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Behavioral Teratogens/Developmental Neurotoxicants
(Functional Effects)
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Methylmercury -Fetal Minamata Disease

http://www.geocities.com/minoltaphotographyw/williameugenesmith.html



Methylmercury -Pathology of Minamata Disease

Comparison of the distribution of
lesions among the adult, non-fetal
Infantile and fetal infantile
Minamata disease.

Adult Minamata disease

Non-fetal infantile
Minamata disease

Fetal Minamata disease

Minamata Disease, Study Group of Minamata Disease, Kumamoto University, Japan, 196€



Methylmercury -Functional Effects
Faroe Island Study

Cognitive Deficit in 7-Year-Old Children with
Prenatal Exposure to Methylmercury
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Methylmercury -Functional Effects
Faroe Island Study
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FIG. 1. Prenatal mercury exposure levels (in quartile groups) of Faroese children with scores in the
lowest quartile after adjustment for confounders. For each of five major cognitive functions, one
neuropsychological test with a high psychometric validity was selected. Motor: NES2 Finger
Tapping with preferred hand (p-value for trend, 0.23). Attention: Reaction time on the NES2
Continued Performance Test (p = 0.003). Visuospatial: Bender Visual Motor Gestalt Test error
score (p = 0.16). Language: Boston Naming Test score after cues (p = 0.02). Memory: California
Verbal Learning Test (Children) long-delay recall (p = 0.004).

Neurotoxicology and Teratology, Vol. 19, 417-428, 1997
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The Controversy: Thimerosal in Vaccines

TABLE 2 Estimated Exposure to Mercury from Vaccines in U.S. Infants in
1999 and in 2001. (< 6 Months)

Vaccines 1999 2001
Maximum Mercury Maximum Mercury
Dose (pg) Dose (pg)

1 doses of DTaP 75.0 0

3 doses of Hep B 37.5 0

3 doses of HIB 75.0 0

3 doses of IPY 0 0

[1 dose of influenza] [12.5] [12.5]
*(selected populations)

TOTAL 187.5 (200] [12.5]




The Controversy: Thimerosal in Vaccines

Mercury exposure from
vaccines during first 6 months
of life exceeds EPA safety
standard for methylmercury
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TABLE 2 Calculated Exposure Limits for Mercury, Using Various Agency
Guidelines for Exposure to Methylmercury, in Infants < 6 Months of Age by
Percentile Body Weight

Percentile Body Weight

Agency 5th 50th 95th

EPA 65 g 89 ug 106 ng
ATSDR 194 pg 266 ug 319 pg
FDA 259 pg 354 ug 425 pg
WHO 305 pg 417 pg 501 pg

* Calculate Exposure Limit = dose/kg body weight/week x average weight x 26 weeks x
0.932 (mercury molecular weight/methylmercury molecular weight); e.g., EPA calculated
exposure limit = 0.7 pg/kg body weight/week x 26 weeks x (2.36kg + 5.25 kg)/2 % 0.932 =
65 ug.

* Assumes average of 5th, 50th, and 95th percentile weight for females at birth (2.36 kg,
3.23 kg, 3.81 kg) and 6 months (5.25 kg, 7.21 kg, 8.73 kg) = 3.81 kg, 5.22 kg, 6.27 kg.
Females were selected because their smaller body weight makes them more susceptible than
males.

* Recommended limits on methylmercury exposure: EPA: 0.1 Lg/kg body weight/day;
ATSDR: 0.3 pg/kg body weight/day; FDA: 0.4 pug/kg body weight/day: WHO: 3.3 pg/kg
body weight/week. For calculations. daily limits multiplied by 7 to obtain weekly limits.

NOTE: Data were bolded by the IOM, not by the original authors of the table. EPA: Environmental
Protection Agency; ATSDR: Agency for Toxic Substances and Disease Registry; FDA: Food and
Drug Administration; WHO: World Health Organization.

SOURCE: Ball et al., 2001. Reprinted with permission from Pediatrics 107:1150, Table 1, Copy-
right 2001.

as a preservative by March 2000. With the FDA approval of a second thimerosal-
free version of DTaP vaccine in March 2001 » all formulations of vaccines on the
U.S. recommended childhood immunization schedule for children 6 years of age
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The Controversy: Thimerosal in Vaccines

Rising levels of cumulative mercury exposure from childhood
vaccines, compared with rising incidence of autism in California.

5— Cumulative mercury
exposures through
childhood vaccines in
19- to 35-month-
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Source: Presentation by Mark Blaxill, Safe Minds, to meeting of Immunization Safety Review Committee, Institute
of Medicine, Cambridge, Massachusetts, July 16, 2000.



The Controversy: Thimerosal in Vaccines

1999 Statement from American
Academy of Pediatrics and US
Public Health Service

Conclusion: Thimerosal
containing vaccines should be
removed as soon as possible to
reduce exposure to mercury.

Thimerosal in Vaccines: A Joint Statement of the American
Avciciny of Pediatrics and the Public Health Service

I'he Food and Drug Administration (FDA) Modernization Act of
1997 called for the FDA to review and assess the risk of all mercury-
containing food and drugs. In line with this review, US VACCINES manu-
tacturers responded to a December 1998 and April 1999 FIDA request Lo
provide more detailed information about the thimerosal content of their
preparations that include this compound as a preservative. Thimerosal
has been used as an additive to biologics and vaccines since the 1930s
because it is very effective in killing bacteria used in several vaccines
and in preventing bacterial contamination, particularly in opened multi-
Jo-o containers. Some, but not all, of the vaccines recommended rou-
tineiy for children in the US contain thimerosal.

There is a significant safety margin incorporated into all the accept-
able mercury exposure limits. Furthermore, there are no data or evidence
of any harm caused by the level of exposure that some children may
have encountered in following the existing immunization schedule. In-
fants and children who have received thimerosal-containing vaccines do
not need to be tested for mercury exposure.

The recognition that some children could be exposed over the first six
months of life to a cumulative amount of mercury that exceeds one of
the federal guidelines on methyl mercury now requires a weighing of
vwo different types of risks when vaccinating infants. First, there is the
Lnown serious risk of diseases and deaths caused by failure to immunize
infants against vaccine-preventable infectious diseases; alternatively,
there is the unknown and probably much smaller risk, if any, of cumula-
tive exposure to thimerosal-containing vaccines over the first six months
of life.

Nevertheless, because any potential risk is of concern, the Public
Health Service (PHS), the American Academy of Pediatrics (AAP), and
vaccine manufacturers agree that thimerosal-containing vaccines should
be remowved as soon as possible. Similar conclusions were reached this
vear in a meeting attended by European regulatory agencies, European
viccine manufacturers, and the FDA, which examined the use of
thitnerosal-containing vaccines produced or sold in European countries.

The PHS and AAP are working collaboratively to ensure that the re-
placement of thimerosal-containing vaccines takes place as expeditious-
ly as possible while at the same time ensuring that high vaccination cov-
erage levels and their associated low disease levels throughout the entire
US childhood population are maintained.

www. theannals.com The Annals of



NIAID Meeting on Thimerosal, November 28, 2000

Basic Question

“What do we know about what happens to the
mercury in Thimerosal (or ethylmercury) when it
IS injected in Iinfants (human or animal).”

Answer: Very Little

Delayed-type hypersensitivity reported in humans
Acute poisonings reported in humans (coma, death)
Acute toxicity studies reported in adult animals (several species)

Only one study could be found that actually measured mercury
levels in infants following a vaccine



Levels of Mercury in Blood of Preterm and Term
Newborns after administration of Hepatitis B
Vaccine
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Figure. Difference in mean mercury levels (in micrograms per liter) between preterm and term
infants. ¥P < .01; TP < 01;*P = 2.

From: Journal of Pediatrics, Vol 136, Number 5, May 2000



Estimates of Mercury Doses from
Vaccines
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FIGURE 2 Mercury (ug/kg) administered by age and weight if thimerosal-
containing vaccines are given for Hepatitis B, Hib, and DTaP. Amount of Hg
received (in micrograms) = 12.5 at birth, 62.5 at 2 and 6 months, 50 at 4
months.

SOURCE: Halsey, 1999a. Reprinted with permission from the author.



Thimerosal Monkey Study

(Comparison of Thimerosal and Methylmercury Toxicokinetics)

Age (days)

Birth
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—=rom: Burbacher, et al. Comparison of Blood and Brain Mercury Levels in Infant Monkeys Exposed to Methylmercury or Vaccines Containing Thimerose



Mean Blood Total Hg Concentration During and After
Four Weekly Oral Doses (20 ng/kg) of Methylmercury

50 -+
_ ndffe
E *e
2 .
— L “\g\n
Methylmercury k=) 30 - » |
Total Mercury in Blood 5
Half-Life = 21.5 days = 20 4
E:
o
T
— Fredicted
® Observed
I:I | I | I | I |
[ Fi 14 21 28 25 il 49

Time (days)
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Mean Blood Total Hg Concentration During and After
Four Weekly I.M. Injections of Vaccine Containing
Thimerosal at 20 ng/Kg Hg
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Mean (SE) Total Mercury Concentrations in Brain of
Oral Methylmercury and I.M. Thimerosal Groups
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Mean (SE) Inorganic Mercury Concentrations in Brain of
Oral Methylmercury and .M. Thimerosal Groups
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Review of Study Results and Recommendations

Methylmercury is not a good reference for Thimerosal Risk

Absorption rate and initial distribution are similar

Blood clearance rates are different (thimerosal cleared more quickly)

Brain levels of total mercury are different (levels are lower for thimerosal)
Brain clearance of total mercury are different (thimerosal cleared more quickly)
Ratio of total mercury in brain to blood is different (thimerosal is higher)

Brain levels of inorganic mercury are different, with no clearance (levels are higher
for thimerosal)

Future studies of Thimerosal should focus on the neurotoxic
effects of organic and inorganic mercury following exposure.

Inorganic mercury has been associated with activation of microglia in the brain of
adult non human primates (neuroinflammation)

Inorganic mercury has a very long half-life in the brain (years)

A recent report suggests that neuroinflammation is present in brains of autistic
children

Information on the developmental neurotoxicity of thimerosal is critical if we are to
respond to public concerns regarding the safety of childhood immunizations.



Recent epidemiologic research into PCBs™ effects on
human TH function has been inconsistent, and some stud-
ies have found no effect at exposure levels higher than those
in this study. Burt the current finding of a relationship at
such low levels indicates that more investigations are needed
in pregnant women, including monitoring of even subtle
environmental exposures that can disturb marernal and/or
fetal thyroid status. For this purpose, the biomarkers
should include not only TSH—which currently is
the only element of the thyroid system routinely
monitored in pregnant women—but all forms of TH.
=Valerie J. Brown

Thimerosal and

Animal Brains

New Data for Assessing Human
Ethylmercury Risk

Since the 1930s, vaccines have contained
thimerosal, a mercury-based preservative
that breaks down to ethylmercury and thio-
salicylate in the body. By some calculations,
children given the usual schedule of vaccines
containing thimerosal receive ethylmercury
in doses exceeding the U.S. Environmental
Protection Agency’s guidelines for methyl-
mercury, a known neurotoxicant. Because of
the lack of pharmacokinetic and roxicity data
for ethylmercury, methylmercury has been
used as a reference for ethylmercury toxicity
based on rthe assumprion that the two com-
pounds share similar toxicokinetic profiles.
However, a new animal study shows that
methylmercury is an inadequate reference for
ethylmercury due to significant differences in
tissue distribution, clearance rares, and ratios
of organic to inorganic mercury in the brain
[EHP113:1015-1021].

Environmental Health Perspectives « vowme 113 | nunser B | August 2005
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lated from those values.

The initial absorprion rate and
rissue distribution of Mercury was SUmi-
lar in both exposed groups. However,
total mercury progressively accumu-

lated in the blood of methylmercury-
exposed monkeys and remained
detectable 28 days after the last
dose. Among thimerosal-
exposed monkeys, total mer-
cury in blood declined rapidly
f ¥  between doses, and the
rescarchers estimated clear-
ance to be 54-fold higher
than in the methyl-
mercury group. In the
\ thimerosal group, the
half-life of roral mer-
cury in blood was 6.9
days, compared 1o 19.1
days for the methyl-
mercury group.
Brain concentrations
of toral mercury were
approximately 3—4 times
lower in the thimerosal
group than in the methyl-
mercury group, and total mer-
cury cleared more rapidly in the
thimerosal group (with a half-life
of 24.2 days versus 59.5 days).
However, the proportion of inorganic
mercury in the brain was much higher
in the thimerosal group (21-86%

i

,"_,;"J

A sticky situation. New data show that
using methylmercury as a reference for
calculating risk from ethylmercury in vac-
cines may be fraught with problems.

A543



Projected Levels of Mercury in Blood of
Infants after administration of Vaccines

1856 C.J. Clements/ Vaccine 22 (2004) 1854—1861

Recommended maximum level
of methyl mercury according

Level of ethyl mercury in to two agency guidelines

the blood in gg l
18 CDC/ATSDR
pTe DTP DTP
%/ Hib %/ Hib % Hib
6 HBv HBV HBV EPA
HBV-1
(12.5ug
/ cury)

Birth 6 weeks 10 weeks 14 weeks
Age of infant After Clarkson T, 1999

Fig. 1. Projected levels of ethyl mercury in blood after administration of a birth dose of HBV and other infant vaccines. The shape of the peaks drawn
above are modeled from the paper by Pichichero et al. [43], but the paper was not able to ascertain the entire curve. Thus, there remains speculation
about the peak wvalues that may well be rounded peaks and lower maximum wvalues than are shown above. The maximum value could well be below
the 5.8 level EPA cut-off. A healthy 3kg infant can be expected to increase his body mass to around 5.5kg (80%) by 3 months. Thus, the blood
concentration of ethyl mercury will be proportionately less (not shown graphically). This is being tested empirically in up-coming studies. In any case,
the immediate post-immunization level is not directly relevant as the blood compartment does not equilibrate with the brain compartment for several
days after vaccination, at a time when the blood level has reached a steady state at a yet-to-be determined (but lower) value.

Projections based on data from 40 full-term infants aged 6 months and younger.
From: The Lancet, Vol 360, November 2002



Disorder in Mercury Excretion in Children with Autism?

Reduced Levels of Mercury in First Baby Haircuts
of Autistic Children

Amy S. Holmes,! Mark F. Blaxill,> and Boyd E. Haley?
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2SafeMinds, Cambridge, Massachusetts, USA
3Chemistry Department, University of Kentucky, Lexington, Kentucky, USA

ol evel TABLE 2

® Female
0 " . Y i
G B o we | EXposure differences in autistic group as compared to controls

Wl Autistic group  Control group
14 (N=94) (N =45)

Mercury levels in first baby ~ 0.47 (£0.28)"  3.63 (£3.56)
haircut (ppm, mean % 5D)

51 g

| Gho Rho D immunoglobulin shots  0.53 (£0.67)°  0.09 (£0.29)
’ during pregnancy (number
: - _ﬂﬁééé_ | _@gﬁg_ | per mother, mean £ SD)
o - Amalgam fillings during 835 (£3.43F  6.60 (£3.55)
= e pregnancy (number per
mother, mean £ $D)
FIGURE 1

“Statistically different from control group (p < .0000004).
*Statistically different from control group (p < .0000004).
“Statistically different from control group (p < .01).

A plot of the birth hair mercury levels of nonautistic versus
autistic children. Solid circles represent individual female
subjects and open circles represent individual male subjects.

From: International Journal of Toxicology, Vol 22, 277-285, 2003



Disorder in Mercury Excretion in Children with Autism?

Reduced Levels of Mercury in First Baby Haircuts
of Autistic Children
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FIGURE 2

A plot of the birth hair mercury levels in autistic children based
on the clinical severity of the disease. Solid circles represent
individual female subjects and open circles represent
individual male subjects.

From: International Journal of Toxicology, Vol 22, 277-285, 2003



Disorder in Mercury Excretion in Children with Autism?

A Case-Control Study of Mercury
Burden in Children with Autistic
Spectrum Disorders

Jeff Bradstreet, M.D.
David A. Geier, B.A.
Jerald J. Kartzinel, M.D. [
James B.Adams, Ph.D.
Mark R. Geier, M.D., Ph.D.

Journal of Ameriean Physicians und Surgeons Volume 8 Number 3 Summer 2003

REVISED: A summary of the urinary mercury concentrations
of the provocation cases and controls (control group |)

(Micrograms / Gram Creatinine)

e
Autistic Spectrum Children Meurotypical Control Children
(N=117) (N =15)
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[Range: 0 - 65] [Range: O - 6.2]

All p-values determined using the t-test statistic
** Relative Increase = 3.72 (P < 0.002)

From: Journal of American Physicians & Surgeons, Vol 8, 2003



Biochemical Basis of Thimerosal Neurotoxicity?
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IMMEDIATE COMMUNICATION

Activation of methionine synthase by insulin-like growth
factor-1 and dopamine: a target for neurodevelopmental
toxins and thimerosal

M Waly', H Olteanu?, R Banerjee®, S-W Choi®, JB Masen®, BS Parker’, S Sukumar®, S Shim’,
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Thimerosal Neurotoxicity is Associated with
Glutathione Depletion: Protection with

Glutathione Precursors

S.J. James'™, William Slikker I1I?, Stepan Melnyk', Elizabeth New?,
Marta Pogribna®, Stefanie Jernigan'

1 . .
Department of Pediarrics. University of Arkansas JSor Medical Sciences and Arkaazas Children's
Fflaspiral Research Iestine, Linfe Rock, AR 72202, ['SA

“Division of Bischemical Toxicology, National Center for Toxicological Research, Jefferson, AR 72079, USA

Methylation events play a critical role in the ability of growth factors to promote mormal

op 0 op! 1tal toxins, such as ethanol and heavy metals, interrupl growth
factor signaling, raising the p y that they might exert adverse effects on methylation.
We found that insulin-like growth factor-1 (IGF-1}- and dopamine-stimulated methionine
synthase (MS) activity and fol t , of In SH-5Y5Y human

Received 24 May 2004; accepled 28 Fuly 2004
Available online 29 September 2004

neuroblastoma cells, via a I and MAP-kin mechanism. The stimula-

Abstract tion of this pathway increased DNA methylation, while its inhibition increased methylation-

sensitive gene expression. Ethanol potently interfered with IGF-1 activation of MS and blocked

Thirree rovsod and i irvii ite effect on DMNA methylation, whereas it did not inhibit the effects of dopamine. Metal fons
rosol is an andisepric conining 49.5% cthyl mercury tha has been used for years as o preservative in many potently IGF-1 and MS activily, as well as folate-dependent

fnfimr vaccines and in fiw voocines. Envirmonmentel methiyl mercury kas been shown &o be highly newrotoxic, especially ro
the developing brain. Because mercury has a high affinity far thiol (sulffydey (~SH)) groups. the thiol-containing
antioxidant, gheathione (GSH). provides the major inrocellular defense against mercury-induced mewrtoxicity

Cultured neurobiasioma cells were found to have lower levels of GSH and increased sensitivity 1o thimermsol roicity
compared to ghioblasioma cells that have higher basal levels of intraceliutar GSH. Thimerosal-induced cyioipxicirg was
associated with depletion of intracellular GSH in both cell fines. Pretreatmens with 100 pM glutathione ethyl esteror N-
acetyleysteine (MACL. but mot methionine, resulicd in @ significant increase in intracellular GSH in both cell (ypes.
Further, pretreatment of the cells with gluathione ethyl exter or NAC prevented cytotaxicity with exposare 1o 15 b
Thimerozal, Alihough Thimerosal has been recently remaved from moss children’s vaccines, it is stll present in fl
WRECINES GTVen 1o preEgrant womer, the elderly, and wo children in developing countries. The potential protecrive effect of
G5H or NAC against mercury foxicity warraents further research as possible sdjunct therapy fo individuals still receiving
Thimerosal-conraining vaccimations. !

© 2004 Elsevier Inc. AN righs reserved.

phospholipid methylation: Cu®~ promoted activity and methylation, while Cu*, Pb™",
*- and AP~ were inhibitory. The ethylmercury-containing preservative thimerosal inhibited
both IGF-1- and dopamine-stimulated methytation with an IC.. of 1nM and eliminated MS
activity, Our findings outline a novel growth factor signaling pathway that regulates MS activity
and thersby n DA 1. The potent
inhibition of this pathway by ethanal, lead, mercury, alumir and that
it may be an imp: target of toxins.
Molecutar Psychialry advance online publication, 27 January 2004;

Keywords: autism: attention deficit hyperactivity disorder; P13-kinase; D4 dopamine receplor;
DNA mathylation; phospholipid methylation: lead; mercury
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INTRODUCTION (kg body weight) was in children under 18 months

of age undergoing routine childhood immunization

Thimerosal  (sodium ethylmercurithiosalicylate) schedules. Prior to 2001, a child may have received
was dFve]np_»ed by Eli 1 in the 1930s as a effective a cumulative dose of over 200 pg'kg in the first 18
b:i_l:tenos(auc and fungistatic preservative and has been months of life (Ball et al., 2001). Although the neu-
widely u.sed in multidose vials of vaccines and in rotoxicity of methyl mercury has been relatively well
ophthalmic, otic. nasal. and topical products. Until studied, limited information is available on the relative
the removal of Thimerosal from most pediatric vac- neurodevelopmental toxicity of ethylmercury, the mer-
cimes in 2001, the largest human exposure in the US cury metabolite of Thimerosal. Based on thle knowm

toxicity of methylmercury, the cumulative ethylmer-
cury exposure to US pediatric populations in Thimer-
osal-containing vaccinations was re-examined in 1999
and found to exceed EPA recommended guidelines

* Corresponding author. Tel.: +1 SD1 364 4665;
fax: +1 501 364 5107.
E-mait address: jamesjill @uams.edu (5.0 James),

D161-BI3XSS — see from manes © 2004 Elsevier Inc. All rights reserved.
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Introduction

Developmental disorders include a spectrum of
neurological conditions characterized by deficits in
attention, cognition and learning, frequently accom-
panied by abnormal behaviors. Severe deficits may be
recognized at birth, but a failure to achieve standard
milestones during initial years of life remains the
primary basis of diagnosis in most cases. While
the underlying cause(s) remains obscure for many
developmental  disorders, metabolic  abnorma-
lities involving purine synthesis (eg Lesch—Nyhan
Syndrome and adenylsuccinate lyase deficiency]™
or impaired methylation-dependent gene silencing
and/or imprinting (Rett and Fragile-X syndromes]™*
suggest biochemical mechanisms that may be in-

volved. The development disorders can also be
caused by exposure to toxins (eg ecthamol, im
fotal alcohol syndrome; heavy metals, in lead
poisoning).** although the precise mechanisms un-
derlying their toxicity are not known. The recemt
increase in the incidence of autism has led to
the speculation that environmental exposures includ-
ing vaccine additives (ie alominum and the ethylmeor-
cury-comtaining  preservative  thimerosal)  might
contribute to the triggering of this developmental
disorder.”

Normal development is closely related to cellular
differentiation, and growth factor-in: ed signaling
promotes  differentiation of pluripotent  cells.®
Furthermore. altered patterns of DNA methylation
and associated gene silencing underlie phenotypic
lifferences between undifferentiated and differen-

312 Mugas

Correspandence: RC Deth, Northeastern Unives
SA.

Hall, 360 Huntington Avenue, Boston, MA 0211
E-mail: rdeth@ineu. adu

Received 23 July 2003; revised 30 Detober 2003; scoeptod 12
November 2003

tiated cells.* Together, these observations suggest
that growth factors promote cellular differentiation
by producing effects on DNA methylation. This
suggestion is meinforced by the observation that

From: Molecular Psychiatry, 2004



Metabolic biomarkers of increased oxidative stress and impaired
methylation capacity in children with autism'*

§ Jill James, Paul Cutler, Stepan Melnyk, Stefanie Jernigan, Laurette Janak, David W Gaylor, and James A Neubrander
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FIGURE 1. The methionine cycle involves the remethylation of homo-
cysteine to methionine by either the folate-vitamin B-12-dependent methi-
onine synthase (MS) reaction or the folate-vitamin B-12-independent be-
taine homocysteine methyltransferase (BHMT) reaction. Methionine is then
activated by methionine adenosyltransferase (MAT) to S-adenosyl-
methionine (SAM), the major methyl donor for cellular methyltransferase
(MTase) reactions. After methyl group transfer, SAM is converted to
S-adenosylhomocysteine (SAH), which is further metabolized in a reversible
reaction to homocysteine and adenosine. Adenosine may be phosphorylated
to adenosine nucleotides by adenosine kinase (AK) or catabolized to inosine
by adenosine deaminase (ADA). Homocysteine may be permanently re-
moved from the methionine cycle by irreversible conversion to cystathionine
by vitamin B-6—dependent cystathionine B-synthase (CBS). Cystathionine
is converted to cysteine, which is the rate-limiting amino acid for the syn-
thesis of the tripeptide glutathione (Glu-Cys-Gly). THF, tetrohydrofolate;
5-CH, THF, 5-methyltetrahydrofolate; SAHH, SAH hydrolase.

5-CH,THF

Inosine

TABLE 1

Comparison of methionine cycle and transsulfuration metabolites between
autistic children and control children’

Control children Autistic children
(n=1733) (n=120)
Methionine (umol/L)  315+5.7(23-48) 1934 9.7(15-25)2
SAM (nmol/L) 96.9 £ 12(77-127) 758 £ 16.2 (68-100)°
SAH (nmol/L) 194 £34(16-27) 289 £72(14-41)
SAM:SAH 52%13(4-8) 294080247
Adenosine (pmol/L) 027 £0.1(0.1-0.4) 039 £ 0.2 (0.17-0.83)*

Homocysteine (umol/L) 6.4 +13(43-90) 58+ 1.0(40-5.8)°
Cystathionine (wmol/L) 0.17  0.05 (0.1-0.27) 0.14 + 0.06 (0.04-0.2)°

Cysteine (wmolL) 202 £17(172-252) 163 £ 15 (133-189)?

tGSH (umol/L) 76£14(38-92)  41+05(33-52)7

Oxidized glutathione ~ 0.32 + 0.1 (0.11-043) 0.5 + 0.2 (0.29-0.97)°
(nmol/L)

{GSH:GSSG 25.5189(1349) 861350411y

" All values are x + SD; range in parentheses. SAM, S-adenosylmethi-
oning; SAH, S-adenosylhomocysteine; tGSH, total glutathione; GSSG, ox-
idized glutathione.

“Significantly different from control children: 2P < 0,001, ° P <
0.01,*P<0.05,” P < 0.002.

From: American Journal of Clinical Nutrition, Vol 80, 1611-1617, 2004



The Controversy: Thimerosal in Vaccines

2002 1IOM Report on Thimerosal and
Neurodevelopmental Disorders

Conclusions =
Hypothesis of a link is biologically plausable. NIZH”UN
Current evidence is inadequate to accept or reject . 1[ HY

a causal relationship. V|[W

Additional studies are needed at all levels,
epidemioloqy, clinical, basic science HINEROSHL LORTANINGACONES
P ay, , : i 440 NEURODEVELOPMENTAL DISORDERS




The Controversy: Thimerosal in Vaccines

2004 10M Report on Thimerosal and
Autism

Conclusions |
Evidence favors rejection of a causal relationship. | NlZH“UN
Continue surveillance for autism as exposure to | ]FHY
thimerosal declines. P

VIEW

Increase efforts to quantify the level of prenatal
and postnatal exposure to thimerosal and other VRCCINES AND Hurisi
forms of mercury in infants, children, and
pregnant women.

Available fundlng for aUtism researCh be | INSTITUTE OF MEDICINE
channeled to the most promising areas. R e
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Early Downward Trends in

Neurodevelopmental Disorders Following Removal
of Thimerosal-Containing Vaccines

David A. Geier, B.A.
Mark R. Geier, M.D., Ph.D.

ABSTRACT

Contemporaneously with the epidemic rise in neuro-
developmental disorders (NDs), first observed in the United States
during the 1990s, the childhood immunization schedule was
expanded by the U.S. Centers for Disease Control and Prevention
(CDC) to include several additional thimerosal-containing vaccines
(TGVs). On July 7, 1999, a joint recommendation was made by the
American Academy of Pediatrics (AAP) and the U.S. Public Health
Service (PHS) to remove thimerosal from vaccines. A two-phase
study was undertaken to evaluate trends in diagnosis of new NDs
entered into the Vaccine Adverse Event Reporting System
(VAERS) and the California Department of Developmental Services
(CDDS) databases on a reporting quarter basis, from 1994 through
2005. Significant increasing trends in newly diagnosed NDs were
observed in both databases 1994 through mid-2002. Significant
decreasing trends in newly diagnosed NDs were observed in both
databases from mid-2002 through 2005. The results indicate that
the trends in newly diagnosed NDs correspond directly with the
expansion and subsequent contraction of the cumulative mercury
dose to which children were exposed from TCVs through the U.S.
immunization schedule.

Thimerosal is an ethylmercury-containing compound (49.6%
mercury by weight) that was historically added to many vaccines at
the preservative level (0.005% to 0.01%). The U.S. Centers for
Disease Control and Prevention (CDC), from the late 1980s -
through the 1990s, expanded the number of doses of TCVs to be
administered to U.S. infants. To five doses of diptheria-tetanus-
whole-cell-pertussis (DTP) vaccine were added three doses of
hepatitis B (Hep b) vaccine and four of Haemophilus influenzae
type b (Hib) vaccine. Additionally, the CDC began recommending
three doses of influenza vaccine for certain infant populations. An
infant who received all of these vaccines on schedule could have
received as much as 200 micrograms (ug) of mercury during the
first 6 months of life." * -

In response to theoretical concerns about the cumulative doses
of mercury from TCVs, the AAP and the U.S. Public Health Service
(PHS) issued a joint statement on July 7, 1999, calling for the
removal of thimerosal from all vaccines.' ‘It has been estimated that
the last thimerosal-containing Hep b, diphtheria-tetanus-acellular-
pertussis (DTaP) and Hib vaccines were manufactured in 2000-
2001 and expired at the end of 2002 (or early 2003)." ‘Table 1
summarizes significant historical dates in the use of pediatric TCVs
in the United States.

Considering all significant environmental exposures to
mercury, such as through breast milk, TCVs represent almost 50%

Af tha tninl smnenasssees dama mmenn Joafasin wnnst A1 5% 107 2 -~
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Early Downward Trends in
Neurodevelopmental Disorders Following Removal

of Thimerosal-Containing Vaccines
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Figure 1. Trends in New Autism Adverse Events Reported to VAERS, The
trend from Jan 1, 1994, through Dec 31, 2002, s significantly increasing,
with P < 00001, The trend from Jan 1, 2002, through June 30, 2005, is
significantly decreasing, with P < 0.02. The difference in the slope of the
regression lines for the number of new autism adverse events in the earlier
compared withthe later periods is significant, with P < 0.0005.
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Figure 2. Trends in New Cases of Speech Disorders Reported to VAERS,
The trend from Jan 1, 1994, through Dec 31, 2002, is significantly
increasing, with P < 0.0001. The trend from Jan 1, 2002, through June 30,
2005, is significantly decreasing, with P < 0,03, The difference inthe slope of
the regression lines for the number of new speach disorder averse events
in the earlier compared with the later periods is significant, with P < 0.005.
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Figure 3. Trends in New Cases of Autism Entered into the CDDS. The trend
from Jan 24, 1994, through Jan 6, 2008, is significantly increasing, with P <
0.0001. The trend from Jan 6, 2002, through Oct 4, 2005, is significantly
decreasing, with P < 0.05. The difference in the slope of the regression lines
for the number of new autism cases in the earlier compared with the later
periods s significant, with P < 0.0001,
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Note: The NIEHS is working with CDC to convene an expert panel in May 2006 to review the use of
the CDC-supported Vaccine Safety Data Link (VSDL) to address questions about changes in autism
rates and their potential association with thimerosal exposure through childhood vaccination.



