inside a human, this was done first in one
and then in several others, and they seem to support

each other. Large excretion within 24 hours, initial

‘half time of less than one day, 85 percent through 13

daYs. '_%;

But here is a critical ome right hef%i 96
percent had been excreted through 1,178 days. And
what does that mean? It means that there in the body
is a depot that once iﬁ grabs on to the aluﬁinum |
retains it and does not want tb let it go} That
depot is iikely bone. But it also_fells us that
pefhaps aluminum never reaches a steady state in the

body but accumulates over a number of years;' That

 seems to be what we find as the human body tends to
' accumulate aluminum in the lung from almost'ngthing

'at birth to perhaps 20 or 30 milligrams at a ripe cld

age.
(slide.)
So the aluminum body burden when one is

trying to figure out how it is retained, it is

interesting that by measuring urine, feces and whole

TR
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.

whatevef dose it was, .354 timeskthe dose timegfﬁimé
in days to the -3.2 power. Pretty steady éxbébt for
day one and day one under estimated it so in the |
graphs following that was accommodated.

Also, for steady state intake and uptake
fhrough the gut or whatever manner, a»build up can be
resolved essentially by integrating that function.

(slide.)

Now how does this relate to humans? }What we
decided to do at our_last meeting was really é%:take
a look at infants and the vaccine dosing schedule,
and what else they are exposed gd. Typically one
would expect the infant to contain a small amount of
aluminum, perhaps é milligram at birth. Pefhapé
less. |

But during the first six months what we are
looking at is an intake formula or brgast milk of 670
to 900 milliliéers a day from day zero on to six
concentration of 40 to 50 micrograms of aluminum per
liter. You know, a reasonably wide range, Ehis-BSO
is inFCroatian women, it is not really clear. It haé
not been resolved why that occﬁ:s, whether it is
anomaly or whether it is something associated with
their diet. -

Cow's milk is a little bit higher and

formula is even higher. Formula tehds to be higher
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_ perhaps due to the added ingredients that défigitély

contain aluminum as well as the process méthbavin'the\
equipment that does contain aluminum and a transfer
in that process.

Then we assume for the second six months a
published value of .7 milligrams of aluminum intake

per day. And we were using an uptake factor of

around .7 to .8 which for the hydroxide is .01 up to.

a maximum of around one percent so we consideréd that

was probably a pretty reasonable value for avgilable

aluminum.
| (slide.)
And on this chart with the breast milk at
the bottom because breast milk was -- has the 16wer

concentration, using the previous formula for
retention and incorporating into that a progressive
intake of breast milk over time and a progressive

growth of the child, it followed -- and this is

' logarithmic scale -- followed this and then here is

the point at 180 days which we transferred to the .7

milligrams per day.
Now in nature what one would expect is some

sort of transition unlike the uranium penetrator that

penetrates the body. That occurs instantaneously.

But when looking at formula, the higher level

increases and the second part of this curve actually
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is -- it is the same curve but on a logariéhm§é<ébéle
ﬁﬁey tend to join up at the higher times.";':
(Slide.)
What does this mean? Well, as far as
toxicity, the mechanism of action really has not been
totally elucidated. Perhaps there is anvinterference

with the second messenger system. An interference

~with calmodulin allowing calcium uptake in bglls

Yo, et
§

higher than it should be.

_ We do know that when aluminum binds_%; the
larger proteins it tends to, as the protein is
larger, it tends to bind moré'irfeversibly; and it
can inhibit the formation of neuronal microtubule.
Neurologically, £rom the studies.wé héve
reviewéd, neurological seems to be the most sensitive
health endpoint that we are considering for aluminum
dealing with memory problems, fatigue, depréésion,

behavior. A number of these in pot room workers --

“aluminum workers that were dealing with alumifium

fumeé, those who were associated with aluminum wvapors
for many years, neurocognitive tests, psychbmctor
testé have indicated thét some of these workers
perhaps have‘a slower response to the various
questions, delayed response.'

It was recogniied fairly egrly, dialysis
dementia, that individuals with renal impairhént put

on dialysis developed a relatively nonreépohsive -

i
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neurological dementia state. And it was ideng@fiéd

that the very small concentrations of aluminum that

was in the drinking water used to make the dialysis

solution actually fed aluminum into the body and
since aluminum bounds to transferrin and since it
cannot be filtered in the dialysis equipment; there

is allowed an increase ?—_the hospital was dosing the

~patients with aluminum tap water and there is‘ng way

forget it out and the result was the dialysis?r
dementia. A - ‘Ef

That has been resolved because now there are
standards for making sure that the aluminum
concentration is extremely low.

We found some respiratory effects'primﬁrily
in early days cfvprcgrams in which éulmonary fibrosis
was observed, an increase in the number of alveolar
macrophéges, also a decrease in the mobilit§.of those
macrophages. “

Bﬁt what we weré seeing over and over again
was symptoms that were indicative of dust overload
from diverse inorganic dust. So it was not-apparent
that the aluminum was élWays toxic in that case; Inv
other cases it appears that the aluminum was playing
a toxic role.

(8lide.)

_ We recognize aluminum as a dermal irritant. |
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s

vaccination if the nodule remains for more thagLabbut

- six weeks the body tends to achieve a

hypersensitivity that can be identified in an
aluminum chloride patch test.

Lesions in the tracﬁeal,or bronchial lymph
nodés also can be immunologic in nature.

Then we have musculoskeletal. Many studies

.. have found developmental problems associated With the

skeleton, not so much as the muscles but the

gy

skeleton, osteomalacia.’ Patho%ogical fracturenghere
aluminum replaces or it competes with the'phosphorus,"
either in not allowing the phﬁsphérus to be taken
into the quy.or competing with it at the osteon
formation site. |
Bone pain, also, which is a study from the

U.K. A town had aluminum sulfate dumped in the water
and there was joint pain but it was not cleéi whether
it was related to the alﬁminum ér whether it was

associated with other high levels of metalswwith lead

~and copper.

(slide.)

After 1ooking at the full range of studies
we had available to us, ATSDR developed 'a minimal
risk level for aluminum based on the oral route of

exposure, intermediate duration, ingestion with

_spontaneous motor activity interference in mice that . .

. _were observed for periods of time.
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‘And both horizontal and wvertical mové@ents
produced a no adverse effect level of 62 miiiigrams

per kilogram per day of aluminum. Uncertaintf'

- factors, three for interspecies and ten for human

variability produced two milligrams aiuminum per
kilogram per day MRL. .

And we are in the process in this effort of

oy

injection MRL is resolvable.

(slide.) ‘

So at the MRL level, two milligrams per
kilbgram per day, considering that the fetus starts
from an average 50 percentile female weight of 3.2
kilograms at birth to around 10 kilograms at a Year,~
the MRL curve follows thiskpéth, which is
significantly higher than the intake due to either
breast milk or formula. That is refreshing.‘.

(slide.) N

Bﬁt how does that relate to Vacciﬁé§2 Well,
using the CDC vaccination schedule there is a range
of times that hepatitis B and DPT can be giéén.
Hepatitis B, the first dose is right about at birth
before the child leaves the hospital.

And these are -- thése can be in a range of
times but what is interestingvtobdo to represent
perhaps the worst case is injection at specific . _

points in time simultaneously. Looking at hepati
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B, the typical formulation is .25 milligracs éfcf
aluminum. For DPT .25 to .85. -
(slide.)
kSo in looking atvall of these, looking at
the high dose, here is a curve for infants following

this path indicating that the body burden for

aluminum from injection from vaccinations is higher

_than from dietary intake. And for most parts of the

S

=

curve, less than the MRL curve. =

i There is an overlap here at the verJE
beginning, an overlap here. And when taken out and
expaﬁded, this -- these two curves merge around one
or two days, and this one around less than one day
because there is a quick release of the aluminﬁm.

‘ Yet how would the lower end of the
doses find that curve? Overlap at a center period of
time, nc overlap here or here, indicating fhat by a

years pericd of time the body burden of the infant

.may be equivalent to the dietary intake. w

Now since these are on a logarithmic scale,
if one was to add the diet to the vaccine for total
added body burden, it should not vary very much from.
that line there. If it was on a linear scale it
would be obvious that there was very»little addition.

(Slide.) | |

_And that is how we stand here on aluminum
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opportunity to come down here dﬁring almost'hégriéane
weather. Have you been outside? The last tihé_I
came in here I was sailing from Aruba up here and
fortunately it was in a large boat and it was all
like 30 to 40 foot seas and I am glad it was not

quite that bad of weather when we were arriving

although I think some of the individuals from the

[

But thank you for your attention. I
appreciate the opportunity to bg here. I fin&gthat
some of the previous presenters, br. HogenEsch with
his rapid effects of aluminum} Dr. Fowler with the
stress protein response, which may be simi;ar to the
in vivo study initially, and Dr. Hem with his |
distribution, have really helped us a long way with
looking at aluminum toxicity in an area that may have

lost a little bit of its spectacular nature of years

ago. But perhaps with new tools we can revive

aluminum toxicity studies, toxicokinetic studies and

pharmacology in a way that we have never been able to
do before with perhaps aluminum 26 and ICP mass spec.

Yes? \ |

DR. CHEN: Bob Chen, CDC.

Sam, in your review‘of the literature, there
are studies ldoking at kind of different‘ages in

let's say animal models, newborn mice versus kind of
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. lasting effect, on the body. It may be that an

older mice? To what extent is kind of deveiopéental

. age an issue in these exposures?

DR. KEITH: Well, developmentally the
weanlings are definitely more'sensitive., If you have
an adult whose skeletal structure is already
developed and then there is an exposure t¢ aluminum

there should not be any effect other than over time

‘there is not going to be any great adjustmentiother

than if pathological fractures could result;i%%the
long-term. E _§f

DR. VERDIER: Francois Verdier, Aventis
Pasteur.

Do you think that the positive -- the few
positive patch tests with aluminum are sufficieﬁt to
give the conclusion that aluminum can triggér a
positivity reaction?

DR. KEITH: I think it is a start. We know
that there is ; response'and when nodules .-- after a

vaccination if a nodule remains for several wseks,

" after that the person tends to be hypersensitive to

aluminum. How that occurs is not totally clear in my
mind and yet there appears to be some derived |
sensitivity to aluminum and aluminum compounds and so
there is an indication that if aluminum is retained
inrthe site and thére is}a response over an

appreciablempérigd of time there is some effect, some
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aluminum chloride patch test is not sufficiénégbut it
is indicative, I think. :
| DR. VERDIER: Do you know if there are
aluminum product -- things like nickel because with
nickel you have reaction with different source of
nickel? ;
DR. KEITH: Weli, my --

DR. VERDIER: Do we have such data with

"

aluminum? =

‘DR. KEITH: Well, I guess we do. -Thgke are

 some studies over the last few years about -

Alzheimer's in wﬁich Alzheimer's -- neurofibrilar
tangles from Alzﬁeimer*s patiénts brains on autopsy
were taken and stained and fixéd and aluminum wés
found. And so now that told us, you know, throw away
your aluminum poté and pans, especially if you are
cboking spaghetti sauce. It has a low pH aﬁ&
dissolves iE.;“What doesiﬁhat mean about aluminum

pans too? I do not see any here. That isﬂédﬁd. But

'what it also meant is in recent studies it has been

found that -- well, when aluminum -- when glass
bottoms are formed, glass bottles for reagents, the
glass is formed ground aluminum ingots and just as
rubbing my hand across a table transferred atoms in

both directions, aluminum is transferred inside the

_glass bottles. Reagents £ 111__upthoss>_.glassbottles
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that you have aluminum in your reagent and SOEﬁsing
ICP mass spec some of these tangles recently

evaluated by a couple of researchers, aluminum was

" not found. And then after performing normal staining

and fixing, aluminum was found. The implication was
that perhaps the staining effects and process
themselves could have contaminated the samples in
some way.

| So it is an equivocal Situation,hé£;§not
totally resolved but, hopefully, with ICP masgfspec
techniques and more interest iﬂ aluminum, we can
resolve some of these pressing issues.

DR. MUSIC: Dr. Halsey?

DR. HALSEY: Yes. Two questions. -Neal

The MRLg that you are showing us are based
upon the oral slow, same amount each day, and then

you are calculéting out the body burden, and you are

~ showing intermittent dose. You expressed an -interest

in or a suggestion that you might have to develop
these MRLs for injectable aluminum. -

I am curious why you have not been able to
do that or if the data are insufficient £from the

dialysis, the dialysis patients, where there was

neurotoxicity? Why you were not able to use those

data because you should be able to estimate the

aluminum exposure in those situations? And I do not
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know thét would be any closer to what the B
intermittent exposure from the vaccines would:be.

DR. KEITH: Well, to answer that question it
is a developmental process right now because when the
profile was developed we did not envision

vaccinations being a prominent role and so we are

currently looklng into those matters and we already

»held the first series of meetings to derive thlS MRL

and it is passed this first hurdle but it is gtlll
developmental in nature. , - ~§f

But to get back to the point of the MRL,
this MRL was developed for an.lntermedlate duration
exposure period. In going back and taking a look at
the available data, there is an indication that
perhaps on an acute basis, a one time basis or over a
period of a week or two, this -- the MRL is actually
-- would be increased.

Looking at all the ASTDR MRLs that have been
intermediate fall in the range of three to 250
depending on the substance. So based on'énecdotal
infofﬁation we just would sﬁspect that this curve, if
we adjusted it for acute intake, would be perhaps a
factor of three higher.

DR. HALSEY: The next part of my question ig’

_taking into account any variability by age and is
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by age as there is with mercury and some oftth§{ f
others? |

DR. KEITH: In the derivation we have
included an uncertainty factor df 10 for human
variability so we are -- that initial value
integrated review of children, infants, elderly, you

know, Various population groups that may be more

‘sensitive than those who are not renally impaired,

for example. , - - §“ '

_ DR. HALSEY: But are ;here data thatighere
is an increased Sﬁsceptibility of infants as dompared
to older individuals? Do youAhaVé any data that
would point in that direction?

DR. KEITH: Well, as far as osteogenesis, I
guess there is but, you know; in peéple of my ége,
vou know, we have very little of that. But, you

know, during developmental years, of course, aluminum

can play a role in childﬁood'toxicology that it may

not in adult toxicology and yet in our various -- in

- our review process we did not find developmental

effects occurring close to the neurological-éffect
level so we were looking at primary neurological and
it appears that the neurologiéal is thé more
appropriate endpoint for computing a health guidance
value for aluminum than developmental toxicity.

DR. GERBER: Michael Gerber, NIH.
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You mentioned the substantial inf;rmééionA
about deposition of aluminum in the central mervous
system of rodents and I was going to ask you about
what we know as far as the deposition of aluminum in
the central nervous system of humans. You mentioned
in part about Alzheimer's. I wonder if there is
anything else beyond the Alzheimer's information that

you mentioned.

= I went

DR. KEITH: Well, it is interesting.
to a paper yesterday afternoon ;n which they é%rek
loocking at the bonding links and electrostatic
charges surrounding various molecules and how various
monovalent, divalent, trivalent éations might £it

into those complexes, and I asked about aluminum, and

he scratched his head and he said, "You know, that is

 any more time to._get an aluminum result than it does. .

to get results for copper, cadmium, nickel, zinc,

really interesting.™ He said, "We just had not
lcoked‘at it.*® BAnd I said, "Well, why?*® Hé'said,

"There just does not seem to be an interest in it but.

‘we have thé'capabilities. We could have run @ll this

" at the same time."

Aﬁd there are so many interesting héw.tools
that if aluminum can gain a new place in the researc
arena it can piggy back upon some of the other
metallic studies that are being conducted.

For ICP mass spec I do not suppose it takes
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whatever, although I think there are a couﬁie §f f
elements that there is some interferences that I saw
a poster right here indicating hexapol. An ICPV
hexapol mass spectroscopyksystem that can adjust for
some of the interferences that were seen with

isotopes that had -- that when bound with the argon

transporter gave the same mass as some of the iron

DR. BAYLOR: Norman Baylor, FDA. E

You presented in one of your slideslff
toxicity summary. Débyou have‘any numbers on the
leveis of aluminum that it would take to reach some

of those? Like, for instance, neurological, memory,

- fatigue, depression, what kind of levels are we

talking about when we -- exposure -- are we talking
about?

DR. KEITH: Well, in the mouse neuiblogical

.~ effects became apparent in the range of 120

" milligrams per kilogram per day. No effect was

observed at the 62 milligram per kilogram per day
level. -
DR. FLAREND: Richard Flarend, Penn State,
Altoona. |
Can you get that slide back that is on thgre
right now?
. DR._KEITH: Did I mess up?

your work? I apologize if I did.w

_Did I mess up.on
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DR. FLAREND: No, just the slide thatjwas up

there at just time -- there you go.

‘bR. KEITH: Oh, okay.

DR. FLAREND: Okay. The red line
representing the vaccihe or adjuvant contribution -

DR. KEITH: Yes.

DR. FLAREND: -- to the body burden. It
1ooks like you have pretty much put in a bolug"dose
and made‘all of the injection ayailable to"thgrbody

at the time of injection but according to the, you

know, previous study that Stan Hem had talked about

that we did, that injection is really spread out. It

does not dissolve right -- I mean, it starts
dissolving right away but‘it really takes several
weeks to dissolve and so thaf would have been
avefaged out quite a bit. N

Do you have a calculation that takes that

‘into account and where that would put the redvline

_ relative to your MRL?

DR. KEITH: You know, I would iike-to get
you and Heimlich together and see if this can be
resolved because his study -- his was in vitro but it

indicated a quick transfer -~ a quick dropping of the

antigen and a binding of the aluminum to interstitial

sol@tion,w Most of it happened w1th1n 15 mlnutes
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I am not sure exactly what is happ;ni§§ ﬁefe
or what is driving that. All I can say is’théé'it
appears that there is a good mechanism for aluﬁihum
ieleasing itself from the site after the |
immunological response is initiated.

I guess in one of the previous studies it
was‘idéntified that by clipping out the tissue it was
found that after -- what was ité -- maybe three or
féﬁi aays, the aluminum that was still depot;a}ét'the
ihjectio@’site may not have been really usefuliior
the wvaccination purposes. -

What I wanted to show here, between fhis'one
and this one was the drop in the red line indicating
that perhaps going on the low side of the aluminum
dose in the adjuvant perhapsAis mayBe an acceptable
way of injection. In some of my readings it seems
like once the minimum amount of aluminum hydfOxide is

there, if motre is available, the titer increase is

" higher. So we are looking at both bound and unbound

aluminum hYdroxide to the antigen as far as releasing
from ﬁhe site and it is not clear, I guess, th»much
aluminum hydroxide you really have to have in order
to achieve an acceptable titer.

But FDA has its limitationms.

DR. MUSIC: We have time for one more

question. o o

.
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‘DR. BRAUN: Okay. This.is a quick oéé;s'

Miles Braun from FDA. Excuse‘me if I miss this but
this MRL level -- is this sométhing that is, you
know, published.and disseminated?

| DR. KEITH: This book right here -- these
are called Toxicological Profiles. This is

Toxicdlogical Profile for Aluminum. Now look it up

Jin the dictionary. This is not a profile. ~;t is

more like a tome. It is a great door stop if?ﬁnybody

has problems with that. _E;

The one on uranium and ionizing radiation in

mercury and lead, the new ones, and dioxin

especially, it is weighty. But these profiles
started out in the 50 to 70 page region and the& are -
now up upwards of 300, 400, 500 pagés, and the reason
is because through the years we are finding out 6ur
health assessors and the public really needmﬁore
answers to more questiopé. "

Wé have recently added a child heéiéﬁ
section to it. We -- like I mentioned earlier, they
added an "other rbutes of exposure" section:« Various
things we have tried to do to enhance the usabiiity
and yet it has increased in size. |

DR. BRAUN: Is that the answer is no?

DR. MYERS: I think most of them that have

been regquested is from the interagency growp:  Is

that right?
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DR. BRAUN: Oh, it is in thejprofileéf-sb
those -- o

DR. KEITH: As far as they were -- oﬁ yes.

DR. MYERS: More requests for profile came
from the interagendy group.

DR. KEITH: Yes; a lot from interagency

group; We distributed a couple thousand of these.

_Just like for uranlum and the military bomblng range

here You know, we have had tremendous 1nterest in
the uraqium profile both overseas, the Eurcpeg;
Commission, the Européan Union, the Royal Soc1ety in
the U.K., Armed Forces Radloblology Research
Institute, Army, so there is quite a bit of interest.

Thanks. |

DR. MYERS: Should we take a break at this
point?

DR. MUSIC: I think that is a goodwidea. So
my watch shows 3:18. If we can be back.here_at 3:40.

(Whereupon, a break was taken.) o

DR. MYERS: Our moderator is tryiné to

reconvene us, trying hard. While everybody is going

" back to their seats, there have been a number of

requests for copies of slides. All the speakers are,
I know, putting together manuscripts for us for our

proceedings but_people.specifically asked if they . .
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speakers, if you ha&e it no disk or have soﬁeééaéily
accessible way, Lena or Theresa would be gié&rﬁp make
copies for us to put 6ut tomorrow. a

vThank you. |

DR. MUSIC: Thank you. If we could lean out
that door and close it so that the people,out‘iﬁ the

hall know that we are serious.i

(Laughter.)

DR. MUSIC: Our first‘speaker thié.%éternoon
is Peggy Rennels, Proféssor of ?ediatrics in.gie.
Center for Vaccine Development at the University of
Maryland, School of}Mediciﬁe; my_medical alma mater.

She has a special interest in the
development of pediatric vaccines it says here Eut
that ié clearly én under statement.“ She is a member
of the American Academy of Pediatrics Committee on
Infectioﬁs Diseases, better known as\the‘Reé.Book

committee, and is also a member of CDC's Advisory

Committee for Immunization Practices, the ACIP. - She

is also the only voting member of both bodies.

Peggy?
EXTENSIVE SWELLING REACTIONS AFTER

BOOSTER DOSES OF DTaP VACCINES

MARGARET RENNELS

DR. RENNELS: Thank you. -Good afternoon.
e ..{Slide.) _ '

On behalf of my colleagues, the NIH
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_Supported Vaccine Evaluation Units, I am goingétof

- present to you an evaluation we did of extensive

swelling reactions after booster doses of acellular.
pertussis, tetanus, diphtheria vaccines in young
children. And my colleagues are listed here. This

was published in the electronic pages of Pediatrics

this pest January.

(Slide.) -

By

‘As way of background, it had become ;.

B =

4

appreciated that rates of local reactions increased
with subsequent doses 6: these diphtheria, tétanus
subunit or acellular pertussis vaocines. And, inm
fact, there had been two reports of entire thigh
swelling after the fourth or toddler boosterwdose of
two different wvaccines manufactured‘by the same
company .

© (Slide.)

And here is a plcture of one of these

.shildren. For the biochemists who do not 11ke~

biology, this is the abnormal leg.

(Laughter.)

This is a child who had extensive leg
swelling after a fourth DTaP. |

(slide.)

" This led to my doing a retrospective

- evaluation . of severe swelling after the fourth and

the flfth booster doses of multlple dlfferent DTaP
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—

vaccines that were evaluated in the multicenteéiNIH-

- sponsored trial. This was a unique trial in that it

was a head to head comparison of 13 different‘BTaP
vaccines evaluated in the same way with all of the
serology being in the same laboratories.

(slide.)

So this would afford an opportunity to
determine the rates of severe swelling after;ﬁbese

Y

two booster doses. The fifth booster dose, f@?!those
of you who are not clinicians, is givén-juSE b;fore
school or at four to five years of age. -

(Slide.) -

We also wanted to ascertain whether the
severe reactions occurred with different prdducts and
this was really the only datébase tﬁat could be used
for that. |

We also wanted to look at associated

reactions and then explore the relatibnship between

the rates of these swelling reactions and antigen

_contents, includiﬁg diphtheria, which is why I was

invited here.

We also compared the pre and post-dose
levels of antibodies to the common coﬁ%éﬁénts, which
were pertussis toxoid, diphthéria toxoid, and tetanus

toxoid in children who did and did not have entire

-limb swelling.

(Slide.)
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Methods: Toddlers who had been glvenr
primary series, that is at two, four and six months
of age, one of 13 differenﬁ DTaP's or one or tﬁo‘
different whole cell DTP's received a fourth dose of
the same vaccine. A fifth dose of the same vacciﬁe
was then given to children who were still available,

which ﬁnfortunately was a small cohort by the time we

‘tracked them down. Different vaccine was giﬁen at

doae of four or five if the original one W&S'é?;
E‘:
(slide.) | | -
Reactions: We asked the parents to'meaSure
in millimeter the greatest diameter of rednessg and
swelling and report it on a diary card. Now,
unfortunately, because entire‘limb ewelling reactions
were not anticipated, they were not prospectively

loocked for.

'The comment sectlon instead of each reaction

form was afterwards reviewed for spontaneous reports

of entire limb swelling and I did those and some of

that required some interpretation but most 5% them
were quite straight forward.

One quote was "thigh swolled (sic) up so big
we could not believe it. -

(Slide.)

Serology blood was obtained‘before and one

month after Vaccinatipn:and antibody assays, among
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-

others, but specifically for this evaluation'w%fe-

. pertussis, antibodies to pertussis toxin by ELISA to

tetanus toxin by ELISA, and to diphtheria toxln by
variceal neutralization.

(Slide.) ‘

And here are the rates we found: After dose

four, of children getting the same DTaP, 20 out of

1, 105 or two percent, had entire thigh swelllng

“-}':,. -

reported by the parents. The actual rate’ wasié
probebly_higher because we did not specifidelfi
solicit it. | h

One out of 16 or 6.3Hpefcent of kids getting

this same whole cell DTaP for all four doses had

entire thigh swelling. And, interestingly,'hone of

 the children who got the first threeﬂdoses with whole

cell pertussis DT and then boosted with DTaP had
entire thigh swelllng, and that dlfference is
statlstlcally 31gn1f1cant I think that is real

Post—dose five, none of the 121 chll&ren who

got five doses of the same DTaP had entire upper arm

swelling reported. The fourth dose was given into
the upper arm. However, four of 146 or 2.7 of those
who got a mixed DTaP series because the“first ones

they got were no longer availeble did have entire

‘upper arm swelling. And I think these differences

are just because.of small numbers. -Theldiffeiencewiswwm~

not statistically s;gniﬁipant;ﬁgiw_
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gl

(Slide.) | | R

Parents reported_these\reactions %ithih the
first 24 hours. 7

(slide.)

And associated reactions: The childreh who
had the entire thigh swelling %ersus those who did
not in green, there was no more fever in those having
these reactions but there was more 1rr1tab111ty,,pa1n
and erYthema. - ] - %”

But what I think is very interesting Ee that
40 percent of chlldren were reported to have-no pain
whatsoever in spite of massive thigh reaction --
swelling reactions and 40 percent had no erythema.

(slide.) |

And those who were reportea to have pain,
most of it was mild. Three out of 20 children or 15
percent were reported to have severe pain. ﬁeaning
they crled when the 1eg was moved

So, indeed, these reactions look werS§’than
they are most of the time.
‘ ’(Slide.)

All of the reactions resolved usually b&
four daye and there were no permenent sequelae.
There was no ulceration, no bow formation, no
necrosis.

(slide.)  _
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We found no correlation between the’rgteé 6f

~entire thigh swelling in either pre or posE— 5"'

vaccination serum levels of antibody to any of the
téxoid in the vaccine. So it did not look to be an
aithus reaction as had been reported in the past with
diphtheria reactions. |

(slide.)

And one of the 1nterest1ng and maybe most
1mportﬂnt observations was that entire thlgh s%élllng
was reported after dose four with nine of the_fz
different DTaP &accines studied and the ones-where no
swelling was reported, it has been detected in
subsequent studies. So this is a phenomenon of all
the DTaP vaccines. | M

(slide.)

The different rates of the‘vaccines,‘post

dose four, entlre thigh swelling are shown here and

because theré was a suggestlon of a dlfference in

'rates among the different products, We'looked Ehen at

the concentration of antigen contents in the’

‘different products and looked at the rates of

swelling.
The numbers were small and I would encourage

you not to over read these rates. We do not know

‘that the rates are different among vaccines.

(8lide.)
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Now the rates of swelling greater"thin-SO

millimeters was also looked at post-dose five,

because remember none of the children who got five

doses of the seme DTaP vaccine had entire arm

swelling. So instead we looked at greater than 50

millimeters and here are the rates of different

vaccines here.

(Slide.)

The ones in white are U.S. licensed

Now the involved DTaP vaccines contafned

anywhere between one to five pertu351s antlgens. So

if it is the pertussis component of the vaccine, it

has to be the pertussis toxoid.

(Slide.)

Now the other common components of the

vaccines were diphtheria and tetanus and aluminum.

Shown on these graphs, which I doubt you can see in

the back -- sorry -- ‘are the percentage of chlldren

" who had entire limb swelllng after the: fourth:dose

plotted against the quantity of the different common

components. This is a regression line. Each of

these diamonds represents one vaccine.

What you can see is after the fourth dose

DTaP there is a suggestion of a trend for increasing

rates of swelling with increasing rates of each of

A the contents -- quantltles of antlgens w1th a

e

81gn1f;cant one belng”fo;fd;phtneple, 3A919£

02 fo
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the relatlonshlp between the rate of swelllng pnd the
quantlty of dlphtherla | ‘

And this made great sense to me because we
knoﬁ we, in fact, had to decrease the qﬁantity of

diphtheria in vaccines given to adults because of

_excessive reactions and I thought, great, end of

story.’

(Slide.)

- ‘Unfortunately, we went further and-I%Ieoked
then at the greater than 50 mllllmeter swelllng and

these lesser degrees of swelllng were not consistent.

(Slide.)

What we saw was thet post dese four, greater
than 50 millimeter, again you see a trend for an
association with pertussie toxin toxoid, p of .06,
but with none of the others. And herewis‘eluminum,
p of ;66; N _ |

(Slide.) . o

Greater than 50 mllllmeter swelling afterk
the fifth dose, shown here. This time the
significant association is with a quantity of
aluminum and that should be milligrams per dose.

(Slide.)

And just review, in slides that maybe you

can see better, the_relationship witﬁ a quantity»of
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aiuminum; again should be milligram. This is eétirer~
Tthigh swelling after the first dose. The pfieii72.

(slide.) T
Greater than 50 miilimeters after the fourth
dose. Aluminum association, p of .66.
(slide.)
And after the fifth dose, greater than 50~

millimeters, the p is .02.

(Slide.) T

So, in summary, the severe swelling 'ﬁf.
reactions~were seen post booster doses of many DTaP
vaccines. They are associated with other 1oeel
reactions but fortunately severe.pain is uncommon and
it was amazing how unconcerned the parents were in
those children who did not have a lot of pain. It is
self—iimited.

(Slide.)

The -etiology is probably multifactorial

-because of the inconsistent statistical. associations.

I think those associations were probably due to small

”humhers and were statisticalAartifact. And thet'

probably aluminum is one of the factors but not the

only factor.
(slide.)

Now a question that I should have said that

these 1mmunlzat10ns are glven deep IM with a one- and-
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o

subcutaneously, there was .not a concentration of

~reactions at any one of the sites suggesting one of

the nurses was giving it sub-Q. And I mention that
because there has been association with severe
swelling reactions with aluminum absorbed vaccines
when they are given subcutangously.

Any questions? -

(Applause.) | ) %&

DR. RENNELS: Thanks. . F

DR. MYERS: Peggy, aftér the £ifth dose the‘
babies are bigger.

DR. RENNELS: Correct.

DR. MYERS: And the legs are fatter. So are
you as confident 6n that dose about the sub-Q wversus
IM?

DR. RENNELS: Well, I think so because they

are fatter but You give it into the deltoid and so I

"~ think it probably got there. - 74 §

DR. ALVING: Do you have any idea of the
blochemlcal mechanism of why a sub—Q immunization
would cause a reaction and an intramuscular would
not?

DR RENNELS: I do not know but perhaps

‘there 1s somebody here 1n the audlence who can‘
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address that. In fact, the next speaker, Iﬁthiﬁk; is
, BT
DR. BRAUN: Miles Braun, FDA. -
Was there any attempt to do multivariat
analysis or were all those graphs univariat?
DR. RENNELS: They were univariat.

DR. GHERARDI: What was the imaging aspect

of the thigh?

DR. RENNELS: The imaging? e
DR. GHERARDI: Yes. - %5
' DR. RENNELS: We did not do any imgéing.
There is one report of imaging done of entire thigh
swelling from that -- that the previous report, andl
itvjust showed diffuse swelling.
DR. GHERARDI: Do you know the condition?
Is that wéll known by veterinary doctors of the
painful resistant nodules in cats that are immunized
with aluminum Cbntaining-vaccineé? This ig a most
.important feature of veterinary pathology andwgvén

| 7

some aluminum ascites sarcomas have been described in

" cats. : o

DR. RENNELS: Well, certainly nodules, you
know, do occur after some of these vacgiﬁations. In
these particular children that was not noted.

DR. HENDRICKX: Bernadette Hendrickx,
SmithKline Beecham. I juét want ﬁo bring some piece
of information. We developed in“tne'éSﬁpéﬁy‘af
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special form for swollen limbs and we just rece1ved_

_the first results where we have the results of more

than 2,000 booster doses of DTaP combined vaccines,

amongst which more than 1,600 with the hexavalent

vaccine, DTP/IPV/Hib.

. doses four or five combined?

DR. RENNELS: Yes.

DR. HENDRICKX: And the results, although
solicited, are completely in liﬁe’with the results of
ycur ﬁublications. We have 3.7 percent of swo%len
limbs, although it is solicited. And what is Féry
interesting is that as you mentioned in your.
publication the grade 3 pain is very low. It is even
lower than in your publication. It is six percent.

DR. RENNELS: That is great.

DR. HENDRICKX: So -- there is also no
difference betwéen the hexavalent and other smailer

combined DTPa wvaccines.

DR.. RENNELS: Let me clarify. Was that

DR. HENDRICKX: Four. Only four.

DR. RENNELS: Dose four. Do you have the
data on dose £five?

DR. HENDRICKX: I have some slides with me
and I have the form also that we used.

' DR. RENNELS: Yes. Really my reason for

looklng into this and publlshlng it is not that I

—

thlnk 1t is a show stopper. DTaP vaccines cause much
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fewer systemic reactions but I thought practitiéﬁers

and parents needed to be aware of it, otherwise these

kids méy all get admitted to the hospital on i.v.
therapy or thigh cellulitis.

DR. HALSEY: Peggy, Neal Halsey.

DR. RENNELS: Neal, vyes.

DR. HALSEY: You did show in one of the

you did not tell us whether the aluminum adjuvaﬁt

- tables that there were trends for some dlfferences by

.manufacturer and you urged cautlon But did you—-—

varies for these different DTA products. I have not

looked at that. 1Is there a difference between

aluminum hydroxide, aluminum phosphate and alum?
DR. RENNELS: I think -- and do ndt hold

to this -- but I think all but gne was aluminum

hydroxide but I would have to go back and clarify

that.

_ DR. -CHEN: Bob Chen, CDC.

me

Peggy, I am trying to reconcile klnd Qf two

bits of information that seems to be somewhat

"discrepant in my mind. 1In your study you showed that

the rates with whole cell are, in fact, higher than -

DR. RENNELS: Yes, based on one trial.

DR. CHEN: Okay. All right. Sure. Okay.

With that caveat then, for the long time

pediatricians in the audience, yourself included,

and
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Lo~
e

Eresumabiy -- I do not know if yoﬁ’have spok;ﬁ éﬁth'
Jim Churry (?) and his study, et'cetera,.is“tﬂié-just/
something -- a phenomenon that seems differenﬁ with
the acellular compared to whole cell or --

- DR. RENNELS: It is hard to get a handle on
ﬁhat. Okay. I think -- in going back -- certainly
it occurs with whole cell. We know tﬁat.

And, in fact, there was a Connaught whole

céil'prgduct that was used a number of years égﬁfin

Canada that was asspciated with a lot of,extens?ie
swelling reactions. It was a Cénnaught whole-cell
DTP.

But I am not able to find much other than
that in the literature. Now maybe it just was ndf
paid attention to but certainly practitioners of my
vintage I ask about it, they do not recall it being a
particular problem.

DR. CHEN: And the reason I mention Jim

‘Churry, in his large trial, and I do not recéilﬁhim

mentioning anything like that.

DR. RENNELS: But again, you know,_if-these
children are not having pain, it may not get brought
to the attention of the investigator‘or“the |
pediatrician.

DR. CHEN: Might not but you would not think

that so few of them -- ' -

DR. RENNELS: I agree.
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DR. CHEN: Yes. §~ 5

DR. RENNELS: I agree. Okay. . Thanké;for
your attention. -

DR. MUSIC: Thank you. The lasé paper
before I open this up for‘discussion, general
discuésion, will be by Phil Pittman.

He earned his B.S. at Jackson State
University and his M.D. and M.P.H. at Harvard -
Uﬁi&eésity. He has a fellowship at NIH froﬁbéi or
had a fellowsﬁip from 1984 thrbugh 1987 and»étgihe'
moment is with USAMRIID at Fort Dietrich,vwhere his
current position is Seﬁior Medical Scientist. Aﬁd he
is Chief of the Division of Medicine, Emeritus.

Dr.vPittman?

ALUMINUM ASSOCIATED ADVERSE EVENTS:

ROUTE OF ADMINISTRATION AND GENDER

PHILLIP PITTMAN

DR. PITTMAN: Thank you very much. I am

DR. MUSIC: The title of Dr. Pittman's paper

" is "Aluminum Associated Adverse Events:  Route of

Administration and Gender."
DR. PITTMAN: Great.
(slide.)

I will present this talk in the following

1 present some background. data
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on the edverse;events that we have noticed ;n %ﬁé;:.
special immunizations program at USAMRIID."f’; 

ﬁe will then proceed to discussing datekfrom
the dose reduction route change pilot study that we
conducted there. And compare the safety profile of
the IM versus subcutaneous routes of administering
the anthrax vaccine. We will then look et-gender
differences in'adverse events aﬁd describe briefly

-

s

the antibody response of these two routes.

Mo

-

|

And, lastly, we will go through a.brfef

description of a planned pivotai study that .we have
with the CDC and the NIH.
| (Slide.)

For those of you who do not know this, why
in the heck to discuss the anthrax #accine at an
aluminum vaccine meeting. Weil, the anthrax
protective antigen, which is the protective component
of the vaccine is absorbed to aluminum hyd;oxide at

The licensed administration schedule is

“rather hefty. It requires 0.5 milliliter doses‘giVen

sub-Q, not IM but sub-Q, at weeks zero, two, four and
at months six, 12 and 18. And annual booster doses
are required as long as the subject'is in an at risk
situation. In our caée et USAMRIID the at risk
situation is working in a biological containment

1abo£aﬁef§;
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-(Slide.) . o §3 ?

I hope this is not a prelude to thé‘réét‘of"
the slides but in any event what i have listed here
is the fregquency of infecﬁion site reactions by
gender that we have noticed in the special

immunizations clinic at USAMRIID. We have induration

and erythema that occur at a rate -- of course, here

- we have male and female. The total number of -

in&iﬁiduals -- of individual doses is over-ld}@ﬁo,'

10,722. . . F

When we break it down by gender we have

- about 9,000 males and about 2,000 féméles.A

And the rate of induration is two percent
for males versus over six7perceht for feﬁales;“ A
ksignificant difference. For erythema the rate is
about the same. For tenderness, again the rate is
higher in females. And as well as warmth -- Eash at
the injection‘siﬁe is also more common but nqt“
significantly so in females.‘ f Butvother syﬁ#tﬁms
such as’itching at the injectibn site is -- do occur
'ﬁore commonly among fémales as do lymph node -
. tenderness.

(slide.)

This is a look aﬁ the -- at whether or not

the second dose in that series is necessary. As you

recall, the immunization schedule requires a dose at

zero, two and fcﬁr weeks, and thgn Q6 monthly ) o
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?tarting;at month six. And in this slide Weﬁlc§£ ét.
e—ﬂunlike laboraﬁory animals, which are nice tbFWOrk
with, with.humans who have free will, they tend;ﬁo
come in to get their shots when they want to but we
can use that to our‘advantage and in this case we

looked at people_who came in for their second dose at

-- on time, that is at week two, and those who came

in later at week three and those who came in at week

S

four, and this is our antibody response.

There is an increased -- there is a t¥end
towards increasing antibody concentration as.the time
between the first two doses in¢rease. In this

particular study we looked at the IgG antibody

response two weeks after the second dose at each

interval.
(slide.)
On the next slide -- and so we are looking

at it aﬁ a constant time.  From week two we looked at

-'the antibody response at a constant time from dose

one and in this situation -- i.e. at week seven. In
"this particular situation we also saw an increase in

the antibody response as the time between the first

two doses increased.
~(slide.)

So we asked the following gquestion: (1)

What is the antibody response to a single dose of

AVA? - And then what is the -- is the two week dose
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necessafy?‘ Can local reaction be prevented'byéi. 

administering the aluminum hydroxide absorbed vaccine

IM‘rather than sub-Q? And is the gender effect'feal
or'are women more effective complainers than are
males?
(Laughter.)
'Well, that put me in the dog houée for a

couple of nights.

(Laughter.) | 7 };1

If real, can the gender difference. 1n§
adverse events be prevented by IM administration of
AVA? A slightly different question than this one.
Andkwhat is the effect of doing ——.of\giving the

vaccine IM versus sub-Q, i.e. is there more or less

~of an antibody response?

(slide.)
So we planned a pilot study to look at that

point and this was a prospective randomized study of

“healthy males andAnonpregnant females. Both’mglitary

and civilian volunteers were involved between the

“ages of 18 and 65 years. -

(slide.)

We looked at a total of six study groups and

- the control group, which is the standard licensed

vaccine schedule, and this was the only group that
vreceived the six, 12 and 18 month doses of the.

vaccine. But the other groups received the ‘vaccine -

P ot i
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- the séudy grdués, either as a single dosergiﬁénp'
_ \ o,

sub-Q or IM or as two doses given two weeks apért

sub-Q or IM, or again as two weeks -- as two dééés
given four weeks apart at either sub-Q or IM.
(slide.)
This slide shows the randomization process.
The number -- the n in each group ranged between 22
and 28 and the mean age is listed here and that
iéngea between 32 and 35. There were no diffggénces

in either numbers or the mean age among the_v%?ious
groups. -

(slide.)

We looked atk——‘when we look at the adverse
event by the IM or sub-Q route, in this case .the
number of doées given IM, 118, and this is the
percent of ind%viduals -- the number and the percent

of individuals with an adverse event present.

This is sub-Q. The number of doses and the

number and percentage of individuals with a given

adverse event and the p value. There -- as one can
see, as far as systemic events go, there are-no
significant effects -- a difference between the IM
and subcutaneous routes of administering the vaccine.
(Sslide.) | |
However, when we looked at the local or the

injection site we do see a difference and these are

listed here. We looked at tenderness, erythema,
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iﬁduraticn,'warmth and subcutaneous nodules.* Egé#;
for tenderness there is a difference between.thngM
and subcﬁtaneous route in this particular,study»és
well as for erythema and for induratién. - And, also,
for subcutaneous mnodules.

This was quite remarkable. We saw

absolutely no subcutaneous nodules when this vaccine

was given IM versus when it is given sub-Q, in which-

T

subcutaneous nodules. The next slide, we wi}l %5
stratify further on these looking at gender *q.
differences. |

(Slide.)

Because there wére so few reactions in the
IM route we will concentrate on the subcutaneous
route because of time limitations. In doing so, when

we look at subcutaneous nodules, again we looked at

males and femgles, and the p value. For subcutaneous

nodules, females had two-and-a-half times thefpgte'of

v
N

development of subcutaneous nodules as did males.

- For erythema, again about three times.

And for induration, over ten times the rate

‘of just redness at the injection site without

induration.
So, I have to say that after this one would

be pleased to inform people that women do, in fact,



10
11
12
13
14
15
16

17
18

19
20
21

22

23

24

25

26

27

that there 1s a two to threefold 1ncrease ln the NTPA |

233

Ny

not compiain more than men, that.the differeﬁce;ief

actually real. | |
(8lige.)
Just briefly, I ﬁill go through the immune

response. In this case, specifically the antibody

response. And in this case we used a validated ELISA

to look at the geometric mean, NTPA IgG concentration

- and the proportion of individuals with a detectable

 NTPA IgG antibody at peak. And peak in this:c%eeAWas

about -- and the concentration used was 25 micé%%rems
per milliliter oi greater. | -

(slide.)

Once again we see the schedule, a single
bdose sﬁb-Q, the geometric mean and body -
concentration, and the percent of individuals with
detectable IgG NTPA antibody. We can see that a
single dose gives a very iow antibody concentration

and, of course,’ﬁekhave from 30 to 60 percent having

detectable antibody after a single dose of AVA;- the

anthrax wvaccine.
If yeu look at two doses given two ﬁeeks
apart, the antibody coneentration is higher than a
single dose and every -- and the response rate by IgG
concentration is 96 to 100.
| When we increase the dietaﬁce between the

flrst two doses from two weeks to four weeks we see
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antibody and again the rate is 96 to 100 pefbeééih& '

‘_Igé concentration and that these rates, both . -- this

is the control, zero, two énd four. You can-see'
there is not a difference between the geometric mean
antibody cqncentratibn of these groups and the
response rate again are the same as well.

So the secondvdose is not needed;

(slide.)

I should éay, too, if you simply_loﬂk?&t'
titer, there is one person in each group'—-uin%éach
of theseléroups that did not quite reach theﬁzs
microgram per milliliter level but they did have a
protective titer. So they did have some antibody.’
It is just that it didAnot reach the 25 miIligram‘per
milliliter cut off for the study.

(slide.) |

Another not so good -- these look better up
here by the way. . - e |

(Laughter.)

-
%

Once again we looked at weeks through week

- ~~24 and the log IgG concentration. These two -

represent the single dose. The single dose given IM.
Single dose given sub-Q and the standard zero, two,
four dosage. It'is not clear why there is a -- why
this little second bleep occurs in this group but it
occurs in both single dose, whether given IM or sub-

Q.
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Of course, this dlfference is 31gn1fMEant so
a single dose is not equivalent to the three dose
schedule. -

(slide.)

This slide shows two doses given two weeks
apart, IM and sub- q, and thls is again the control.
The axis are the same. But there is a statistically
significant difference in the peak titer. »

(slide.)

R DT LR
P

This slide represents the zero-four groups
given IM and sub-Q. And, again, the peak odecurs at
week six and there is not a,sﬁetietically signifieant

difference in the peak although the titer is higher‘

for the zero—fouf sub-Q, as well as the zero-four IM,

than is the zefo-twp—four but that difference is not
statistically significant.
I should say also that the decline in the

ahtibody is not different between week six‘and week

’24."We have extended this now out to a year aud

there is no difference in the rate of decline. In
(slide.)
So next we have planned a large study. This
is a eongressional mandated CDC/DOD/NIH cooperative

study, which will be a perspective randomized double

blinded placebo control multi-center study in which

the endpoints will be safety, local and systemic,
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éender differences and antibody responses. —Thégé;;
‘things are written in the congressional. ¢
| (Slide.) R

This is the study outline and I will go
through this very quickly. What we are pondering
over here is -- and the reason that I show this is

what -- because we need the study to be double

blinded, we need to'give a placebo at week two. So

" the question is should that placebo be normalﬁggiine

or should it be alum, aluminum hydroxide? N %5

We will, of course, have aluminum hydfoxide
controls for both the IM and subéutaneous,route for
all doses.

But the question is in the study groups --
should the two week dose be aluminum hydroxide or
should it be normal saline? And this schedule here
kind of’goes through it,mofe cléarly. There will be
260 volunteers in each group except for the placebo
groups. Of course, the fifst dose given at we%k one

will be vaccine for all five study groups. It Will

-be aluminum hydroxide for the placebo groups all the

way through.

The second dose is -- we are debating on
Awhich will be better and we hope to get some input
from individuals at the conference as to whether if,

Ain'fact, that dose two was saline or .aluminum . .
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- effect on the immune response, whether positivé;af

- negative or neutral. So that will be very useful to

get your input.
 (Slide.)
| So, in conclusion, what we can say is that
without significantly affecting -- without a |

31gn1flcant reductlon in the GMC at peak there is a

As1gn1f1cant reduction in the local adverse events to

the anthrax vaccine when the vaccine is a&mlnxstered
by the IM route. Certain events such as subcﬁfaneous
nodules disappear comnletely when the vaccine is
given IM. As well as a marked reduction in
erythema and induration.% |

Since the IM route of administration is
preferred for all other aluminum hydroxide containing
vaccines, this may be a preferable alternative
vaccination route for AVA, and it is the puf?ose for

doxng the pllot study and it is the reason for doing

the larger pivotal study that is planned to begln

with the CDC next year.
Thank you.
(Applause.)
DR. MUSIC: Dr. Pittman's paper is open for
discussion; I have a question.
This vaccine used to be made at the Michigan

Pun};ehﬁealth Liaboratory. It has now becomé a
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private"company if I recall, although it still%f:;
T.requires public subsidy to keep it alive. &

But the original work that was déne by Phil
Brbckman on this vaccine, I think had lower reaction
rates than you are showing, and did it have the same
adjuvant or . was it a different adjuvant?

DR. PITTMAN: Actually that waé aAdifferent\
vaccine. This was a precursor to the current |
'vadcihe. The manufacturing process was diffé@ght,
You are referring to the Brockman pivotal stu&?’done
in the 'ébs. Right. That was a precursor Yaécine.
Different manufacturing processes. One was anaerobic
and the other aerobié; for example.

The cufrent vaccine was noted evendback then
-- vaccine candidate -- to have about four times the
amount of protective antigen than’did the older
‘vaccine. So there were a number of differences

between those two vaccines.

-
bR
-

DR. MUSIC: Okay. Thank you.
DR. PITTMAN: The adjuvant in his vaccine
" was an alum prgcipitatéd vaccine. Alum precipitated.
Whereas this is alumiﬁum hydroxide absorbed.
DR. MUSIC: Okay; We could begin in the
back with Dr. Eickhoff. |

DR. EICKHOFF: Ted Eickhoff, University of

Colorado.
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As you just alluded to, that is quiteéa?dbse

-of aluminum hydroxidé in that vaccine. CouldFY6u

relate it? Is that aluminum hydroxide as aluminum
hydroxide or two-ahd—a—half milligramsiof elemental
aluminum as the hydroxide? And depéndihg on ydur
answer, could you relate that to what Norm Baylor

told us this morning about maximum levels approved by

‘The second part of the question is:ééé there
any data supporting the use of Fhat high a dosgféf
aluminum hydroxide?

DR. PITTMAN: That is a hanufacturing
guestion and I am lucky to say that I am not involved
in the manufacturing process. But accordiﬁg;tokthe
inseft in the literature it is aluminum hydroxide and
I do not know the answer to the second gquestion.

DR. EICKHOFF: If Norm Baylor is still in
the audiencé'perhaps he can clarify that.

DR. PITTMAN: I see a hand in the.back

there.

DR. EICKHOFF: Or John GrabensteinI 
DR. GRABENSTEIN: John Grabenstein, U.S.
Army .
| ‘The same -- the anthrax vaccine that the DOD
is using meets all of the FDA standards that every
other vaccine iiceﬁséd in Americakdoés. So the 2.4

milligram_quantity Philvmentiogedhis aluminum
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nydroxide salt and it is the 0.83 or 0.85 elemental

‘aluminum. The'same standard as all the other:
vaccines. o |
DR. EICKHOFF: Thank you.
DR. BAYLOR: In the regulations iﬁ is
elemental aluminum so that is a difference in the
amQunt~of elemental aluminum vefsus the amount of

aluminum hydroxide. So it should, as was stated, it

DR. GHERARDI: You mentioned a prettyphigh
level of>SYStemic symptoms, including malaiseyand

myalgias, about four or five percent. What was the

duration of these symptoms? It was a long survey or

a shortrsurvey? _ _

YDR. PITTMAN: ‘We queried individuals five
times over é one month period and all of the symptoms
occurred within the first threé days. We looked at
them 30 minutes after vaccination on day one, two and
three, one week later and at day 30. All of EFe'
symptoms resolved by dayvseven so that by day&éo we
do not have any new ot lingering symptoms except an
occasional subcutaneous nodule but all of the
SYstemic ones resolved. | B

DR. GHERARDI: Was this vaccine the same one
és that was used for Gulf vetefans or not?

DR. PITTMAN: Yes.

" DR. GHERARDI: The same ome. .
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DR. PITTMAN: The same. So we just agded ‘-
more‘expeiience. . :

DR. GERBER: Gerber, NIH. ' -

In thinking about the gender differences and
the local reactions when the vaccine was supposedly
given sub-Q, because women havekmore subcutaneous

tissue and less muscle mass in general than males, is

it possible that a lot of those injections in the

males were, in fact, IM? A e

DR. PITTMAN: We do not -- certéinlyfﬁone of
them in the study were IM. We éo not thinkothat that
is the case with the larger vaccihétion program. ~But
the - we use a half inch needle so we do not think
that we are going IM for the -- for either males or
females. But I think that you are probably on the
right track, that body mass probably plays a
difference. Especially the amount of fat.

Perhaps 0.5 might be a hefty -- more of a

‘hefty dose for a female compafed to a .100 kilggram

soldier -- male soldier that is. So therevcould be
some differences there. S -
| DR. HALSEY: Neal Halsey.
You asked for advice about your placebo in
your forthcoming trial. You 'are actually in a very

unique situation to answer an important question.

Slnce in your 51tuatlon you do not have the usual

problem that most of us. do in cllnlcal trlals in thatwwm
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you can get an abundance of recruits. I would~

g

 encourage you to use both. You will have to increase

your sample size but you could just in a random
manner have the placebo récipients receive either a.
saline‘qr an aluminum hydroxidé adjuvant as the
placebo and then you will be able to éoﬁpare and see
what is attributable to the aluminum hydréxide alone.
Dk. PITTMAN: Actually>that is a great
Suégéstidn and that is something that was_brégght.up
at the last meeting. I will take that back t%#"the
organiziﬁg group that we have some support §9¥ it.
Actually I had that-idea in the group |
discussion so I think that you probably are correct.
DR. MUSIC: Dr. Chen? |

DR.-CHEN: A comment and a -question. Some

' of you in the audience may be familiar with a study

that Lisa Jackson at Group Health Cooperative of

Seattle and-us did recently which we were able to

" 1ook at the gender issue in a different population of

.-

college aged students. While we initially were not
intending -- we did not intend to do an analysis by
gendér in that study, what we did was we gave

influenza vaccine, which does not contain aluminum

adjuvant so it is an interesting comparison here, and

- we were'comparing two different injectors and then

regular syringe and needle administration. When we

caw DPhil's data and analyzed our data, to our =

P T
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surprise there was this similar kind of male/ female

difference in that study in those results. So it is

not -- at least we can say that the aluminum adjuvant
is not an issue in this gender difference.

. Phil, I have kind of turned this around in
my mind multiple times before and this is perhaps'as

much a question for you as well as for Norman. It

- has never been clear to me given the current .-

'pdlitlcal situation with anthrax vaccine in tﬁe‘U-S.,

why is it that we need to wait unt11 the plvotqi
randomlzed trial result before we move to routine IM
administration of the AVA?

What is preventing us from doing that
routinely? T mean, the p value is already less than
0.001. The GMTs were, you know,)maréinally different
between that and the routine dose. Wouldn't we
benefit a lot in termS'of decreased public -=- kind

of, you know- -- the recruits in terms.ofAtheir.

" complaints, et cetera, if we just shifted to IM based

on the data that you have and perhaps just even

" gubmit that to FDA for their approval? -

DR. PITTMAN: Good questibn. T think I will
let FDA go first.

(Laughter.)

DR. BAYLOR: I really cannot --

(Laughter.)
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' DR. BAYLOR: -- answer that gquestion, ;Bob
answer that question. It is just not appropriate at
this time to answér that question. I will leave it
there. | |

(Laughter.) _
DR. MUSIC:v I think you understand his

situation but actually I think Bob Chen has a good

" point but I think the FDA has to respond to your

1n1t1at10n so if you were to make the proposal;;they
could either accept it or reject 1t on its mfxlts,
and if they found it acceptable then we could ﬁroceed
from that point. , v

DR. BAYLOR: They could ask for more
information.

DR. MUSIC: Yes. ‘

DR. PITTMAN: Clearly in the various’forms,

the vast majority of domplaints are local reactions,

and those could be prevented by using the IM route.

%

And without a doubt in my mind at least that

“would be the proper thing to do in order to decrease

the morbidity associated with the use of the vaccine.'
I mean, we could save several thousands of people
sore arms. |

"DR. GRABENSTEIN: Mr. Chairman, I would be
willing to give you a semifofficial Department of

Defense answer to Bob's question and that is that the
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—Department of Defense has been criticized befone for.

stepping away from the package 1nsert and

 "experimenting" on guinea pigs, and we are very leery

of going beyond the science -- going and assuming
that the pilot study is the definitive study.
Tn fact, FDA has said to change the label we

need to do the definitive study and so we are working

/wvon compromlses to enable and empower c11n1c1ans to go

to IM routes after you have reacted to an 1n1t1al
dose but we are in a conundrum of what the meaglng of
the FDA endorsed or FDA approved labeling means.

DR. YORK- Laura York from Wyeth Lederle; I
just wanted to add to the male/female gender
differences in that -- I am ‘sorry T cannot remember
who did the studies but I think they ‘have been

looking at intradermal administration of hepatitis B

- vaccine in people who do not respond and, in fact,

the gender_differences have been seen where females

respond better to the vaccine. You will get zesponse

_then. So I think there are definite gender

differences we have'to be considering. 7

DR. PITTMAN: Thank you. We have also(noted
gender differences in immune res?onse“ﬁith other
vaccines as well. So that completely agrees with
’what you just said.

DBLHBA¥E93= I just wanted ;6 make a final -

comment on that. Of course the FDA is working -
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clogelykwith the Department éf Defense to wbrﬁ%iﬁis'
out. I meah, at the current time of course:wéécannot
support for any group off label use of a vaccinég

So it would reqﬁife the submission of data
and the evaluation of the data prior to making a

change to the package insert. But it is not

something that -- you know, it is -- we see the

preliminary data but it is not -- we are going to

have to review all of the data in a propgrlyié;’
controlled study before we can make a final d%éision
to actuéily changé the‘package insert. |

"I mean, we -- your point, Bob, of the public
outcry, if you will, we do not want to do something
abrupt. We want to make sure that what is done is
done no differently than the regulatory‘process for

any vaccine.

DR. MYERS: I can understand Dr. Chen's

' frustration but I think he has to recognize that

" there are three'actually options for the FDAga'One is

to accept. One is to feject and the second one is to
ask for more information if the information—is'
insufficient. So I think we probably ought to leave
that topic. |

(Laughter.)

Dg. PITTMAN: Yes.

DR. MYERS: I would like to-ask Phil just

one question and that had to do with the total arm

e
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.

_swelling phenomenon with this vaccine just to gink'it

. with Dr. Rennels' presentation. Did you séé:in-this

preliminary study any total arm swelling?

DR. PITTMAN: We did not in the preliminary
study but in the special immunizations qlinic that
occurs at a rate of about one in 1,500. »

And let me just add that in further analysis
of the bigger spe01al immunizations clinic, whlch has -
been administering the vaccine since 1970, soﬂﬁé have
30 years of experience with this, and I have bgen
doing it for 10 years ﬁyself, that even after one has
had a significant reactioﬁ that does not prediét a
similar reaction to thé next dose. '

So, also, there are pretreatment’methods
thatbone can also use if bne thinks that a person may

have a significant reaction.

DISCUSSION: SESSiON IT PAPERS
DR. MUSIC: I was not an original part of

‘thé‘planning of this meeting so I am relatively

unconstrained in what I can say about it. I was

recruited as a last minute replacement for a

moderator who could not be here but I really waﬁt to
thank everybody who did drgaﬁize it because it has

been a vefy instructive day tékiﬁg us fr?m the very
general to thevvery specific, and has set the stage

for a lot of knowledge that did not éxisﬁ in "as

. s .. . |
widespread a fashion as. it now is for some :
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1nte111gent questions, which I hope we w111vnou get..

4 So thank you all for organlzlng such é great
conference and I look forward now to some serious
gquestions that w;ll shed some light where there yet
remains some dark.

DR. MYERS: Did you want to have the
speakers come forward or do YOU wanr to do it like we
did before? )

DR. MUSIC: We have room for the spo§kérs

F
"DR. MYERS: Maybe we can turn the 1lghts up

and I think that is a very good idea actuéllyf;k

a little bit. That will give everybody a seventh
inning stretch. I am not quite sure if somebody from
AV could turn off our screen here and turn up our |
overhead lights. I would appreciate that.

While everybody is orguniiing, maybe I can
go back to this morning's question. I asked;this

morning sort of a combined question that the

preparation of a vaccine for subm1ss1on to the FDA is

=

a somewhat empiric formulatlon. That is a statement,

* I guess, based on sort of‘the answers that I got this

morning.

And so I asked the questlon about do we need
an adjuvant for any of the presently 11censed
antigens and a number of people asked me to re-ask
the question because Fred Vogel gave-an exce}lent

answer'in“sayingfthatwit would reduce the -number of . ..
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_doses. It could reduce the number of antigensgiaéut

.~ a number of people said, "Do we actually ﬂéeaiéﬁ

aluminum containing adjuvant for the presentljﬁ
licensed antigens?"
I make that point, of course, because some

of the antigens in ﬁhe future will probably

undoubtedly be an adjuvant so maybe I could toss that

question out again if that would be appropriqte, Mr. .

Moderator. _ 7 . ?f"
_ DR. MUSIC: I think that is excellenég

because I do not think you did get an answer.

You got an answer but you did not get a
definitive answer.

Does anybody want to respond? Ana'havé all
-~ I do not think all of the presenters are up here.
Can we get everybody who did present this morning up
here as well? » N

DRI~M§ERS: You want the whole group?

DR. MUSIC: Yes, I think so. - R~

DR. MYERS: Wéll, Norman, should we just let
yourstart on that questibn? Do we need an é&ﬁu&ant?

DR. BAYLOR: I think it is more appropiiate-
for the manufacturer to address that qﬁestion since
we are -- the FDA is not generally in the business of
fonmulating‘vaccines. But I think it is going to
depend on the antigen and I think it is obﬁidus from-

the old data that some of the vaccines, like the
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diphthefia toxoid, had much better levels of -?féévé
, . i

much better immune responses when those vaccines were

adjuvanted. So again it is going to depend on the

‘antigen.

DR. GARSON-JOHNSON: Nathalie Garson-
JohnSon, SmithKline Beecham. First, I would like to

correct the statement you make. Formulation of

vaccine is not exactly black magic. I mean, we do

tEy to do something about it. I think fo:'ﬁﬁégf
current existing vaccines which are based on ;?hminum
salt we éhould go back to the history of the
aluminum.

One of the reasons why aluminum was added to.
the vaccine and there was essentially diphtheria and
tetanus was because they were very reactogenic as a
standard antigen. And aluminum was added to it
because it was decreasing the regctogenecity; The

main reason why there was endotoxin present in those

" vaccines that was decreasing it because of ‘theg,

absorption effect.

The next step was -- I mean, it was observed
then that you could benefit from the carrier in
decreasing the antigen dose. By decreasing the
antigen dose you Qere also decreasing the antitoxin
label and that was -- I mean, a Catch-22 éituation
where aluminum appearéd to be a very efficient way to

have the vaccine less reactogenic with the same
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"question realiy, the use of aluminum in véééiﬁéé,'

But I think there is another thing,‘tgo;
which is fairly impcftant, is that one added benefit
to aluminum; although you can question thé amount,
\which is present in the vaccine, but nonetheless
aluminﬁm does stabilize the antigens and usually when
you prepare a vaccine you would like‘the vacé}ne to
be stable enough so that‘you can prepare it,xééiease
it, distribute it, and use it and that takes aEgut
two to three years so you dokneed aluminum for some
vaccines in order to stabilize yoﬁr antigen, and you
do not have the variability and the efficacy of the
vaccine over time. | |

So i thiﬁk‘it is'probably a big step to say

that you have to eliminate aluminum. Maybe you can

- work on reducing it although you will have to make

sure that reducing that aluminum content will not

have any effect on the persistence of the immune

_response, which is another level of the vaccine. And

only long studies will allow you to get -the response
for that. So it is an interesting question bﬁt I
think we should think twice béfore jumping from all
of it to none of it. |

DR. MUSIC: I think that is a very reasoned

_ be something very different and we have what we have
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_and we are going to have to modify it slowly'oé;the_

~basis 6f data.

DR. ARMAND: Just to complement what Wés
previously éaid, first, do not believe that all the
vaccines are adjuvanted. Many vaccines are not.
Polio is not adjuvanted. The flu vaccine is not
adjuvanted. Some vaccines are not adjuvanted. The

rabies is not adjuvanted. It is just when

- preclinical data are there to justify the,u3éi§f

adjuvant that we put it in with the antigen. _F;

And as it was said, it‘was for reducing the
dose of antigen. It is for stabilizing the vaécine.
It is’true for hepatitis A, for instance. Hepatitié
A, there are juét nano amounts -- nanoéram amount of
hepatitis A antigen in the vaccine and it is thanks

to the adjuvant that we are able to f£ix it and to

’ av01d the 1oss in the glass (sic) that we put some

alumlnum ox1de or aluminum phosphate.

But we put adjuvant mainly because ..

%

preclinical data justify the use of these products.

DR. KEITH: Could I make one comment?

DR. MUSIC: Please.

bR. KEITH: There is some literature out
there about the use of‘aluminum adjuvated vaccines in
the first dose but not in the bbosters. That could
pOSSlblY indicate that its presence in the first

vacc1nat10n lS extremely 1mportant to 1ncrease to
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enhancing the titer but its presence in subéeqﬁénp

I3

boosters may not have been fully assessed at this

o

point and perhaps in the Department of DefenSE"étudy
maybe perhaps there wouid be an opportunity to test a
group with the anthrax vaccine with nonaluminum
adjuﬁated boosters to assess that in a human
population. \
| DR. GARSON-JOHNSON: I can give you a very
down to earth answer to this one. As Dr.»Arﬁ&gd
said, usually in vaccines you‘havé a minute_aé%ﬁnt of
antigen ;ﬁd if YOu are giving a liquid form;yéu would
like it to remain that way and not have everything
stick tb your syringe or to your vial before you give
it. So that is the'fifst thing.

The second very down to earth answer, and
that was given this morning aiready, is that you can
imagine what a nightmare it would be to have 'a

differént‘form'for the priming and the booster.

" Usually you prefer to have the same vaccine;‘gpich,is

delivered -- the same formulation for the first and

‘the second injection for obvious reasons. I mean,

thé -- it is not really making the vaccine, which is
the most cost -- the highest cost of the vaccine. It
is the release of the lot‘—— préparation of the
various -- registering of the different form of the
vaccines and you haﬁe to ﬁake sure -- I mean,.cén you

imagine if somebody comes and wants to have -- forget

BRI
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_ifait is as a second or the third or the fourt§1-7

- administration. I mean, how are you goingitb‘deal

with that?

So usually it is much more simpler to have
exactly the same formulation for all the injection
rather than starting with or without alum,

DR. MUSIC: And in addition to all of those

1practica1 conSiderations lf yvou had to have the

existing refrigerator capacity in many countries,
multiplied with yet another set of duplicativg:dose
formulations, minus adjuvant, you would have to buy
more refrigerators and you woﬁld_quickly run into a
whole logistical nightmare.

DR. ALVING: Carl Alving.

DR. MUSIC: Gd ahead.

DR. CLEMENTS: Thank you. Well, one of the
things that WHO is criticized for'probably most of
all is being slow to do anything and I think in this

(Laughter.)

DR. CLEMENTS: Having established some

guidelines I think the attitude that we have

certainly in the regulatory area is that you have to
have a very good reason to start changing it again so

having got as far as this with what we feel is

Aworking in the world market for thesé vacciﬁés, while

we are open to change, 1t would certainly need a very-'”
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_stronQ and convincing argument to get us to chqﬁge7

and at the moment I am not hearing it.

In fact -- whereas, I think some of ygﬁ feel
you havé a big constituency in front of you in terms
of if you are producers, you are producing many
millions of doses. If you are part of the U.S.
vacciné'program you are thinking of millions of kids.

The constituency for the World Health
Organlzatlon is in excess of 100 million chlldren a
year with_ three doses or more of DTP, which is.%OO
million doseé.

And the last comment/thaﬁ you made is very
apropos. When you do\any change at all, however
small, you multiply it‘by 300 million times and fhenr

you begin to understand that you have to be very sure

of a change before you want to introduce it.

DR. MUSIC: Carl? A
DR. ALVING: Carl Alving, Walter Reed.
I think it was pointed out before my talk

that not only am I interested in adjuvants but I am

also interested in complement and the biologi&al-

effects of complement. I would like to make a
proposal that, in fact, some of the adverse events
that are being seen with the aluminum based adjuvants
are'perhaps based on the very thing that may make

them egﬁgctiYeVig_thgmﬁirsg.place. Namely one belng

.- complement activation.
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Some of the symptoms that have been

el

described a slight degree -- a tendency towards

somnolence and other myalgias and so forth are
classical symptoms of complememt activation. And
there are ways to inhibit complement activation.

I do not know whether this couldmectually be
done but I would like to propose that perhaps.when
you are 1nject1ng subcutaneously maybe you are
gettlng more complement activation than when you are
1nject1ng 1ntramuscularly just because of the_Ei or
if the complement activation is occurrlng there,

maybe the target cells, the effector cells that are

'stimulated by complement activation are more numerous

in the subcutaneous area. I would not be surprised
at that.

But the fact that you see -- that sometimes
there are some symptoms that are seen that are

parenteial symptoms suggest the possibility that this

"could be tested by-iooking for split products of

complement actually perhaps circulating in the blood,
C5A or C3A or something like that. -

| I wonder if aanody who is knowledge, meybe
Bob or others, who know about complement=activetion

would be able to comment. I am just throwing this

out as a proposal. I think it might be a -- at least

Abrlmg some 11ght as to what mlght be the cause of

thls and there may be other symptoms also Other
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_things that could be affected byAcomplement‘whibh»has

- such a broad spéctrum of events that occurs after

complement activation.

DR. MUSIC: Bob Hunter?

' DR. HUNTER: Carl is always my friend.

'Rheumatolqgists measure complement routinely
as a méasure of arthritic rhéuﬁatologic diseases.
What we are talking about hére is primarily ygry
1édélized reactiéns and it is conceivable-iffgﬁé had

very sensitive methods you could pick up sametging

~with that but my suspicion is it can only be - on the

more severe reactions and even then it is going £6 be
a borderline reactivity compared with what YOu sSee
people with rheumatoid arthritis and lupus and the
sorts of systemic diseases where we measure these
things. |

DR. ALVING: This could be looked'éﬁ in
experimental“animals; thoﬁgh, couldn't it? Sub-q

DR. HUNTER: One could do that, yeé.

DR. ALVING: VIt is not in the natufé.of a
question so much as it is a proposal.

DR. GELLIN: Bruce Gellin.

This is a question that you will recognize

comes from someone who is naive in the aluminum
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The quéstion is really directed toité%-l‘,
toxicologiSts. In helping us put the expoéure:to
aluminum into perspective, we have heard the
different sbrts of aluminum, But it strikes me that
particularly as we have begun to look at injection
safety, the small percentage ofkinjeétionsvthat are

immunizations, given all the injections, I think the

number is five percent or something even smaller than

th;t -- are there other sources of aluminum:i%? 
injectab}gs that are nét vaccings? - _F{

DR. VERDIER: (Not at microphone.)--

DR. GELLIN: Then the other question based
on your description about glass is not always what
you think about, ana the thought that maybe aluﬁinum

might be leached from glassvcontainihg compounds.

Would that be possible -- would it be possible that

aluminum would be present in vials of injecﬁébles

that are leached in the glass while they sit on the

shelf prior to injection or did I totally -

misinterpret what you were saying about glass as a
potential source of contamination being in é  |
laborétory or otherwise}

DR. KEITH: I do not think you -
misinterpreted. I think the answe; is unless we

measure we do not know. One assumes there is no

”a}ggéggﬂfm»g}gkﬁggwgmyox of anything.and look at the

ingredients and there is no aluminum there. Does
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‘that mean it is not there or does it mean it.isga~7
contaminant in one of the ingredients but Wés ﬁ6£
recognized as being present or it is:presént‘iﬁwsuch
‘quantities that it does not require iabeling? I do
not know the answer to that. I suspect that there
are many reagents, many dietary produéts that contain

aluminum where aluminum is not an ingredient listed

,“'on the label and yet it may be present in smé%l or =

large concentrations.

ot
ey

So, yes, availability of aluminum is f- and

since alﬁminum is the third most prominent element on
this earth, it sometimes may be difficult even in
analytical situations to preclude contamination of
analysis results because of the presence of aluminum.
Somebody mentioned that. In ceiling tiles,. What if
something falls down into your dish. You have
aluminum there. Where‘did it come from?.'
DR.“FOﬁLER: I would just like to add to
"that. If any of you have worked in an analyfiqal
1aborétory and YOu buy reagent grade chemicals, aﬁd
“§ou read the labels, typically they will say'fﬁings
like léss than five perdeﬁt lead, less than threé
percent aluminum. I mean, if they look for it. It
is not that hard even in supposedly relatively pure

reagents to get contamination from the supplier of

'“mtgigsnrgagents.

v
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_ In certain cases they will actuallyi--gtﬁé
semiconductor industry is a good example of thié 
because they have to have ultra-pure things,andmthey
actually have a different category - |

DR. MUSIC: They cannot hear you in the
back. :

DR. FOWLER: Okay. Can you hear that? I

All right. The point hére»is that éﬁé&lhave
something_galled\semiconductor grade, which'is_E;e
cut above reagent grade} So you need to be careful
particularly for the manufacturers when you buy
something that says reagent grade. It may have more
things in it than they think. Beware 6f that less
than designation.

DR. GHERARDI: Stanley Hem told us that the
kinetics of aluminum phosphate was differgntAfrom

that of aluminum hydroxide this morning and that

-

aluminum hydroxide. What are the comparative

‘ibenefits of these two adjuvants as adjuvants under

immunological point of view? Are they equivalent or
not?

DR. MUSIC: That is a very interesting-
question. Do I have anybody who wants to take a

first cut at that?

DR. _____ : (Not at microphone.) You o
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_are buying different antigens, right, that is ﬁéat‘he

‘said. You are buying different antigens depending on

their charge. Their isoelectric point is different.
DR. MUSiC: Yes, their isoeleétric point is
different. They are different but the question is
immunologically as an adjuvant, as a helper to
immunization, are they different and how diffefent

are they?

DR. HOGENESCH: I am not sure that th&se
studies have been done to compare aluminum phoé%hate
with aluminum hydroxide as an adjuvant but one of the
concerns is the absorption so if we would conclude
that absorption is not critical then #e can do those
studies. If absorption is critical then you are sort
of comparing apples and oranges when you are -- if
you use aluminum hydroxide with lysozyme versus
aluminum phosphate with lysozyme because one "does

absorb and the other does not absorb. So it depends

~on how critical absorption is in order to -- for

aluminum to have its adjuvant effects.

DR. MUSIC: I would guess that we pf&bébly
do‘not‘have the data to answer the question and it
would reqguire some pretty complex and very rigid
studies to get the answer because you are essentially

changing the formulation of a 1icensed product.

) DR HUNTER I do not know much spec1fically
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_lots of other adjuvants. I think that one -- gfaf

. would be extremely difficult to get a genéfaiFaﬁswer;

You could say for this toxoid this was the better
one. If you try and do another antigen ydu are going
to start over again. And to get a real -- principles
that would go across all of them, I thinkl is not
realistic. | |

DR. MUSIC: I see Dr. Grabenstein coming to.

b et
é )

a‘ﬁicrophone. A
| _DR. GRABENSTEIN: It pook me same‘tijgnto
process it bﬁt I thought of aﬁ example of a -
medication containing aluminuﬁ that a moderate number
of people would have gotten and that is aluminum --
there ié a -- you know, many people with hay’fevér |

get immunothérapy with allergen extracts. A subset

of them get alum precipitated allergen extracts. A

small fraction. It has gone, I think, into less

favor than previously but assembling a cohort of them

'might give you some information if you-needédxit.

DR. MUSIC: I do not see any clamoring for

-microphones or questions. Do any of the panelists

have anything that they would like to volunteer ét

the moment?
Marty?

DR. MYERS: Well, I would like to thank all

of our speakers and our panelists and our moderators




10
11
12
13

14

15

16

17

18

19 -

20

21

22

23

24

25

26

27

"done a great job. Thank you all.
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for a great session today. I think everybody ﬁang*:
~ _ s

We will stand adjoufned now until tomdrﬁow‘
morning. We have a continental breakfast out here at
8:00 and we will reconvéne promptly at 8:30.

(Whereupon, at 5:00 p.m., the proceedings
were adjourned.) |

* % % * %
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