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PROCEEDI NGS

8:32 A M
DR. MYERS: (Good norning, and wel cone to the National
Vacci ne Advisory Committee Sponsored Wrkshop on

Thi merosal in Vaccines. By starting exactly on tine, |

hope we'll stay on time, which may be the chall enge for
the -- for the noderators.
|"mMartin Myers. |'mthe Deputy Director of the

Nat i onal Vaccine Program O fice, and | appreciate the
wi | lingness of so many people to participate in the

m ddl e of the sumrer and on such short notice on this
very inportant and tinely topic.

| have a nunber of housekeepi ng and a nunber of
specific things, froma format point of view, to say.
The first and nost inportant thing, and soneone told ne
this norning that the only real inportant job of the
person who wel cones, is to say that the restroons are
outside by the elevators. There is a cafeteria
downstairs, which is very small. W' Il use that for
our breaks. W'd suggest that for the | unch hour that
people go to the Natcher Auditorium which is out the

front door and the building straight ahead of you,
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across the street, which has a nmuch larger cafeteria
than is in this building.

Thi mer osal has been used as an additive to a nunber of
bi ol ogi cs since the 1930s, including sonme vacci nes
routinely recomended for use in young children.
Because of nultiple doses of vaccine, it is possible
that sonme children could be exposed to a cumul ative

| evel of nercury that exceeds guidelines for

met hyl mer cury.

Nationally and internationally, manufacturers and

regul atory agencies are working to replace or reduce

t hi mer osal - cont ai ni ng vacci nes.

The purpose of this workshop is to review the pertinent
data on thinmerosal: its use; its potential for
toxicity; and steps that can be taken to increase the
mar gin of safety, especially during the period of
transition to greater availability of vacci nes w thout
thimerosal or with reduced thinerosal.

It's very -- It's inportant to discuss, as we discuss
these issues, to balance these with the very real risks
of disease resurgence if we have a reduction in vaccine

utilization or a | oss of confidence in vaccines.
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We're a very diverse group of people here today, but

|l et me say that the primary audi ence to whomthis
information is directed, the nenbers of the Federal

Advi sory Conmttees that relate to vaccines. These

i nclude the National Advisory -- National Vaccine

Advi sory Committee that is sponsoring the workshop, the
Advi sory Conm ttee on I mmuni zation Practices, the

Vacci nes and Rel ated Bi ol ogi ¢ Products Advi sory

Comm ttee, and the Advisory Comm ssion on Chil dhood
Vacci nes.

The workshop is convened specifically for the exchange
of information. It is not a policy neeting nor is it
desi gned to provide advice.

I'"d like to say a little bit about the format of what
we're trying to do today. The first is, we're going to
tal k about thinerosal, why we have preservatives in
vacci nes and sone of the issues that surround the

i ncl usi on and experience of now over sixty years with

t hi mer osal

Then we're going to tal k about organonercurials, both

t hi merosal as an organonercurial -contai ning additive as

wel | as organonercurials in general.
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We're going to end the afternoon tal ki ng about

potential disease inpact of the diseases that are --
the vaccines that would be primarily affected during a
transition to a reduced thinmerosal vaccine supply.
Tonorrow we're going to tal k about the transition to a
greater supply of thinerosal-free vaccines in reduced

t hi merosal -contai ning vaccines. W're going to talk
about issues that relate to the manufacturer and

regul atory activities, the European initiative, and
then we're going to talk about the transitional vaccine
options, the flexibility within the recommended
schedul e.

At that time, we're going to -- we have a nunber of
groups and individuals who would like to participate by
giving their perspectives on these options. W have
allowed tine in that session for others who would |ike
to give their perspective on this, as well. W didn't
know how nuch tinme to allow. We have limted tine. W
have a very full agenda for the next couple of days.

So if there are individuals or groups that would |ike
to give a perspective on this, if they'd put together a

one- or two-sentence sunmary, we've asked Dr. Modlin,
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who is going to be our noderator tonmorrow, to triage
these and work that |ast m nute changes on the agenda.
And then, finally, many of us feel that

the -- one of the nost inportant parts of this neeting wll
occur at the end, which is a discussion of know edge
gaps that exist.
We've tried to ensure a discussion tine after each
presentation, and speakers have been asked to |limt
their talks to allow five or ten mnutes of discussion.
To use the m crophones, the individual m crophones at
your seats -- |I've got to read this here, and it's
tough with bifocals -- you need to depress the "Request
to Tal k" button, and red and green lights will cone on,
and that neans that the m crophone is on, and then you
depress it again to turn it off, and both lights wll
go off. We'll ask our noderators to triage the
questions and also to keep us focused and on tine.
Dr. Georges Peter, who is Chair of the National Vaccine
Advi sory Conm ttee, asked ne to extend his sincere
regrets at his inability to be here today and to
express his appreciation to Dr. Klein for serving as

both a convener and rapateur (sic).
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Dr. Harry G eenberg will be our noderator today. Dr.
Greenberg is the Chair of the VERPAC. Dr. John Modlin
wi |l be our noderator tonorrow, and he is the Chair of
the ACIP. Again, they're going to make every effort to
keep us on tine.
W are going to devel op proceedings fromthis neeting.
Therefore, even though everybody knows you in the
room if that's the case, please tell us who you are
and your affiliation, so our transcriber will be able
to put that together.
So, with no further ado, | will ask Dr. Klein to
convene the neeting.
DR. KLEIN: Thank you, Dr. Myers. |It's a privilege to
be a participant in this very -- what | anticipate wll
be a very informative experience for all of us. |
think we start out with a relatively limted base of
i nformati on about organonercurials and, particularly,
about concerns for these products in vaccines.
The specific issue of thinmerosal is one that is -- has
hi story of about sixty years. |Its use as preservative
i n biologics and pharnmacol ogi ¢ preparations goes back

to the 1930s, and it is present, or has been present,
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not only in vaccines, but in various cosnetics, contact
|l ens solutions. So its use as a preservative goes
beyond the specific area of vaccines.

Thimerosal is an ethylnmercury salt, and it's inportant
to keep the distinction about the disasters that have
occurred with nmercury with which we are famliar from
the paucity of information about any harnful effects of
et hyl mercury, but we'll hear nore about that.

Thi merosal is present in sonme but not all vaccines.
Most of the viral vaccines do not have thinerosal.

Both the oral and inactivated polio vaccines do not.
Measl| es/ munps/rubel | a does not. Varicella vacci ne does
not. Rotavirus, hepatitis A and Lyne di sease vacci nes
all do not preservatives. They don't have thinerosal.
Thimerosal is present in sonme but not all DTP and DraP
preparations. Sone of the hepatitis immune -- |I'm
sorry -- anphophilous influenza B, polysaccharide

conj ugat e vacci ne, the beni gnococcal and pneunobcoccal
pol ysacchari de vaccines, as well as hepatitis B. And
there will be nore discussion about the focus of
changes for hepatitis B vacci ne.

This product is antibacterial and prevents, as well as
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may treat, infectious agents that are present in these
various products. The antibacterial activity is
related to rel ease of ethylnmercury after spontaneous or
enzymati ¢ breakdown of thinerosal into ethylnercury and
thiosalicylate. It is bactericidal at acidic pH It
is bacteriostatic and fungistatic at al kaline or
neutral pH

The nost frequent adverse events that have been
identified wth thinmerosal are those of a
hypersensitivity reaction, papular or vesicul ar

di sruptions. Sone of the solutions for contact |enses
have caused eye irritations.

It is nmethyl, not ethyl, toxicity that has been
associated wth the well-known events in M namat a,
Japan, resulting fromthe contam nation of fishing
waters in the area and the severe consequences for
people in that area.

Use of nethyl mercury has been as a fungicide, and the
m st aken use in preparation of honenmade bread rather
than grain for planting in lraq led to many -- severe
norbidity and nortality.

In contrast then, thinerosal is ethylnmercury; and to

NANCY LEE & ASSOCI ATES
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underline, there is no evidence of harmfromthe
anmounts of nercury adm nistered to infants and children
i n vacci nes.

| think what we'll learn fromthis experience in the
next two days |'ve categorized in six areas.

One, the use of preservatives in vaccines, are they
necessary? Are they necessary for specific products?
Are there are substitutes that can be made if they are
necessary for the thinmerosal that is now used?

Two, we'll talk specifically about nercury and the
phar macoki netics and toxicology in animals as well as
some human dat a.

Three, the inpact, and there wll be considerable

di scussion | ater today on any issues that arise that
may limt public confidence in vaccines and alter our
current success in inmunization program

Four, what are the current plans to reduce or elimnate
t hi merosal in vaccines?

Five, the pragmatic issues about what to do during the
transition fromthe current roster of vaccines that do
contain thimerosal to a thinerosal-free vaccine,

peri od.
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And then finally, a review of appropriate priorities
for research in these areas.

So | anticipate an educational experience for all of
us.

To begin this norning's program |'d like to introduce
t he noderator for the norning session, Dr. Harry
Greenberg, who is Senior Associate Dean for Research at
Stanford University and Chief of Staff of Research at
the Palo Alto VA

Dr. G eenberg.

DR. GREENBERG  Thank you, Dr. Klein, and thank you al
for comng. | see ny role as sort of the heavywei ght,
or bad guy, and |'ve been advised that | have the
privilege of yanking anybody | want off the stage if
they talk too long. | wll tell all the speakers that
there's an incredible little button up here that wl|
eject you if you go beyond twenty-five mnutes. And if
it doesn't function, I will eject you.

The purpose, | think Dr. Myers really hit the nail on
t he head when he said the main purpose of this neeting
is to get all of us on the sane page as far as our

dat abase as to what the issues are here, and | | ook
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forward to a very, very informative neeting.
W' re ahead of tine, and maybe we'l|l be able to keep
ahead of tine during the neeting, but if, by chance,
that doesn't occur, like it never does, | may have to
cut off sone of you who | am sure have the npst
i nportant question to ask. It is nothing personal, but
| will use ny prerogative to keep the neeting on tine.
And so, trying to keep it -- keep on schedule, 1'd |like
to introduce the first speaker, who is Dr. WIlIliam
Egan, Acting Director, Ofice of Vaccine Research and
Revi ew at CBER, FDA, and he's going to start off that
first session that we're tal king about: \Were Are W
Now. A Review of the Data -- Thinerosal in Vaccines.
Hi s perspective is fromthe FDA
Bill? First, I"'mstarting his tine. Instruction is on
your timne.

( LAUGHTER)
DR. EGAN. Ckay. Thank you very nuch. W'd like to
t hank you, Dr. Myers, for the opportunity to cone here
and say a few words about preservatives in a FDA
per specti ve.

Let me begin by relating one incident that's described
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22

in Sir Gaham Wl son's classic book, "The Hazards of

| mruni zation." |t goes:

"I'n January, 1928, in the early stages of an

i mruni zati on canpai gn agai nst di phtheria, Dr. Ew ng
George Thonson, Medical Oficer of Health at Bundaburg,
in Australia, began the injection of children with
toxin-antitoxin mxture. The material was taken from
an I ndia rubber-capped bottle containing 10 nLs of the
toxin-antitoxin mxture. On the 17th, 20th, 21st, and
24t h of January, Dr. Thonson injected subcutaneously a
total of twenty-one children wthout ill effect.

On the 27th, a further twenty-one children were
injected. O these children, eleven died on the 28th
and one on the 29th."

The death of these twelve children was investigated by
the Royal Comm ssion, and the final sentence in the
summary of their findings reads as foll ow ng:

"The consideration of all possible evidence concerning
the deat hs at Bundaburg points to the injection of

i ving staphylococci as the cause of the fatalities.”
As Sir Gaham Wl son also notes in his book, staph

toxin was very likely also present in the bottle, thus
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accounting for the rapid deaths of the children.

Qobvi ously, the bottle becane contam nated on the 24th
of January, the bacteria nmultiplied, toxin was
produced, and the bacteria then injected into the
children on the 27th.

Anong the recommendati ons of the Royal Conm ssion is a
very inportant one, that biological products in which
the grom h of a pathogenic organismis possible should
not be issued in containers for repeated use unless
there is a sufficient concentration of antiseptic to

i nhibit bacterial growh.

The nunber of simlar exanples of bacterial

contam nation, either during manufacturing or during
product use, are detailed in Sir G aham Wl son's book,
"The Hazard of |munization.”" And, sadly, nmany
addi ti onal exanples of the consequences of bacteri al
contam nati on have been reveal ed since the publication
of that book.

However, from these disasters, these and simlar

di sasters, have arisen the regulations that require
preservatives in nmulti-dose, nulti-entry containers of

bi ol ogi cal products. Indeed, if |I may offer a general
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comment, many of the requirenents that now exist for

bi ol ogi cal products have arisen not fromforesight, but
from m shaps.

The U. S. Code of Federal Regul ation contains a

requi renent for preservatives in multi-dose containers.
This requirement was placed into the Code of Federa
Regul ations in January of 1968, although bi ol ogi cal
products had contai ned preservatives, including
thimerosal, prior to this date. Indeed, Ei Lilly had
thimerosal in their diphtheria toxoid vaccines in the
1930s.

Specifically, the CFR states that: "Products in nulti-
dose containers shall contain a preservative, except
that a preservative need not be added to Yell ow Fever
Vacci ne; Polio-Virus Vaccine, live oral; viral vaccine
| abel ed for use with the jet injector; dried vaccines
when the acconpanying diluent contains a preservative;
or to an allergenic product in fifty percent or nore in
vol unme of gl ycerine.”

The CFR also requires that a preservative that is used
shall be sufficiently nontoxic so that the anount

present in the recomended dose of the product will not
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be toxic to the recipient, and in conbination used it
shal |l not denature the specific substance in the
product to result in a decrease bel ow the m ni nal
accept abl e potency within the dating period when stored
at the recommended tenperature.

The CFR does not specifically address the use of
preservatives in single-dose containers. Currently,
sone singl e-dose presentations contain preservatives.
Some do not. In the past, it was thought that single-
dose containers, like multi-dose containers, should
contain preservatives, the rationale being that the
addition of a preservative during the manufacturing
process or during the filling operation served to help
ensure that the product was free of mcrobial agents
and their toxins.

| ndeed, at the International Synposium on Preservatives
in Biological Products held twenty-five years ago, in
San Francisco -- This was under the auspices of the

| ABS -- Dr. Edward Seligman, Jr., at that tine the
Director of the Bureau of Biologics Dvision of Product
Quality Control, had the foll ow ng coment:

"Because of the nunerous conpl ex processing stages in
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t he manuf acture of biol ogical products, good

manuf acturing procedures include the addition of
preservatives early in the manufacture of many types of
products to aid in preventing contam nation during
production. Even if products are sterilized by
filtration prior to filling into final containers,
contam nation during earlier stages can result in

sol ubl e products that alter the purity of the product,
increase toxicity, and result in pyrogens, all of which
cannot be renoved wi thout alteration of the product
itself."

Now, today, GWs are viewed differently, and it would
be argued that a well-controlled process does not
require the addition of a preservative to ensure
sterility. However, | think at this point, it's
worthwhile noting that sterility is not an absol ute
term Sterility does not nean zero mcrobial organisnms
in one hundred percent of the containers.

Let nme show sone data that was presented by Koerner and
Kindt fromthe (inaudible) in Germany at this synposium
twenty-five years ago. Well, this is filling data, so

nunber of lots that were filled and the percentage of
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non-sterile filling lots. And with no preservatives in
anpul es, 5.6 percent of the lots were found to be non-
sterile. This is using the test that's in the CFR

For multi-dose containers, sonewhat better, 2.2
percent. And even when preservatives were used, if we
| ook at the anpules, the nunber of lots that were
rejected went from5.6 to 4.4 wth phenol, to 2.1 with
an organonercurial. In the nulti-dose containers, it
went from2.2 down to 0.3 with phenol and 0.8 with the
or ganoner curi al

Wi | e formal dehyde was in there, they rejected
seventeen percent of the |ot. This was not
statistically different than the 5.6, the snal

nunbers. The nunbers in parentheses refer to the
nunber of lots rejected over the total nunber of lots
t hat were exam ned.

And even in the -- with no preservatives, with the

mul ti-dose containers with sone residual formal dehyde,
it was the sane as no preservative. Fornal dehyde does
not hi ng.

The reason | show these data is sinply to point out

that even with the preservatives, there was still a
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nunber of lots that were rejected because of issues of
stability.

Now, today, these nunbers are significantly |ower, and
i f manufacturers would, you know, would do nedia fills
to test the -- you know, the filling, and we're | ooking
at nunbers like one in ten to the three or one in ten
to the four containers that m ght have m crobi al

gr owt h.

However, | point this out sinply to say that the
nunbers will not be zero and the risk of no
preservative will be slightly greater than with the
preservative. No matter how small they are, the
nunbers are not zero. There may be sone di scussion

| ater on this point.

Now, |'ve spoken for the past nearly ten -- five, ten
m nut es about preservatives, but have yet to say what a
preservative is and what precisely we expect a
preservative to do. If | may conme back and quote Dr.
Sel i gman again, he nentioned that the sole reason for
adding a preservative is to protect the recipient.
Thus, a preservative nust be able to protect the

reci pient fromthe consequences of inadvertent
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m crobial contam nation while at the sanme tine being
nontoxic to the recipient and not denaturing the

pr oduct .

Sodium azide is a good preservative, but it's use in

(i naudi bl e) would not be all owed because of toxicity.
Thi merosal is a good preservative, but not for IPV. It
i nactivates the vaccine. Hence, we have the

regul ations that | showed before, that a preservative
must be nontoxic and nust not denature the particul ar
subst ance.

But what needs a preservative to do? Cbviously, as
|'ve said, a preservative nust prevent the consequences
of inadvertent contam nation by m croorgani sns

i ntroduced during use of the product.

However, does this nean that a preservative nust be
bactericidal or fungicidal, or is it sufficient that
the preservative assure mcrobial stasis? And whether
a preservative should be cidal or sinply ensure stasis,
we need to ask as well, against what organi sns, at what
| evels, and if a preservative nust be cidal, how
rapidly. These issues are not addressed in the Code of

Federal Regul ati ons.
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Now, under proper conditions of storage, usually
refrigerated, and with good nedi cal practice, the
extent of potential inadvertent contam nation should be
mnimal. The nunber of -- The nunber of the types of
potentially contam nating organisns is quite |arge, and
there are long lists in various texts on preservative
and stabilities. And there could be and there has been
consi der abl e argunent regardi ng which organisnms a
preservative should be able to exclude. However, if we
| ook at past exanples, past tragedies, that |ist would
certainly include the staphyl ococci and streptococci.
Now, preservatives are al so discussed in the United

St at es Pharmacopeia, and the USP regards antim crobi al
preservatives as substances added to dosage forns to
protect them from m crobial contam nation. They are
used mainly in multi-dose containers to inhibit the
grow h of mcroorgani sns that may be introduced

i nadvertently during or subsequent to the manufacturing
process.

The USP further states that any antim crobial agent may
exhibit the protective properties of a preservative.

However, all useful antimcrobial agents are toxic
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subst ances. For nmaxi num protection to the consuner,
the concentration of the preservative should be

consi derably bel ow t he concentrations of the
preservative that may be toxic to human bei ngs.

These di scussions of a preservative that are in the USP
are thus quite simlar to those in the CFR  The USP,
however, does provide a functional definition of
preservative, whereas the CFR does not.

| should add also that the USP tests a preservative
only in the original unopened container in which the
product was distributed by the nmanufacturer. So it's
not a preservative, per se, as an entity, but only that
entity in a specific product.

Now, an anpl e nunber of exanples nmay be found in
literature wherein a substance at a particular
concentration functions as a preservative, per the USP
definition, for one biological product but fails in
another. For exanple, a preservative at a -- a
material at a particular concentration nay be a good
preservative for a vaccine, but in a blood product or
in serumdoes not function -- does not function, does

not neet the USP requirenents.
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Now, let nme outline briefly the USP definition of
"preservative." It's a functional definition wherein a
speci fied anobunt of the product is challenged with a
known quantity -- Actually, 0.1 mlliliters of

approxi mately 10° to 10° per m of the foll ow ng

organi sns, or spores: candida al bicans, aspergillus

ni ger, escherichia coli, staphylococcus aureus, and
pseudononas aerugi nosa, and it specifies the strains
fromthe Anerican-type culture collection.

The test sanple is incubated at 20 to 25 degrees, and

t he nunber of viable organi sns determ ned on days 7,
14, 21, and 28. And a preservative is then acceptable
if bacteria are reduced to less than 0.1 percent of the
chal | enge dose by day 14; yeast and nold remain at or
below the initial inoculumon day 14, and the nunber of
organi sms -- This should be on day 28 -- are the sane
or below that on the day 14 |evel.

Now, for bacteria, the USP definition is a bactericidal
one. For yeast and nold, the definition is one of
stasis. Although the choice of chall enge organi sns

m ght be argued, nost people would agree that the USP

chal l enge assay is quite stringent in that the
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chal | enge doses are much greater than mght ordinarily
be expected to occur through inadvertent contam nation
during use. Thus, a preservative, as defined by the
USP, provides a large margin of safety.

Now, the question nay be raised whether the term
"preservative" as used in the CFR is defined as per the
USP. In other words, nust we take the USP definition?
The preservative that is in the CFRis a preservative
as defined in the USP.

The sinple answer to this question is no. A material
that does not nmeet the USP requirenments may still be
deened by CBER to satisfy the CFR requirenents for a
preservative. Although a material satisfying the USP
definition will certainly be acceptable as a
preservative, other definitions are possible.

However, if a different set of requirenents are to be

nmet -- different organisns, different concentrations,
different tinmes to kill, et
cetera -- then the rationale for their use nmust be presented

to CBER for approval in the products.
Now, we're at the workshop today to discuss thinerosal

and its reduction and renoval -- well, renpoval from
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existing products. This wll entail switching to
singl e-dose vials w thout preservatives or using

singl e-dose and nulti-dose vials with different
preservatives. Such changes may constitute a change in
formul ation of the product. Dr. Baylor, in his talk
tomorrow, will discuss how CBER will handl e these
product formul ati on changes froma regul atory point of
Vi ew.

Alittle later in this talk -- in this session, Dr.
Ball from FDA wll be discussing the vaccines that
contain thinmerosal, the content of thinmerosal in those
vacci nes, and the guidelines that are now existing
regarding nercury intake, and | believe that Dr.
Plotkin will be followng nme and presenting sone data
on alternative preservatives.

Okay. Nineteen mnutes, Harry. You got one extra

m nut e.
DR. GREENBERG Thank vyou, Bill. Stay up here because
we have sone tine for sone questions. |1'd like to

t hank you for an excellent talk.
Can | ask the first question? | assune that thinerosal

or thinerosal --
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DR. EGAN. Actually, one's used -- one is the termused
in Europe, the other is the termused in the U S..
They're the sane chem cal .
DR. GREENBERG  (Good.
DR. EGAN. Next question.

( LAUGHTER)
DR. GREENBERG | assune that that fits under the USP
definition.
DR EGAN:.  Yes.
DR. GREENBERG Ckay. Do we have any questions for Dr.
Egan? You have a little mc in front of you that
you' re supposed to -- Yes, you're on. Neal, you're
Nunber 8- A
DR HALSEY: Two questions, one -- the first one is,
does that USP --
DR. GREENBERG  Coul d you stand up and identify
yourself to the audi ence?
DR. HALSEY: Neal Hal sey, John Hopkins University.
DR. GREENBERG  Then you can sit down.

( LAUGHTER)
DR. GREENBERG |I'mlearning as we go al ong here.
DR. HALSEY: Al right. Two questions. The first one
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is: Does the USP test, the pharmacopeia test, require
the product to be used -- that preservative to be
tested in the final product, and is this being --

DR EGAN:.  Yes.

DR. HALSEY: ~-- because of the -- If you m ght address
the issue of the contam nation of DIP with G oup A
strep, and Goup A strep is not one of the organisns
whi ch you nentioned back there, but the basis for why
that doesn't work as perfectly as we would |ike to,
because there are multiple reports of clusters of those
cases, and | have always assuned it was because of the
particular matter that was in DIP that nmay have pl ayed
a role in hel ping protect it.

The second question has to deal with the definition
under the USP and whether it's your understanding in
terms of the safety, and I don't have the words in ny
head exactly, but the toxicity for the recipient nust
be considerably bel ow that that m ght be toxic, is the
sort of |anguage that you used. |s your interpretation
of that definition with regard to thinerosal, does the
current concentrations fall within that safety

gui deline or they exceed that safety guideline?
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DR. EGAN. Ckay. Let ne try the first question first.
That related to the USP definition about whether it
corresponds to the preservative in the material, and
the answer to that question is yes. So, in other

words, they take the final dosage fornulation and then
it's challenged with those five -- those five

or gani sns.

Your second question was --

DR. GREENBERG Bill, | --

DR EGAN: Yes?

DR. GREENBERG Neal, it seens to ne that your second
question is the purpose of this neeting. So rather
than, in the first speaker, trying to -- | think maybe
you' d be wise to ask that question at the end of the
meet i ng.

Now, any ot her questions?

DR. McINNUS: Panela Mclnnus, NTAID. 1'd like sone
clarification followwng this first talk: Are we noving
forward with this workshop on the basis that avail able
data do support the decision to reduce and elimnate
thimerosal? |Is that up for discussion at all, or is

t hat deci sion nade and i s nonretractabl e?
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DR EGAN. Okay --

( LAUGHTER)
DR EGAN. Well, let ne speak for nyself personally,
and | believe that we -- you know, we, i.e., FDA, have
made that decision to -- whenever possible, to

elimnate thinmerosal from products. W have asked
manuf acturers and sponsors in the devel opnent of their
products to devel op themw thout thinmerosal; and if
they're not able to do that, to specifically explain
why.

So the use of thinmerosal as a preservative is no |ong
the default option.

And, you know, we did send out a letter earlier -- sent
out a letter this sumer again asking manufacturers and
sponsors for their plans to reduce -- reduce or
elimnate thinmerosal in their products. So | think
that's where we're heading. |'mnot sure where the --
this workshop will be headed.

DR. GREENBERG Pam | would like to say, also | think
your question, at least for nme, who is less well-
informed than many of you, that part of the purpose of

this neeting is to get a database in front of all of us
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at the sane tine and then potentially to re-eval uate
deci sions that were made, but at |east to have a very
broad and deepening airing of avail able information so
that your question can be answered in a scientific way.
Any ot her questions? |In the back?
DR. CORDERI: José Corderi, CDC. Bill, what
preservatives are now avail abl e, other than thinerosal
that would neet the USP definition for preservative?
DR. EGAN. For the common chil dhood vacci nes, the only
one that I'maware of that -- in the product
formul ations that is used is 2-phenoxyet hanol .
DR. CORDERI: Any others?
DR. EGAN: Not that I'maware of in the chil dhood
vaccines. |In anthrax, for exanple, there's
benzal koni um chl ori de, which is an ammoni um salt.
don't think we have phenol in any of the vaccines
anynore, but | would have to go back and check that
specifically for all of them
DR. GREENBERG O her questions?

(NO RESPONSE WAS HEARD)
DR. GREENBERG If not, 1'd like to thank you, Bill.

And we are -- I'mgoing to get all of you hone early.
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The next speaker is Dr. Stanley Plotkin, who is now the
Medi cal and Scientific Advisor to Pasteur Merieux
Connaught, and he is going to be talking to us about
preservatives, the manufacturer's perspective.
DR, PLOTKIN:.  Well, Harry, first of all, let nme stress
that this talk does not represent the view of the
entire manufacturing industry. | have not canvassed
manuf acturers' views and | would not presune to speak
for them This is nmy view, reflecting experience both
i n academ c vacci ne devel opnent and as a consultant to
one manuf acturer.
I ndeed, after | am done speaki ng, manufacturers in
general , and Pasteur Merieux Connaught, in particular,
may choose to di savow what | have to say.

( LAUGHTER)
DR. PLOTKIN: Vacci ne manufacturers -- Vacci ne
manuf acture is, as it should be, a highly regul ated
i ndustry, designed to produce safe and effective
vacci nes. Like many of you, | first becane aware of a
perceived crisis with respect to thinmerosal at the tinme
of the ACIP neeting late in June through comrunications

concerning a neeting held at the FDA
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Subsequently, there was an urgent neeting called by the
Aneri can Acadeny of Pediatrics on June the 30th, at
which it was announced that there was an energency
based on concerns about the presence of thinerosal in
pedi atri c vacci nes.

This was puzzling, as thinmerosal has been used for at

| east fifty years, and, therefore, | expected to hear
new data concerning its effects. At the end of the AAP
neeting, | was |argely disappointed. Nevertheless,
there were sone salient points that energed fromthat
meet i ng.

First, that the FDA and the EPA were apparently not in
agreenent with each other in regard to the guidelines
for mercury exposure.

Second, that if the EPA guidelines were assuned to be
preferable, sonme infants m ght receive a conbi nation of
vaccines with sufficient nmercury to exceed those

gui del i nes.

Third, that a small uncontrolled study, published only
in abstract, showed significant blood |levels after
neonatal hepatitis B vaccination.

Thus, three changes had taken place with respect to the
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use of thinerosal. First, the perception of danger,
experience with nmethyl mercury exposures, and increasing
environnmental concerns |led the EPA to issue strict
guidelines with respect to nmercury exposure. These
gui del i nes were designed to provide a margin of safety
based on the avail abl e data concerning toxicity of

met hyl mer cury.

As various guidelines had been proposed, one could
calculate differently the allowabl e nercury ingestion,
and Leslie Ball, | believe, will later give these

di fferent cal cul ations.

So here we have a situation of apparent disagreenent
bet ween agenci es and where industry may have been
follow ng a guideline that could be abandoned or

al tered.

It is inportant to understand, as | |earned, what is
nmeant by a guideline. The statenent on this slide is
fromthe recent EPA report which explains how the

gui del i ne was chosen. Now, | don't know that | should
read this, but the point is that calcul ations were
based on a hair concentration conversion to bl ood

| evel s, and these were a blood level of 11 -- I'"msorry
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-- of 44 mcrograns per liter of blood; hair
concentration you can read; and then an uncertainty
factor of 10 was used to derive the acceptabl e dose,

whi ch was thought to be safe. It was stressed that
this reference dose is likely to be w thout appreciable
risk of deleterious effects during a lifetine.
Exceedence (sic) does not nean that risk wll be
present.

There is an inpression of a certain arbitrariness in

t he choice, but, of course, a choice nust be nade. Al
of us would like nore data. And as science advances,
we nust be prepared to change the regulations in
recognition of new data. | trust that we shall see
these new data later in this neeting

The second change is the increasing nunber of |icensed
vacci nes recomrended for infants. While sone of us
perceive that as a good thing, the concern is that this
devel opment may be associated with an acconpanyi ng

i ncrease and exposure to thinmerosal. | would point

out, however, that thinmerosal containing DraPs have the
sanme concentration of thinerosal as whole cell DPTs, so

there was no change there.
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I n single-dose presentations, H B vacci nes do not
contain thinmerosal, and | PV does not contain
thimerosal. So the only significant addition is
hepatitis B vacci ne.

The third change, indeed, involves the hepatitis B
vacci ne, which we all know is recommended in infancy as
the best way of preventing later infection, cirrhosis
and |iver cancer, as has been anply proved in other
countries. The birth dose was recommended as a way of
reduci ng the nunber of injections in two- four-, and
six-nonth-old children, which is itself caused by the
probl ens that few conbi nati on vacci nes have been
licensed in this country, and that sonme of others may
not have been screened for hepatitis B infection during
pregnancy.

However, and | will -- Well, however, routine neonat al
vacci nation of premature infants was never reconmended.
The Redbook recommendation here is that infants be
allowed to reach two kil ogranms of wei ght before being
vacci nat ed agai nst hepatitis B, unless their nothers
are hepatitis B carriers.

Let me now touch briefly on the data that forned the
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basis of concern regarding thinmerosal. | nust start
with a disclainmer that | amcertainly not a
t oxi col ogi st and woul d never presune to give an opinion
concerni ng acceptable levels of nercury. However, | do
have a fair anount of experience in evaluating
scientific evidence.
well, first of all, there are apparently no data to
show that ethylnmercury in the concentrations normally
used in vaccines is harnful to infants. The avail able
data concern nethyl nercury, and we are asked to
extrapol ate the netabolismand toxicity of the forner
fromthe latter, which, on the face of it, introduces a
scientific uncertainty.
Second, with respect to nmethylnmercury, it appears that
there are only two | arge epi dem ol ogi c studies
concerni ng net hyl nercury exposure, both occurring after
eating fish, and they are in disagreenent. The study
in the Seychelles was reassuring in that chronic
exposure of nothers to nore nercury than is present in
vacci nes was not followed by abnormalities in children.
Whereas, in the Faroe |slands, perhaps because of

bi nge eating of pilot whal es or because of concom tant
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i ngestion of PCBs, subtle effects in |earning
correlated with blood | evels of nercury. The bl ood

| evel s, just to rem nd you, were on the order of 23
mcrograns per liter, with an interquartile range of
13.4 -- It's a mstake on the slide -- to 41. The nean
was 22, as | said, and 75 percent of infants had cord
bl ood I evels over 13 mcrograns. Also noteworthy is,
it appeared to ne, that the hair mercury levels in the
nothers were simlar to those in the Seychell e study.
So no data have been produced to suggest that

vacci nated children have suffered fromthinerosa
toxicity aside fromthe allergic reactions already
ment i oned.

Admttedly, the effects found in the Faroe Islands
exposure to nethylnmercury are subtle and m ght be

m ssed by passive reporting. At |east, however, one
epi dem ol ogi ¢ study done in the United Ki ngdom
conparing schol astic achi evenent in pertussis-

vacci nated children versus unvaccinated children, as
gquoted in the IOMreport on adverse reactions to
pertussis vacci ne, show that vaccinated children were

doing better in school, an effect that was attri buted
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to their parents being smarter.

( LAUGHTER)
DR. PLOTKIN: | nentioned -- It's true. | nentioned
previously the study reported in abstract for nenory in
whi ch bl ood | evels of nmercury were neasured before and
after neonatal hepatitis B vaccination in five full-
terminfants and fifteen premature infants. The post-
vacci nation bl ood | evels averaged 7 mcrograns in very
| ow birth weight infants, conpared to 2 to 3 m crograns
in full-terminfants. The nmean gestational age of the
premature infants is given in the abstract as 25 weeks.
This would nean the infants were nostly below a
t housand granms in weight and should not have received
the vaccine in the first place.
However that may be, a few percent of those prematures
had peak bl ood levels in the range of cord bl oods
associated with | earning defects in the Faroe Islands
study. No pharmacoki netics foll owup was done, but the
Enory data would seemto reinforce the earlier
recommendation, not to vaccinate premature infants of
very low birth weight.

Plus, there seens to be a paucity of data in the
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literature to show that infants receiving ethylnmercury
accunul ate nmercury in excess of infants who are sinply
exposed to nercury in the environnment.

Now, what are the responses of the manufacturers to
this situation? First, well, it should be recalled --
And Dr. Egan has already well covered this -- why

t hi merosal was introduced into vaccines in the first
place -- | don't think | need to repeat that -- and it
was chosen indeed because it is the best preservative
avai |l abl e.

Many chem cal s have been tested, and on the next slide
we see a short list of the favorite ones: 2-

phenoxyet hanol , benzyl al cohol, phenol, cresol.

Each preservative nust pass tests prescribed by the
U.S. or European Pharnacopeia, as Bill Egan has already
stressed. And he already pointed out that, although in
real life situations, the preservative sinply has to
keep organi sns fromgrow ng. Wen tested for

regul atory approval they nust show an ability to
decrease the nunber of viable bacteria.

Now, | just wanted to show a few slides on conpari sons.

Here we see a study that was done in the U S in 1981
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in which we see that thinmerosal actually in this test
fail ed agai nst staph aureus, failed against the USP
criterion. 2-phenoxyethanol also failed against e.
coli. In this particular test, phenol was the best.
Two nore recent studies done in Europe gave the

followng results. On these slides, "A'" neans

fulfilling the Pharnmacopeia' s requirenent, "B" neans a
slower killing effect than is stated in the

Phar macopeia, and "C' neans stasis. "Inc" is

i nconpl ete.

So we see here in this conparison that thinmerosal was
the best. 2-phenoxyethanol m xed with fornmol was next,
and let's say phenol and 2-PE were nore or |ess the
sane.

And anot her conpari son done by anot her nmanufacturer
again shows thinerosal to be the better of the three,
the best of the three, when you | ook at the As, Bs, and
Cs.

Undoubt edl y, new preservatives, or conbi nations of
preservatives, are under study, but any sudden deci sion
to elimnate thinmerosal would create a nunber of

potential problens. The first concern is that, at

NANCY LEE & ASSOCI ATES




50

| east tenporarily, vaccine avail able woul d be di sturbed
and vacci nati on del ayed or omtted.

| f physicians or state public health authorities insist
on i medi ate access to thinerosal -free vacci nes, chaos
will ensue. This is not a comrercial issue. Each
manuf acturer will have gains and | osses in terns of

mar ket share. The overall loss is to the vaccine -- is
to vaccination prograns.

Second, there is the risk that substitute preservatives
wi |l not be as conpatible with the vaccines or have

| ess antimcrobial activity and, therefore, lead to an
i ncreased possibility of accidents.

In the absence of preservatives, filling of vaccine
vials must depend nore on aseptic filling. Although
the technol ogy for aseptic filling grows nore and nore
sophisticated, as illustrated on this slide, which
shows a filling apparatus in which the operator
operates in a sterile atnosphere through these
portholes -- although, as | say, this technol ogy gets
nore and nore sophisticated, it nust be admtted that

t he absence of a preservative deprives us of a safety

net to maintain sterility in |ater use.
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Fourth, as thinmerosal participates in the inactivation
and detoxification of Bordetella pertussis in whole
cell DTP, elimnation of thinerosal would require
refornul ati on and re-eval uati on of the product.

Fifth, as influenza vaccine requires rapid production
of | arge anobunts of vaccine, elimnation of a
preservative will shift filling to single-dose vials
and may sl ow or reduce influenza vacci ne production.
Finally, if manufacturers nust choose between preparing
si ngl e-dose vacci nes without preservatives and nulti-
dose vaccines with preservatives, thinmerosal or other,
in general, they are likely to privilege single doses
and therefore reduce the availability of nulti-dose
vacci nes. The effect on vaccination in the devel opi ng
world may be dramatic, as | am sure John Cenents wll
discuss. In the United States, we should not forget
the effects of loss of nulti-dose preservatives and
mul ti-dose fornms on the function of public health
clinics and on the cost of vacci nes.

The i medi ate response of manufacturers to this crisis
at nosphere will be the usual one. They will respond as

fast as possible to a perceived public health and
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consuner demand. In this case, for thinerosal-free
vaccine. As | understand the situation, H B single-
dose and | PV vaccines are already free of thinerosal,
and hepatitis B vaccines free of thinmerosal will soon
be brought to the FDA for approval. DTaP is a m xed
bag, but the manufacturers who use thinmerosal wll seek
to bring single-dose preparations w thout preservatives
to the FDA within nonths.

Much will depend on the attitude of the FDA regarding
eval uation of existing data. For exanple, if renoval
of a preservative is considered to potentially alter
stability, there will be delays while real-tine
stability studies are undertaken by manufacturers and
then the results reviewed by the FDA. And, of course,
we're | ooking forward to what Norm Bayl or has to say

t onorr ow.

It is interesting that European regulatory authorities
nmet to discuss this issue in April of this year, as
many of their vaccines also contain thinerosal. A
wor ki ng group on thinmerosal fornmed by the European
Medi ci nes Agency issued docunents on the subject. Two

of their statenents are excerpted on the next slides.
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As you can read: "For vaccination in infants, the
use of vaccines wthout thinerosal should be
encouraged. However, in order not to jeopardize
vacci ne supplies and i mmuni zation progranms, it is

advi sable to introduce requirenents for the elimnation
of organonercurials in vaccines on a gradual basis.”
And anot her excerpt, the group concl uded that

t hi merosal shoul d not be banned from nedi ci nal

products; however, taking into account the identified
and theoretical risks, precautionary neasures shoul d be
considered. And the nost desirable alternative they
mention is preservative-free formulations.

It is inportant to stress that until now European
countries that also used neonatal hepatitis B

vacci nation, such as France, CGermany, and ltaly, have
not changed their recommendations. That i ncl udes
Spain, which, like the U S., recommends universa
neonatal hepatitis B vaccination.

So, in summary, what is the manufacturers' view, in
guotes, of the situation as interpreted by ne. Frankly
-- And | think it is inportant to be frank early in

this neeting to pronote a useful discussion -- | think
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that FDA did not give manufacturers sufficient warning
that thinerosal is no |longer acceptable, that panic
entered into the deliberations of the AAP, and that CDC
was partly handcuffed by regul ations that prevented
adequate consultation with the AC P.

The published evidence that the thinerosal contained in
vacci nes i s dangerous is unconvincing. Nevertheless,
manuf acturers, |ike everyone else, would prefer to have
a less controversial preservative. Many vaccines
currently sold do not contain thinmerosal. And even in
t he absence of any regul atory changes, new vacci nes
will not be manufactured with it. Yet, it remains the
nost active preservative and no equival ent substitute
is available. Political concerns aside, it may be
justified to keep in sone vaccine fornul ations,
particularly those in nulti-dose preparations.

Beyond the factual scientific issues, the process of
decision in this matter has been flawed. This neeting
shoul d have taken place before a public health decision
or a public announcenent was made. There shoul d have
been adequate consul tation and di scussi on.

This point of view probably gives offense to sone, and
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|"msorry that this should be the case as ny remarks
are not directed agai nst any person in particular.
Reasonabl e peopl e nay disagree on all of these points,
and I, for one, amprepared to nodify ny opinion based
on data displayed later in this neeting. However, so
far, manufacturers have seen no evidence for a clear
and present danger, but, rather, a rush to judgnent.

At the earlier private neeting called by the AAP,
tried to recormend to the participants a bit of what
the French call "Sang-Froid." | found it difficult to
gi ve an adequate English translation of the term but,
recently, | cane across the French definition given by
Denis Diderot in the 18th century.

He wote: "Sang-froid, that quality so necessary to

t hose who govern, w thout which one would rarely apply
justly the neans to the circunstances, w thout which
one woul d | ack presence, presence of mnd; sang-froid
whi ch submts the activity of the soul to reason and
whi ch preserves one, in every event, fromfear, from
frenzy, and from precipitation.”

| believe we could all benefit from such di spassionate

reflection. Thank you.
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( APPLAUSE)
DR. GREENBERG  Thank you, Stan. That was an
interesting talk. W now can take sonme questions.
DR. ENGLER Dr. Engler fromWalter Reed. | was
wondering if in those discussions there was any
consideration of the hundreds of children and adults
who between the '60s and until 1981, when intravenous
gamma gl obul i n becane avail able, received weekly or
every two weeks, 10, 15, 30 cc's of intranuscul ar ganmma
globulin, and in ny calculation there's probably a
significant cluster of a couple hundred patients or
nore who have received 10,000 mlliliters of gamma
gl obulin, which is probably nore than three | ogfolds,
if not four, nore than what are given in standard
chi | dhood i mmuni zati ons, and that does contain
t hi mer osal
As far as I|'"'maware, there's only two cases, and these
are patients who had received this in excess of twenty
years in these kinds of doses who devel oped sone
cerebelli ataxia secondary to accumul ated nercury
toxicity. Now, the incident is a separate issue,

certainly, in regards to also the difference in the
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i mune system of the infant from ol der children or
adults, but in other age groups separate frominfants,
that seens to be overwhelmng data in terns of the
safety to support sone of what you're suggesting.

DR. PLOTKIN:  Yes, thank you. | would agree that in

| ooki ng over the literature, as far as |'ve seen, the
only instances of acute thinerosal toxicity have been
where a gross error was made, | think, in the use of
chl or anpheni col and, otherwi se, the literature show
conspi cuous absence of acute toxicity.

But to be fair, as you pointed out, of course the issue
here has focused on the very young infant and the
effects on the central nervous system of the very young
i nfant.

DR. GREENBERG In the back? Could you identify

your sel f?

| NAUDI BLE SPEAKER: Stan (inaudible) from Merck. You
covered the other chem cal, but did you run across any
studi es using radiation as a preservative?

DR. PLOTKIN: The question that Stan is asking is the
use of radiation as a preservative. That's a good

question. | nust admt ignorance. | have not seen
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those studies. | inmagine that under sone circunstances
it mght be possible, although, with particulate matter
in vaccines, | think there could be sonme issues about -
- about sterilization and, of course, the effects of
radi ati on on the active product. So the short answer
t he your question is no.
DR. BAYLOR | just wanted to add what the real issues
DR. GREENBERG Identify yourself, please?
DR BAYLOR Onh, I'msorry. [I'mNorman Baylor. [|I'm
with the CBER O fice of Vaccines.
The real issue is going in and out of that vial. To
produce the vial, a final fill, that's sterile, that's
not really a problem But going in and out of that
vial, that wouldn't address that problem
DR. GREENBERG  Any ot her questions?

(NO RESPONSE WAS HEARD)
DR. GREENBERG Well, Dr. Plotkin had a pretty
controversial talk there. You folks aren't rising to
the bait.

( LAUGHTER)

DR PLOTKIN. I'mglad to be able to get off the podium
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and still in one piece.

DR. GREENBERG The | ast speaker before the coffee
break is Dr. C. John Cenents, fromthe Expanded
Program on | nmuni zati on, Vacci nes, and O her Biol ogics
at the WHO, and the title of his talk will be
"Preservatives in Vaccines: The d obal Perspective."
So he w il enconpass everything.

DR. CLEMENTS: Good norning, |adies and gentl enen.
First of all, I want to thank the organi zers for
inviting me to cone and speak. It's a great privilege
to be here in Washi ngton.

Before | actually start the presentation, | want to
acknow edge that in assenbling some of the materials
for this | was hel ped by a coll eague of mne, Gary
Schatz, who is a consultant that has been working with
us from CDC and who tragically was killed in a road
traffic accident |ast Monday. | just want to

acknow edge his contribution to this.

As | speak to you this norning, | want you to think of
nme both as sonebody speaking froma gl obal perspective
fromWHO, but al so as an advocate for a hundred mllion

such children as this every year. This young gentl enman
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is sitting in a cardboard box wwth a hole cut for his

|l egs and he is very interested in what we're going to
say this norning.

As you can see fromthis nol ecul ar description of
thimerosal, it's the nmercury which is the pride and the
downfall of this gentleman, and we can all agree, |
think, right away, that the nercury here is not what we
want in preservatives. There's anple evidence that it
is an undesirabl e nolecule which is taken in by the
human t hrough food and drink and pharnmaceutical s and
vaccines. In general terns, we're without hesitation
in saying we don't want it, and that is a strong basis
for further action. However, | think we need to

exam ne the issues a little bit nore.

And | nust say that |I'mdelighted being third in a row
of three, and |I hope you'll find that what | have to
say is very synoptic with the previous two speakers. |
make no apol ogi es for covering simlar ground, although
| hope you'll renmenber nmy friend fromAfrica as we
speak. And | keep pressing the wong key. Never m nd.
Ckay. The United States has gone through its due

process to identify a problemand take action to renedy
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it. However, there is a knock-on effect which the rest
of the world nust bear as a consequence. And what |
want to do is to draw out in the next few m nutes sone
of these consequences for you and exam ne the knock-on
effect. And | want to really say how privileged I am
to be here, and | feel that I'm I ooking over your

shoul ders as you nake -- go through this discussion and
make sone of these decisions.

But al so, |I'm|l ooking over your shoul der anxiously
because there is an knock-on effect, and | want to be
really sure that each one of you involved in these

deci sions understands fully sonme of the inplications of
t hose knock-on effects.

Like Stan, I'mconcerned with the scientific process
whi ch has gone on to date. There is a | ack of
agreenent about the safe cutoff |evels for nercury and
there's a variance between the control bodies in the
United States, and certainly between WHO as to what
those | evel s should be. And the infant maxi numintake
| evel has been extrapol ated only.

As far as toxic effects go, it's not clear what |evels

of exposure to nercury in the fetus, the neonate, and
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the infant are harnful. W know that there are harnful
| evel s, but we certainly don't know at what point we
have to be concerned.

Now, what does WHO say about this? Well, if we |ook at
the nost authoritative voice that | can find, the 33rd
Report of the Joint FAQ WHO Expert Conmittee on Food
Addi tives, JFOA, pronounced on this in 1989. The
committee confirnmed the previously recommended the
provi si onal tolerable weekly intake of 200 m crograns
of methylmercury. That is equivalent to 3.3 m crograns
per kilo of bodyweight for the general popul ation, but
noted that pregnant wonen and nursing nothers are
likely to be at greater risk fromadverse effects of
met hyl mer cury.

And | should point out that the discussions which have
gone over the last two or three nonths really suggest

t hat possibly we should be | ooking at a five-fold | ower
cutoff point for pregnant wonen and nursing nothers in
order to protect the fetal brain.

And even though the JFCA conmttee that nmet in Ronme in
June was aware of the issues regarding thinmerosal, they

were not in a position to offer any stronger guidelines
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regarding cutoff |levels for pregnant wonen and didn't
even trespass into the dark waters of recommendi ng

| evel s for infants.

So the figures that |1've been able to get hold of,
then, are for WHO 3.3, for FDA 2.8, and for EPA 0.7
m crograns per kilo bodyweight. But | do stress that
VWHO r ecommendat i ons are based on the adult |evel and
make no speci al concessions for pregnant wonen or

i nfants.

A question al ready asked: Do we need preservatives in
vacci nes? And the way that things are going in the
United States, there's the clear possibility that as
you nove to nonitor those preparations then there may
be a possibility that they are not needed. However,
this is not the case for the majority of the world.
And in tests that we' ve undertaken recently in
vaccines, it is clear that the |lack of preservatives
pose a serious threat to the integrity of multi-dose
vi al s which have al ready been opened and penetrated by
at | east one needl e through the cap.

These lists vary a little bit depending on who's

presenting, but I think we're fairly consistent in
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identifying sone alternatives to thinerosal. 2-
phenoxyet hanol is -- |ooks |ike the forerunner, but we
have limted informati on on conparative effectiveness.
For mal dehyde, cresol, possibly others. Phenol, |
shoul d draw your attention to, in the WHO regul ati ons,
is not permtted any |onger.
If thinmerosal is not avail able, what alternative
strategies are there for devel oping countries? Well,
we can nove to a nono-dose vial w thout preservatives
or we can seek a replacenent to the preservatives. But
as is already pointed out by Stan, there are serious
consequences for both options. The product nust be
reformul ated, new clinical data nust be presented, and
new subm ssion for |icense nust be nmade, and for
vacci ne supplied through UNI CEF, then a speci al
VWHQO' UNI CEF approval nust be processed. Al in all, a
long tine interval before availability of either of

t hese alternatives.

You' ve heard already, and you'll hear | knowin a |ot
nore detail, how the regulatory bodies in the United
States go through their debates. In terns of WHO we

have an Expert Comm ttee on Biol ogi cal Standardizations
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whi ch neets regularly, which is conposed of outside
experts. Although it is hosted by WHO, it is not an
internal commttee, it is an external conmttee, and it
results in WHO produci ng WHO techni cal report series,
which I've al ready quoted from once.
Expert Conmm ttee on Biol ogical Standardizations, ECBS,
what does that say about DPT and thi nerosal ?
"If the vaccine is to be dispensed into nulti-dose
containers, a suitable antimcrobial preservative shal
be added. The anount of preservative in the final bulk
shal | have been shown to have no deleterious effect" --
Never put that on a slide if you have the say it in
public --

( LAUGHTER)
DR. CLEMENTS: -- "on the toxoid or on any other
vacci ne conponents with which the toxoid may be
conbi ned, and to cause no unexpected adverse reactions
in humans. The preservative in its concentration shal
be approved by the national control authority and don't
i ncl ude phenol . "
The ot her vaccine that we're particularly concerned

about is hepatitis B, and the ECBS says about that:
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"Each final bulk or final lot shall be tested for the
presence of preservative. The nethod used and the
permtted concentration shall be approved by the
national control authority. The nbst comon
preservative used for hepatitis Bis thinerosal," and
then it goes on to describe the anal ytical nethods.
So, in summary, through the expert commttee at WHO i s
saying that the task of the

preservative -- the task that the preservative is designated
for -- In other words, to be antimcrobial -- nust be
defined and fulfilled.
Agai n, as Stan has already pointed out, it nust not
damage the vaccine in any way, |ike thinmerosal and |PV,
and it must not damage the human recipients, although
that is not spelled out how The level is set not by
VWHO but by the national control authorities.
Now, what inplications has all this to do for the
gl obal supply of vaccines? Since Stan has begun to
open up this discussion, | need to just clarify for
sone of you who nmay not be famliar with it, the
majority of the world, particularly devel opi ng

countries, looks to three main sources to get their
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supply of vacci nes.

The first is the |ocal producer, and that may surprise
sone of you who are not famliar with this subject;
secondl y, UNI CEF-supplied vaccines; and thirdly, they
may go directly to the manufacturer and buy directly

t hrough t hem

And if you look at this graph, the red at the top is
the local production. I'msorry | don't have nore up-
to-date information to show you, but the trend has
continued where a large proportion of the world's
vacci nes are produced in-country and consuned in-
country.

If you look at this description of DPT sources by WHO
region, you can see that in the Eastern/Wstern Pacific
Regi on and the Sout heast Asia Region, a vast proportion
of the vaccine is made |ocally and consunmed | ocally.
We' Il discuss the inplications in a nonent.

And for hepatitis B, many countries in the devel opi ng
wor |l d have HBV transm ssion by the neonatal route. 1In
other words, the first week, first two weeks of life
are crucial in protecting the infant; and if there is

no birth dose of hepatitis B given, then there is
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likely to be transm ssion of the virus. And this nmeans
that without a birth dose in China, between 10 and 15
percent of all births are likely to result in chronic

i nfection.

What i mredi ate i npact on devel opi ng countries would
there be if thinerosal were renoved from vacci nes? As
Stan has al ready said, existing suppliers would be
unabl e to supply such vacci nes and supplies would
rapidly dry up.

Local | y- produced vacci nes, and renenber |'ve identified
them as being a major source in devel oping countries,
woul d be unable to substitute for this preservative.
Local production would either stop or -- I'mnot sure
whether it's worse or about the same | evel of
significance, but they mght turn to produci ng w thout
the preservative.

W' ve nentioned another strategy of noving to nono-dose
vial preparations, but at the nonent, basically al

vacci nes in devel oping countries are drawn fromnulti-
dose vi al s.

The col d chain could not cope with a five- to twenty-

fold increase in vol une which would be resulting from
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this. It would double the cost of the cold chain, and
result in a cold chain costing around half a billion
dollars a year. There would be a six- to ten-fold

i ncrease in vaccine prices for these countries, which
could not be borne by them Even if there was a switch
t o nono-dose, those products still need relicensing.
The one hope in the dark tunnel at this nonent in this
scenario is that we are watching the devel opnment of a
pouch- and-needl e hepatitis B delivery systemin its
field trials, and there is at |east the possibility
that that will fill a niche as being a disposable

si ngl e-dose delivery system

What happens -- The alternatives open to devel opi ng
countries. They could obtain vaccine through their
regul ar UNI CEF supply with a new preservative if a new
preservative becane available. They could purchase
directly fromindustrialized countries. They could use
| ocal | y- produced vacci ne, or they could use vaccine
which is inported in bulk and filled locally, or they
could switch to nono-dose with no preservatives.

And what about the tinme and the inpact of these

deci sions they would make? If they waited for a
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preservative to be introduced into UNI CEF vacci nes,

that is going to be a long wait. |If they purchase
directly fromindustrialized countries, not only do
they have the wait, but they wll certainly have an
increased cost. If they rely on locally-produced

vacci nes, they have to try and obtain the new
preservative, perhaps under |icense, again a |l ong wait
and an increased cost. |If they go for local filling
from bul k purchased overseas and the license, there's a
|l ong wait and an increased cost. And if they switch to
nono-dose, it may be relatively quick, but it will be
far too expensive, both in terns of purchasing the
vacci ne and in managi ng the col d chain.

Now, there may be sone di screpancy in the tinme sequence
that | put up here. |It's the best we could conme up
wth in WHO on a sort of @Gl lup Poll basis, and this
isn't sonething that you should take as finite, but it
gives you sone feel. To find a new preservative -- |If
a new preservative is found, there's no guarantee, but
bet ween one and five years. dinical trials, another
two years. Licensing, a year if it's put on fast

track. To refornulate an existing vaccine to a nono-

NANCY LEE & ASSOCI ATES




71

dose woul d probably take around one year.

In summary, then, ny Executive Director, M chael
Scholtz put out a press release a few weeks ago: WHO
will continue to recommend thi nmerosal -contai ni ng

vacci nes. W see no reason for changing that given the
present amount of information and the scientific
debate. Mono-dose hepatitis B vaccine will continue to
be adm nistered in the birth dose and all the other
doses frommulti-dose vials. At this point, there is
no option about using nono-dose. Although, as | said,
alight in the end of the tunnel is the patch-and-
needl e devi ce.

And as | indicated already that mercury is a highly
undesirabl e chem cal to have in biological products
anyway, and we are determned to work with industry and
regulate the authorities to elimnate thinmerosal.

One thing |I've observed doing this over the |ast few
nonths is a concern, and | asked the question: Instead
of the onus being on the scientist to denonstrate there
is a problem has the onus now shifted to the pro-
vacci ne community to show that there isn't a problenf

And renmenbering ny patron sitting there in Africa, what
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does it all nean for himor her? Wll, there is
bal anci ng scal es out there, and there is a theoretical
risk fromthimerosal that we are all aware of and have
been di scussing. On the other hand, there is the known
ri sk fromvacci ne-preventabl e diseases if we stop
i muni zation and if we're no |longer able to use the
vacci nes that we have at the nonent and whi ch have been
used successfully for fifty to sixty years. And there
is the known risk from contam nation of vaccines. |
put it to you that it is not a nearly equal bal ance.
It is a balance which is, without hesitation, in favor
of continued use on a global scale of vaccines which
now contain thinerosal. Thank you.

( APPLAUSE)
DR. GREENBERG  Thank you, Dr. C enents.
Do we have any questions?
DR, GELLEN: Bruce CGellen fromthe Infectious D sease
Soci ety.
John, has this -- the decision that's been nade here
and sonme of the recommendations, has this trickled into
devel opi ng country prograns and has there been sone

di scussion to date at | ocal |evels?
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DR. CLEMENTS: Wen the United States generated this
interest and it went public on the Internet and in the
journals, then WHO put out a press rel ease and
distributed informati on and backup information to al

EPI managers throughout the world and to WHO regi onal
offices and country representatives. And to ny delight
and amazenent, | had only one e-mail query of
clarification follow ng that.

So at this point the world is quiet, and I'mvery happy
to say that. So it doesn't seemto have had any i npact
at all, Bruce.

DR. HALSEY: John, the cost of --

DR. GREENBERG Identify yourself, Neal.

DR. HALSEY: Neal Halsey. The cost that you put in for
the potential use of single-dose or nono-dose vials and
so forth, because of the increase in space

requi renents, you estinmated it would increase to five
hundred m | lion per year, but you didn't give us what
the current cost is and whether that increase in cost
is asingle tinme or whether that's recurring year after
year after year. | recognize that nore refrigerators

woul d need to be purchased at multiple points in the
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cold chain, but once those are purchased, then that --
is that -- | asking, is that a one-tinme cost and, you
know, what is the recurring cost?

DR. CLEMENTS: Okay. There are two parts to that.
It's approximately doubling the cost of the cold chain
to half a billion, and npbst of that would be capital

i nvestment, not recurring costs.

DR, KATZ: Sam Katz from Duke University and the

I nfectious D sease Society of Anerica.

John, one of the issues that we have heard repeatedly,
and this may not be a fair anal ogy, but that is what
the United States policy determ nes regardi ng vacci ne
use has effects on the WHO program That canme up with
smal | pox vacci ne when we di sconti nued use six years
before WHO. More recently, concerns switching to | PV
and rejecting OPV as the vaccine of choice in this
country. And one side, of course, is your pragmatic

i ssue: Do thinerosal -containing vaccines renain
avai | abl e?

The other is, perhaps, related to what Bruce Gell en was
asking, which is its influence on policymakers in other

countries, particularly the devel oping nations. Do you
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see this as an issue?

DR. CLEMENTS: It's potentially an issue. | think a

| ot of countries use whatever the FDA does as a
benchmark, and in nmy own country, New Zeal and does the
sanme. It looks to FDA, and if it passes a vacci ne,
that initself is crucial in the vaccine being accepted
in that country.

Do they accept it without process? No. And I think
our job has been in this |ast few weeks to be the
noderator of the information comng out of the United
States and to say that has been deliberated in the
United States and it has relevance to that country, but
it needs to be processed and seen in the light, in this
particular light, for the rest of the world.

So, yes, it has a powerful influence, but countries
make their judgnents. The end call is that they nmake
their own judgnents.

DR. SNIDER D xi e Snider, CDC

John, How do you see noving forward on this froma

gl obal perspective? | nean, it seens to ne, as you've
indicated, it's going to be a long process, and |I'm

very concerned about the trends, as you pointed out,
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were to use | ocal producers, and there are a | ot of
reasons for that, which we -- you may want to el aborate
on. But there seens to be, by doing that, an increased
need for a preservative if you' re going to rely on a
variety of |ocal producers, unless sonehow GW, Good
Manuf acturing Practices, can be upgraded in many of

t hese countries.

And so | wonder, realistically, how do you see this

pl ayi ng out to achieve the goal of maintaining the

avai lability of these necessary vaccines while at the
sane tinme getting the nercury out?

DR. CLEMENTS: | think we have perhaps a different
perspective on the urgency. | think the United States
is faced with a different set of pressures from sone
other countries and it nust respond to them

But | think our job in WHOis to guide in as wi se a way
-- I wish | could renenber what Stan's quote was -- to
have the wi sdomto guide countries in making decisions
in an appropriate tinme base.

And what we'll be doing is working with the Experts
Comm ttee on Biol ogical Standardization to conme up with

sonething simlar to the European vacci ne manufacturers
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i n encouraging a gradual shift towards nercury-free
preservatives, but it will be sonmething which is
measured in due tinme and wth due consideration of as
many factors as necessary.

So | think that's how I'd answer it. W wll
definitely be encouraging the process. W wll
probably be funding research fromresearchers who w sh
to investigate the potential for new preservatives.
W' Il be |looking at industry and encouragi ng themto do
t he research

There will be -- W'll be putting out feelers in many
directions to try and encourage the devel opnent, the
rapi d devel opnent of that preservative, because for us
there is no turning back fromnulti-dose vials and
there is no getting away fromthe fact that due to
human error, potential for human error, it is essential
that those nulti-dose vials have sone preservative
systemin them

DR. PLOTKIN. Pl otkin, PMC

I'"d just like to point out that there's been kind of a
subtle fall down the slippery slope here. That is to

say, the discussions have started out by tal king about
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limts, tolerable |limts, to the anmount of nercury, and
now we' re tal king about zero tolerance. So we've now
progressed -- |I'mgeneralizing here, of course. W've
now progressed to the point where no nmercury is
tolerable at all, whether it neets EPA requirenents or
not .

Now, in the particular situation of the devel opi ng
wor |l d, John, | nean, could you not envision a situation
where there would be an all owabl e anmount of nercury
given in the nulti-dose vaccines, considering that in

t he devel oping world the nunber of vaccines being used
in not the same as in the US. ?

DR. CLEMENTS: Well, | think, Stan, you nmade a
rhetorical statenment there which | certainly don't
agree with, that we're wanting zero dose nercury. That
has not been established in any scientific setting. It
may be an enotional response which you' re tal king about
on a slippery slope, but nmercury ingestion and
environnmental nmercury that we have around us now nake
it inmpossible to think that we'll be nmercury-free.

VWhat we're tal king about is how nuch nercury is

acceptable. That doesn't negate the desire -- the
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desirability of having nercury-free vacci nes, but we
certainly are not targeting that as -- that is not
necessarily our imedi ate goal, although it may be our
| ong-termdesirability.

Thi merosal has been a fantastic preservative for fifty
to sixty years, and it has done a fantastic job.

DR. WANACOTT: |'m not sure whether we have
representation -- |I'm Dave Wanacott from Merck. And
I|"mnot sure if we have representation fromthe

Phar macopei a deci si onmakers in this neeting, but have
you consi dered at WHO tal king to sone of the

phar macopei as? Because they have really been a | arge
driver for the higher levels of preservatives to neet
the antim crobial effectiveness testing, and they
consi der backing off on both levels. Has that

consi deration been di scussed?

DR. CLEMENTS: Yes. |I'mspeaking froma particular
unit in WHO, the I nmunization Unit. W work hand-in-
hand with Biologicals. So I'mnot privy to everything
to the Chief, L. Wnn Giffith, has been doing in that
area, but | know he has been in contact with them and

absolutely, | think it's a good point.
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DR. GREENBERG Well, we're actually a little bit
early. So I'd like to ask whether there are any
questions for our |last two speakers, after you' ve heard
all three, or whether any of the speakers have anything
to say to the other speakers that m ght be informative

or help clarify this issue?

Bill?
DR EGAN. If | could just make a comment. First of
all, thinmerosal, or if you want to go on the other side

of the Atlantic, thinmerosal, has not been banned. So
we're not tal king about that it nmust cone out of al
vaccine. So, you know, thinmerosal has not been banned.
We are, nonethel ess, concerned about the cunul ative
doses of nercury and we prefer to have nercury-free
vacci nes and preservative-free vaccines, i.e., single-
dose presentations in the United States.
W have asked manufacturers for their -- you know, for
their plans for elimnation of thinmerosal and that
it'"ll still be a -- you know, if they cannot elimnate
it, tojustify it and be allowed where justified. So,
you know, we haven't gone to that point of saying, you

know, as of such and such a date, nmercury cannot be in
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any preservative -- in any vaccine.

DR. SNIDER Dixie Snider. | just wanted to rai se one
additional point that | think has been inplied but
really hasn't been made explicit, and that is that |
think the -- there is an inportant issue here around
the credibility of inmunization prograns nationally and
globally, and that although it may not be in the best
interests of everyone to elimnate nmercury entirely
because the risk or the price of doing so mght be a
price we don't want to pay, | think the concern about
the integrity of the entire imunization effort, if you
will, has been on many people's mnds and has been a
part of the decision-making process up to this point
and will continue to be a part of the consideration
here. Not that people do not want to react to
scientific information that is available in an
appropriate way, but, in addition, when there are

choi ces that can be nade to nove froma thinerosal -
cont ai ning vaccine to one which is -- can be found to
be just as safe and effective wthout that agent, then
it's to the inmuni zations prograns' advantage to be

seen as not adding to the nercury that people are
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ingesting all the time, not be adding to nercury

bur den.

So | think the credibility of all immnization prograns
is inmportant to maintain, and one aspect of the reason
why we have decl ared concern, if you will, about the
anount of nercury that we are delivering.

DR. ZUNE: Kathy Zune, CBER

| just wanted to nake one comment regarding the issue
of the timng here, and it was alluded to that this was
rat her sudden. The issue and concern over thimerosal
has been an ongoi ng di scussion, and |I think the

di scussions with manufacturers | ooking at the reduction
and/or elimnation of thinerosal is not a new issue. |
t hi nk sone of the aspects which triggered sone of the
current information that has been di scussed has been
during the FDA Moderni zation Act of 1997. W were
directed at the FDA to do an evaluation of nercurials
in all FDA-regul ated products. As part of that
initiative we worked cooperatively with the

manuf acturers to get the data, which is what you wll
be hearing later in the workshop. The issues are then

| ooki ng at cunul ative | evels, as was discussed by Dr.
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Snider, | think becane the issue of concern. The

vacci nes are believed, when | ooked at, safe and
effective, but when you' re | ooking at cumul ati ve does
in small neonate typing, | think the issue and the
concern was raised and should be | ooked into, both from
a scientific as well as a public health issue.

My sense is that this workshop is very valuable to the
public health service, FDA included, in order to have a
very inportant scientific evaluation of the data
avai |l abl e and what data we need to get. So, thank you.
DR. GREENBERG Dr. Pl otkin.

DR, PLOTKIN:. Well, several points. One, actually, in
responding to Dr. Zune, | think

- there is general agreenent that nercury is not going
to be used in future vaccines. | think the issue is
nore whether it needs to be renoved i mediately from
currently |icensed vacci nes.

In relation to Dixie Snider's comment, | would like to
say that if anti-vaccinationists did not have nercury,
t hey woul d have anot her issue, and one cannot prevent
them from maki ng hay regardl ess of whether the sun is

shining or not. So | don't think that's really a valid
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reason for maki ng deci sions.

Lastly, | don't want to | ose sight of the comment by, |
think Dr. Wannake from Merck. | amcertainly not a
vacci ne production person, but in |ooking at the

Phar macopei a regul ations, | was struck by their, let's
say, apparent excessiveness, and whether one could --
And this is actually be considered in Europe, whether
one could adopt different criteria which would all ow
reduction of the concentration of preservatives in
vaccines. |In other words, that you would require only
stasis rather than cetyl activity against 10° or 10°
organi snms, as Bill Egan nentioned.

DR. GREENBERG | know | ess about this than Dr.
Plotkin, but it certainly seens to ne that the biologic
experinent, there's a lot to be said for that, but it
doesn't seemto ne that usually contam nation should be
occurring at quite that |level and that you m ght be
able to get exactly the sane effect with |l ess than --

| f sonebody in the audi ence knows how that criteria --
what the thought process behind it was, that woul d be
an interesting thing to hear about.

Bill?
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DR EGAN. | can't comment about, you know, the thought
process, and it goes back quite a few years, | think
somewhere around 1970, when the USP introduced those
requi renents, their definition of a preservative, but |
woul d i ke to add again what | nentioned during ny
talk, that |I did think that, you know, those are very
stringent requirenents and that the -- that in the
United States, it is not necessary that a preservative
per, you know, the CFR nust neet the USP definition.
Certainly, that's -- you know, that's acceptable, and
it has been, but it's not a requirenent that it neet
the USP to satisfy the CFR | did run that through our
general counsel .
DR. GREENBERG Al the pharma -- Did the big pharma
hear that |ast statenent?
UNI DENTI FI ED SPEAKER: Just one comrent. Usually when
we' re manufacturing, we think on the international
| evel, and, particularly, it's the European
Phar macopeia that is the mandatory one, and their
requi renents are perhaps even nore strict than the USP.
therefore, you know, I'mthinking in the international

schene of things, that becones an issue.
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Let nme give you an exanple. A few years ago, quite a
few years ago, we were working with the Europeans and
taking a product that's no longer -- a diluent that's
no |l onger on the market that had a preservative init,
and it was a single-dose vial, but there was a very | ow
| evel of thinerosal in it which would not pass the

Eur opean Pharmacopeia. And we said, well, basically
this is a single dose, it's there as assurance for

m suse after it |eaves the manufacturer. And they
said, well, no, still got to neet European

Phar macopei a.

so | think that needs to be brought into the equation
here in | ooking to evaluate some of these requirenents
that may not be a requirenment in the U S., but our

i npact on the international basis.

DR. SNIDER D xi e Snider again.

| just wanted to respond to Stan by saying that |
wasn't speaking -- in talking about credibility, |
wasn't speaking to try to address issues that anti -
vacci ne groups m ght raise because | do realize that
there are incredibly an unending list of conplaints or

charges that could be nade.
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"' m nore concerned, though, about scientists at the
Agency for Toxic Substances and D sease Registry and
the National Center for Environnental Health and the
Envi ronnmental Protection Agency and ot hers who have
expressed concerns about the mercury that we are
delivering and was only trying to suggest that, in view
of concerns of scientific groups, it is reasonable to
consi der how we can | ower or elimnate the nercury that
we deliver through vaccines since people will get it

t hrough, unavoi dably, a series of food supply.

DR. GREENBERG Dr. Klein?

DR. KLEIN: Jerry Klein, the Boston University.

Stan, as a point of information, could you clarify the
many products that do not have thinmerosal? Now, do

t hey have ot her preservatives, or are they free of any
preservatives? And if so, what is the basis for their
success and is it just sonething that is necessary for
t he manufacturing products in selected vaccines? As
exanpl e, there's one pneunbcoccal vaccine that has
thimerosal, as the alternative product does not, and
the sane thing w th anphophil ous infl uenza.

DR, PLOTKIN. Well, there are nmany parts to that
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question. The best table on the list of vaccines
containing thinerosal is the one published by the AAP,
and | refer to it often. But as Bill nentioned, |IPV
cont ai ns 2-phenoxyet hanol because thinerosal wll

i nactivate the polio conponent. Oher than that, |
think -- | think, but I'mnot absolutely certain, that

benzyl al cohol may be in sonme unusual vaccines, but in

terms of comon vaccines, | think those are the only
t wo.
Now, why is TM to give a nondenom national nanme -- why

is it present? Usually because manufacturers are
maki ng nmul ti-dose and single dose and prefer to have
one product that they fill from

Now, of course, as | stressed, where single-dose
presentations are the only form you can, in fact, do
sinple aseptic filling with the risks that Bil
ment i oned.

So the choice of whether there's TMin it or not
depends on largely what fornms are bei ng made, whet her
bul ks have to sit around for sone tinme before they're
conbined for filling, and issues which relate to the

percei ved production process and the subsequent use --
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that is, the subsequent use by physicians -- whether in
the single-dose formor in the nmulti-dose form and
al so capacity of the manufacturer to nake one or the
ot her.
I'"'mnot sure that |'ve answered your question very
precisely, but I -- that's about the closest | can
cone.
UNI DENTI FI ED SPEAKER: But there are a nunber of
products that appear to be in nmulti-dose formthat do
not have preservatives?
DR PLOTKIN:  No.
UNI DENTI FI ED SPEAKER: So any multi-dose form does have
a preservative?
DR. GREENBERG Well, | think we're al nost back exactly
on schedule, which is good. You can all take a thirty-
three-m nute break, so 11:00 o' clock, and be back in
your seats then. Thank you.

(RECESS FROM 10:30 A M TO 11: 00 A M)
DR. GREENBERG |If everybody could take their seats,
pl ease? 1In the back, sit down.
Okay. We're now going to finish up the norning

session. Before we start, | have one question that was
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-- several people have asked, and | just wondered
whet her any of the speakers fromthe norning could
answer it, and that was: For nmulti-dose vials --
Measl es/ Munps/ Rubel la is a nulti-dose vial and does not
have preservative in it -- do people know how the
probl ens of preservation are dealt with in that
vacci ne? That's the question. Does anyone have an
answer? A qui ck answer?

UNI DENTI FI ED SPEAKER: (Unabl e to hear speaker)

DR. GREENBERG  There are no nulti-dose vials of
Measl es/ Munps/ Rubel | a? Sonebody over there. Neal ?
DR. HALSEY: W mc won't conme on.

DR. GREENBERG  Ckay. Then, Stan?

( LAUGHTER)
DR. GREENBERG |'m not responsible. GCkay. W're
having -- |If there's sonebody in the back, the lights
don't seemto be comng on. |I'mgoing to save that for

the end of the session, and people can think about

t hat .

So the next speaker is Dr. Jeffery Engl hardt, Seni or
Research Scientist at Eli Lilly, who are the -- which

is the conpany that makes thinmerosal, and his talk wll
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be "Toxi col ogy and Metabolismof Thinmerosal in

Ani mal s. "

DR. ENG.HARDT: Thank you. | appreciate Dr. MWers'
invitation to cone to this. | ama veterinary

pat hol ogi st, so I look at things froma slightly

di fferent perspective in that | work in the toxicol ogy
or drug safety conponent of Eli Lilly and Conpany.

When the question cane to ne about toxicity of
thimerosal, | had to scratch ny head and wonder, what
the heck is this? This is not a product that | have on
ny horizon very often, and | had to talk to one of ny
nore senior coll eagues who said, "Ch, that's
Merthiolate.”" As | started getting into this
particular topic, | had to go back into our corporate
literature but also start searching the scientific
literature. Though we keep information froma materi al
safety data sheet standpoint, we don't keep an active
research program goi ng on this conpound, nostly because
of its historical perspective. |If you'll bear with ne
alittle bit, 1'd like to take a few mnutes to retread
sone of the ground that was covered this norning, but

it's inportant to, | think, see where the database has
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grown on the toxicity of this conpound and where are
the holes in terns of the toxicity of this conpound.

As was nentioned earlier, thinerosal is an
organonercurial. It's ethylmercurithiosalicylate and
it's just nmercury that's part of the ethylnmercury that
has apparently becone the issue that's being discussed
here at this workshop. And just to note froma

nol ecul ar standpoint, in this conplex salt, the nercury
conposes about forty-nine percent of the nol ecul e.
Looki ng back into the historical literature, thinerosal
had a variety of chem cal properties that nade it very
attractive. And one of the things also, as | was
reading this literature, is that not all nercuries are
alike, and 1'd like to retread that again a little bit
later in the talk. Now, thinmerosal is found to be very
water soluble. It was created stable solutions and

al so conpatible with a variety of biological materials.
As Dr. Klein nentioned earlier, we were one of the
first to be using thinerosal as a preservative in sone
of our ol der vaccine days in terns of the diphtheria
vaccine. It was also used in sonme of our other toxoids

that were produced back in the '30s and '40s. And as
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mentioned al so, this has been marketed since the '30s,
and as | got into our literature, | found that there is
very little in terns of toxicology in animals. Mst of
it is quite old -- The primary reference is a 1931
reference in the American Journal of Hygiene -- and
it'"s often in obscure journals or cited as one or two
sentences within review articles, and it's very
difficult to find very explicit information on

t hi mer osal

As has been well| described this norning, it's been used
as an antiseptic, fungistat, and a preservative for a
nunber of years. The antim crobial activity has been
attributed to the release of this ethyl mercuric ion
and thereby acting as an oxidizer for groups leading to
changes in intracellular calciumand that is the
mechanismthat it causes cell death. | also found that
it's very interesting that there are as many articles
on using thinerosal as an in vitro reagent to study the
calciumfluxes in cells as there are uses for -- or
publications on use in vaccines.

One thing that | did find is that the ethyl nercury and

thiosalicylate are the primary netabolites which were
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described in an article published fromLilly in 1956.
In this particular issue, they were |ooking at the
question around the inactivation of 1PV with the use of
t hi merosal and had di scovered that these netabolite
rati os can be altered by the presence of copper within
either the vials that are being filled or within the
production materials and that the copper drives the
reaction not to the nmercuric ion, but to the nercuric
oxide. That is one of the materials that is purported
to inactivate the protein in the polio toxoid.

So, so nuch for the history. Wat |1'd like to do now
is talk a little bit about what do we know about the
toxicity of this nolecule. Again, these data are from
sone of these older articles. There's been nothing
that |I've been able to uncover published in about the
past twenty-five years in terns of new animal data on
thi s nol ecul e.

Oral toxicity in rats has a M.D of about 73 ng/kg and,
as you can see, when you | ook at the rodents and the

| aganporphs (sic), there is a disparity in terns of
what the bodywei ght toxicity is, but the overriding

nor phol ogi cal alteration that occurs in these ani mals
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is renal necrosis. This is interesting in the fact
that this type of toxicity is what has been descri bed
nost widely with mercuric chloride studies, which is
renal necrosis.

One human study -- And | should note that | found a
coupl e of human correlates to go along with this during
nmy searches. There was one human accidental or -- |
can't say if it was accidental. It nust have been
intentional in this case. An individual consunmed sone
liquid Merthiolate and successfully done hinself in.
He consunmed an estimted 83 ngy/ kg showi ng that the oral
toxicity inrats is pretty well on, but the
presentation that this individual had was, again, very
simlar to what's been seen with nmercuric chloride,
that he presented with gastritis, renal failure, and
gingivitis. It wasn't until the very |l ate stages
before he died of respiratory failure that any type of
pol yneur opat hy was identified.

Also as nentioned earlier, thinerosal is a very

exqui site antigen, not only in people but also in

gui nea pigs and rabbits, and it is also a dernal

irritant as was described in sone of the earlier
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literature when thinmerosal was used as a contact |ens
solution preservative. The ethylnmercuric chloride is
the purported allergen that's responsible for these
phenonena not only in people but also in animals, and
one of the disparities fromthe aninmal studies that's
been identified is that, unlike people that can
occasionally have a system c hypersensitivity reaction,
t hose particul ar phenonena have not been identified in
either the rabbit or the guinea pig studies.

When we start | ooking at the non-rodent species, the
only studies that | had found on toxicity were sone in
the 1931 publication on toxicity in dogs, where 2 ny/kg
was adm ni stered every three days and then 10 ng once
weekly over a six-week period, and at the end of that
the animals were exam ned and there were no -- there
was no clinical toxicity nor pathol ogic alterations
that were identified.

| was also surprised to find that there was a two-year
carcinogenicity study that had been conducted on
vacci ne preservatives and thinmerosal was included in
that particular study, and the outconme of that was that

there were no conpound-i nduced neoplasns. It should
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al so be noted that thinerosal does cross the

bl ood/ brain barrier. 1t also crosses the placental
barrier. However, there has not been any evi dence of
turadnogenicity (phonetic) that's been shown with the
conpound in a study that was conducted wth one of the
contact |ens preservatives.

It should also be noted -- And this is one of the gaps
that | identified and this is part of the concerns that
are raised here in | ooking at the neonatal vaccine
issue -- is that typically nowwth the pharmaceuti cal
agents, we do what's called a post-natal devel opnent
study or a Segnent IIl study, and there's nothing in
the literature right now that has anything that | ooks
at in utero exposure to thinmerosal and in post-natal
devel opnment in rodents. So we do not have any data
that would indicate either a risk or a | ack thereof.

| did find one article that |I found very informtive
and that was an article published in 1975 by Blair, et
al ., that was | ooking at the netabolismand excretion
of thinmerosal in adult squirrel nonkeys and this was a
chronic study, a chronic daily adm nistration study.

Thi merosal, at a concentration of .002 percent, and
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thisis, | believe, in the range of what's used as a
preservative in the vaccines. | think that's allowed
to go up to about .01 percent. This was adm ni stered
in twd ranges, either 2.2 or 12 m crograns per nonkey
per day for six nonths and that the total thinerosal
dose was 418 or 2280 mcrograns. |If you renenber, this
has a 49 percent of nercury, so this nmeans that these
ani mal s recei ved roughly 200 m crograns of mercury or
1100 m crogranms of nercury.

Now, this is a classic tissue distribution study and,
unli ke what's done with pharnmaceutical agents, they had
to use atom c absorption to | ook for the nercury. So
the tissues were dissected, analyzed for the presence
of mercury and what formwas that nercury in and al so
hi st ol ogi ¢ eval uation of those tissues to see if there
wer e any acconpanyi ng nor phologic alterations due to
the presence of absence of the nercury.

The data fromthis study showed that there was no
evidence of toxicity either seen clinically during that
si x-nonth adm ni strati on phase or during the pathol ogy
eval uations. There was variation in the nercury

concentration in individuals. That is, within those

NANCY LEE & ASSOCI ATES




99

gi ven groups, there was a disparity in how nuch
nmercury, even though they were given the sanme dose by
the sane period of tinme, on how nmuch nercury was
accunul ated in different tissues, but what was of note
was that the nercury that was present in the bl ood and
tissues was primarily in the inorganic formand al so
that the distribution of the

tissues -- or within the tissues had kidney as being the
primry organ, followed by liver, nuscle, brain, and
the least of all, in blood.
Now, sone of this conversion fromthe organic to the
inorganic may lead to the point that | nade earlier,
that all nmercuries are not alike and that within the
organonercurials, there is a difference in the
stability of that carbon/nercury bond, and |I'm hopi ng
that when M. Lucier presents |ater, talking about
ethyl and nethylmercury that he will be striking on
t hat .
It al so should be noted that the ethylnmercury
conpounds, particularly thinmerosal, wll also undergo
this biotransformati on of organic to inorganic in human

ti ssues, and that was described in a report by Suzuk
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in 1971.

As | nentioned, the kidney had the highest
concentration, and you can see we've got over 3000
nanograns -- These are the nean values that were
presented in this article -- and that the predom nant
formthat was present within the kidney tissue was
inorganic. And as you go through, you can see that
fromthe kidney, as you nove down, there is a quite a
di sparity between the average val ues that were present
in the brain in terns of inorganic nercury and what was
present in the major excretory organ and very little
present in the bl ood.

Again, there was no evidence of toxicity seen
clinically or evidenced norphologically that the
presence of this nmercury was causi ng any del eterious
effect on these ani mals.

One thing that was brought out in this article is they
nmentioned that a critical brain |l evel of nmercury range
from3 to 9 mcrograns per gramin the brain to cause
toxic effects. Wiat should be noted is that even

t hough there were differences anong all these aninmals,

t he highest level in the high-dose aninmals was only 245
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nanograns per gramin the brain and 73 percent of that
was organic. Now, what this article did not provide us
was elimnation data. W do not know how rapidly the
nmercury that was within the ani mals was renoved.
However, one could extrapolate that since this is
present primarily in an inorganic formthat it would
likely follow the types of kinetics that have been
described experinmentally for inorganic nercury. There
was an abstract presented at the 1998 Society of

Toxi col ogy neeting | ooking at a popul ation

phar macoki netic study foll ow ng nercury vapor exposure
in humans that determned that the half-life in the

ki dney conpartnment was roughly nine days. So if you
start thinking of the anbunt that is given as part of a
preservative relative to the accunmul ation that was seen
over six nmonths daily admnistration in this study,
there may be sone disparities in ternms of toxicity

rel evance fromwhat we know in the ani mal studies.

And one of the differences between nethyl and

ethyl mercury, if this is -- and also the inorganic
mercury is that if this is present inorganic form it

shoul d be elimnated nore rapidly than what's known for
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met hyl mercury. It's known that the inorganic forns are
renmoved nore rapidly than nethyl. Also with inorganic,
about 50 percent of the material is elimnated in the
feces without enterohepatic circulation which known for
the nethyl form

In summary, 1'd just like to say that the ani mal
studi es that have been conducted, even though they are
very limted, have | ooked at doses that are greater to
or equal than what's present in preservatives. Wat we
did find in terms of the acute | ethal dose is that
there seens to be sone correlation between the one
human study -- or one human case report that |
uncovered and what the animal studies indicate and that
the presentation does | ook very nuch |ike what's been
described in the literature for the nmercuric chloride
studies and that renal toxicity is the primry
alteration and this occurred only at high doses in al

of these ani mal studies.

This particular change may al so be consistent with the
ki dney being the primary organ of accumul ation that was
seen in this study by Blair. It should also be noted

that at no tine in any of these animal studies that
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have been descri bed was there any evi dence of
neur ot oxi city or norphol ogic alterations anywhere

Wi thin the brain.

This is a very exquisite dermal irritant and all ergen
and as | went through the literature, | found a

pl ethora of reports on allergic reactions and this is a
very inportant issue in its own right, not to downpl ay
anything relative to the accunul ati on of nercury, but
the nercury itself is present within blood and tissues
and generally within the -- as an inorganic. Fromthat
standpoint, its particular relevance in terns of

cunul ative effects and, again, its tissue distribution,
| hope are considered as part of the toxicity

i nformati on when you're deliberating howto | ook at
alternatives and really what the toxicity issues are

wi th thinmerosal.

So that's the end of what | have. Again, it's over
old, very limted, and in difficult-to-find places, and
| thank of our archivists for having sone of these

ol der articles around. If it weren't for them
probably woul d not have uncovered sone of this

i nf ormati on.
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DR. GREENBERG  Thank you, Dr. Engl hardt.
( APPLAUSE)

DR. GREENBERG Well, working with little data hasn't
hurt nost of you in the past.
DR KIM Dr. Kim fromLos Angeles. You provided
data, | think, primarily in adults. Are there any data
available in either experinental animals and inputing
rodents and nonkeys, primarily |l ooking to the tissue
di stribution and netabolismin babies, neonates?
DR. ENGLHARDT: No, there's no neonatal data that 1've
been able to uncover. The last article for an ani nmal
study that | was found was that 1976 article by Blair.

| have not been able to uncover anything in terns of
new studi es that have been published. W did have one
unpubl i shed report on the teratol ogy study, but nothing
in terns of postnatal devel opnment or exposure in the
neonat e.
DR KIM It seens you indicated that nmercury conpound
crosses the blood/brain barrier and the placenta
barrier. | guess at this juncture it is unknown
whet her the exposure of a single dose or chronic doses

may have a del eterious effects on the
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neur odevel opnent al aspects?

DR. ENG.HARDT: That's correct. That's one of the gaps
that | identified, the | ack of the postnatal

devel opnent study. That's typically where we would
pi ck these things up. You expose the fetus as you
would in the teratol ogy study but allow the delivery to
take place and then do the behavioral assessnents
postnatally. And no data relative to that was present
in any of the literature packs. Again, that would get
after your question.

UNI DENTI FI ED SPEAKER: (i naudi bl e) and D sease

Regi stry.

s there any data to show how rapidly the ethyl nmercury
that's broken through (inaudible) the thinerosal?

DR. ENG.HARDT: | did not see any kinetic data ot her
than this biotransformation will occur, not only in
circulation but also in tissues. The report by Suzuk
was cited in an article by Dr. O arkson and the
original article was in Japanese and | was unable to
understand that, but | believe that kinetics were

di scussed because there were x/vebo (phonetic) studies

that were also cited. Unfortunately, | can't give you
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a kinetic nunber for that. Al we knowis that there
is conversion, but how rapidly that occurs, we don't
know.

DR. KILBOURNE: The acute toxicity studies that you
showed -- I'msorry. M nane is Ed Kil bourne fromNC -
- from CDC, NCEH.

The acute toxicity studies that you showed, were those
LD 50's?

DR. ENGLHARDT: Yeah, those are LD 50 or M.D s.

DR, KILBOURNE: And I'msorry, but I didn't get the
units of the organ-specific concentrations that you
showed | ater on

DR. ENG.HARDT: Those are nanogram per gram

DR KILBOURNE: Ckay. Thank you.

DR. ENGLHARDT: So even nuch | ess than what was
presented earlier fromthe Faroe Islands study because
those were all m crogram per gram concentrati ons.

UNI DENTI FI ED SPEAKER: (I naudible) |Is there any
evidence or is there anything known whet her the
conpound, the ethylnercury, is covalently bound to
prot ei ns?

DR. ENGLHARDT: There is nothing on covalent binding to
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proteins. W do know that the nercuric ion will react
w th subhydrol groups. So if you figure the nunber of
sistines that may be present in any given protein, you
can have oxidation of that subhydral reading to a
denaturative event, but there's nothing that says that
there is covalent binding to that particular protein.
Even sone of the in vitro studies haven't addressed
t hat questi on.
DR. GREENBERG  Anynore questions?

(NO RESPONSE WAS HEARD)
DR. GREENBERG  The | ast speaker of the norning is Dr.
Leslie Ball, who is the Medical Oficer at the Center
for Biologics Evaluation, FDA, and she is going to talk
on "Thimerosal in Vaccines."
DR BALL: | would like to thank Dr. Myers and the
ot her organi zers for the opportunity to discuss the
findings of our review on the use of thinmerosal in
vacci nes.
Specifically, what | will be reviewng today is the FDA
safety assessnent of thinmerosal in vaccines. W
concentrated our review on vaccines that are used in

infants because this is population that is receiving
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the | argest dose of thinerosal per kilogram and,
because the devel oping brain of infants, may be

af fected by a nercury-containing conpound, i ncluding
preservatives.

| think nmuch of this has al ready been covered. W all
know that thinmerosal is the nost widely used
preservative in vaccines. It's present in over 30

| icensed U.S. vaccines, in concentrations of .003
percent to .01 percent. And in the recently
collated call-for-data from manufacturers, the

manuf acturers reported a total of 32 |icensed vaccines
that contained thinmerosal. It's inportant to note that
| ist contains products that are currently |icensed and
in production and distribution. And we know that there
are a great deal nore vaccines that are no |longer in
production and distribution but have been licensed with
t hi mer osal

As Dr. Zune nentioned earlier this norning, the FDA has
been exam ning the uses of nercury-containing
conpounds, specifically intentionally introduced
mercury into food and drugs, as a result of the FDA

Mbder ni zati on Act of 1997.
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This act had three conponents. The first was to
provi de Congress with a list and anal ysis of the food
and drugs containing nercury. This is the only
conponent of the FDAMA that had a statutory deadline.
The statutory deadline was two years fromthe date of
enact ment, or Novenber 18th, 1999.
Under this provision, the FDA issued two call-for-data
in the Federal Register that was directed at vaccine
manuf acturers, and this was a voluntary call for
information. The first one was published in Decenber
of 1998 and the second was published in April of 1999.
The latter had a due date of June 1st, 1999.
The other two conponents consisted of the effect of
mercury in nasal sprays and, finally, for the FDA to
study or contract with the Institute of Medicine to
study the health effects of nmercury in food and drugs,
specifically the adverse effects on the health of
children or other sensitive populations. And it was
with this latter caveat in mnd that we undertook our
revi ew
In terns of the relevance of this, well, you know, it's

been nmentioned that there's been an increase in the
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nunber of vacci nes recomended for routine use in
infants, and there's a potential increase for exposure
of infants to nercury in the formof ethylmercury from
t hi mer osal

One thing I want to enphasi ze, you know, | think we've
all heard about the |ack of data both in humans and in
animals regarding thinerosal. But one thing that we
kept in mnd is that the absence of data of a harnfu
effect for a |lowlevel exposure of infants to

ethyl mercury is not the sane as data denonstrating the
safety of thinmerosal, particularly the type of effect
that we're likely to observe. 1It's not likely to be
clinical toxicity, it may not even be pathol ogi cal
toxicity, but it may be cognitive effects that we are
concerned with, such as observed wth nethyl nmercury.

| put this slide up to remnd us that life was sinpler
not too long ago. This schedul e was taken fromthe
1988 Red Book -- This was when | was a pediatric
resident -- and it denonstrated that during the first
six nmonths of life, infants only received five vaccines
and only three of which, the DIP, contained thinerosal.

The H B vaccine here at this tinme was recommended at
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the ei ghteen-nonth visit.

This slide was adapted fromthe 1999 ACI P, AAP, and
AAFP Routi ne Chil dhood I nmuni zati on Schedul e. As you
can see, we have several new vaccines in the infants'
schedul e, including hepatitis B and HI B vacci ne during
the first six nmonths of life.

Al so note the bars here for sone of the vaccines that
denote the inherent flexibility in when a vacci ne can
be adm ni stered according to the schedul e.

Dependi ng on the particul ar brand of vaccine, as well
as the schedule that is used, an infant may receive as
many as ni ne vaccines during the first six nonths of
life that contain thinmerosal.

| think these -- thinmerosal human toxicity has been
reviewed in performng our safety assessnent reviewthe
published literature on the toxicity of thinmerosal, and
as | stated, there have been three toxicities
identified. Sensitization reaction, specifically

del ayed type hypersensitivity reactions were descri bed
in multiple reports after doses that are found in
vaccines. |It's inportant to note that the latter two,

neur ot oxi city and nephrotoxicity have only been
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observed in very high doses and also with regard to

i nadvertent overexposure of thinerosal.

|"ve put together a summary |list of the reports that we
had, references for acute toxicity other than a
sensitization reactions. The first report that | could
find, well, was really just a sunmary report, 1941,
where it | ooked at the therapy of bacteri al
endocarditis, and it reported four cases, one of which
had mercury poi soning on autopsy. It was not otherw se
speci fied how that was determ ned, or where, and which
organs were determ ned.

Secondly, there's a report by Axton in 1972 with

chl oranpheni col that inadvertently had 1,000 tines the
dose of thinerosal added as a preservative.

The next case was 1977, where Fagan reported treatnent
of onphal ocel es in neonates that received this. This
is an abdom nal wall defect, and they had this

t hi merosal coated on, and the 13 infants -- this was
pronpted on the basis of a sudden death of one of the
infants, and they went back and revi ewed the cases.
This is a hospital for sick children in Toronto. And

t hat out of the
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ten of those died, nine of them had autopsy results, and

there were nercury levels in the blood, liver, brain,
and ki dneys that were -- that were established in those
cases. However, | would also note that simlar to as

has been described with the previous animl data, is

t hat pat hol ogi cal changes were not denonstrated.

Wth regard to Matheson, in 1980, reported a case of --
and this may be what Dr. Engler was referring to, of
gamma gl obul in, accumul ati ve dose. Rohyans in 1984
reported the use of thinerosal irrigation of the
external ear with tynpanotony tubes.

And Lowell, in 1996, reported the use of intravenous
HBI G off |label, after a liver transplant, and the
final citation was the report that was previously
mentioned in the Pfab, 1996, of the thinerosal suicide
attenpt, 83 ng/kg was ingested. This patient did
survive, but the patient did have Cand S -- sone C and
S effects that was observed at tinme that he was
maximally ill, as well as devel opi ng pol yneur opat hy and
respiratory failure.

And to summari ze these studies, some of the effects

that were seen were | ocal necrosis, acute henvolysis,
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di ssem nated i ntravascul ar coagul ation, acute renal
tubul ar necrosis, obtundation, coma, and deat h.

It's also inportant to note that we found no evidence
of data on thinerosal toxicities at the doses found in
vaccines in the published literature. W queried the
VAERS dat abase for reports of adverse events attributed
to thimerosal. W found 45 reports fromthe nore than
90,000 total reports that were submtted between 1990
and 1998.

It's inportant to renenber that here

S -- you see that nost of the reports involve |oca
hypersensitivity reactions. The nbst common vacci ne
that was identified was hepatitis B. And it's
inportant to realize the limtations of this data.
Causal ity cannot be inferred both because of the

passi ve nature of VAERS and the many antigens present
in vaccines in addition to thinerosal.

Because of this lack of data on | ow dose thinerosa
toxicity, we made the conservative assunption, and

per haps controversial assunption as we'll hear and

we' ve heard al ready, that ethylnercury toxicity was

anal ogous to nethylnercury toxicity. Since thinerosal
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is metabolized to ethylnmercury, we |ooked for the --
for evidence of chronic effects of nethylnercury to
identify risks fromchronic | ow exposure to thinerosal
Qobvi ously, this assunption will be the point of the
next session and the discussion in nuch of this
wor kshop.
Based on two types of exposure, the first was poi soning
in the Mnamata Bay in Japan and, secondly, Iraq
pesticide contam nation with nethylmercury. And the
second cane from popul ati on-based studi es, | ooking at
popul ati ons eating ethylnmercury-contam nated fish in
the daily diet, such as the Seychelle and the Faroe
| slands. W concl uded that one of the possible risks
of | ow dose thinerosal exposure may be devel opnent al
del ay.
On the basis of these -- the studies that | nentioned
with regard to nethylmercury, several organizations
have set safe limts for exposure from nethyl nercury,
primarily fromthe diet, and these have all been
alluded to. EPA has set a limt of 0.1 mcrogram per
kil ogram per day; ATSDR has set at .3 mcrogranms per

kil ogram per day, with the FDA at .4 m crograns per
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ki | ogram per day.

And | think one thing that I noted when we -- we noted
when we did the review was that the EPA report -- sent
a report to Congress that was submtted in Decenber of
1997, only nmade a very tangential reference to nercury
in vaccines, and the nercury toxicol ogical profile that
was published by the ATSDR al so did not | ook
extensively at the issue of ethylmercury from

t hi mer osal and vacci nes.

And | think we'll hear in great detail the caveats that
must be nentioned when using this kind of anal ogy.
First, as we nentioned, the assunption was that the

nmet hyl mercury toxicity is the sane as ethyl nercury, and
this will be discussed and debat ed.

Secondly, we did not take into consideration

di fferences in pharnacokinetics, such as the root of
adm nistration. Methylnercury is ingested orally on a
usual ly |l ow | evel basis, whereas the root of

adm nistration for thimerosal is intranuscul ar, kind of
in a bolus-type exposure.

Also, there is, as | nmentioned, differences in daily

schedul e and the magni tude of doses and the possible
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differences in elimnation, and we've already heard
about sone of those differences.
So next what we | ooked at was what the exposure of
infants to methylnmercury is fromthe U S. Recommended
Vacci nati on Schedul e and how it conpares to suggested
limts for safe intake of nethyl nmercury.
As | nmentioned, this is the final concentration of
thimerosal in vaccines. It is -- If it's present in
mul ti-dose vials, it's often but not always present in
singl e-dose vials. One exanple of this is H B vacci ne.
And as we have heard, thinmerosal is 49.5 nercury by
weight in the formof ethylnmercury. An exanple of the
cal cul ation of the anobunt of thinerosal -- |I'msorry,
t he amount of nmercury can be done this way. Hepatitis
B vaccine is .005 percent thinmerosal and is added in
the final concentration. |It's 15 m crograns of
thimerosal per 1 ml, or 25 mcrograns of thinerosal per
half and m, which would translate into 12.5 m crograns

of nmercury for a half-a-m dose.

These are the U.S. |icensed vacci nes contai ni ng
thimerosal. W've all seen this in the AAP interim
report. There is additional vaccines that are -- that
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contain thinerosal, | think as was pointed out.
I nfl uenza, all of the vaccines contain thinerosal. 1In
addition, there is one pneunococcal vaccine that
contains thinerosal and one that does not.
This list is alist of thinerosal-free U S. licensed
vaccines that are given routinely in infants and
children. This is not an exhaustive list. Qbviously,
there are nore vaccines that do not contain thinerosal.
But you can see DraP, there is one. H B, several
preparations. There's a conbination H B/ hepatitis B.
Then there are these additional vaccines. There are no
U S licensed thinerosal -free products for these
vacci nes.
So next what we did was, we cal cul ated the nmaxi num of
exposure of thinmerosal fromvaccines and infants |ess
than or equal to six nonths of age. And at six nonths,
according to the recommended schedul e, an infant may
receive three DTaP vaccines, three H B vaccines, three
hepatitis Bif it's given on the schedule in which the
| ast dose is at six nonths, and in sel ected
popul ations, influenza vaccine may be given. | didn't

include this in the final calculation except in the
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bracketed form But as you can see, the total anmount -
- the total maxi mum exposure fromthe U S. schedul e
woul d be 187.5 m crograns.

My apology to Dr. Bernier in advance for this slide. |
think that this can be msinterpreted and
overinterpreted, but | just wanted to say that the
reason why we prefornmed this exercise i s because of the
| ack of data that we had. And what we did here is, we
used the suggested |limts for safe intake for

met hyl mercury fromthe EPA, ATSDR, and FDA that was
previously shown, and it cal cul ated the anount of

met hyl mercury for safe intake during the first six
nonths, or first 26 weeks, to | ook at what the maxi nal
exposure would be in that six weeks -- six nonths.

And we calculated this for the 5th, 50th, and 95th
percentile for female infants, which provides the nost
conservative estimated limt of intake. As described
by these box figures, only EPA guidelines were exceeded
using the assunptions |isted here.

Since these cal culations are hypothetical, we | ooked to
find data that nmercury | evels can be increased at

vaccination. This study was found in an abstract in
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"Clinical Toxicology" |ast year. A manuscript based on
these data has recently been accepted for publication
by General Pediatrics. This was done at Enory, and |
think Dr. Plotkin had already nentioned this, but they
| ooked at 15 pre-terminfants. Mean weight was at 748
grans for those infants and five terminfants with a
mean wei ght of 3.5 kilograns. These infants received
hepatitis B wthin the first 48 hours of life, as was
the practice for all pre-terminfants in that hospital
even though that did not agree with the AAP
reconmmendat i ons.

O note here, as was previously noted, was an increase
in mercury |levels seen post-vaccination when conpared
W th pre-vaccination, and this change was nore
noticeable in the pre-terminfants. And | think that
there can be problens with the nethodol ogy of this
study, but | think the change here is what is salient.
And we put up this slide to showthat there is a

m ni mum exposure of mercury fromvaccines given to
infants in the U S. schedule. For instance, |ess than
six nmonths, you can -- there can be a total of zero

given if you utilize this certain schedule with certain

NANCY LEE & ASSOCI ATES




121

pr oduct s.
O course, infants with hepatitis B surface-antigen-
positive nothers or nothers of unknown status woul d
still receive hepatitis B at birth.
I n conclusion, we found that published reports of
thimerosal toxicity in the formof |ocal
hypersensitivity reaction at the doses found in
vacci nes, that there was evidence of acute
nephrotoxicity and neurotoxicity at very high doses.
Thi merosal as a preservative in vaccines given in the
first six nonths of life may result in the intake of
ethyl mercury that exceeds the EPA safe limts of intake
for nmethylnmercury, recognizing all the caveats that we
-- that were previously stated. And, finally, infant
exposure to nercury from vacci nes nmay be avoi dabl e by
the use of thinerosal-free products.
And | wanted to acknow edge the contributions of Dr.
Bol ger from Center for Food Safety, Dr. Baylor, and Dr.
Gol denthal, as well as the other participants in this
review, Dr. Ball and Dr. Pratt.

( APPLAUSE)
DR. GREENBERG  Thank you, Dr. Ball.
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We have sone tine for sonme questions. Dr. Plotkin?
DR. PLOTKIN: Yeah. | have a question concerning the
cal culation, just so that | can understand it.

If, let's say, for the 50th percentile, the EPA vyou

cane up with a figure of 95 mcrograns. That's based

on exposure -- | assune that's based on 0.1 m crograns
per kil ogram per day. |Is that correct?
DR BALL: I'msorry. Are you talking about the nunber

that we had on the charts?

DR PLOTKI N Yes.

DR. BALL: That is based on the -- For each of them we
did -- for EPA ATSDR, and --

DR. PLOTKIN: Yes. And so in the EPA case, it would be
0.1 m crogram per kil ogram per day?

DR BALL: Unh-huh (affirmative).

DR. PLOTKIN. And that's based on how many days?

DR BALL: It's 26 weeks of life, six nonths.

DR. PLOTKIN: Six nonths. And the nunber of vaccines,
then, up to the six-nmonth visit were cal cul ated?

DR BALL: Right.

DR, PLOTKIN: Is that right?

DR BALL: Right. And that is assum ng that on -- that
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at the six-nmonth visit, you know, with the maxi num
exposure, that they would have received all of the

t hi mer osal - cont ai ni ng vaccines at that visit.

DR. PLOTKIN. M question basically is: Wuld it be,
in your view, nore or less logical to use seven nonths
as the figure, considering that the six-nonth dose has
to be observed, et cetera?

DR BALL: That's a good point. | think there -- that
Dr. Bernier and | have had this discussion, and, you
know, | think that getting into -- without getting into
the details, seventh-nmonth may be very appropriate, but
we were using a maxi mal exposure, given the fact that
infants may receive those vaccines at the six-nonth
visit. | think the main point is that -- And | don't
have the slide there -- is that for both Dr. Bernier's
cal cul ations, as well as mne, only the EPA guideline
was exceeded, not the others.

DR. GREENBERG Can | ask for just a clarification for
nme?

Presumably what, Stan, you were getting at is that
there's a blip of exceeding at six nonths, but if you

sort of -- if you charted nonth 1, 2, 3, 4, 5, 6, 7, 8,
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9, you would only see exceedi ng the EPA gui deline at
the six-nonth cal cul ation, the seventh-nonth would then
be bel ow again, or do we know that?

DR. PLOTKIN: It was just the -- Since it's a

mul tiplication of mcrograns per kilogram per day, if
you use seven nonths --

DR. GREENBERG  You have nore days.

DR. PLOTKIN: Right, there are nore days.

DR. GREENBERG Well, then if you use eight nonths, you
have nore days --

DR. PLOTKIN. Agreed, agreed.

DR. GREENBERG So what |'m asking is, has sonebody
calculated this with a graph with each -- you know, for
each day for a year, and say on how many days of a year
you're in excess of EPA guidelines?

DR. BALL: There has been that calculation, and if |
can get it, I'll pull it up, but -- I don't want to --
You know, | hesitate showing -- Dr. Barry Rumak
(phonetic) did a pharmacoki netic-kind of eval uation.
However, you know, | -- I'mnot -- he's not here to
explain the cal cul ations that were done, but | don't

know if this can be projected. |Is there a possibility
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for projecting this?
DR. GREENBERG |Is there sonebody back there? Yeah.
Thank you.
DR BALL: | don't knowif -- This is, you know, a
representation of the hypothetical cunulative nmercury
body burden fromvaccines in the first six nonths of
life and | ooking at the kinetics of it. And, again,
this is hypothetical because there aren't good data on
elimnation, but this is the EPA standard and this is
the ATSDR standard . . . if that helps you. |'msorry,
l"msorry. | reversed that. EPA, ATSDR If that
hel ps graphically .
DR. CLARK: M. Chairnman?
DR. GREENBERG Can we have the lights back on? Thank
you.
DR. CLARKSON: |'m Tom C arkson from Rochester.
talked with Dr. Barrett about these -- his
calculations. Do you mnd if | just show a
transparency? |'ve done sone simlar calculations on
this topic. Do you have tine?
DR. GREENBERG  Sure, if you can nove quickly.

( LAUGHTER)
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DR. CLARKSON:. This is very simlar to what's been

tal ked about as to how frequently these infants get the
thimerosal. The assunption is, fromny coll eague from
FDA, that there's a vaccine at birth where they get
about 12.5 mcrograns. There's a vaccine at two nonths
where they get 62.5, one at four nonths where they get
about 50, and one about six nonths where they get about
62. |I'mindebted to Dr. Halsey, | think, for sone of

t hese nunbers here.

A cal cul ation based on distribution in the body, with
about 5 percent of the dose -- This is using

met hyl mercury statistics, not ethylnmercury -- with
about 5 percent of the dose going to the body burden
and about -- the blood volune, which Dr. Hal sey gave
me, of 8.5 percent bodywei ght, you get blood nunbers
like this, that there is this sawtooth effect of a
sharp rise, as you mght inmagine, after each

vacci nation, and sort of gradually rising to |evels of
doing 20 and 25 parts per billion in bl ood.

The two lines, one is for the very | ow bodywei ght
infants, three standard devi ati ons bel ow t he nornmal ,

and the other is for the 95 percentile and that's -- A
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key calculation in this is whether or not any excretion
took place during this six-nonth period. There is no
information on that with regard to hunmans. There is
information with ani mal s which suggests that they do
not excrete nethylnercury or inorganic nercury during
the suckling period, and this is one of the big
guestions we have for humans, whether any excretion

t ook pl ace.

Here the cal cul ation, just assune there was a dilution
due to the growh of the baby, an increase in the

vol une of distribution of nercury. These |levels of 20
parts per billion are about the WHO upper safe limts
for the general population. For EPA guidelines, they
wi Il be higher than this. | think the EPA guideline
woul d give a blood | evel of about five or four parts
per billion. So it depends which agency's point of

vi ew you t ake.

The toxic effects of ethylnercury on grow ng infants,
as has been pointed out, is unknown, but with

met hyl mercury effects have not been seen in popul ations
at 20 or 25 parts per billion, but may have been seen

at levels as low as 40. Thank you.
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DR. GREENBERG  Thank you.

Do we have ot her questions?

DR. GERBER M chael Gerber, NIAID. Let's see, I'ma
little bit confused about your description of that
report from Toronto and the neonates who died --
neonat es who died after the thinmerosal exposure. You
said on postnortem examthere was no pat hol ogi cal

evi dence of acute nercury toxicity. D d the authors
believe that the nmercury was the cause of death, or was
t here sone ot her cause of death?

DR BALL: It was not -- it was not nentioned. There
was a -- The index case was one case that died
suddenly, and they nust have had sone reason to exam ne
nmercury, because then they | ooked the previous 13

i nfants who had onphal ocel es treated wi th thinerosal
and -- and this is the -- and they canme up with nine of
t hem who had necropsies and got tissue nercury |evels
on those infants.

DR. GREENBERG Di xi e?

DR. SNIDER. Dixie Snider, CDC. Leslie, a very sinple
question: In the tables and the graphs I was | ooking

at, I'mnot clear on what's being conpared. As |
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recall your calculations -- but the m crograns you were
comng up with were -- in thinerosal were m crograns of
mercury.

DR BALL: Exactly.

DR. SNIDER. The EPA, ATSDR, FDA |imts, are they
met hyl mer cury?

DR. BALL: Methyl mercury.

DR. SNIDER. So you're conparing nercury to

met hyl mer cury.

DR BALL: Well, fromthinmerosal, it's ethylnercury.
DR. SNIDER  Since it's nost --

DR BALL: Right.

DR. SNIDER  But your cal cul ati ons were actual

m crogranms of mercury?

DR BALL: It's in the formof ethylnercury.

DR. SNIDER. So are you conparing ethylnercury to
nmet hyl nercury or --

DR BALL: Yes.

DR. SNIDER -- ethylnmercury to methyl mercury?
DR. BALL: Ethylnercury to nethyl nmercury.

DR. SNIDER  In m crograns?

DR. BALL: In mcrograns.
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DR. SNIDER. Ckay. So, ideally, you would do noles --
DR BALL: Right.

DR. SNIDER -- but since that doesn't -- there's not
much nol ecul ar wei ght difference, it's going to be

cl ose.

DR. MAHAFFEY: Kate Mahaffey, U S. EPA

The references for nmethylnmercury is set assum ng
there's not a | ot of exposure to other sources of
nmercury. Are the infants exposed to additional sources
besi des the vacci nes? Because we know that they --
those that are breast fed, at |east, have an ongoi ng
exposure to nercury fromtheir nothers.

DR. BALL: Yeah, that's an excellent point. 1In the
cal cul ati ons, we were assum ng no ot her exposures.
And, in fact, infants are exposed to nmercury from ot her
sources, even infants that aren't eating tuna fish
sandw ches, but naybe getting exposed through the
breast mlk, or, prenatally, have nercury |levels, as
you saw in the abstract, probably also related to

ei ther ingestion of fish in the nother or from dental
amal gans.

DR. MAHAFFEY: And is there any effort to | ook at these
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addi tional sources of nmercury and incorporate themin
the cunmul ati ve exposure to nercury that you've
described fromthe vacci ne?

DR. BALL: You know, there weren't any references that
| was aware of that had good data on the alternative
exposures. So | think that would require an effort

wi th the various agencies that do have expertise in

| ooki ng at those other exposures.

DR. GERBER  Gerber, NIAID. | just have a question for
Dr. d arkson.

When you were tal king, you were talking in terns of
parts per billion, but your "Y' axis was in mcrograns
per liter. Are you just assum ng those are sane thing?
DR. CLARKSON: That's the sanme, yes. Right.

DR. ROGAN: |I'mWalter Rogan from N Environnenta
Heal t h Sci ences.

As Dr. Plotkin pointed out, the choice of the

denom nator for time is kind of arbitrary and
scientifically, | guess, it would depend on your nbdel
for how you think toxicity is occurring. And although
| think it could be argued that toxicity is directly

related to cunul ative exposure, | think that for this

NANCY LEE & ASSOCI ATES




132

class of conpound that, you could al so nmake an ar gunent
that toxicity is related to peak excursion. So just an
argunent, it could be nade to go in the direction of
seven nonths, or eight nonths, or nine nonths. The
argunent could be nmade to go in the direction of one
day and how high you got on the day of vaccination. So
it"'s not a-- it's not a -- the sixth-nonth is not a
maxi mumin ternms of consideration of toxicity. |It's
just sort of an internediate |evel that they, you know,
chose to display.

UNI DENTI FI ED SPEAKER: Dr. (inaudible) from CBER  Just
a point of clarification. The EPA nunbers are in

m crograns per kil ograns per day?

DR BALL: Correct.

UNI DENTI FI ED SPEAKER: And in your cal cul ations, how
did you -- I'"'mnot clear on how you | ooked at the
bodywei ght of the babi es.

DR BALL: Qurs were in total mcrograns. And they
were total mcrograns, but -- and then when we did the
cal cul ati ons, we used the weights for the 5th
percentile, 50th percentile, 95th percentile. So we

took into consideration the weight of the infant.
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UNI DENTI FI ED SPEAKER: So one of the percentil es was
about 400 m crogranms. That was m crograns per kil ogram
bodywei ght ?

DR BALL: That was the maximum-- Are you talking
about with the guidelines, the graph on the guidelines?
UNI DENTI FI ED SPEAKER:  Yes.

DR. BALL: Those cal cul ations were based on the total
safe intake that you would cal cul ate for that weight of
infants. So if it was, for exanple, 5th percentile
infants, you would use that weight to reach that tota
maxi mum | evel , using the anal ogous EPA, ATSDR, or FDA
st andards or guidelines.

UNI DENTI FI ED SPEAKER: That wasn't clear in the
presentation. Thank you.

DR. GREENBERG W have a mnute left for a quick
questi on.

DR. MYERS: Martin Myers, NVPO

Leslie, just in your review, what proportion of
vaccines in the first six nonths are actually
distributed in nmulti-dose vials?

DR BALL: | think that CDC has those data and w Il be

presenting those this afternoon.
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DR. GREENBERG W now have thirty seconds for one nore
guestion. Last question.

DR. FISHER  Yes. Barbara Lowe Fisher with the
Nat i onal Vaccine Information Center.

I"d just like to congratul ate the FDA on performng
this analysis and for taking the action that it did to
ask the manufacturers to take thinerosal out of the
vaccines. | think that the public expects a strong and
effective FDA, and that this kind of action, where it
may tenporarily cause questions about vacci ne safety,
inthe long run, it's going to instill confidence and
trust in vaccines and in the system

| have one question. On your total of 187.5 for the
vaccines in the first six nonths that are given, you
used DTaP, three doses for DraP for Anmerican infants.
What woul d the total be if DPT were used, because sone
infants are still getting DPT?

DR BALL: It's the sane.

DR. FI SHER  The sane thing?

DR. BALL: The same anount.

DR. GREENBERG Ckay. On that note, 1'Il call the

neeting to an end. [1'd like to thank all the speakers
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who did a great job.
Now, you have one hour for lunch, so you have to be
back here at 1:00.

(LUNCH RECESS FROM 12: 00 NOON TO 1: 04 P. M)
DR. GREENBERG Well, this afternoon we're noving onto
a couple of other inportant areas, and the first is
going to be the organonercurials, and we have two
substantial talks. The first is by Dr. George Lucier,
who is the Director of the Environnmental Toxicol ogy
Programat the NIH, and he's going to talk to us about
"Et hyl and Met hyl nercury: Pharmacoki neti cs and
Toxi col ogy. "
DR, LUCIER  Thank you. | think. Actually, this
invitation to speak here was accepted by ny office
staff when | was vacationing and canping in the
Adi rondacks and not accessible to any phone. So Martin
coerced ny office staff into me accepting this, but I'm
glad they did. | think it's an appropriate activity
for me to participate in.
| believe the reason that | was asked to give this
presentation is that beginning in 1997 -- | should

point out, first of all, that I'mnot a nercury
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researcher, although | did have a couple of papers back
inthe early 1970s. | have a research group, but it's
in receptor-nedi ated tal ks agai nst di oxi ns and
estrogens and so forth. But ny invol venrent with
nmet hyl mercury energed in 1997 when | was asked to chair
an i nteragency review of EPA's report to Congress,
whi ch, of course, was due in the end of 1997. | was
assured that this activity would only last two nonths.
But while this was going on, ATSDR rel eased a draft
toxic profile. Phillipe G andjean published his papers
i n neurobehavi oral changes observed in the Faroe Island
children exposed prenatally to nmethylnmercury, and a
nunber of other activities energed that really called
for attenpts to harnonize across federal agencies what
the science was telling us and what it wasn't telling
us regarding nethylnmercury, particularly as it rel ates
t o devel opnental neur ot oxi col ogy.
These activities led to a workshop that we had in North
Carolina in 1998, the fall of 1998, about eight or nine
nont hs ago. In that, we addressed in a very rigorous
way the major studies that had been used in health

assessnents for methylnmercury toxicity. W had
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remar kabl e cooperation fromthe interagency conmttee,
i ncl udi ng EPA, ATSDR, FDA, NOAA, the relevant parts of
CDC, and ot her agencies as well and equal ly renarkabl e
cooperation fromthe major investigators who's studies
we were reviewing. Tom C arkson, who's here, and
showed one of his overheads this norning, which

t hought was particularly insightful, as well as
Philli pe Grandjean and Donna Merguler, who is
conducting sone studies in the Amazon.

That's nmy name and where I'mfrom M presentation
will be, in a sense, two parts. And the first part is
a summary of the interagency activities that we' ve had
regardi ng nethyl nercury, particularly the areas of
agreenent and the findings that energed out of our

wor kshop in 1998.

And the second is what we know, and that's witten very
small, it probably should be witten smaller, and don't
know About ethylnmercury.” That'll be a shorter part of
the presentation because, as you heard this norning
froma nunber of the speakers, there just isn't too
much information out there on ethylnmercury. 1"l

di scuss a few issues that perhaps weren't presented
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t hi s norni ng.

The purpose of the workshop was to di scuss and eval uate
the maj or studies, epidem ologic studies, associating
nmet hyl nercury exposure with an array of devel opnent al
measures in children. It was in response to the

requi renent that the enmerging data fromthe Seychell es
and Faroe Islands undergo a | evel of scrutiny beyond
journal peer review if they are to be used in policy
setting.

So, keep in mnd, this was an extraordinary rigorous
reviewin such a way that | think is rarely done in
terms of individual papers. This workshop involved
presentations by the groups who were conducting the
studies, really a barrage of questions about what they
did, howthey did it, how they analyzed the dat a,
information that really isn't found in the published
literature, and can't be found, because the journals
woul d never allow publication of that volune of

i nformation.

This was really done under the inpetus of the Wite
House Science Ofice, the Ofice of Science Technol ogy

Policy. Fran Sharples (phonetic) there was the point
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person. It involved a nunber of different agencies
shown here. | hope you can read it okay. A nunber of
institutes, agencies within DHHS;, the N EHS, which is
where I'mfrom Bill Raub's Ofice of the Assistant
Secretary for Planning and Eval uati on, and, of course,
he' |l give the next presentation and share the panel
di scussion; parts of CDC, ATSDR, FDA; agai n EPA; NOAA;
OSTP; and also the Ofice of Managenent and Budget who
was involved in this.
So you should keep in mnd, as | go through what |'m
going to say, in ternms of the points that | make,
they're really not ny points. It's really the points
of this interagency activity that basically was
approved by all these various agencies and, in a sense,
al so approved by the major investigators whose studies
we were review ng, and generated by the reports, sub-
reports, that were prepared by each of the panels, and
"1l get to those later.
First of all, a nunber of key issues that we kept in
mnd as we went through the interagency deliberations.
| think it's inportant to point out here that we hear

a |l ot about interagency differences, particularly in
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regards to the nethylmercury issue. It is clear that
we do differ. Agencies do differ in some respects, but
there are nmuch nore areas of agreenent than there are
areas of disagreenent, and let ne go through sone of
these issues that we are cogni zant of before the
wor kshop began.
One, nethylnmercury is a devel opnental neurotoxin in
people. There's nmultiple publications, from M nanat a,
Irag, and others to docunent that. The devel opi ng
fetus is roughly ten tines nore sensitive than adults.
This is a rough estinmate, but probably not too bad of
one. | think Tom C arkson nmade that original estinate,
and fromny read of literature it can't be too far off.
The relative sensitivity of infants to nmethyl mercury is
unknown, but they are likely nore sensitive than
adults. W really don't have information in infants.
W have to keep in mnd that the central nervous system
and the brain is still undergoing assenbly and it's
likely it would be sensitive to toxic insult, but we
really have very little information, nothing near the
extent that we have for prenatal exposures of the

devel oping fetus and also for adults. W just don't

NANCY LEE & ASSOCI ATES




141

have much for infants.

Effects -- This is a no-brainer. Effects at |owlevel
exposures are difficult to evaluate. Methylnmercury is
ubi quitous and nearly everyone has sone exposure. Kate
Mahaf f ey brought that point up in the question and
answer to the last presentation, that virtually
everyone in this roomhas sone degree of nethyl nercury
in their bodies. So any additional exposure that's
received -- and infants have sone as well through

| act ati onal exposures and ot her sources. Anything we
receive is really an increnental exposure to what's
already there. So we need to be especially cognizant
of the issues related to cunul ative health assessnents
fromthe nmultiple sources of nmethylnercury, nercury in
vacci nes only being one of them

Finally, initial efforts to establish safe exposure

| evel s acknowl edge the need for further studies in
popul ations with low | evel s of exposures. And that's
really what |led, back in the 1990s to early 1990s,
funding for the studies in the Seychelles and the Faroe
| sl ands, because of a need to have this information

after seeing that the developing fetus was really at
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ri sk based on the data from M namata and al so from
I raq.
The workshop that we had was structured around the
del i berations of five panels, and these are five panels
that were basically external to the federal governnent.
| think of the 27 panelists that we had, | think there
were only two representatives fromthe federal
governnment on them Walter Rogan fromthe NI HS was one
of them and he's here today and coul d perhaps help ne
answer sone questions regardi ng the neurobehaviori al
endpoi nt s.
But these are the areas that we felt that needed to be
addressed in a critical rigorous way regarding those
maj or studies: exposure, neurobehavioral endpoint,
confounders and vari ables, design and Statistics, and
we al so had a group | ooking at experinental studies,
studies in rodents, studies in nonkeys, to see whet her
or not the experinental nodels were simlar to what we
were seeing -- gave results simlar to what we were
seeing in people. |If that's the case, then it gives us
nore confidence in using those experinmental studies in

public health assessnents.
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Maj or studies that we | ooked at was Iraq, where the
consunption of bread prepared from wheat seed treated
wi th nmethyl nercury fungicides; the Seychelles, the
consunption of fish as a significant source of dietary
protein; and the Faroe |slands, where the consunption
of pilot whale neat which contains higher |evels of
met hyl mercury than local fish. 1'Il get back to the

i nportance of sone of the consunption habits in a

m nute or two.

These are the outcones, and | hope you can read that
okay. | recognize that it's somewhat small

In lraq, affected individuals consune 50 to 400
mlligrams of nethyl nercury over six nonths. Motor
retardation was seen in infants born of nothers with
hair levels in the 10 to 20 part per mllion range.
Now, there were effects seen at much higher |evels,
obviously, but this was as | ow as the eval uations could
get, and maybe Tom C arkson in his coments coul d

el aborate on that if necessary.

We really spent the bulk of the tinme in the Seychelles
and the Faroes. In the Seychelles, infants were born

of nothers with nean hair |evels of 6.8 parts per
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mllion, the range of .5 to 27. No devel opnent al
effects were detected using standardi zed neasures of

gl obal neurol ogical function in children up to 66
nonths of age. There is also prior |ooks at

devel opnment al aspects, | think, at 29 nonths of age as
wel | .

In the Faroe Islands, infants were born of nothers with
mean maternal hair levels of 4.3 parts per mllion,
very simlar to what was observed in the Seychelles, in
a simlar range. They also had nean cord bl ood
concentrations, and | just noticed | ooking at this that
it's not parts per mllion, that it's parts per

billion. So the range of 22 parts per billion, a range
of .9 to 351. Quite a broad range.

The Faroe study assessed the nain specific effects,
which are different than the gl obal neasures in
neur ol ogi cal function. Test of nenory, attention, and
| anguage were negatively associated with nethyl mercury
exposure in children up to 84 nonths of age. So these
kids were 84 nonths of age and 66 nonths of age, up to
66 nonths of age in the Seychelles. |It's inportant to

note that the foll owups continue in both of these
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studies with Tom C arkson's group, as well as with
Phillipe Grandjean in the Faroe |slands.

Vell, why is the Seychell es study negative and the
Faroe study positive? That was a big question for the
wor kshop, and |I'mgoing to not present all the
information, but 1"mgoing to briefly go over sone

i ssues relative to exposure, study design, confounders,
and data anal ysis that could possibly account for the
di fferences.

In regards to exposure, we had quite a bit of

di scussi on about cord bl ood versus hair |evels, but I
think the overriding conclusion of the panel was that
hair levels are a pretty good nmarker of nethyl nmercury
exposure. Cord blood is a good marker as well. Each
of them have their advantages and di sadvant ages, but
there's a wealth of literature now on hair |evels of
nmet hyl mercury as a marker of exposure.

| was just reading in the, flying up here this norning,
USA Today, and there was an article about Andrew
Jackson and why he died, and sone people, | guess, had
theorized -- | hadn't known that -- that he had di ed of

nercury poisoning. But 200 years later, nearly 200
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years later, they analyzed his hair and found there's
not enough nercury in Andrew Jackson's hair to account
for his death. So it has to be a pretty good marker of
exposure to be used 200 years later to help ascertain
t he cause or what was not the cause of death in the
case of Andrew Jackson

The second issue was -- And this one | think was
particularly inportant and may be relevant to the
vacci ne i ssue -- exposure in the Faroes was consi dered
to be nore episodic than in the Seychelles. In the
Faroes, basically, there's about one pilot whal e neat
meal consuned per nonth, maybe one to two fish neals
consuned per week. In the Seychelles, | think it was
sonething like ten neals or so of fish that were
consuned per week. So it was a nuch nore spiked
exposure, if you could look at it that way, in the
Faroes as conpared to the Seychelles. Many of the
panelists in our review groups felt that this is

possi bly an inportant factor in accounting for the
differences in results between the Faroes and the
Seychel l es, particularly when you consider that we're

| ooki ng at wi ndows of sensitivity for the devel opi ng
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nervous system

Third, exposure response relationshi ps were based on
surrogate nmarkers and hair or blood concentrations in
fetal and children's brains can only be esti nated.
VWhile this is true, | think for the reasons that |'ve
said before, I think we have a wealth of information
about exposure and what it neans in terns of hair

| evel s, not that we can't get nore, but | think that
information was pretty good. It was not considered a
maj or problemor a major reason by the panelists for
the different results between the Faroes and the
Seychel | es.

Now, getting to the study design issues, there was one
here actually was |eft off of the slide that should
have been first, and that's the neurobehavi oral
endpoints. As | had nentioned earlier in the outcone
slide, the Seychelles Islanders were nonitored for nore
gl obal measures of neurol ogical function, whereas the
Faroes were | ooked at for nore domain-specific effects:
menory, attention, |anguage, these sorts of things.
Many of the panelists felt that these were |ike

conpari ng appl es and oranges, and | think everyone on
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the interagency committee and the scientists thensel ves
agreed that they were really measuring different

endpoi nts of neurobehavioral function. So this could
very well explain the differences.

It's inportant to note that in the foll owup studies
that are being conducted, there will be great effort
made to measure conmon endpoints in those children, who
are, of course, getting older and older, and also to go
t hrough sone of the sanme anal ytical processes that al so
exhi bited sone differences between the two studies in
ternms of analysis of the data sets.

Anot her one that was discussed in great detail:
selection bias. This was a potential concern in the
Seychel | es studi es because sone individuals -- | think
39 or sonething of the 79 -- were excluded because of
debilitating conditions. Thorough analysis of that
suggests that the selection bias was really not an
issue in explaining the results. The panel, | think,
felt al nost unani nously on that issue.

Effects of culture and | anguage were discussed in terns
of the questionnaires, usually going back and forth

bet ween English, Creole, and French, and Scandi navi an

NANCY LEE & ASSOCI ATES




149

in the Faroes study. Again, the panelists felt that
this was not a major issue.

The age of testing, the panelists, on the other hand,
felt that this was potentially an inportant issue,
because at 66 nonths of age, there's a lot nore
variation anmong normal individuals in the -- those
paraneters that were assessed. |In other words, there's
a lot of noise in the systemand it mght be difficult
to pick up an effect if one was present. And, again,
continuing to follow up these kids at the | ater ages
wi |l help address that issue, but that was an area of
potential inportance that was earnarked by our review
gr oups.

Order effects and effects of tests admnistration, as |
recall, in the Seychelles study they gave the sane
order to each of the individuals in terns of the

adm nistration of the test. |In the Faroes, | think

t hey had four predeterm ned orders of how the tests
were adm ni stered, and that wasn't really controlled
for or dealt with in the nodel anal yses that eval uated
the results. So this was a potential issue of concern

that the panelists raised regardi ng the Faroes data.
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Conf ounders and data analysis issues, in the case of

t he Faroes, PCB exposures were al so occurring. As nost
of you know, PCBs are al so devel opnent a

neur ot oxi cants. They affect sone of the sane
paraneters as nethyl mercury effects regarding the

devel opi ng nervous system

The PCBs were measured in both the Faroes and the
Seychell es. There was significant PCB exposure in the
Faroes, essentially none in the Seychelles. So it's a
potential confounder for Faroes but not the Seychell es.
The neur obehavori al endpoi nts subgroup of the panel
said that they did not feel that the PCBs could -- are
really confounding the results that were observed, even
t hough they coul d have sonme effect on them

Sel enium | knew sel eniumwas a nessy i ssue going in,
and it still is. Some people think it affects one way,
ot her people think it affects the other way, but
everyone agreed that it would be inportant to use that
as part of the anal yses of the data, and that wasn't
done.

Li kewi se, a nunber of dietary nutritional factors, the

onega-3 fatty acids, which are beneficial to brain
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devel opment need to be | ooked at in subsequent studies,
as well as a nunber of nutritional and dietary data
that really weren't collected in the studies that have
been published to date.

Cenetic differences is potentially inportant. There
may be ethnic differences in responsiveness, but given
our lack of information about nechani smof action for
devel opnental neurotoxicity for nethyl nmercury, or PCBs
for that matter, we're really not in a good position of
pi npoi nting particular differences in gene activation
pat hways and so forth, that could possibly account for
t hese differences.

I nfl uence of covariants, in general, the panel felt
that the Seychelles tended toward a slight
overcontrolling and the Faroes a slight
undercontrolling. Sonme particular issues that were

rai sed were maternal snoking, which even though 40
percent of the wonen snoked in the Faroes, this was not
controlled for in the analysis.

Birth weight, that was controlled for in the Seychelles
study, but birth weight could be associated with a

met hyl mercury exposure in the devel opnment effects. So,
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per haps, that could have influenced the results and
mnimzed the ability to detect an effect if it was
t here.
Town versus rural residence wasn't accounted for in the
Far oes st udy.
To make a few brief points about the studies in
experinental ani mal nodels, basically, they were in
pretty good concordance, both qualitatively and
quantitatively, with what was seen in people. There
have been effects of nethylnercury and effects of PCBs
in the sensory system notor function, and cognitive
deficits, but at this tinme it's not possible to
differentiate the effects of PCBs and neurodevel opnent
fromeffects of nmethylnmercury in experinmental aninmals
nostly because of the lack of nechanistic information.
We have to keep in mnd that in this situation, we
have a very rich data set, at |east for us who do
environmental kind of exposures think it's rich, and
it's extraordinarily rich regarding exposure and
extraordinarily rich regardi ng response. Wat we don't
know i s what's happening in between in terns of the

critical cellular steps that may be involved in

NANCY LEE & ASSOCI ATES




153

produci ng the neurol ogi cal effects that nay be seen,
the mgration of critical neurons and so forth, and
that's an area of research that would yield great
benefit to the public health assessnents of both

net hyl mercury and PCBs.

There are five panel recommendations and fi ndi ngs that
energed out of the workshop, and I'll go through them
one by one. Again, this was agreed upon by all the
participating agencies, the panel, and al so the mgjor
study groups out of the Seychelles and the Faroes.

1. Methylnmercury is a devel opnental neurotoxin, but
effects -- W still got the sane sentence in here -- at
| ow does encountered by eating fish are difficult to
evaluate. Not too much progress there, but certainly a
strengt hening of that statenent.

2. Al the studies reviewed were consi dered of high
scientific quality and the panel recognized that each
of the investigators had overcone significant obstacles
to produce inportant scientific information. That was
uniformy felt throughout the panels. W felt that a
continued funding of these studies is necessary for the

full potential to be realized. |It's particularly true
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for the Faroes and Seychelles, which are currently
assessi ng devel opnental effects of nmethylnercury in the
fish-eating popul ations, of course. The devel opnental
studi es woul d benefit by eval uation of common endpoints
using simlar analytical nethods. And we noted that
the Amazon study, although positive results were seen,
did not | ook at devel opnental endpoints. A later study
out of Grandjean's group that's just been published has
| ooked at the Anazon studi es where nethyl nmercury
exposure occurred through gold mning, and those
results were positive as well in ternms of visual-evoked
potentials and sone ot her neasures of neurol ogical
function, followi ng prenatal as well as post-natal
exposur e.

3. Results fromthe Faroes and Seychell es studies are
credi bl e and provide valuable insights into the
potential health effects of nethyl nercury.

4, Some differences are clearly present in the
results of the studies, but the panel was unable to
clearly identify the sources of these differences.
Anmong possi bl e sources are the different effects of --

Again, comng back to this one -- episodic versus
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conti nuous exposure, ethnic differences, a | ack of
common endpoints in the Faroes and Seychel |l es studies -
- Avery inportant one, of course -- and several other
confounders or nodifying factors such as those found in
the diet, lifestyle, as well as chem cals present in
seaf ood, which is a source of nethylnercury to these
popul ati ons.

The ot her chem cal constituents that nmay be expl anatory
i nclude those that nay be beneficial to fetal

devel opnent, |ike the onega-3 fatty acids, and those
that may be harnful to fetal neurodevel opnent, such as
t he PCBs.

5. These studi es have provi ded val uabl e new
information on the potential health effects of

nmet hyl mercury, but significant uncertainties remain
because of issues related to exposure, neurobehavi oral
endpoi nts, confounders and statistics, and design.

| f anyone wants to get a copy of the whole report, you
can send nme an e-mail. It's Lucier@VNEHS. That's L-u-
C-i-e-r@ EHS. NI H. GOv.

There has been a few publications | nentioned that have

conme out since we've had the report, and nmaybe Tom
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Clarkson will give us an update of what's going on with
his group as well in terns of recent publications.
These are nostly fromthe G andjean group and they

i nvol ve the one shown here in terns of the Amazon
study, which | nentioned; a paper -- another paper from
the Faroe Islands on the del ayed evoked potentials in
chil dren exposed to nethyl nercury from seaf ood; a paper
with Mirata as the first author and Grandjean the | ast,
evoked potentials in Faroese children prenatally
exposed to nethyl nercury; and another one that exam ned
hypertension, a reported increase in hypertension in
the kids exposed to nethylnercury, also in the Faroe

| slands. This paper, | believe, nowis in press. It
was presented at that Rio De Janeiro neeting in My of
this year.

Et hyl mercury or Thionersal? You'll notice |I'm using

t he European spelling, because it was in the reprints |
had, so | used that spelling.

Now, I'll make a few points here that | think nost of

t hem have al ready been nade, naybe sone of them
haven't, regardi ng ethyl nercury and possible

conparisons with nethyl nmercury.
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Exposure. Depending on the vaccination schedul e and
bodywei ghts, a two-nonth-old infant receives a bol us
injection of 3 to 18 mcrograns per kilogram This was
information | got by Bill Raub via Neal Halsey, and |
assune that those calculations are correct. They seem
simlar to what was presented later on this norning, so
| believe they're roughly correct.

This dose of nmercury on vaccination day is nmuch higher
than daily exposure in the Seychelles and the Faroes,
al t hough the total dose received fromvaccines is |ess
than the nmean exposures in the Faroes and Seychell es.
Infant nmercury intake per day fromdietary sources is
estimated to average .05 mcrogranms per kil ogram per
day in a chronic exposure, and this would be primarily
through | actation as well as sone other sources. And
there's a few pieces of information in the scientific
literature that support that estimate of infant uptake
of nethyl nercury, exposure to nethyl nmercury.

Biological half-life, simlar to nethylnmercury. This
isalittle bit different than what was said this
norning. For nmethylnmercury, it's 40 to 150 days, and

this was based on a nunmber of different studies that
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have been presented. | think different agencies use
slightly different nunbers, but | think the average --
Chris, would it be right, it's about 70 -- 60 or 70, in
that range? The one study | got ahold of regarding
thimerosal, or ethylnercury, came froma suicide
attenpt. This was published three years ago actually,
in "Cinical Toxicology," and this one lived. He also
got about 80 mlligrans per kil ogram of thinerosal, and
the half-life -- and Chris (inaudible) had sent ne this
reprint on Friday. It was estimated that the half-
life, the second phase of the half-life, which is the
one we need to | ook at here, was roughly 40 days in
this one individual who survived that episode. O
course, we don't know what a near-death experience does
in ternms of the physiological factors that govern half-
life, so | wouldn't guarantee that that's the half-
life.

The information that we have in total suggests that it
m ght be slightly shorter than nethylmercury. And
there is really no definitive informati on on potenti al
differences that | could uncover between infants,

children, or adults regarding biological half-life.
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don't know, Katie, if you have sonme nore information on
t hat .

Met abolism-- And | think this was brought out in the
presentations this norning -- that denethyl ation of

nmet hyl mercury appears to occur nore slowy than
deet hyl ation of ethylnmercury. | think there's a
growi ng body of know edge that suggests that that is,
in fact, true, and it's significantly different. In

ot her words, the denethylation occurs nmuch nore slowy
than deethylation in terns of the conversion to

i norgani c nercury.

What about the toxicity of ethylnmercury or thinerosal?
Agai n, we tal ked about the adult squirrel nonkey study
today, which was -- this was adults again and not a
devel opnental study. Again, significant conversion to
inorganic nercury; high levels in the kidney, as was
presented this norning; lower levels in the brain; and
no evidence of toxicity. And the doses that were given
were equivalent to 1 or 6 mcrograns per kil ogram per
day.

A second study, which was not discussed this norning,

is that adult male and femal e rats were adm ni st ered
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five daily doses of equinolar concentrations of ethyl
or nethylnmercury by gavage and tissue distribution,
neurotoxicity, and nephrotoxicity assessed. This was a
Magos study in 1985 in the Archives of Toxicol ogy. And
the key points of that paper were: neurotoxicity of
met hyl and ethylnercury were sim |l ar, although higher

| evel s of inorganic nercury were seen in the brains of
ethyl mercury-treated rats consistent with what we'd
sai d about netabolism and |ikew se, because of that,
the renal damage was greater in the ethyl nercury-
treated rats. Unfortunately, neither time-course nor
dose response was attenpted in these studies, nor was
any devel opnental studi es attenpted.

And after having said that, there are a nunber of
critical toxicology studies that could be conducted to
address sone of the uncertainties that -- and you
probably all know about and we tal ked about this
norning. Unfortunately, all of these take tinme and,
you know, clearly, if we enbarked upon these studies
now, we're not going to have results until long after
sonme of the initial and significant decisions have to

be made regardi ng the vaccine program | think we have
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to acknow edge the paucity of data and nove forward
wi th the decision-making process, but | think it's good
to think about what know edge gaps do exist that really
limt our ability to nmake those assessnents in a way
that we would lIike to make them
Devel opnental neurotoxicity, we need to assess those
response and age dependent responses in appropriate
systens. W need to, for the reasons | discussed
earlier regarding the PCBs and net hyl nercury, | ook at
mechani stic studies, and we need to focus on critical
changes in gene function and cellul ar pathways. 1In al
the toxicology studies we do in the national toxicology
program and we do 30 or 40 of these a year as part of
that interagency program we're starting to take
i ncreasi ng advant age of the human genone project and
what that allows us to do in ternms of |ooking at
patterns of gene expression follow ng exposure to
various toxicants to conpare potency of different
agents and al so nechani sm of action, as one agent going
through a simlar nmechanismof action as anot her agent.
That m ght be particularly relevant to the issues at

hand for the ethyl/nmethyl issue.
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Eval uation of possible sensitive subpopul ati ons based
on either genetic predisposition, diet, or cumulative
risk. Again, we're exposed to other devel opnent al
neur ot oxi cants. Are they additive? Are they
synogestic? Are they antagonistic towards each other?
Do they bl ock each other's effect? And bi omarkers of
exposure, including hair, need to be eval uated.
There are no studies in devel opnental toxicity that |
was able to find in experinental nodels or people, and
because of this, in ny opinion, health assessnents for
ethylmercury at this tinme nust assune that ethylnercury
is producing the sane effects at the sane doses as
met hyl mer cury.
| couldn't help but to show a couple of slides here.
One of the things that | do in ny own | aboratory is
work wi th bi omat hematici ans to devel op physi ol ogi cal |l y-
based pharnmacoki netic nodels, and this is a nodel that
m ght be applied to a prenatal nethyl mercury study.
When you have various kinds of conpartnments in the
mat ernal system and al so the fetal system | ooking at
pl acental transfer. O course, excretion in the

mat ernal system either through the urine or the feces.
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Bl ood | evels, relationship to hair levels, secretion
in the mlk, of course, when you're | ooking at

| act ati onal exposure post-natally.
And once you have sone information regarding all these
paraneters, and it has to be done in an iterative way
with generation of |aboratory data, you can devel op

mat hemati cal nodels that predict the novenent of the
chem cal s t hroughout these various conpartnents. And
once you can do that with your existing database, it
gives you a great deal of confidence in extrapol ating
that nodel to expose your circunstances for which naybe
you don't have data.

So | think these kinds of nodels are always very

hel pful in health assessnents. And | know agencies
such as EPA, ATSDR, and FDA use them extensively in the
heal th assessnents that they make. But in the case of
t he vaccine issue, we really have to look at it in
terms of the infants and children issue, which we've
di scussed already, and | think the point has been nade
that we have information in adults, we have information
in effects on prenatal devel opnent, and we have very

little informati on about the relative sensitivity of
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infants, either to adults or to the devel opi ng fetus.
So we need to devel op that type of physiol ogical - based
phar macoki neti c nodel, to | ook particularly at the

i ssue of infants and children and how tissue
concentrations mght be related to the potential for
adverse health effects.

| also pointed out that in the case of the

bi ol ogi cal | y-based nodeling, this is an iterative
process. You don't just get yourself a mathematician
friend and say "Do this nodel." They usually conme up
Wi th some sort of nodel that is filled with flaws, and
then you go back, and through additional experinents,
start refining the nodel.

So you collect the data, refine the nodel, conpare it
to the existing know edge base. You start circling
through this thing a fewtinmes. By the tinme you get
through it a fewtines, you're then in a position to
use it in dose response assessnent and quantitative --
ot her aspects of quantitative risk assessnent, but,
again, these things take time. W're not going to both
generate the data and generate these types of nodels,

you know, within the next six nonths. |It's going to
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take sonme tine to do that.
And finally, in case |l -- | don't if I've -- | usually
show this slide when | want to offend people. It's not
that I want to offend anyone, but | showit when | give
tal ks about risk assessnent for environnental agents,
and -- because we deal with a lot of different types of
folks in ternms of evaluating what we should do and
shouldn't do in risk assessnent. And these are neant
to be caricatures. They certainly don't reflect anyone
inthis room I|'msure.

( LAUGHTER)
DR, LUCIER  But, you know, sonme of ny favorite, of
course, are nol ecul ar biologists, you know, you're
stupid, I"'msmart. | actually know a | ot of nolecul ar
bi ol ogi sts that aren't snmart.

( LAUGHTER)
DR. LUCIER  And of course you have nat hemati ci ans t hat
think an equation like this can give us truth. And it
hel ps, but certainly not by itself.
Regul atory official, that's definitely not true in this
room | tell you, the interagency group that |I worked

wth in this was absolutely terrific. But one
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caricature would be, "Don't trouble ne with science.”
I ndustry, "Positive results are neaningless.” And
environmental activists, "If it's chemcal, it's bad."
Lawyer, do we have any | awers here?

( LAUGHTER)
DR. LUCIER | heard a joke about |awers the other
day, that 99 percent of the |lawers give the other 1
percent a bad nane.

( LAUGHTER)
DR. LUCIER And as a result of all this, frequently
the public health decisions that cone out of the
federal government, because of these various
caricatures, really aren't believed and the public
doesn't trust us. So | feel very good about this
wor kshop because, | think, as was stated in the

original goals that the purpose, to get all the

informati on out on the table, what we know and what we

don't know, do it in an open context where people can
comment, add to it, subtract fromit, and so forth,
really think is the way to go about this.

So | appreciate the invitation and the opportunity to

participate. Thank you.
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( APPLAUSE)
DR. GREENBERG  Thank you, George. W have sone tine
for sone questions. Too much data for you, huh?
D xi e?
DR. SNIDER D xi e Snider, CDC
You i ndicated that the nechani sm by whi ch nethyl mercury
m ght be exerting its neurotoxic effects is unknown.
Are there any reasonabl e hypotheses in your mnd? And
how woul d that relate to ethyl nercury and net hyl nercury
with regard to nechani snf
DR. LUCIER  You know, there's sone information
available -- And, again, |I'mnot a neurochem st or a
neur ot oxi col ogi st, so maybe sone of the other fol ks who
have | ooked at this on the panel could add to ny
answer. But there have been effects shown on various
constituents that are involved in their own mgration
and ot her aspects of neurodevel opnment. | don't think
there's anything that people would say, "Aha, | think I
understand what that critical event is that's producing
the toxicity."
You don't have to know all the steps that are invol ved,

but what you really want to know is what the key
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critical event is or the node of action is, and once
you have that information, you' re on nuch better
footing in which to conpare and predict responses that
m ght be occurring across the chem cal class.

Say, for exanple, it was done with the environnental
estrogens or the dioxins where we knew t he node of
action was receptor nediated -- Let ne tal k about
sonmet hing I know sonet hi ng

-- we're then able to take classes of chem cals and
see how well they interacted with that system and
produced a specter of deened changes that are
associated wth it and use that information in

regul atory decision-nmaking in terns of determning
whi ch of these dioxin anal ogues or which of these
envi ronmental estrogens are the ones we need to be
worri ed about.
And if we had the sane sort of analogy with the

nmet hyl mercury and PCBs, we would be able to go much
further in that type of conparison.

DR. GREENBERG G na, did you have a question?

DR. RABI NOVICH: You stated -- And |I'm questioning this

because I'mnot sure | understand it or if anybody el se
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in the roomdoes also. You stated that the
denet hyl ati on of nethyl nercury appears to occur nore
slowy than the deethyl ation of ethyl nmercury.
Can you expand on the inplications of that? Is that
good or is that bad?
DR LUCIER  Well, you know, | wish -- I'd like to say
| knew, but |'ve heard that it's good and |I've heard
that it's bad.

( LAUGHTER)
DR LUCIER |'ve heard that it's good because this is
a detoxication step in sone respect. Say, in terns of
the kidney, it's a way of, you know, getting the
mercury out of the body. And |I've also heard -- But
since we don't know how net hyl mercury works, we're at a
little bit of a loss to nmake too nuch of a definitive
statenment. |'ve heard fromothers that maybe it
creates a nechanismfor retention of nmercury in the
brain as the inorganic nmercury is then -- does not
retrograde cross the blood/brain barrier. So it's a
mechani smretaining nercury in the brain.
So, | don't know. | think it's a real finding .

and | think it's an inportant finding, but I don't know
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how to quite put it in the context of the conparative
toxicity issue.

| think it is inportant to note fromthe Magos study,
in which he directly conpared ethyl and nethyl nercury,
that he found essentially the sane results in both
studies, with the exception that the renal toxicity was
greater with ethyl, and | think that was because of the
denet hyl ation as a way of concentrating the nercuric
chloride or inorganic nmercury in the kidney.

DR. RABI NOVI CH.  Ckay.

DR. PLOTKIN: Let ne try to frane this question
intelligently if | can.

In anal yzing the Faroe Island data, which are the
positive set of data, in thinking about -- at least in
t hi nki ng about m crobi ol ogy, one can usually cal cul ate
a 50 percent dose, that is, to say a dose that caused a
reproduci bl e effect 50 percent of the tine.

Now, from ny reading of the Faroe |Island studies, there
is no level in those studies that had a 50 percent
effect, but there are mathematical ways of trying to
predict the 50 percent effect.

So nmy question, if it is a question, is: Can you
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calculate fromthe Faroe Island study what is the 50
percent effective dose, either in terns of hair |evel
or blood | evel of mercury?

DR. LUCIER  And since -- You know, you are in much
better shape to do that when you're interpolating
within your data set, rather than extrapol ati ng outside
of it.

The Faroes data doesn't have adequate information
withinit to define a slope down in that | ow dose
region. Now, in the absence of that type of data, one
can use various types of nodels to extrapolate to an
EC-50 concentration using sone of the paraneters

al ready | ooked at. Several assunptions would have to
be made, but ny guess is any extrapol ati on of that

nat ure, because of the nature of the data set, would be
hi ghly subject to debate and criticism because of the
assunptions that would have to be nade.

But | think -- I think the effort itself may be a

wort hwhil e one, and then point out sort of what the
uncertainties are with that estimation.

DR. HALSEY: You nentioned that we don't understand --

DR. GREENBERG Identify yourself?
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DR. HALSEY: Neal Halsey. |[|'msorry.
You nentioned that we don't understand the mechani sm by
whi ch the neurotoxicity occurs, and we also don't know
what the relative sensitivity of the infant is, which
is what we are all concerned about right now.
|"mwondering if there's any information that m ght be
applicable or mght help educate us with regard to the
sl ope of the curve for other devel opnental neurotoxins.
There's lead, there are others. W -- | don't think
t hi s audi ence knows what those sl opes | ook Iike, and
whet her you think they may be at |east informative.
You can't necessarily apply themdirectly to nmercury,
but it would help to try to get sone estimte of what
the relative increase in toxicity for an infant is at
birth, at two nonths, as conpared to at six nonths or
at twel ve nonths.
Were does -- Wiat is the shape of those curves of
change in the neurotoxicity from other products?
DR. LUCIER Yeah. That's -- | think that's a great
point, and |I'm not a neurotoxicol ogist again, so |
don't have that information at hand. W have -- W' ve

anal yzed through the NTP a I ot of chemcals in our
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neur ot oxi col ogy batteries. So maybe it woul d be
worthwhile for nme to go back and ask those folks to

| ook at that particular issue and see what cones out of
it.

And many of these, of course, are assuned to have

threshold effects, that there will be a dose bel ow

which no effect would occur. M/ guess is -- And this
IS a guess, so take it for what it is -- that you'l
still get a variety of dose response curves because

there are nultiple nechanisns of devel opnent al
neurotoxicity. | presune that sone would drive it very
steeply and others would drive it in a nore shallow
sense, but | don't know that for sure, Neal.

Did you have sonething to add to that, Katie?

DR. MAHAFFEY: Yeah. Speaking for --

DR. GREENBERG Identify yourself, and why don't you
step up here an use the mc.

DR. MAHAFFEY: |'m Kate Mahaffey with EPA

Looki ng at inorganic |ead, you can get an interesting
conpari son because the occupational |evels that are
consi dered acceptable are nore in the range of 40 and

50 mcrograns per deciliter, with reproductive effects
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certainly at |ower |evels.

There's also a body of literature show ng sort of
neur opsychol ogi cal changes at around 25 to maybe 40
m crograns per deciliter as a blood level. For the
i nfant and young child, the levels which effects are
found are certainly |l ess than 10 m crograns per

deciliter, wth some studies finding effects bel ow 10.

These effects are sustained in that when these | evels
were observed in children and the children followed two
decades, or 15 years later, as adol escents, adverse
effects of lead were still seen, which sort of argue
for infant/young child changes at perhaps the fourth to
a fifth, the levels that affect adults, which is not
really dissimlar fromwhat sone of the people who have
studi ed nercury experinentally and sone of the European
agenci es who have done regul atory eval uati ons on
nmercury are suggesting is the ratio between effects in
the young child or -- I"msorry, effects in the fetus
and effects in the adult.

So | think it's kind of roughly in that range, but it's

really the type of effect you' re | ooking at and,
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certainly, a lot of variability w thin individuals.

DR. RABINOVICH: | guess to followup one question to
either of you -- I'm G na Rabinovich, NTAID -- Is it
appropriate at this point in the discussion to be using
the word "nmercury" versus nethyl or ethyl? Do we
accept that nethyl is the appropriate nodel for what's
going on in the infant? And you were tal king about
mercury. |s that relevant, you think, to both?

DR. MAHAFFEY: | think CGeorge's views, that given our
limted informati on on ethyl nmercury, that nethyl nercury
appears to be the cl osest chem cal species we have to
do that. And so it is a nmatter of where you want to go
with the kind of uncertainty that's there.

DR. LUCIER M statenent was based on assunption, not
convincing scientific evidence, because it's not
convincing evidence that tells nme that they're acting
identically. There's sonme evidence, or simlar. M
statenent on using -- treating ethyl as nethyl was
based on really the lack of information, and given that
| ack of information, that's the assunption we would
have to make. It mght be after we generate nore data

we're willing to say, "Hey, there's sone key
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differences here," that we need to treat it
differently.

DR. RABINOVICH. G ven that statenent, when you
describe an infant nmercury intake per day fromdietary
sources, this is all nmercury, all forns, or this is
met hyl mercury? Because you stated that the exposures -
- dietary exposures is estimated to be .05 m crogram
per kilo per day, which maybe present a nunber that

| ooks I'i ke we know, we neasured it, we know what's

goi ng on.

DR, LUCIER  This was taken out of a review article
that was prepared by Tom O arkson a nunber of years ago
in which these were estimates, and | think he was
taking it from another source, but | think you need to
keep in mnd that, particularly as it relates to
infants, it's an estimate, but probably one that is
usable in terns of at |east fram ng sonme of our

questi ons.

DR. RABI NOVICH  What is the source of that infant

i ntake? Because you specifically stated infants. Was
it formula, or it's in the environnent, or is it food

as the child becones fromsix to twelve nonths of age?
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Because --

DR LUCIER M guess, in a nursing infant, it would be
primarily fromlactational exposures. |n a non-nursing
infant, it would be fromfornmula and it would be from
you know, other kinds of ubiquitous exposures. | don't
-- haven't seen anything in where those exposures would
have been broken down in terns of relative proportions.
DR. KLEIN: There's a statenent in the European --

DR. GREENBERG W're recording all of this, so we need
to --

DR KLEIN. Jerry Klein, Boston University.

| think you may have answered this question, but
there's a statenent fromthe European Agency for the
Eval uation of Medicinal Products, of July 8th, that 1'd
be interested if you concur with. It says: "Data on
met hyl mercury has been used in the assessnment of risks
associated wth ethylnercury as the toxicity profile of
the two conpounds woul d appear to be simlar."

DR LUCTER | wouldn't fully agree. | would say the
limted data that's avail abl e does not justify anything
el se but assumng that they're simlar. But |I -- So |

basically agree with it, but not fully.
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DR. GREENBERG W have tinme for one or two nore
questi ons.

DR. MYERS: Martin Myers, NVPO

In these studies that are dietary intake of the nother
and evaluation of the child, could you coment on the
i mruni zation practices in those communities?

DR. LUCIER | think maybe -- Tom did you hear the
guestion? Tom C arkson, who conducted the Seychelles
studies, the lead investigator is here. He's asking
whet her or not the records that you have regarding

i muni zation practices were kept as a part of your
study. | assune they had a fairly active programin

t he Seychel |l es.

DR. CLARKSON:. No. That's a very good point. 1've

| earned a lot fromthis neeting, that | don't think any
of the epidem ol ogi cal studies, either now or before,
have really taken into account the intake of nercury
fromvaccines. So we're going to have to | ook again.
DR. MYERS: So the inpact we're tal king about, then, is
the maternal intake superinposed on the infant

i mruni zation, which | gather is quite high in that

community; is that correct?
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DR. CLARKSON:. They have an extensive nedi cal program
there and it could be substantial. 1'll have to check
on that. |It's an interesting point.

Now, bear in mnd that the way we neasure exposure
there, and the way nost of these studies neasure
exposure, is by biological nonitoring, you see. W
neasure the nercury in hair or in blood, so wherever it
comes from you know, we're neasuring the total
exposur e.

So al though vaccines could contribute to

-- We've been assumng it's mainly comng fromfish --
it may contribute to this in terns of ethylnercury, we
will be measuring the total mercury in blood or total
nmercury in hair.

Now, sonme very interesting questions cone up. Only

met hyl mercury gets into hair. |Inorganic doesn't very
well. So whether ethylnmercury gets into hair is a very
interesting question. It probably does based on the
chem stry of the thing -- You know, they |ook very
simlar in their behavior -- but we have not -- we wll
now. We will now check the hair sanples to see if

there's any ethylnercury in there.
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So this neeting's going to be useful, at least fromny
poi nt of view. Thank you.

( LAUGHTER)
DR LUCIER  But your -- That's a good questi on,
Martin, and the answer is, yes, we have to think about
t he vacci ne exposure in addition to the exposures that
are al ready occurring.
DR. GREENBERG Can | just ask, off the back of your
not ebook, do you have a rough idea, assum ng that
ethylmercury gets into hair as efficiently as
nmet hyl mercury, what proportion of all your Seychelle
data woul d have been vacci ne-contri buted, assum ng t hat
they all got their full conplinment of vaccines?
DR. CLARKSON: Well, the -- Is that for ne?
DR. GREENBERG It is.
DR. CLARKSON: Bear in mnd that the average level in
the Seychelles in hair is about, let's say, seven parts
per mllion, which roughly corresponds to a bl ood | evel
of about 30 parts per billion. GCkay. That's the
average. So the calculations | showed you this
norni ng, which were very extrene cal cul ati ons assum ng

a very small bodywei ght and assum ng they got the ful
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three or four doses of vaccines, you know, the bl ood

| evel m ght get up to 20. But you saw the -- The
publ i shed figures |I think were quoted fromthe Enory
study of about 7, as | renmenber, 7 parts per billion.
So certainly it could nake a contribution. There's no
doubt it could make a -- it wouldn't be an overwhel m ng
one, but it would be a contribution.

DR. GREENBERG  Maybe | m sunderstood. | got sonewhere
bet ween 20 percent and 60 percent of blood | evel from
what you just said.

DR. LUCIER But | think you have to go back and -- |
think that the age at which these assessnents are being
done, in the last case, in Dr. Carkson's study, of 66
nont hs of age, and the Faroes is 84, so there's been a
|l ot of half-lives that have el apsed since the

vacci nati on had occurred.

DR. CLARKSON:. The interesting point about -- you

rai sed, though, about -- | nmean, you're tal king about,
of course, post-natal exposure, now, fromthe vaccines
-- Right?

DR GREENBERG  Yes.

DR. CLARKSON: -- in the first six nonths of life.
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Al t hough Dr. Lucier pointed out we don't have a | ot of
information on this, neverthel ess, both our studies in
the Seychelles and in the Faroes do not find any
dramatic effects of post-natal exposure levels. The
Faroes is essentially cord blood correlating with
adverse effects; whereas, later levels at 12 nonths and
at 7 years, post-natal, do not seemto have nuch of an
effect. So there's not -- There's evidence in the
literature. |It's really that the post-natal period is
not as sensitive as the prenatal, and the nunbers
you're dealing with fromthe vari ous agencies are
comng from prenatal exposures. That's another big
assunption here, that the prenatal is inportant to
this, and it's probably not.

DR. GREENBERG One | ast question.

DR. DAUM |'m Robert Daum fromthe University of
Chicago, and I want to foll ow up on sonething that Dr.
Rabi novi ch was aski ng about.

| presune sone babies at both of these sites are
breast-fed and sone babies are not breast-fed, and |
guess |'mwondering about -- And this is an

i nmuni zati on practice question -- do very young infants
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eat fish there? Do they eat this whale neat, bl ubber
and things, because they certainly don't eat -- very
young children don't eat fish in this country very
often. So | wonder about the magnitude of the
exposure, whether you expect there to be a difference
gi ven your proposed route of exposure, breast-fed
versus not breast-fed.
DR LUCIER | wouldn't expect that they do, but I
don't know that for sure. Does anyone -- Can anyone
coment on that, regarding the -- particularly the
Faroes study? | wouldn't expect that they'd be eating
many neal s of honobgeni zed pil ot whal e neat.
DR. GREENBERG |I'mgoing to have to end this very
i nteresting di scussi on now because --

( LAUGHTER)
DR. GREENBERG -- I'mgetting sick to ny stomach.
The next speaker is Dr. WIIliam Raub, who is the Deputy
Assi stant Secretary for Science and Policy in the
Ofice of the Assistant Secretary for Planning and
Eval uation, HHS, and the title of his talk is
"Quidelines for Safe Levels of Exposure.

DR. RAUB: Thank you very nmuch, and | appreciate the
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opportunity to join you this afternoon. The format for
the next hour, or a little bit less, is that | wll
make sonme introductory remarks around the health

gui dance values, and then | will be joined by a set of
col | eagues, including Dr. Carkson, as a panel

di scussion, and they have prom sed to answer every
question that | nmanage to raise.

W' ve heard repeated references or questions to the
heal t h gui dance values this norning and i ssues around
whet her to use them and if so, when and how to use
them | believe we will be able to do nore to raise

i ssues than to give sharp definitive information around
sone of those questions, but | thought it m ght be

hel pful to have sone of the background around what

t hese concepts are, what's the phil osophy, and the
generi c approach to them

All of these guidelines attenpt to focus on a concept
for which I made up a neutral nanme, the "Safe Daily
Exposure."” The enphasis is on long- term The
enphasis is generally is on very |low | evel s of
exposure. The usual units are the quantity per unit of

bodywei ght per unit of tine. And, for exanple, for
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mercury in its various forns, nmethylnmercury, in
particul ar, mcrograns per kilogram of bodywei ght per
day.

These heal t h gui dance val ues are cal cul ated
individually for many di fferent hazards, dependi ng on
the regulatory or other m ssion of the agency that's

i nvol ved. They are cal cul ated specifically for various
primary routes of exposure, ingestion, inhalation, or
dermal exposure. |In general, they are projected either
as a lifetime value or, nore conservatively, at the
very least, for sonme substantial indefinite period.
The three nost conmmon of these health gui dance val ues
are the reference dose, or RfD, of the U S
Environnental Protection Agency; the m ninmumof risk

| evel, or MRL, of the Agency for Toxic Substances and
Di sease Registry of the Departnent of Health and Human
Services; or the acceptable daily intake, or the AD,
enpl oyed by the Food and Drug Adm ni stration.

Al gebraically, these are essentially the same thing.
They are used depending on the m ssion of the various
agencies. They nmay be used as the starting point for

heal t h assessnents in such situations as evaluating the
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ri sks presented by a superfund site. They nmay be used
ina formal risk assessnment of a particul ar hazard,
including all of its distributional phenonena and the
like. They nay be used as a starting point for
devel opi ng regul atory requirenents for em ssions in the
air or water, for assessing the toxic levels in
particular situations, or, in the FDA s case, for the
regul ati on of conmercial seafood. But, again, the
common factor is the notion that these are starting
points for those nore specific assessnents and
applications, and in virtually no case is the guidance
val ue considered the last word. It's usually
considered the place to begin in terns of a specific
use.

In all of this, there is a driving desire to have

sci ence-based values to the extent possible. And in
its sinplest form the al gebra conmes down to the notion
of the safe daily exposure being a ratio of an
estimated gl eaned fromreal data, either experinental
data on aninmals or epidem ol ogi c observations with
humans, divided by one or nore uncertainty factors.

And what this says is the science-based goal here
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i nvol ves two aspects of science. One is actual data,
experinental or observed, and the other are inforned
judgnents at to the utility of that data, the
limtations of it, and the ways in which it m ght be
applied, and that's everything fromthe selection from
the particular studies fromwhich to fill the nunerator
to the judgnent about the nunber and size and the
rationale for the uncertainty factors that constitute
t he denom nat or.

Certain priorities obtained in general wth respect to
how one chooses that nunerator term O her things
being equal, there's a clear preference for the -- what
is called fromthe direct data, the "no observed
adverse effect level,"” or the NOAEL. If there's dose
response information avail abl e, and one can i ndeed
identify the level, usually the highest |evel at which
no adverse effect is seen, then this is often an
excel l ent beginning for this cal cul ation.

More often than not, we find ourselves faced not with
the "no adverse effect" |evel but rather observing
adverse effects in many different |evels and,

therefore, being forced to choose the | owest observed
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adverse effect level. This has a bearing then on what
uncertainty factor is chosen, because having seen the
| onest observed one, one may have no certain
information or no good basis to predict where the |evel
of no effect actually is.

Anot her priority judgnment around the selection of that
nunerator termis the type of information on which the
experinmental or observational data are based. Ideally,
it's direct information on the nost vul nerabl e human
subpopul ation, as we believe is the case with the
Seychel | es and the Faroes studies with respect to

met hyl mercury, but sonetines one nust settle for
information on the general human popul ati on, not being
sure at all that the nost sensitive subpopul ati on has,
in fact, been neasured or that it can be discerned.
Failing that, data from non-human prinmates are
obviously desirable, and failing that, data from ot her
mamal s.

In the totality of these types of studies, we find
ourselves, nore often than not, relying on data from
the bottomparts of this list, and, therefore, for al

the uncertainties and conplexity, as George was
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i ndi cating, the nethylnmercury discussions and debates
have been a relative pleasure in that we're tal king
about real data on real humans, in this case, the

devel oping fetus, and a relatively rich source of
pertinent information conpared to nany ot her areas of

t oxi col ogy.

Getting to the denom nator in that el enent of inforned
judgnent, uncertainties are very nuch tailored to the
particular situation at hand. Wen we nust extrapol ate
frominformation on humans in general to the human
vul ner abl e subpopul ation, anal ysts usually determ ne
that some uncertainty factor is appropriate for that.
The sane is true for having the | owest observed adverse

effect level, but wanting to estimate where the "no
adverse effect” level mght be, or at |east to take
account of that difference. Acute exposures

extrapol ated to chroni c exposures, aninmal data used
where no human information is avail able.

More often than not, the uncertainty factor chosen for
any particular entry is 10, although the richer the

data set the nore relevant it is. Sonetines

i ndi vi dual s doi ng these cal cul ati ons choose a snal |l er
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val ue, such as 3 as a half-log unit, or sonetines 1

1/ 2.

If two or nore uncertainty factors are enployed, in ny
experience, nore often than not, they're nultiplied.
But, in certain circunstances, if there is sone
mechani stic i nformati on, one m ght choose to do an
additive of those instead. Again, there may be no
right answers with any conpl ete determ nation, but

i nformed judgnents as to how best to weigh the quality
and rel evance of the information to the task at hand.
And finally, these are sonme, and only sone, of the
characteristics that affect these health gui dance

val ues. A nunber of ny coll eagues who will be speaking
to you in a few mnutes could give a week-1ong sem nar
on the intricacies of the assunptions and the

cal culations that go into these determ nations. But,
in general, these focus on chronic exposure, seeking
that long-term potentially lifetime level that is
judged to be safe.

Most inportant, none of these are offered as a bright
i ne between what is safe and what is unsafe. Rather,

there's built in a substantial margin of safety, with
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the realization that the nunber proffered is al nbst
certain to be a safe level. Values imedi ately above
it are nost likely to be safe as well, but the higher
one goes above it, the greater the risk becones.
Fromny point of view, they are nost inportant the
starting point for situation-specific assessnents.

That is, rather than giving the definitive answer to
any generic set of situations, they are the val ues that
raise the flag, they are the values that trigger
curiosity or concern, and the values that cause one to
| ook into the specifics of whatever the situation is.
In this case, | believe it's been quite appropriately
applied as a takeoff point, and the chall enge of
attenpting to understand what these estimated safe
daily values nean into an exposure scenario that by its
very nature is episodic and where there are blips of
bol uses of exposure.

The safe daily cal cul ati ons generally assune that
there's sone nodest excursion around that |evel on a
day-to-day basis, but, in general, they do not assune
that very large derivations on a daily basis fromthose

are automatically included. And so, therefore, in this
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particular situation, | think we nove very quickly from
using the safe daily level as an indicator for concern
to sone focus on, in this case, the toxicokinetics of
what the nature of these particular kinds of bol us
exposures m ght nean.

Last, | stress the inportance of a uniformty of
precaution in making these cal cul ati ons across vari ous
hazards. The precautionary principle always applies in
doi ng these calculations in that, depending on the
application at hand, one wants to be sure that the

| evel is one that one is not likely to mss a
potentially problematic situation.

On the other hand, nost risk assessors and risk
managers are willing to tolerate what I'lIl call a false
positive, as are willing to tolerate the need to do
further exploration on a particular situation, only to
find that it mght be safe, but at least this value is
set at a level that provides that degree of protection
and extra caution.

But if each of the different hazards, say, at a
superfund site, were sonehow evaluated differently, if

the I evel of precaution were extraordinarily greater or
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extraordinarily less fromone to another, it can
conpound t hose situations trenmendously, can cause risk
managers to invest resources easily in the wong pl ace,
or to be pursuing what is, in fact, the relatively
| esser risk and m ssing a higher risk.
So in all these calculations, a discipline of trying to
make the precautionary uses as nearly uniform as
possi bl e becones very inportant.
Wth that as a backdrop, 1'll ask that ny col | eagues
m ght join me here, and | believe they're prepared to
make a few m nutes of commentary fromthe perspective
of their individual agencies, the nature of the
gui dance val ues and how they apply to the particul ar
exposure situations we find with the vaccines. | thank
you.
And, Dr. Carkson, if you would like to join us, as
wel | ?
Before we begin, are there any general questions or
comment s about the nethodol ogy?

(NO RESPONSE WAS HEARD)
DR. RAUB. The table here, beginning on your right, is

Dr. Kate Mahaffey of the U S. Environmental Protection
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Agency; Dr. O arkson, the University of Rochester;
Chris DeRosa fromthe Agency for Toxic Substances and
D sease Registry; and M ke Bol ger fromthe Food and
Drug Adm ni stration.

Kate, would you like to start us off?

DR. MAHAFFEY: |1'd like to do this really with sone
over heads, because | think it summarizes what you've
heard much of this already, so we'll go through it

qui ckly.

This is sinply sone of the things that were pointed out
on the conparative know edge about susceptibility of
the young infant and the fetus. The fetal brain is
considered the nost sensitive. C and S devel opnent
continues, of course, post-natally. W have done sone
PBPK nodel ing of | actational transfer of nethyl nercury,
and also there are analysis data that support this
showi ng that at the same exposure, the fetal |evels are
hi gher than the nursing infant and the nursing infant
woul d be higher than the adult at approximately the
sane exposures.

The acceptabl e of nercury, whether they

are -- and here we're tal king about nethyl mercury, whether
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it's the RFD or the MRL, are basically set for one
chem cal species. W don't assune a | ot of
contribution of either exposure or neurotoxicity from
ot her species of that chem cal or other chemcals. So
it's a chem cal -specific determnation to get to that
reference dose.
There were questions about the dietary exposure of
infants, and | believe George had cited a review
article done by Dr. O arkson, and that was an average
value, if | understood what was said, of about .05
m crograns per kilogram Qur estimtes based on
dietary intake in this lactational transfer of
nmet hyl mer cury nodel suggests that about 7 percent of
wonen and around 7 percent of the breast-fed infants
have dietary intakes on a daily -- well, have dietary
i ntakes in excess of the reference dose, and this is
based on consunption data that's averaged over a nonth.
So it's easily a period that's | ong enough to be
toxicologically relevant. These other nunbers are a
repeat of sonething | had shown you previously.
The reference dose was devel oped in 1995, which is

prior to the publication of the data fromthe
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Seychell es or the Faroes. New recomrendati ons of our
Scientific Advisory Board were that with the nmultiple
publications comng forth, that we should sort of await
the results of these before attenpting to nmake any
revisions of the reference dose. Currently, there is
an NAS comm ttee evaluating a |l ot of the newer data on
this topic.

The 1995 | evel, though, is a benchmark dose of about 11
parts per mllion in maternal hair. WHO had done an
eval uation that suggests risk devel opnental deficits
when maternal hair was in the 10-to-20-part-per-mllion
range.

Subsequent to these eval uations, there have been
publications fromthe Faroes and the Amazon suggesting
the i nportance of hair nercury levels |ess than 10
parts per mllion. There are also certainly the

i nportant studies fromthe Seychell es suggesting that
hi gher | evels of nmercury exposure in that popul ation
did not produce adverse effects with the tests
utilized.

The reference dose is considered to be a level that is

associated wth safety. The way it's devel oped, it
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inplies its exposure is safe over a long period of

time. The thing that we really don't know very well is
what period of tinme is relevant for these devel opnent al
effects, any nore than we really understand what period
of exposure during early infancy when infant brain
devel opnent is underway woul d be an i nportant exposure
period for methyl mercury and, certainly, by inplication
for the vaccine ethyl nercury.

And just this one final point, we believe this ongoing
exposure through lactation in the young infant, and
then as you get sone ol der children, 18-nonth-olds, 2-
year-ol ds, nmay have sone intake of solid food that,
certainly in ny experience with children, could include
fish sticks, is sonmething that you have to consider as
nmercury exposure. There may al so be additi onal
exposures from ot her nercury-containing products. So,
to me, this is an exanple of cunulative risk of
certainly exposure. The extent to which the toxicities
resenbl e one another is sonething that, as Dr. Lucier
has point out, we are certainly |acking data on, but
there is a question of what you do with this

uncertainty and the | evel of prudence you think it's
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appropriate to adopt.

That's the extent of ny comrents.

DR. RABINOVICH. Can | ask a question now, or do you
want to hold themto the end?

DR. RAUB: | think it mght be best if we go through
the panel and then do it all at once.

Chris DeRosa?

DR. DeRCSA: | think | can dispense with the use of
overheads. MW comrents are really things that wll

per haps echo sone of the things that have al ready been
stated here, but | think they do nerit further

di scussi on.

From our perspective, | think it's inportant to view
heal t h gui dance val ues as sonet hi ng ot her than
thresholds for toxicity, and | think very often when we
begin to tal k about these different values that we tend
to equate themw th thresholds at which sonething is
going to begin to happen, when, in point in fact, we
have devel oped these values intentionally with the idea
of building in a significant margin of safety.

Qur value of .3 mcrograns per kilogram per day, which

you' ve seen today, we estinate is associated with the
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margin of safety of at |least tenfold, and possibly two
orders of magnitude in totality. And that's fine
because of the way we use the health gui dance val ue.

As Dr. Raub pointed out, we use these as a trigger or
as a flag to serve as the basis for further eval uation.
And we carry those chemcals that are at this |evel

at way sites forward, for further evaluation in the

br oader context of bionmedi cal and ot her technical

j udgnent, what we know about denographics, what we know
about ot her concurrent exposures, and those types of
things that would serve to either elevate or dimnish
our concerns about exposures. But there is a bias here
toward ruling out false negatives and a tol erance, as
Dr. Raub pointed out, for false positives in the
interest of being consistent with this precautionary
princi pl e.

| think that one of the things that has been nentioned
here on a nunber of occasions is the issue of the
concern about a bolus dose, and one of the things that
we woul d possibly do in evaluating or exercising

bi onedi cal judgenent as it relates to the bolus dose

that is presented by vaccination or any other elevated
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intermttent exposure would be to see how that conports
with the broader database on which our health gui dance
value is predicated, and that would specifically refer
to the peak exposure |levels that we saw in the
Seychelle Islands. And if we |ook at the nmean of those
peak exposures in the highest quintal of exposure in
the Seychelles, we see that that nean is marginally
above what we woul d project or what has been projected
as being delivered in a series of vaccinations or three
vacci nations over the period of -- a sequence of a

t hree-vaccination -- vaccinations carried out in the
first six nonths of life.

| think the other aspects that we woul d consider is the

fact that we recognize that the developing fetus is the

basis for -- the effects of the developing fetus -- on
the devel oping fetus is the basis for our health

gui dance val ue, and that our concern here is for the
neonate, and we view the neonate as sensitive to

met hyl mercury but |ess sensitive than the devel opi ng
fetus.

We woul d al so | ook at the point that the average daily

dose is associated with the highest quintal of exposure
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is, again, one that is occurring throughout gestation
vi a exposure through what the nother is ingesting, and
that we know that the exposure scenario is continuing
post-natally, initially through breast mlk and then
subsequently, as the child is weaned, through the
consunption of fish, which is a very key conponent in
several popul ations, including those in the Seychell es.
So those are the points that | wanted to just re-
enphasi ze or reinforce in ternms of our broader

di scussi on.

DR BOLGER I'mjust going to nake a few points that
have al ready been nade by many people before. It
sounds |ike nuch of this has been discussed throughout
t he precedi ng discussions, but in ternms of -- and this
was what | was asked to do -- how would this -- in
ternms of looking at this particular issue that you're
confronted wth, the thinerosal issue, how would this
conpare in terns of the nmethyl nercury issue that we
have to deal with in terns of fish

| want to pick up on several sort of key points that
were made by Dr. Lucier and Dr. Raub, and in thinking

about using nethylnmercury as a surrogate for
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thi merosal, what are the significant areas of
uncertainty that you are confronted with. Al of this
has al ready been nentioned, but | think it's -- you
really have to keep this in mnd, because at the end of
the day you have to nake a policy call and you're
relying on a safety assessnent.
So we have the -- as | see it, the very significant
i ssue of the frequency and duration of exposure issue.
You have an acute intermttent type of exposure
through the first year of life. Maybe sonewhat after
that, the tinme point versus the nethyl nercury issue,
where you have generally steady state exposures that
occur on a chronic basis.
You have the root of adm nistration differences, the IM
versus PO difference, which then | eads you to the
toxi cokinetic differences that Dr. Lucier described in
his cl osing remarks.
You al so have the target organ differences between
ethyl and nethyl. | nean, while ethyl and nethyl
denonstrate remarkable, | think, simlarities, there
are differences in terns of specific target organs.

Met hyl mercury, C and S, ethyl, Cand S in the kidneys.
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And then you have the dose effect differences. Wile
this doesn't seemto be as significant an area of
uncertainty as the preceding four, it is an area of
uncertainty.

In regards to the safety assessnent paradigm and | --
this has to be enphasized. | think Dr. DeRosa j ust
enphasi zed this. This is a first step in an iterative
process. Unfortunately, a lot of tines ny perception
isit's perceived to be sonething nore than that, which
-- and because we -- it's described as being, well, if
you exceed the safe | evel, you are unsafe, or | think
the phrase that's commonly heard, "the population is at
risk."

Well, that inplies that the risk has gone up once

you' ve gone over the safe |level, when, in fact, the
safety assessnent paradi gm doesn't provide you with any
insights into that. | nean, the uncertainties
surroundi ng the safe |l evel as described in the RID
definition is tenfold. So there's really -- W don't
know how the risk changes as you nove about the safe

| evel . You could risk a change not at all until you

get to levels considerably above the safe |evel.
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And | think in terns of the safety assessnent paradi gm
and | think this is the crux of the matter in nmy m nd
internms of this particular issue, was ethyl nmercury,
and one that we have to weigh in with in terns of

met hyl mercury, is that it doesn't really allow you to
gauge the level of effort in order to mtigate that
risk.

In other words, you're over the safe level, then how
quickly do | need to respond if I'mover the safe

| evel 7 How nuch effort do | have to do to mnim ze
that source of exposure? And if you try to do that
within just the safety assessnent paradigm it doesn't
really tell you as you nove above the safe | evel how
much risk reduction am | achi eving.

| think -- Now, I'"'mnot sure in terns of this
particular issue with ethylnmercury, because the anpunt
of data that you have in terns of dose response with
ethyl is -- ny perception is fairly nmeager. So then
you woul d have to use nethylnercury as a surrogate, and
there is a plausible way, | believe, in |ooking at dose
response using nethylnmercury. That is the next step in

the safety risk assessnent paradigmthat hasn't been
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done.

| nmean, in the RFD/ MRL/ADI paradigm dose response is
not part of that consideration. You identify it, a
particul ar study, you identify a particul ar dose |evel,
you apply your uncertainty factors, but you are not
taking into account dose response, which I think is a
critical issue if you're trying to get a handle on risk
above the safe level so that you can then figure out,
"Well, how fast do | have to nove and how nmuch effort
do | have to put into reducing this |evel of exposure
that 1'm concerned about ?"

So those are the points | wanted to nmake in terns of

t he ki nds of considerations that we have to deal with
in ternms of nethylmercury in fish, which | think
there's so nuch anal ogous to this situation

DR. RAUB. Thank you, M ke.

W'll wap up with Dr. Carkson. As nmany of you heard
by the repeated references this norning, much of what
we know about nethylmercury and its toxicity conmes from
the studies in Irag and the Seychelles, and for that
we're thankful to Dr. Carkson and his coll eagues.

DR. CLARKSON: Thank you, M. Chairman. You're nore

NANCY LEE & ASSOCI ATES




206

t han generous. W' ve contributed a little bit, but not
t hat much.
| don't have an agenda or anything. You know, |'m not
representing a governnent agency, but this university
that lives in the tundra north, in New York State, and
the only bias | have is to get as much research noney
as possi bl e.

( LAUGHTER)
DR. CLARKSON: Naturally, that tends to make you --
make things | ook as dangerous as possible, so that |
can get nore research noney, but, unfortunately, in the
Seychel l es study we did the opposite. So we're

probably going the be bankrupt before |ong.

( LAUGHTER)
DR. CLARKSON: So | don't have -- | can nmake comrents,
M. Chairman, about -- or we could postpone themuntil
there's a general discussion. | don't know.

DR. RAUB: \Whatever you'd |ike.

DR. CLARKSON: Wiy don't we postpone themuntil --

DR. RAUB: In that case, we have a substantial block of
time for questions or coments. Yes?

DR RABINOVICH: This is G na Rabi novich, N Al D
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The question is generated by a comrent from Dr.

Mahaf fey, but it probably could be comrented upon by
many ot her nmenbers of the panel.

In discussions |eading towards this neeting, it was ny
understandi ng, and | seek clarification, that in

eval uating the neurol ogical deficits that these indeed
were not overt, clinically overt, that it actually took
the detail ed neurocognitive evaluation to define them
And you tal ked about clinically overt neurol ogical

deficits that maternal hair was greater than 20 parts

per mllion.
W' ve been talking -- using that termas though it
meant sonmething. | realize |I no | onger know what it

means. So what are we tal king about, really, in terns
of neurol ogical deficits?

DR. MAHAFFEY: Well, | can tell you what we did with
respect to the reference dose, and probably Dr.

Cl arkson can comment sone, because the reference dose
was based on findings fromthe Iragi study. And in
that, that was a poi soning epi sode of about six nonths
duration. And while it's been called an acute

exposure, it was certainly one that was | ong enough to
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produce fetal effects.

Approxi mately two years later, two of their
neur ol ogi sts were in Iraq and eval uated as many of the
children they could find who were born from nothers who
were exposed during that epidemc, and, ultimately, |
believe there were 81 maternal -child pairs who were
assessed.

The reported paper from Marsh, et al., in 1987 tal ks
about endpoints such as del ays in wal king, increased
neur ol ogi cal scores on a standardi zed neur ol ogi cal
assessnent, seizures, delays in tal king, and there may
have been anot her endpoint or two in there.

Where the data turned difficult is that the culture in
Irag and the nomadic living conditions in these
villages made it hard to find these people, as well as
hard to get certain types of information fromthem So
there is a level of uncertainty in this data, which we
readi |y acknow edge, but in terns of clinically
significant endpoints, that's what we're speaking of.
DR. RAUB: Dr. darkson?

DR. CLARKSON: One of the advantages of prenatal

studi es versus studies in adults is you have a nuch
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better recapitulation of the dose. You have to nmake it
over a nine-nonth period, and so the studies that have
gone on prenatally, |like the Faroe studies and the
Seychelles and Iraqg, really are a fairly good neasure
of what exposure was.
The problemw th adult studies is that you don't. The
people in the fish-eating popul ations who are adults
have been exposed all their lives, and you only have a
nmeasure going back a year or two. So it nakes
interpretation of a lot of the adults quite difficult.
So that there is a tendency, quite understandably,
nunber one, for risk assessnent to be based on prenat al
exposures because of the better neasure of dose, a nore
clear cut situation, and because the evidence seens to
be the prenatal -- the developing prenatal brainis
nore sensitive to nethylnmercury. It's a big question
that affects this whole debate, which is, how sensitive
the situation is after birth.
DR. MAHAFFEY: If | could follow up slightly, the
indications that the fetus is nore sensitive than the
adult, in part, cones fromthe Japanese epidemcs, in

whi ch not hers, who thenselves had very |imted evidence
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of neurol ogi cal problens, gave birth to infants that
had danage, clinically overt damage.

DR. CLARKSON: Yeah. The other evidence is also that
in lrag, when we exam ned adults -- Now, the advantage
of Iraq, with all its disadvantages, is it was a sort
of a short-term six-nonth, or whatever, exposure, to
three nonths to six nonths. So we did know, even in
adults in Ilrag, what the exposure was, you see, and
what the maxi num exposure was, which you don't know in

a fish-eating population. It goes all of their lives.

So even with adults in Irag, you could get their
maxi mum | evel s with sonme, you know, cal cul ati ons and
sonme assunptions, but you could cone up with sonething
that at |east approximated their actual exposure, and
knowi ng that this was a one-shot incident, there
probably wasn't nuch exposure earlier in life.

Now, in that case we got, you mght call, I'man old-
fashi oned toxicologist -- a threshold val ue, say, of
about 100 parts per mllion in hair with the adults.
Whereas, wth the kids, our |owest estimate was as | ow

as 7 parts per mllion. Now, there's an error on that,
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but it's the lower end of our estimate. So froma
guantitative point of view, Irag al so supported the
fact that the prenatal life was nore --

Now, the Iraqgi thing, too, raised sone very interesting
questi ons about post-natal exposure. W -- Dr.
Amanzaki (phonetic), who was head of pediatrics in
Baghdad, exam ned a nunber of children, along with
their staff, who had been exposed post-natally to
mercury in mlk. O course, all feeding of infants
there is fromhuman mlk until they can take solid
stuff, which, of course, would be bread.

And these infants, sone of themwere totally breast-
fed, sonme which had -- alittle older and had sone of
t he contam nated bread. Sone of these infants

devel oped -- five of them devel oped bl ood | evel s of
1000 parts per billion. And at |least fromthe

pedi atrician's point of view, there's nothing wong
wthit. WlIlIl, we weren't neasuring a five-point drop
in an intelligence score. But froma point of view of
a pediatrician, a pretty conpetent, experienced

pedi atrician, these kids | ooked normal.

And there was one child -- | think there was a group of
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15 altogether. [1'll have to | ook up the paper, but it
was about 15 altogether we did. Al of them were above
200 in their blood |l evels and one of them was 1500. It
was heroic. And this raises, first of all, a question
about the actual sensitivity of the post-natal period.
|"mnot sure | totally agree with ny col | eague, Dr.
Mahaf fey, that you can extrapolate fromlead to
mercury. She has been a | ead worker after all. |
think the two nmetals are very different in their
bi ochem stry and in their nmechanismof action, but it
does raise a question about the sensitivity of this
post - natal peri od.
Both the Seychelles and the Faroes, which disagree in
terms of results of prenatal exposures, have not found
any dramatic effects due to post-natal exposures,
either in the Faroes or in the Seychelles, which also
tends to give credence to the idea that the post-natal
period ain't all the sensitive.
In fact, one of the nost interesting to ne of the Faroe
publication, which hasn't been nentioned so far, is
that they | ooked at children at 12 nonths of age and

found that the higher the nercury levels in the hair of
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these kiddies at 12 nonths, the better off they were.
They achi eved their devel opnental m | estones nore
rapidly if their nmercury was higher. That is kind of
an interesting result.

The authors attributed this to a confounder. The

conf ounder was breast-feeding, because the

-- the longer the breast-feeding period, the nore
nmercury they got fromthe mlk and, therefore, the

hi gher their mercury |levels were. They showed that in
the study, that the length of breast-feeding actually
resulted in higher nercury levels. And their

concl usi on was, you know, breast feeding is good for
you, it's beneficial, and that was the confounder in
this study. It may have a lot to do with Iraqg, too,
that human mlk is good for you. And it raises the

ot her issue that when we | ook at these nunbers, whether
comng fromlraqgq, fromthe Seychelles -- The nedia in
which nethylnercury is presented is very inportant. It
m ght make a difference to the toxicol ogical outcone.
Certainly, the Faroes group suggested that it was the
sort of protective and beneficial effects of human m |k

t hat outwei ghed any possible potential effects of
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nmet hyl mercury. Sonething clearly was happening in Iraq
to allow these very high | evels.

Now, with thinerosal, |I nean, it's a different thing
altogether. It's being injected. And so you're
conparing quite a different nmedia of injection here,
whi ch m ght not be good news for you. | nean, you're
not giving it in human mlk, so you m ght not get the
protection that you woul d see there.

DR. RAUB: Dr. Bol ger?

DR BOLGER | just wanted to comment on two things.
One is, bear in mnd that these estimates of relative
sensitivity based on the Iraqi study are fairly
uncertain. | nean, we only 81 subjects in there, and,
in fact, the bulk of those children's nothers had body
burdens wel|l above 50 parts per mllion hair |evels.
So you only had several subjects in the | ow dose range,
of course, which is the dose range of concern for

met hyl mercury in terns of fish-eating popul ations.

And then, in ternms of the indices of devel opnent that
were neasured in Iraq, delayed wal ki ng and del ayed

tal king, when Dr. darkson's group | ooked at those

endpoints in the Seychelles, they did not see that kind
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of corresponding correlation. So, bear that in mnd,
that there are still some significant uncertainties in
terms of how you neasure devel opnent and what you're

| ooki ng at.

DR. RAUB: Yes? You're up again.

DR. RABINOVICH |I'mnot sure if everyone is still in
the nap tinme. [I'mjust trying to understand the many
i ssues that you're raising.

| think I've heard it at other neetings, but perhaps it
shoul d be stated here. What do we know about breast-
feeding and intake through oral and exposure to a
breast-feeding infant for nethyl mercury, ethylnercury,
what ever you found?

DR. CLARKSON: The breast mlk contains a fairly
proportion of inorganic nmercury. People exposed to
met hyl mercury, certainly in lraq and in fish-eating
popul ations, breast mlk is in both the nethyl and
inorganic. A great deal of attention has been played
to the nmethyl and very little to the inorganic that's
comng in breast mlk. This nmay have sone reverence,
this thinerosal, really, because it al so breaks down to

an inorganic nercury. This is not -- To the best of ny
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know edge, it has never been | ooked at very nuch froma
health risk point of view, but inorganic nmercury in
breast mlk is probably well absorbed. In adults, the
absorption of inorganic nmercury averages around 7
percent. There's a range, but it averages about 7.
Probably in suckling infants it's much higher, of the
order of maybe 50 percent. The nost divalent ions are
absorbed to a nuch higher extent in the intestines of
the i mmature infant.

So one has to worry, too -- This hasn't been | ooked at
as to how the absorption of the inorganic m ght have an
i npact, for exanple, on kidney function. So to the
best of ny know edge, it has not been | ooked at in any
detail, not even with nethyl nercury.

DR. RABI NOVI CH: The environnmental health people, if
you could summarize briefly how you think differently
about organic netallic, like nmethyl or ethyl nercury,
and inorganic nercury in terns of health inpact.

DR. MAHAFFEY: Well, our understanding of this, based
on Swedi sh data and nodeling a PDPK nodel that was done
at EPA, is that both nethylmercury and inorganic

mercury can enter the nother's mlk, and it depends, in
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part, on what her own exposures are. |f she has
conparatively high seafood intake, she can be expected
to have conparatively nore nmethylnmercury in the mlk.
It's known, too, that dental amal gans can contribute to
the inorganic nercury level in the nother's mlKk.

| was interested in Dr. Carkson's conmments about Dr.
Amanzaki's work, which are found in the American
Journal of Diseases of Children, Volune 130, Cctober,
1976, and | guess there nust have been nore infants
than were witten up, because this one only describes
one infant who did remain well, but she was only

eval uated for a short period of tine, and they nake
specific reference to concern over what her |onger-term
effects m ght be.

So, | mean, you have to -- This is Amanzaki in the
Anmerican Journal of Disease of Children, '76.

DR. CLARKSON. Well, we're in a better journal. W
have one in the Journal of Pediatrics. GCkay? So this
is -- this has 15.

DR. MAHAFFEY: Okay. So there were additional ones.
DR. DeRCSA: | just wanted to return to the comment

about the exposure through breast mlk, and there have
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been sone studi es done, the Swedish study, in
particul ar, that suggested a 50 percent distribution
bet ween the inorganic and the organic fornms of nercury,
that when they | ooked at the kids who were nursing that
the relative proportion was 75 percent organic to 25
percent inorganic because of the greater bio-
availability, greater uptake of the organic formvis-a-
vis the inorganic.

DR. RAUB. Dr. Plotkin?

DR. PLOTKIN. Well, since everybody's been

extrapol ating, | thought I mght take a shot at it and
ask the panel what they think of this. The only data
we have, and, obviously, they're insufficient, are the
five terminfants fromthe Enory study who had a bl ood
| evel averaging 2.3 mcrogranms. Assum ng that they
were 3 1/2 kilo infants, that means they -- and there's
12.5 mcrograns in hepatitis B, so they received about
4 mcrograns per Kkilo.

Now, at two nonths an infant could conceivably receive
five times that. That is, 62.5 mcrograns. Dr. Bol ger
seened to say that there are no dose response data, but

assum ng what | guess is the worst case scenario, that
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the -- you can nultiply, that suggests that they would
have a peak. That is, at two nonths, they woul d have a
peak of 7 m crogranms, assum ng, of course, the factor
of grow h.

Now, is that extrapolation -- assum ng that the Enory
data are correct, is that way out of |ine, or does
that, indeed, suggest that they would achi eve bl ood

| evel s of about 7 m crogranms, which would translate, if

| understood Dr. Clarkson, to about 1 or 2 parts per

mllion in the hair?
DR. CLARKSON: | think it does. Can | show ny thing
agai n?

DR. CLARKSON:. These are the data | used, which | got
fromDr. Halsey, | think, by perm ssion of the Anerican
Acadeny of Pediatrics, so it nust be right. And

obvi ously, those bodywei ghts are rather low. | used
two of them the three standard deviation one and the
fifth percentile. These were the doses | was given
fromthe vaccines; is that correct? 12.5 at birth and
so on and so forth.

Now, if you go through the arithnmetic on this, it's

si npl e enough even for ne to do it, you assune that 5

NANCY LEE & ASSOCI ATES




220

percent of this dose goes to the bl ood conpartnent, and
that's m m cking nethylnmercury, I mght add. And

usual Iy, distribution is conplete in about three days
in humans. Then you assune that the volunme of the

bl ood conpartment -- Dr. Hal sey, correct nme if I'm
wong. You said 8 1/2 percent of the bodywei ght,
correct?

DR. HALSEY: At birth.

DR. CLARKSON: At birth, yeah. Well, | took it for six
nonths, as well. Not being a pediatrician, | just did.
So if you do that -- Because | felt they're only

nunbers, you know, you can do the arithnetic better
than I can -- you cone up with blood | evel s shown on
that last colum -- Can you read that? -- of -- Well,
not on that. That's the dose. Now, the blood |evels
you get are on the next slide, which I showed you this
norning, and you can see that it's a small dose at
birth. The yellow one is the snall est bodywei ght, of
course, the three standard deviation one. |[|f you can
read the white one, it's the fifth percentile. You can
see that after the first vaccination, background |evels

in blood are about 1 part per billion, depending on
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fish consunption and all that. Generally speaking,
they' re down there. You get a nodest increase to |ess
than five.

And then this decline here is sinply due to the

i ncrease in bodyweight. [|I'mmaking that key assunption
that there's no excretion whatsoever of nercury during
this period, and that assunption cones only from ani nal
experinents. W think we know t he nechani sm of that,
but we don't -- and it probably should apply to humans,
but there's no observations nade yet on humans.

And | think this -- this discussion of vaccines m ght
hel p us solve this problem mght be able to get sone
sanples. Don't give ne too many fecal sanples at once,
but we want to be able to get sone sanples that m ght
sol ve this problem

And t hen when you give the |larger dose, the 62.5,

obvi ously, there's a rather sharp increase, again a
decline due to gromh, and so forth. You can see this
sort of pattern will eventually get you up into the
20s.

Now, the regul atory guidelines are roughly for EPA
around 5, 4 or 5. | think FDA is around 20. It's the
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classic one we've had for ages and ages. WHO as well,
is around 20, about here. So that we just edge up and
sort of go between the various guidelines on that.

It's a matter of what arithnetic you want to do, what
assunptions you want to make about the bodywei ght of
the child, and how frequently the vacci nes are given,
and what's the nercury in the vaccines.

And ny viewis that it's the maxi num | evel that

determ nes the damage. Methylnercury is an
irreversi ble poison. It knocks out the brain cells.

So probably, it's not so nuch the | ength of exposure,
it's the peak exposure that's really going to do the
total danage. The Irag dose response that the EPA used
intheir risk assessnment was based on peak | evels, not
average | evels, but peak levels. And so in this sense,
it's the peak levels here | would inmagine that are
probably inportant to worry about.

And this is obviously a worst-case scenario. These are
the | owest possible bodyweights. And | heard this
norning that you' re not even supposed to give a vaccine
to an infant at 1.8 kilogranms, and this is 1.8

kil ograns here. Okay? Thanks.
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DR. RAUB: W just have a few mnutes. There's one
hand in back and then a couple down front here. W
probably have tine for about two or three nore

questi ons.

The gentleman in the back?

DR. BERNIER: M nane is Roger Bernier fromthe
Nat i onal | muni zati on Program at CDC.

| wonder if we could get sone nore discussion about the
application of these standards, because | think one of
the things that characterized the policy-nmaking around
this episode was, | think, the perception or the
interpretation of these guidelines as in sone ways
bright lines where there, in fact, was a violation of
safe levels. And the insights that |I'mgetting from
hearing you tal k about these is very interesting
because you're tal ki ng about these guidelines as
starting points, as screening |levels that you woul d
then begin to investigate further. | guess it suggests
to me that there's an art to the application of these
gui del i nes.

And | wonder if you have ideas about, or from past

experience, a protocol or a checklist for once you have
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hit this screening |level and you are now begi nni ng your
further investigation, what are the things to do. |
mean, from ot her situations where you have experienced
viol ations or things have occurred in excess, is there
gui dance that you can give in this art of applying

t hese standards so that we can then judge what we are
doing in the vaccine area and how we are doing as
appliers of these standards?

DR. MAHAFFEY: If | could offer one coment. One of
our concerns with our estimtes for reference dose and
mercury exposure is over what tinme period of both
exposure and, in the case of nethylnercury,

devel opnent al period these exposures are appropriate
for.

When we did the report to Congress, there was a | ot of
back-and-forth di scussion over what tine period of
exposure we should average nercury intake fromfish

We had sone daily exposures in there. W had nonthly
exposures in there, too. Certainly, the day-to-day
variability in fish intake will produce a nuch higher
range of exposure if you | ook at a one-day kind of

i nt ake.
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At that point, we |ooked at 30-day intakes.

In listening to the experinental aninmal panel talk
about the inportance of an intermttent high-dose
exposure on C and S devel opnent, at least in aninmals, |
personal |y began to wonder if our 30-nonth period was
too long. | don't know what the appropriate period
really is, but it has been the topic of a |ot of

di scussi on.

The reference doses are intended to be a level that's

t hought to be safe over a very long period of exposure,
and clearly what that relevant period is can be, in
part, determ ned by the what the endpoint is you're
trying to look at. If you' re | ooking at
carcinogenicity, clearly a longtine period of exposure
is the period of greatest interest. Wth

nmet hyl nercury, we know that there are devel opnenta

wi ndows of i nportance.

| think with this, as others have pointed out, this
peak exposure that happens is sonething that is
fundanmentally quite different fromthe usual
application of reference doses, and | would think the

kinetic information has got to be very inportant here
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because it may suggest that the risk is higher than
what m ght be assuned fromjust applying the reference
doses, or the MRL.
On the other hand, additional kinetic data may show
that ethylnmercury is a sufficiently different conpound
inits nmetabolismthat the RfID, or MRL for
met hyl mercury, may not be that relevant, but, in the
interim risk managers will have to nmake sone
deci si ons.
DR. GREENBERG | think this has been a great
di scussi on, but we should take a break now. You can
continue this discussion in the hallways, and we'll be
back here at 3:30 for the |ast session.
(RECESS FROM 3: 00 P.M TO 3:34 P.M)
(END VOLUME | - DAY ONE)
SEE VOLUME || - DAY ONE)

*x * % * % * *
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