Usrugerod

AVU.9d 1A «dv IJv Jduv S AL M hr e s

-—

P\ TO:
_ FR:

=

_ C. R. BENNETT

DR UGLAS RY 33-76 601
DR. GORDON DO HAR 27 ﬂ"ﬁ
Maurice R. Hilleman WP 26-200B .

VACCINE TASK FORCE ASSIGNMENT FOLLON e ——

THIMEROSAL (MERTHIOLATE) PRESERVATIVE -

PROBLEM.,

The regulatory control agencies in some countries, particularly
Scandinavia (especially Sweden), but also UK, Japan, and Sv;m.ze.rland,
have expressed concern for thimerosal, a mercurial preservative, in
vaccines.

Some countries require absence of thimerosal from single-dose vials and
prefer to buy vaccines in the single-dose package. This trend will probably
spread. Thimerosal is allowed where multidose viala are the only
alternative. . ,

Sweden is requiring thimerosal-free single-dose packaging of all products,
as soon as can be reasonably achieved. The deadline for DT is January,
1992. Competitor HibTITER (free of thimerosal) will be chosen for
Haemophilus influenzae vaccination until alternative thimerosal-free
packaged vaccines are available.

' The U.S. Food & Drug Administration (CBER) does not have this concern

for thimerosal but will permit exclusion from single-dose vials if requested
and qualified. Misuse of single-dose vials by multiple puncture to achieve
more does (e.g., 2.5 pg quantities for infants from 10 pg adult product) is the
user's responsibility and ends with the requirement that the labelling
dearly st:tes that the vial contains a single dose and that the vial is not to be
reentered. '

The key issue is whether thimerosal, in the amount given with the vaccine,
does or does not constitute a safety hazard. However;-perception of hazard
may be equally important. : '

The basis for concern, assesament of hazard, and suggested resolution are
given below. . = ' '

* COMPOSITION OF THIMEROSAL (Merthiclate®).

The 1989 Merck Index gives the following description:

9244, Thimeresal. Ethyl{3-mercaptobentoste(d)-0.5)- a of solas with EDTA: Daciuon, US. pet.

Stabitizsstioa
mercuranl(l —) sodiam; ((o-carbazyphenylihiojcihy 2.864.844 (1998 10 Lilly). pH of 1% oq soin: 6.7. LDg sc.
sodlam seic; sodiom - € thiomeraals et 88 mg/ke (Masoe). ‘
ata: mercurothiolate: Merthiolsie: Merzonia: Mertorgan: use: Phermaceudc aid ( ive).
Mcrfamin, CH,Hg : mal wt 404.84. C 16.70%, H : THERAP CAT: Asdd ; S
2.24%, Hg 49.35%. Na 3. O 7.90%, S 1.9I%. Prepd by . THERAP CAT (VET: Astibacierial, satiluags! {topical).
elhyimercuric chioride (or ethytmercutic hydrozide) . . ’
tmamﬁ‘ Netane &“4'7?(‘. us. pet. n.mt.l: ' Suble ia air. bui not
A . $46); Swirshe or . Cream <colored, erystailine powder. .

Pivempsi Chem. 39, 371 (1960), C.A. 33, 3307e (1961). ia sualight. One grum dissolver ia sbout | onl weter, in
Tosicily: Masan et oL, Clin Toxzicsl 4, 18IS (ISTY). - abowt § e elcobol. Practically iaol in cther and benxne.
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From the pharmaco-toxicologic standpaint, it is important to note that
t.hi.merosaf is the sodium salt of a phenalic acid witt! a t.hmoet:.hyl-mercunal
side chain. Almost half, 49.55%, of the weight of thimerosal is mercury.

Thimerosal is used as an antimicrobial preservative in vaccines, usually at
a concentration of 1:10,000 by weight, though less often at 1:20,000.

The focal paint for present concern ia in Scandinavia, though the USSR was
probably the first. The immediate Merck concern is to be able to qualify for

‘sale of single-dose products in Sweden and in Norway and Denmark.

The State Bacteriological Laboratory in Stockholm, which is highly
competent, does not feel a high-level urgeacy to solve the thimerosal
problem since the amount of mercury from vaccine sources is considered to
be inconsequential compared with the intake from air, fish, dental
amalgams, etc.

However, there is an active response to a public perception and, hence, -
concern for thimerosal in vaccines. The public awareness has been raised
by the sequential wave of experiences in Sweden including mercury
exposure from additives, fish, contaminated air, bird deaths from eating
mercury-treated seed grains, dental amalgam leakage, mercury allergy,
etc. '

The target for the Swedish licensing authority is to use single-dose vials of
vaccine and to make available products that are not preserved with
thimerosal. Where thimerosal-free vaccine is not available, e.g., hepatitis
B vaccine, then thimerosal-containing product will be allowed until a
thimerosal-free source does become available. In some instances, public
immunization programs may be endangered by public refusal to accept
vaccines with thimerosal.

The State Bacteriological Laboratory does h'ave‘ a program to find and
qualify a suitable substitute for thimerosal, but there has been no
substantial progress to date. _' : - .

CLINJCAIL, CONCERNS

a. Allergies. The published literature records a number of instances of
allergies in patients sensitized with organic mercurials, including
thimerosal. Crose-gensitization of people between different organic
mercurials is noted. A common means for sensitization of people is
by use of contact lens fluids preserved with thimerosal. Reported
reactions to thimerosal-preserved vaccines include eczema, ‘
generalized exanthems and urticaria. - S
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P\ b. iona. Mercury released from dental amalgams

a has been beld responsible (probably spuriously in most instances) for
a variety of maladies including multiple sclerosis, chronic fatigue
syndrome, allergic sensitization, autoimmune disease, etc.

Markert has recently undertaken studies to determine whether the
mercury released from dental amalgams influences the immune .
system as measured by change in lymphocyte subset counts.
Comparison was made between subjects with or without exposed
amalgam. There were no significant differences in the two groups
as relates to T3, T4, T8, T11, Bl or Leu 7 cells. Markert estimated that
the average daily release of mercury from 8 occlusal surfaces to be 1.2

KE.

It may be of interest that Andersson et al. in the State Bacteriological
Laboratories in Stockholm have recently reported in vitro activation
by phenyl mercury of T cells from persons with amalgam who are
allergic to mercury. '

From the toxicologic standpeint, mercury and compounds of mercury are
divided into 3 groups:

?\ a. Methyl and ethyl mercury salts (this is the most toxic form).
’ b. Mercury vapor (intermediate).

c. TInorgenic mercury salts, and phenyl and methoxyethyl mercury .
salts.)('l‘hese may differ within the group but are considered least
toxic. ' ‘

An International Committee (1969) ranked the 3 above classes according to
allowable 8-hour exposure to an amount of mercury per cubic meter of air.

The values were: o . .
Methyl and ethyl mercury salts- , .01 mglcubic metei'
~ Mercury vapor o .05 mg/cubic meter
~ Inorganic salts, phenyl & methoxy 0.1 mg/cubic meter

These are air exposure values but pmbhﬁly reflect the relative hazard of the
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different forms of mercury.
1t is important that group 3 is least toxic and is perhaps 1/10 as toxicas the £
ethyl and ethyl mercurial salts. Most important, thimerosal is a phenyl B
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mercurial. -
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Literature review has revealed no toxic-pharmacologic study of
thimerosal except for a paper by Mason et al. who did comparative
toxicologic studies of 7 different chemicals used in preparing
vaccines. The single-dose LD§(Q in mg/kg in weanling rats was 119
for Benzethonium chloride and 98 for thimerosal. The meaning is
not immediately apparent.

Perhaps the best assessment is to review the allowed daily intake of
mercurials as calculated by Gerstner and Huff (1977) and to
calculate, for comparative purpose, the mercury content of a single
dose of thimerosal-preserved vaccine. '

The calculations by Gerstrer and Huff are for methyl mercury (that
ia perhaps 10 times as toxic as phenqlic mercury).

The values are:

R e

Hg

Critical total body methyl mercury burden 40 mg
in an adult (160 lbs)

Critical daily intake (considering a 70-day half- 400 pg
life with continuing turnover) '

A safety factor of 1 in 10 is judged to be needed so that:
The methyl mercury daily intake limit would be 40 ug

The Swedish Commission on Evaluating the Toxicity
of Mercury in fish (based on methyl mercury)
gave a maximum daily intake in adults of 30ug

Markert states that the normal average daily intake
of mercury in adults is: .10-20 ug

WHAT IS THE MERCURY CONTENT IN THIMEROSAL- ~ :
PRESERVED VACCINES? | ' : S

(1) Thimerosgal is generally used at 1:10,000 dilution. About half
: theweightofthime’rosalismex‘cﬁrj. :

Therefore, there are 50 ug of mercury/1.0 ml dose.
. ‘ 25 pg of mercury/0.50 ml dase.
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(2) Translating to body weight

For a 1601b adult 1.0 ml = 0.3 ug He/lb. bady wt.
Fora 6lbbaby 0.5 ml = 4.0 pg Hg/lb. body wt.

e.  PUTTING THIS INTQ PERSPECTIVE.

For adults: The 50 ug of mercury in a single 1 ml dose is 1.7 times
the Swedish daily allowance of 30 ug of mercury. We must take note
that this allowance is based on the assumption that the total body
burden has already reached the estimated 40 mg critical level.

For babies: The 25 pg of mercury in a single 0.5 ml dose and
extrapolated to a 6 1b. baby would be 25X the adjusted Swedish daily
allowance of 1.0 pg for a baby of that size. The total mercury burden
in a baby is unknown but it has been stated that the blood level of a
newborn may exceed that of the mother. If 8 doses of thimerosal-
containing vaccine were given in the first 6 months of life (3 DPT, 2
HIB, and 3 Hepatitis B) the 200 pug of mercury given, say to an

- average size of 12 lbs., would be about 87X the Swedish daily
allowance of 2.3 pug of mercury for a baby of that size.

'When viewed in this way, the mercury load appears rather large. It
- will be recalled that phenyl mercury toxicity is only about 1/10 that of
methyl mercury and it might be justifiable to correct these calculated
numbers by a factor of 10. ‘

PERSPECTIVE AND CONCLUSION.

It appears essentially impossible, based on current information, to
ascertain whether thimerosal in vaccines constitutes or does not constitute
a gignificant addition to the normal daily input of mercury from diverse
sources. It is reasonable to conclude, however, that thimerosal should be
removed from single-dose vials when it can be removed, especidlly where
use in infants and young children is anticipated. This is based more on
perception than on any data that would point to thimerosal as a real

‘hazard. The costs for single-dose vials may be prohibitive for most of the

world population where multiple puncture multidose vials are used. The
ethical justification for continued use of thimerosal-preserved multidose
vials in developing countries would be based on the greater importance of |

* disease prevention than the real hazard from giving small amounts of

mercury preservative for which there are no reliable standards of safety.

In planning for the future of thimerosal-containing product, it will be
important: j : o ' :

a. To measure biesémﬁv_e adequacyandtoebﬂsidétﬁseoflzzo.boo
 thimerosal rather than 1:10,000. - - : '

.
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.~ Serum Laboratory, Stockholm, has such a program just starting.
4 CBER (Sharon Risso) 2 years ago made a summary of preservatives used in
?\ biological products . Her stated list was:
A Antibi'otics:
Amphotercin B - Rabies
Kanamycin - ?
Neomycin - Measles
- Polymyxin - Influenza
Streptomycin - Live .p'olio
Chemicals:
Benzalkonium Chloride - Anthrax -
‘Thimerosal T Many T :
Phenol - Polysaccharides, typhoid, interferon
Formaldehyde plus : ' -
0.5% 2 phenoxyethanol - Killed polio
g Fon_naldehyde Coe Mumps skin test
This gives no real choices for polypeptide/protein vaccines. It may be
- worthy of nate that surfactants such as benzalkonium chloride release
toxing from gram negative bacteria. , '
. Sourcéa: | '
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b. Combine as many vaccines as possible into a single-dose product so
as to minimize the cumulative total mercury administered in
multiple dosing.

c. Solution to the problem for PedvaxHIB might be to consider the dried
antigen as a single dose (which is thimerosal-free) and to consider
the alum-containing diluent also as a single dose. This would
reconstitute as thimerosal-free single-dose PedvaxHIB.

.d It might be worthwhile, also, to do precise pharmacologic studies to
measure thimerosal mercury accumulation, excretion, toxicology,
etc. in animal experiments. It could be that the Swedish-allowed
daily mercury limit dosage is excessively below the real safety
threshold. There are no proved instances of thimerosal toxicity in
routine clinical use of thimerosal-preserved vaccines.

It is worthy of consideration to find another acceptable preservative. This -

has been pursued in the past in a number of laboratories and the chance for

success in the near time frame would probably be very small. The State

restorations. JADA 122:45, 1891

Markerl:. J-R et al. Lymphnqﬁ levels m aubjécﬁ with and wiﬁmut .
amalgam B S o
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The translation of a recent article on thimerosal preservative in vaccines by
Dr. Hans Wigzell (copy appended) has just been received. Dr. Wigzell is the
Director of the State Bacteriological Laboratories in Stockholm. The facts
and considerations are consistent with those given in this memo,

'I"he seasoned conclusion Wigzell gives is, "Our opinion, however, is that
the problems associated with the spread of mercury via vaccination are so
minor that there is no reason to push a hastened solution".

Note, however, that Wigzell mentions only thimerosal-preserved DTP or DT
given in at least 3 doses since the 1950s. Even with such small exposure,
Sweden is moving as expeditiously as feasible to achieve a zero input of
mercury from thimerosal. -

M.R.H.

. €¢C

| cowomme.

R. Bennett, K. Brown, A. Elliott, R, Ellis, E. Fagan, P. Friedman,
R. Goldberg, C. Henderson, C. Hildebrand, J. Ryan, J. Sandelands, ' . g
E. Scolnick, J. Shafer - - - - | v EE
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ETITUTE MERCURY AS A PRESERVATIVE IN BACTERIAL

FfauPple of years The National Suwedish Bacteriological
has received an increasing number of inquiries

sence of mercury i1n bacterial vaccines. We fram
rief account on some commonly asked questions wlth
tter.

ium (Merthiolate, ethyl-E-carboxvphenylmercapto

S an organic mercury compound, which is used 1n
Thiomersal

t the end of vaccine preparation and is therefore
j the real manufacturing process. It keeps the

lon sterile during 1ts use at the clinic and child
The vaccine is distributed 1in multiple dose vials.
bn from the bottle therefore takes place several

of contamination erxists.

in adequately refrigerating the vaccine bottles
pccinatiaon can also add to increased risk or

in vaccine solution. Europasharmacopoeia demands
Ps be added to biological preparations when

hltiple dose vials. '

Fations contain 0.1 mg thicmersal sadium per each ml
ut half the weight of thiomersal sadium is made up

unt of thiomersal sodium is 0.05 mg or S0 mcg, and

of mercury. Nﬁ:g the volume of a dose duplex vaccine is 0.5 ml then

mercury caontent

VARYING CONTENT

Ta explain th¢

. in our environme

during the 1940s
4-11 mcg organic
cantamination c
species can houwe
The content o
inhaled quantity
mainly made up o
For work envi
Safety limits th
compounds to 10
S0 mcg/cu m air.
Organic mercu
intestines and a
is mainly from 1
Since the nat

S 0.085 mg or 25 mcg per vaccine dgse.

PF MERCURY IN OUR ENVIRONMENT

P given amounts in relation to other mercury levels
't it can be mentioned that different investigations
and 1970s showed that av daily diet contained

mercury. Fish from the sea without direct :
tains as a rule 10-50 mcg mercury/kg. A few fish
‘er contain ‘1 mg/kg or mare. 4 o
mercury in the air in Sweden varieg markedly . The
expressed according to size, is 0.2 mcg/day and is
mercury vapour. , .

nment, the Swedish Asssociation far Industrial
hygienic level for certain organic mercury

9/cu m and for other mercury compounds to

Y compaunds are absarbed as complete from
mainly stored in the red blaod cells. Excretian
ver.via gallbladder. o
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These vaccines have always contained thiomersal scdium as a
preservative. The vaccination-delivered amaunt of mercury can not
be viewed as alg ingly high in relation to the above-mentioned
amounts from other sources. A difference is however in the route or
administration. | There are however no i1nvestigations that show that
-there is a diffefence in general toricity when the uptake aof mercury
is from the stombch-intestines or after i1njection.

LOCAL REACTIONS

Since the miiddle of 19708, SBL has been aware that thiomersal e
sadium can cause| local reactions. There are numerous short notices
in the literatur regarding observations of such reactions, even
number of reports on the frequency of reactions against thiomersal
sadium in speciflic Poupulation groues. Local reactions are beliaved
.to be of allergi hypersensitive delared-type ones. The frequency
aof such reaction vary depending on potential Previous exposure to

.~ thiomersal sadiuf. -

- ~ There are alka reports of general reactions in Patients treated
with mercury-containing medications. This should be studied in
relation to the tremendous large number of subjects vaccinated with
Preparations canftaining thiomersal sodium. ' -

Lately we at| sBL have tried to find ways to manufacture
mercury-free preparations. In part we have tried ta find
substitutes for prganic mercury compounds, in part we have tried to
develop vaccine preparations completely free from Preservatives.

A ST

OIFFICULTIES TO FIND SUBSTITUTE

ind substitutes for organic mercury have not been

Attempts to
successful. Oth
requirements to
other reasaons -
preparations. A , , .
been imade at s8L to develop a mercury-free vaccine
Polio, tetanus and diphtheria. The results of
e s0 far been satisfactory. With respect to .
heria several try-out series are being conducted to o

with respect to eventual influence of vaccine :
properties. : - :

The best way| to go is to switch to dispensing the actual ey
. vaccines without| adding preservatives. From the sterilization point Ty

of view it is sible to dispense the vaccine in single-dose vials "%?
without adding ahy Preservatives, Equivalent multiple dose vials ' g%
but these must then be used up the same day as i
"ampule has been broken.  Therefore this ig a cost :
N head of health services has to consider. Several T BK
._ ) small ampules or| bottles dre more expensive than a smaller number of .. ﬁ;
.ﬁﬁ“ ' larger packages. ‘ ickages is’ ore
‘ . cumbersome at th
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A PREMATURE SOLUTION IS NOT OESIRED

Our goal is to develop, as SOONn as possible, vaccines completely
free of mercury.| For the above-mentioned reasons 1t 1 concluded
that this will, however, take a considerable length of time, because
durability (shelf-life) stud:ies are time consuming. In addi tion
clinical testing|has to be done. Our opinion however 1s that
Problems associated with the Spreaa of mercury via vaccination are
SO minor that th+re 1S nao reason to push a hastened solution.

Hans Wigzell o
Professor, manager L
National Swedish Bacteriological Laborataory

Stockholm
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